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TERMS
Acronyms and Abbreviations
*Mo molybdenum-99
By uranium-235
By uranium-238
ADAMS Agencywide Documents Access and Management System
ALARA as low as reasonably achievable
ALI annual limits on intake
ANECF average neutron energy causing fission
ANS American Nuclear Society
ANSI American National Standards Institute
AOA area of applicability
ASCE American Society of Civil Engineers
ASTM American Society for Testing and Materials
BMS building management system
C-I Seismic Category 1
C-i1 Seismic Category 11
CDE committed dose equivalent
CEDE committed effective dose equivalent
CF, carbon fluoride
CFR Code of Federal Regulations
CpP Construction Permit
DAAP diamylamylphosphonate
DAC derived air concentration
DBE design-basis event
EDE effective dose equivalent
EOI end of irradiation
ESF engineering safety feature
FEMA Federal Emergency Management Agency
FPC facility process control
FSAR final safety analysis report
H hydrogen gas
HEGA high-efficiency gas adsorption
HEPA high-efficiency particulate air
HEU high-enriched uranium
HMI human-machine interface
HVAC heating, ventilation, and air conditioning
1&C instrument and control
IBC International Building Code
IEU intermediate-enriched uranium
IROFS items relied on for safety
ISA integrated safety analysis
ISG Interim Staff Guidance
Kefr k-effective
LEU low-enriched uranium
MCEr maximum-considered earthquake
MCNP Monte Carlo N-Particle
MHA maximum hypothetical accident
MMI Modified Mercalli Intensity

MoS margin of subcriticality
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MU
MURR
NCS
NESHAP
NFPA
NRC
NS
NSR
NWMI
OBE
OSL
OSTR
0SU
PGA
PHA
PPE
PSAR
QA
QAPP
QL
RAI
RAM
RCA
RPF
RSAC
SAR
SEP
SNM
SR
SSC
SSE
TEDE
TLD
TRIGA

U.S.

UcC

UH;

U0,
UO2(NO:s):

USGS
UZH
WCDE

University of Missouri =
University of Missouri Research Reactor
nuclear criticality safety

National Emission Standards for Hazardous Air Pollutants

National Fire Protection Association
U.S. Nuclear Regulatory Commission
non-seismic

nonsafety-related

Northwest Medical Isotopes, LL.C
operating basis earthquake

optically stimulated luminescence
Oregon State University TRIGA Reactor
Oregon State University

peak ground acceleration

process hazard analysis

personal protective equipment
preliminary safety analysis report
quality assurance

quality assurance program plan
quality level

request for additional information
radioactive material

radiologically controlied arca
Radioisotope Production Facility
Radiological Safety Analysis Computer
safety analysis report

standby electrical power

special nuclear material
safety-related

structures, systems, and components
safe-shutdown earthquake

total effective dose equivalent
thermoluminescent dosimeter
Training, Research, Isotopes, General Atomics
uranium

United States

uranium carbide

uranium trihydride

uranium dioxide

uranyl nitrate

uninterruptable power supply

United States Geological Survey
uranium zirconium hydride

weighted committed dose equivalent
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MeV

degrees Celsius
degrees Fahrenheit
micron

centimeter

square centimeter
feet

square feet

gram

ground acceleration
gallon

hectare
horsepower

hour

inch

square inch
kilogram
kilometer

square kilometer
kilopascal
kilowatt

liter

pound

meter

million electron volts
milligram

mile

square mile
minute

millirem
millisievert
roentgen equivalent in man
week

year
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GENERAL INFORMATION

Request for Additional Information

The earllest and latest dates for construction completlon of the Northwest Medical Isotopes LLC (NWMI)
radioisotope production facility (RPF) are third quarter 2018 and first quarter 2019, respectively. This
construction completion date is contingent upon the U.S. Nuclear Regulatory Commission (NRC)
approval no later than the end of third quarter 2017.
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Re uest for Addltlonal Information

The maximum hypothetical accident (MHA) discussion was inappropriately included in Section 13.2.1
of the preliminary safety analysis report (PSAR) (NWMI-2013-021, Construction Permit Application for
Radioisotope Production Facility). NWMI interpreted NUREG-1537, Guidelines for Preparing and
Reviewing Applications for the Licensing of Non-Power Reactors: Standard Review Plan and
Acceptance Criteria, Part 2, Chapter 13, as augmented by the Interim Staff Guidance (ISG) (NRC,
2012), as requiring an analysis consistent with both 10 CFR 70.61, “Performance Requirements,” and
with the MHA approach. Additionally, the PSAR combined the two in its approach to the MHA,
%producing an analysis inconsistent with the intended requirements of an MHA analysis.

'The accident analyses in the final safety analysis report (FSAR), as part of the Operating License
Application, will be consistent with the requirements of 10 CFR 70.61. As stated in Chapter 13b,
“Radioisotope Production Facility Accident Analyses,” of the ISG Augmenting NUREG-1537, Part 1:

i NRC staff has determined that the use of Integrated Safety Analysis methodologies as described
in 10 CFR Part 70 Subpart H and NUREG-1520, application of the radiological and chemical
consequence and likelihood criteria contained in the performance requirements of 10 CFR
70.61, designation of items relied on for safety, and establishment of inanagement measures, are
acceptable ways of demonstrating adequate safety for the medical isotopes production facility.

The accident analyses in the PSAR are based on (1) use of integrated safety analysis (ISA)
methodologies, as described in 10 CFR 70 Subpart H and NUREG-1520, Standard Review Plan for the
‘Review of a License Application for a Fuel Cycle Facility, (2) application of the radiological and
chemical consequence and likelihood criteria contained in the performance requirements of 10 CFR
170.61, (3) designation of items relied on for safety (IROFS), and (4) estabhshment of management
measures to demonstrate adequate safety.

{The ISA includes a systematic analysis and discussion of credible accidents for determining the limiting
events for several accident categories. The limiting event in each category is analyzed quantitatively to
determine consequences. Radiological accident consequences, as mitigated by structures, systems, and
components (SSC) and administrative safety measures, are evaluated against the performance
requirements of 10 CFR 70.61. The safety measures are designated as IROFS.
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‘ Request for Additional Information |

Based on the response to. RAI G-3, PSAR Section 13.2, “Analysis of Accidents with Radiological and !
§Cr1t1ca11ty Safety Consequences” will be revised and the MHA discussion in PSAR Section 13.2.1 will %
ibe deleted [

fSSCs will be de51gned to protect against both hlgh and immediate consequences. PSAR Section 3.5.1.3.1
{described both the high and the immediate consequence performance requirements from 10 CFR 70.61.
iTo eliminate confusion and ensure completeness, these bullets were removed from PSAR Section 3.5.1.3
|

(see Attachment A), and the 10 CFR 70.61 performance requirements are referenced.
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CHAPTER 2.0 - SITE CHARACTERISTICS

Request for additional inform

'There are three a1rports and three hellcopter ports Iocated within 16 kilometers (km) (10 miles [ml]) of
the proposed RPF site. The three airports include:

Columbia Regional Airport (public) located approximately 10.4 km (6.5 mi) south of the RPF site
Cedar Creek Airport (private) located approximately 10.6 km (6.6 mi) northeast of the RPF site
Sugar Branch Airport (private) located approximately 15.6 km (9.7 mi) northwest of the RPF site

IThese airports are identified in PSAR Chapter 2.0, Figure 2-30, of the Construction Permit Application.

"The nearest airport to the RPF is the Columbia Regional Airport, which is used by commercial and
‘privately owned aircraft. The airport is situated on approximately 0.532 ha (1,314 acres) and is owned
,and operated by the City of Columbia. This airport is the only public use airport located in Boone
County Missouri, for which records are kept. For the 12-month period ending October 31, 2013, the
‘airport had 16,610 aircraft operations for an average of 26 flights per day, including:

' 81 percent general aviation

16 percent air taxi

2 percent military

1 percent air carrier

Cedar Creek airport is a private turf landing str1p approximately 10.6 km (6.6 mi) northeast of the RPF
'site. The facility houses two private single engine aircraft. The specific number of flights to and from the
ifacility is not available.

%The Sugar Branch airport is a private, turf landing strip approximately 15.6 km (9.7 mi) northwest of the
:RPF site. The facility houses one single engine aircraft. The specific number of flights to and from the
facility are not available.

’:Three helicopter ports are located within 16 km (10 mi) of the RPF site and support hospital operations,

Umver51ty of Missouri Hospitals and Clinics heliport located 6 km (3.7 mi) northwest
University of Missouri (MU) heliport located 6 km (3.7 mi) northwest
Boone Hospital Center heliport located 6.3 km (3.9 mi) northwest.

H

4 of 96




NWMI-2016-RAI-004, Rev. 0

o,
*7 NOATHWEST MEDICAL ISTTOPES

*No operatlons data are available for these hehports

Based on NUREG-1537, sites located between 8 km (5 mi) and 16 km (10 mi) from an existing or ,
iprojected commercial or military airport with more than approximately 200 d? (where d is the distance in '

kilometers from the airport to the RPF site) commercial or military aircraft movements per year, the i
probability of aircraft accidents is considered less than an order of magnitude of 107 per year. - :

The number of operations at the Cedar Creek and Sugar Branch airports are not available. However, dailyf;
operations were assumed based on the aircraft housed, including two operations per day from Cedar !
Creek (730 operations/year) and one operation per day from Sugar Branch (365 operations/year). Based
on the results presented in Table 1 all three arrports are under the 200 d? hmrts

| Table 1. 200 D? Limits

Distance
km (mi) Flights per year 200 d2 limits?
2

i 104@6sm) | 16610

! e 106 (6emi) S T30
Sugar Branch ' 15.6 (9. 7 mi) 365 a

; *d is the distance in kilometers from the airport to the RPF site (200 x distance squared). _ ) *

5Based on this requirement, none of these airports needs to be further evaluated. The guldance also
xrequlres that special consideration be given to facilities sited within the trajectory of a runway of any ’
iatrport. The RPF site is not located within a trajectory of a runway of the airport. |

§Because the three heliports are closer than 8 km (5 mi) to the RPF site, the frequency of an aircraft
Icrashing into the site needs to be evaluated. NUREG-0800, Standard Review Plan for the Review of :
{Safety Analysis Reports for Nuclear Power Plants, Subsection 3.5.1.6, provides a methodology for ,
|determining the probability of an aircraft crash into a facility from airways. However, the approach requires |
iknowledge of the number of flights per year along the airway. Because this information is not available
for the flight paths near the RPF, DOE-STD-3014-2006, Accident Analysis for Aircraft Crash into
Hazardous Facilities, was used to determine the frequency of crashes. The following equation is used.

Fp, = Np X P X fr(x,y) X Ap

‘Where:

Fy = Crash impact frequency i
| N = Flight per year :
? Py = Probability of a crash !
fi(x,y) = Probability, given a crash, that the crash occurs in a 1-mi? area surrounding the ‘
1 facility

Ap = Effective plant area.

{The effective area for an aircraft was determined by two components: the aircraft crashing into the

{facility either by skidding or by flying directly into it. The effective area was calculated based on an ,
laircraft skidding or flying into the facility in the direction that produces the largest area (i.e., crashing in a;
rdlrectlon perpendicular to the largest diagonal of the building).

[I’he following formula was used to calculating the skid and fly in areas of an aircraft crashing into the
Ifacility.

i

'Where:
;’ ExXLxWxWS)

Ar = (WS +R) x H x cotep + R +LxW i
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and: :
As=WS+R)xS

'Where ;

: As = Effective fly-in area

t As = Effective skid area

; WS = Aircraft wingspan

‘ R = Length of the diagonal of the facility = VL2 + W?

f H = Facility height, facility-specific

‘ cot® = Mean of the cotangent of the aircraft impact angle !
L = Length of facility, facility-specific
A% = Width of facility, facility-specific i
S = Aircraft skid distance (mean value).

"DOE-STD-3014-2006 notes that in calculating an effective area, the analyst needs to be cognizant of the :
“critical areas” of the facility. The critical areas are locations in a facility that contain hazardous material
and/or locations that, once impacted by a crash, can lead to cascading failures (e.g., a fire, collapse, .
‘and/or explosion that would impact the hazardous material). The critical areas of the RPF are considered |
to be the hot cell and waste management areas. '

‘The critical areas dimensions are estimated at 30.5 x 24 meters (m) (100 x 80 feet [ft]), which provides a
diagonal (R) of 39 m (128 fi). The facility height (H) of 22.9 m (75 ft) was used. DOE-STD-3014-2006 |
.provides estimates for aircraft wingspan, mean of the cotangent of the aircraft impact angle, and skid

{distance for five different aircraft types. For helicopters the cot® value is 0.58 and the skid length is
typlcally assumed to be 0. The effective area is calculated in Table 2. )

Table 2. Affective Area for Hellcopter

Wing spain? Skid distance? Effective plant area An
Aircraft WS (ft) cot®? S (ft) (mi?)

Hehcopter ; | 0.58 % 0.00079 %

© @ DOE-STD-3014-2006, Accident Analysis for Aircraft Crash info Hazardous Facilities, U.S. Department of
Energy, Washington, D.C., 1996 (R2006)

For a helicopter, th(x,y) is estimated based on half the average length of a ﬂlght with the lateral
wvariations in crash locations assumed to be one-quarter mile on the average from the centerline of the
flight path or 2/L. The probability Ph (2.50E-05) is taken from DOE-STD-3014-2006, Appendix B
‘Table B-1. The total number of flights from the three helipads are estimated at 1,825 per year. A ;
'conservation estimate is that 5 percent of these helicopters overfly the facility. In addition, a conservative
sestimate of total flight path is the distance to the closest helipad or 6 km (3.7 mi).

‘Based on these assumptions, the helicopter impact frequency is calculated as follows:

2
F, = 91x 25E7% x 37 % 7.9E7%4

F, = 9.7E7°7

;The calculated crash impact frequency from the heliport is less than the requirement of NUREG-0800 of
‘being within an order of magnitude of 10”7 per year. Therefore, no further analysis is required. This
'information will be added to PSAR Section 2.2.2. S o , o
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Request for additional information

’ }the RPF szte is stated as l 0. 5 km

PSAR Sectlon 2.2.2.1 had a typographical error. 10. 4 km (6 5 Iru) is the correct dlstance from the
'Columbla Regional Airport to the RPF site, based on Google Earth measurements, and 10.4 km (6.5 mi)
iis the distance used in the associated calculations. The stated distance of 10.5 km will be changed to

10 4 km (6.5 mi) in PSAR Section 2.2.2.1.

RAI 2 2-2 lWUREG—] 537, Part 1, Section 2.2.3, Analyszs of Potentzal Acczdents at Faczlztzes statesthatz a
' faczlzty (i.e., _nearby mdustrzal transportatzon or mzlltary faczlzty) cannot. aﬁ"ect the- [RP
applzcant should make a statement to that eﬁ“ect and gzve the basts for‘thzs statement

i,

B s i

' ,“ 1NWIMI P&IR Sectzon 2 2 3, 1 3, Flammable Papor Clouds (Delayed ]gnttzon)
| “Flammabl “andVap:

llan Facili e: propa : i

South Farm to determine the acceptable dzstance of peak posztzve mczdent ove D) ssure of 6:9%Pa (1 ,

silbdin, 2) NWMI mdzcates that an analyszs accountmg “for the total amount of gasolzne and-diesél stored g

at the Magellan faczlzty yzelds a minimuni separation. dtstanc ’(i.fe safe standoﬁ’ dzstances) greater- - L
fthan its current localzon to the RPF j'Such scenarzo may pose a rlsk fo the RPF smce the locatzon of

P e vneedea' for the NRC stajj’ to determme thiat potentzal acc:dents at nearby factlztzes would not pos
suﬁ” icient rzsk to the RPF to render the szte unsuztable for constructzon and operatzon andto

i, i T S T et R A Y S e R 5

j ’ i ﬁzczlttzes that could potentzally aﬁ”ect RPF operatzon, €

The ana1y51s performed ‘does not bound an explos1on of the total inventory of nearby fa0111t1es The

i analys1s uses the largest tank for two identified facilities to determine the effect on RPF operations or
isafe shutdown. It was determined to be highly unlikely for the total inventory from both facilities to be
finvolved in the explosion scenario due to the following. At the MU South Farm, the closest facility, the
itotal inventory of propane is in multiple disperse locations. For the Magellan Pipeline facility, an
acmdental exploswn of multlple tanks at one tlme addmg to the pressure wave 1s also hlghly unhkely

safe shutdownf o

e T SR P TV S S

rAs 1dent1ﬁed in PSAR ‘Section 2.2. 3 1 2 Table 2- 17 the acceptable dlstance or diesel at the MU South
;Fann is 0.94 km (0.58 mi). The diesel tanks are 1.6 km (1 mi) from the RPF. Based on the explosion
;analysis conducted in EDF-3124-0016, Analysis of Potential Accidents at Nearby Facilities, an
-explosion of the tanks would not affect the RFP.
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Request for addltlonal mformatlon
. Soslon 29= Metoopellegyy -

" RAl '223'-:1. N UREG—153 7 Part2 Sectzon 2 1 “Geography and Demography, ” states in part, that “as part of this":
, ‘review, the reviewer should check the exclusion area distances agamst dlstances used in analyszs
~ Efpresented in Chapter 11.and 13 of the SAR [safety analysts report]. At B

:NVW\/H PSAR Sectzon 2:3.2, “Site Meteorologjz, i states in  part, that | conservatzve assumptzons were ,
B .i used, in both the Radtologzcal SafetyAnalyszs Computer code fo- support 10.CFR 10011, L
““Determination.of Exclusion:Area,.Low. Populatwn Zone,.and Populatton Center, dlstance ¢ However
the excluszon areaq’is not speczﬁcally descrzbed in this Section 2.1 or in Chapter 1 1 and 13 of the PSAR

ot Conf irm: that the excluszon area boundary is what is descrzbed in Chapter Ilof the PSAR asthe . s
! controlled area " If not the same,: descrzb 2 the excluszon area.boundary for the RPF :

iThe boundary of the “controlled arca” described in PSAR Chapters 11.0 and 13.0 is the same as the
“exclusion area boundary.” PSAR Chapters 2.0, 11.0, and 13.0 will be updated to use the same :
termmology when referrmg to the “exclusion area boundary h K

RAI 232 N UREG—] 53 7, Part 1 Sectzon 2.3, “General and Local Cltmate states that hzstorzcal seasonal and 5
“‘annual frequencies of severe weather Pphenomena, mcludzng hurricanes, tornadoes waterspouts :
thunderstorms lightning, and. hatl should be stated, The applicant s should give the known,and . i
“maximum annual ﬁ'equency of occurrence and time durahon of freezing rain (ice.storms) and' dust f‘.

B {,u(sand) storms whére. apphcable The appltcant should estimale. the 100- -year: return wind speed

N W PSAR Sectwn 2317, “Extreme Weather,” states that the RPF locaaon area exhzbzts
i gntﬁcant atmospherzc lnstabtlzty "heavy precipitation; and'many intense thinderstorms and is located
tn a tornado prone area, but did not provide annual frequencies of severe weather phenomena. This
‘ mformatzon is néeded fo deter mine lf a weather—related event of credible frequency or consequences at;
T .‘4the szte render it unsuztable for ope} atzon as deszgned and ltkely fo cause damage to the RPF facility

f RAI 2. 3-Za

The seasonal and annual frequenc1es of tomadoes thunderstorms hhghtmg, and hall are prov1ded as
follows in Table 3 through Table 9. This information will be added to PSAR Section 2.3.1.7.

Table 3. Seasonal Frequency of Historical Tornadoes in Boone County, Missouri (1954 to 2016)
Magnitude (Fujita Scale)

Source: http://www.ncdc.noaa.gov/stormevents/
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Table 4. Annual Frequency of Historical Tornadoes in Boone County, Missouri (1954 to 2016)

' Magnitude (Fujita Scale)
O 1 Total
RSN ,,,.;V‘ S - e b O o e, e g o oot

Source: http:/www.ncdc.noaa.gov/stormevents/

Table 5. Boone County Seasonal Thunderstorm Wind Events (8/29/1955 to 5/11/2016)

Octol;;r

T

[Nov mber e ey 10 = ‘
December ! | i 1 : z

Source: http://www.ncdc.noaa.gov/stormevents/
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Table 6. Boone County Annual Thunderstorm Wind Events (8/29/1955 to 5/11/2016)

—
O
[=2)
o0

1
—
i\

s OQ 1 O
i-N
W
[
O
\©
O

R 2014 | 5

1970 | 1 | 1986 3
Source: http://www.ncdc.noaa.gov/stormevents/

Table 7. Boone County Lightning Events (7/5/1998 to 6/30/2016)

Columbia | 7/5/1998 |Lightning strike was blamed for a fire at a residence in southwest
5 ; Columbia. Firefighters arrived to find flames shooting through a hole in

| 8/25/2004 nghtmg str1ke melted power r lines at Prov1dence and Green Meadows
i roads. About 5,000 people were affected by the resulting power outage,
g mcludlng New Haven Elementary School.

éoiumbia

'cdumbm

L1ghtnmg stnkekllled womanm an open ﬁeid at Irh{oeléy"F’ork Lakes’
Conservatlon Area.

‘Columbia | 7/23/2011 nghtnmg struck cell phone be1ng used by woman in Cosmo Park.
Source: http://www.ncdc.noaa.gov/stormevents/
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Table 8. Boone County Seasonal Hail Events 4/23/1958 - 5/11/2016

|
oo oo i e 8 i 2 7 [

: 9

! 5
"'éi

|January . "

November ‘I P2 { ,
T i e T e T T NP feiie g
{December A B R R T TR T e T B - 50

Source: http://www.ncdc.noaa.gov/stormevents/

Table 9. Boone County Annual Hail Events 4/23/1958 - 5/11/2016

Vear |“vents | Year | Evems | Year | Events | Year | Evenis |
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) Reuest for addltlonal |nformat|on _

se meteorologzcal events on the RPF

W1nter weather events since 1996 in Boone County, M1$sour1 are prov1ded in Table 10. These events
‘include snowstorms, ice storms, and extreme cold events. The RPF is being designed to ASCE 7,
a]llzmmum Design Loads for Buildings and Other Structures, to withstand expected meteorologlcal
ievents. This information will be factored in the design requirements of PSAR Section 3.2.5, “Rain,
\Snow and Ice Loading” for the RPF. Table 10 will be added to PSAR Section 3.2.5.

R S

Table 10. Boone County Winter Weather Events (1/ 1/1996 to 6/30/2016) (2 pages)

Duration
Date Storm type (days) Descrlptlon

01/02/96 i mch sofsnow in reglon » _

1 1/25/96

|01/08/97 ¥ Wiiter storm of snoy ) very: :

01/15/97 ° Winter storm ' 2 Freezmg rain and sleet with % to % in. of ice accumulauon i
' followed by 3to8mn. of Snow in the region

G 5 R S T e B S S T S g 1o

Freezmg ram w1th ‘/z 1o 1 m of 1ce accumulatlon ~ L
;;2 to 6 in. of snow in the reg1on )

01/27/97 " W
04/10/97
[12/08/97
01/12/98

i Light freezing drizzle, sleet, and snow left a thinlcoating of ice-;‘
on roads -

[N g SRS R,

03/25/02
|12/04/02
12124102
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Table 10. Boone County Winter Weather Events (1/1/1996 to 6/30/2016) (2 pages)

Duration
Storm type (days) Description

12/ 13/03 W,l.,l}tf'{ storm 3 to 6 in. of snow across the regron
01/25/04 inte 1 7ing rain

11/24/04
12708705
11/29/06

e el e e o e Ao gt o T b

) Over a foot of snow m some areas

3 Ice storm
: Wmter storm)

12/8/2007
1/3 1/20 11-

!
l
‘ Average ice accumulatron on trees and other overhead
i surfaces was from 0.25 to 0.30 in; about % inch of sleet also
' fell in some locatlons ,
Y : : across w1th strongtnortherly wmds produced
- SNOW. dnﬁs of 2 to Sf. T Lt e

2/4/2014 | Winter sronn i T 6 to 13 in. of Snow across ‘rhe reglon

~12/21/2013 i ‘Ice storm

LJ;.‘M._‘M

Source: http.//www.ncdc.noaa. gov/stormevents/

Request for addltlonal |nformat

a nearby nuclea ower plant

S s my o e o e s e e g e, 2, 2 e i = P
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No'smkholes have occurred at the‘RPF site since the Terracon 'prehm-lnar-y report was 1ssued in2011 ;
{(Terracon, 2011a/b). The most recent study (Boone County, 2015) shows that the project site is northeast : ’
iof the nearest areas considered to have the potential for sinkholes. The most recent sinkhole occurred in

‘May 2014 and was located on East Gans Creek Road, approximately 1.17 km (0.73 mi) to the southwest ‘
fof the RPF site.

i RAI 2. 5-15 Clanﬁ) dnd zdentxjfv measures to be taken fo preclude pdtentzally detnmental eﬁ%cts of smkhole T
;' . natzons on. the foundattons in the future ) . T .

A 51te-spec1ﬁc geotechnrcal 1nvest1gat10n of the RPF w111 be conducted 51te to ensure that the area does
not have the potential for sinkholes. If the investigation does identify the potential for sinkholes, the
.design would incorporate one of the following alternatives: (1) excavate site both vertically and
‘horizontally to remove that potential and backfill with structural fill, or (2) install piers to bedrock to
"'support the substructure if a sinkhole was to occur. If one of these alternatives needs to be implemented,
it will be determined after the geotechnical investigation is complete, incorporated in the final RPF
demgn and presented in the FSAR as part of the Operatmg L1cense Apphcatlon

A 51te-spe01ﬁc geotechmcal mvestlgatlon of the RPF s1te w111 be conducted to 1dent1fy the s1te—spe01ﬁc

isoil characteristics. If highly plastic clays are identified at the site, the design will include excavation of
‘the clays and then backfill with structural fill. The structural details will be developed in the final RPF |
'design and presented in the FSAR as part of the Operatmg L1cense Apphcatron ‘

sozl oﬁen shzﬁupward or downwar eauszng possz ; e dxstortzons ‘crackmg or structural damage: -

dditional mformatzon is needed dn measures to prevent potentzal structural damage of the foundatzon

A 31te speclﬁc geotechmcal 1nvest1gat10n of the RPF s1te wﬂl be conducted to identify the 51te-spec1ﬁc

isoil characteristics. If highly plastic clays are identified at the site, the design will include excavation of
‘the clays and then backfill with structural fill. The structural details will be developed in the final RPF |
.design and presented in the FSAR as part of the Operating License Application.
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PSAR Chapter 2.0, Table 2-28, will be revised (as shown below) to incorporate earthquakes since 2002

with a magnitude over 3.0. 1

Table 2-28. Recorded Missouri Earthquake History (3 pages)

Magitude | i Recorded damage

12/ 16/ 1811 New Madnd 77 1 Generated great waves en the Mismssmm Rlver causmg ma_]or o
(1811-1812| Region, Missouri flooding, high river back cave-ins. Topographic changes affected
series) an area of 78,000 to 130,000 km? (30,116 to 50,193 mi?). Later

geologic evidence indicated that the epicenter was likely in

northeast Arkansas. The main shocks were felt over an area

covering at least 5,180,000 km? (2,000,000 mi?). Chimneys were

knocked down in Cincinnati, Ohio, and bricks were reported to

" thave fallen from chimneys in Georgia and South Carolina. The

first shock was felt distinctively in Washington, D.C., 1,127 km
(700 mi) away.

2/71812 | New Madrid, 7.7  |Three main shocks reaching MMI of XII, the maximum on scale.
(1811-1812 Missouri Aftershocks continued to be felt for several years after the initial
series) tremor. Historical accounts and later evidence indicate that the

epicenter was close to the town of New Madrid, Missouri. This
quake produced the largest liquefactions fields in the world.

) ‘4/24/ 1867 Eastern Kansas ) Not listed - Repelrts‘i‘nt‘iieated that an earth(iuake occurred in eastemﬁKansas )
and was felt as far eastward as Chicago, Illinois. It may have been
noticeable i
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Table 2-28. Recorded Missouri Earthquake History (3 pages)

Magnitude Recorded damage

10/31/1895 | Charleston, ! 6.6 iLargest earthquake to occur in the central Mrs51551pp1 River valley
' ; Missouri , 'since the 1811-1812 series. Structural damage and liquefaction
‘phenomena were reported along a line from Bertrand, Missouri, in
.the west to Cairo, Illinois, to the east. Sand blows were observed
iin an area southwest of Charleston, Puxico, and Taylor, Missouri;
.Alton, and Cario, Illinois; Princeton, Indiana; and Paducah,
Kentucky. The earthquake caused extensive damage (including
:downed chimneys, cracked walls, shattered windows, and broken
plaster) to schools, churches, and private residences. Every
i : {building in the commercial area of Charleston was damaged.
5 :Cairo, Illinois, and Memphis, Tennessee, suffered significant
j ‘ damage Near Charleston, 1.6 ha (4 acres) of ground sank and a
‘lake formed. The shock was felt over all or portions of 24 states
: ‘and in Canada. Ground shaking was recorded along the Ohio
‘River Valley.

4/9/1917 St Genev1eve/ St Not llsted A sharp drsturbance at St Genev1eve and St Mary S, Mlssourl
Mary’s Area, | According to the Daily-Missourian, No. 187, dated April 9, 1917,
Missouri ! ithe earthquake was not felt in Columbia. However, on the
| ! ; ‘following day several people reported feeling the shock and
| 5 ; .attributed it to an explosion. No damage was reported in
j ‘Columbia. Reportedly felt over a 518,000 km? (200,000 mi?) area
i from Kansas to Ohro and W1sconsm to MlSSlSSlppl

,Thls earthquake reportedly shook bmldmgs across St LOlllS Two
:shocks were felt.in Mt. Vemnon, Illinois, and three were feltin =
entralia; Ilhn01s ‘The epicenter ¢ of this earthquake is unknown, .

J d is thought t to have orrgmated east of Columbia.in 1Hlindis. In "
e Evening Mrssounan, No. 207 dated May 1, 1920 the USS..
eather Burea ‘reported that the shock was not felt in- Columbra

% Notlisted -

Llsted as At nearby Charleston w1ndows were broken and chnnneys

i _ strong collapsed or were damaged. Similar effects were observed in
:Cairo, Mounds, and Mounds City, Illinois, and at Wickliffe,
‘Kentucky. The area of destructive intensity included more than
1596 km2 (230 m12)

n earthquake occurred near Red Bud Ilhnors and a reported

MMI of I[I was recorded in Columbla The approxrmately
istance from the eprcenter to | Columbia was 3 l7 km (197 nu) _

MMI"ofV in' Colamb rThe appic klmate dlstan 3 from the
“, ;eplcenter to Columbla was 163 km) (101 rm) A ‘
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Table 2-28. Recorded Missouri Earthquake History (3 pages)
11/9/1968 1 Wabash Valley 54 Strongest magnitude in central U.S. since the 1895 earthquake
| Seismic Zone, Moderate damage to chimneys and walls at Hermann, St. Charles,
f southern Illinois St Louis, and Sikeston, Missouri. Shaking was felt. Areas include
i
l

4

zall or portions of 23 states from Minnesota to Georgia and from
fPennsylvama to Kansas, and in multi-story buildings in Boston,
! Massachusetts and southernmost Ontano Canada.

Sersrmc Zone N
Olney, chhland

[ 46 ’Moderate earthquake caused churmey damage and cracked o

12002 ‘:Wabash Valley i
i Seismic Zone, ‘windows in and near Evansville, Indiana. Shaking was reported in
! Posey County, SW | §seven states, including Missouri.
B Indlana o ’
[-8/16/2003 20 kin WNW of | . |
| & i Alton Missouri ! N o R
5/ 18/2005 | Mrssoun 3 33 »Mmor quake no damage reported

7312005 [ | Missouri < [ 33
6/7/2011 | 18 km NNW of 'z 3.9

1
i

; Potos1 Mrssoun :

Tts—w....

L _NP913113han1, Missoi: " “hi SR
1/16/2015 ¢ 15kmNof | 3.5 ;Mmor quake no damage reported
«Domphan MlSSOl]I‘h B o o
10/16/2015 ;14 km NNW of 1320 - ’szor quake no damage reported l A ;
... iDoniphdn, Mlssoun SR : ; '
7/5/20 16 3 6kmSWof i - 3.0 Mmor quake no damage reported
. Caruthersville, - ,
{ Missouri | ;
Sources:

USGS, 2013c, “Three Centuries of Earthquakes Poster,” pubs.usgs.gov/imap/i-2812/i-2812.jpg, U.S. Geological
Survey, Reston, Virginia, accessed July 23, 2013.

USGS, 2002, “Earthquakes in the Central United States 1699 -2002,” pubs.usgs.gov/imap/i-2812/i-2812.jpg,
U.S. Geological Survey, Reston, Virginia, June 18, 2002.

MU, 2006, Missouri University Research Reactor (MURR) Safety Analysis Report, MU Project# 000763,
University of Missouri, Columbia, Missouri, August 18, 2006.

USGS, 2016, “Search Earthquake Catalog,” http://earthquake.usgs.gov/earthquakes/search/, U.S. Geological
Survey, Reston, Virginia, accessed October 7, 2016.
MMI = Modified Mercalli Intensity.
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Request for additional informatiOn

The correct reference is IBC 2012. The 2009 IBC reference callouts in PSAR Chapter 2.0 will be
changed to 20 12

vThe estimated ma)rlmum ground acceleration at the RPF site will meet Regulatory Guide 1. 60 Deszgn “5
Response Spectra for Seismic Design of Nuclear Power Plants, free-field response spectrum anchored to
a peak ground accelera’uon (PGA) of 0. 20 g

PSAR Sectlons 3 4 and 3.5 provide deSIgn criteria and the analys1s methodology for seismic events g
including a safe shutdown earthquake (SSE). The seismic design of the RPF and associated IROFS will

‘ensure the functionality and/or integrity of SSCs required to prevent radiological release below the ‘
‘performance requirements of 10 CFR 70.61. Additional information on the seismic requirements and §
‘evaluations of the RPF and associated IROFS will be provided in the FSAR as part of the Operating
License Application. :

18 of 96



N NWMI-2016-RAI-004, Rev. 0

" NORTIFWEST HEQICAL ISOTOPES

Request for additional informati

As stated in the 'fesponse to RAI 2.5-6a, the estimated maximum grourid acceleration at the RPF site will
meet Regulatory Guide 1.60 free-field response spectrum anchored to PGA of 0.20 g. i

8" iSec 0. e, acy.ofin ion,. > of. 7t 30 vequires th

{The seismic soil classification for the RPF site is Class C. Reference to the Boone County site as being .
soil Class D in PSAR Chapter 2.0, Section 2.5.6 will be changed to Class C. i

g "

g a

:;'The geotechnical investigations and analyses of the RPF site will be completed in the first quarter of 1
12017. %
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RERTHIWEST RIEDICAL (3ATOPES

CHAPTER 3.0 - DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS

‘During the structural analysis, unknown loads will have a conservative value assumed and marked with
“(HOLD).” As the design matures, the actual values will be inserted in the analysis and the HOLDs
removed. Final design media cannot be issued if there are HOLDs identified. The facility live loads will |
ibe established during the completion of the final facility design and provided in the FSAR as part of the
.Operating License Application.
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R TR N A A R 2 AT i i T i R

,x‘NUREG 1 520 “Standard Rewew Plan for Fuel Cycle Facllzaes chense Applzcattons > states that the”
,’tornado occurrence probabzlzty be quantwﬁed by the applzcant N UREG—1520 Part 3 Appendzx D
. A% oM 5 4 h Sith 27

gThe PSAR mciﬁdmg Section 3. 2 4. 2 and all approprlate supportmg documentatlon wﬂl be modlﬁed to
istate that Regulatory Guide 1.76, Design Basis Tornado and T ornado Missiles for Nuclear Power Plants,’
w111 be the baSIS for tornado w1nd loads and wind-

» :' ‘Conf i that adequate unzform Ioadzng is: mcIuded i the dead load to account for'the ,lpzng and other
: é]sub-systems (ie., cable trays conduzts HI/AC ductwork and components tubmg) wezght and loadzngs

The dens1ty of all mterconnectlons (e g heatmg, ventﬂatlon, and air condltlomng [HVAC] ductwork
lcondults, cable trays, and piping) between equipment will be conservatively estimated and included in
ithe final design for dead load for fixtures attached to ceilings or anchored to floors in the RPF. This
iinformation will be provided in the FSAR as part of the Operating License Application.
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: water. damage fo chtures .systems and componénts at the faczluy szie wo
uncontrolled release of radioac materzal :

PSAR Sect1onsu3 3. 1 and 3‘3 1.1 ﬁll be modlfled to pomt tg PSAR Se—(:tigg 2.4 3 (lnstéad of PSAR

Sectlon 2 5 3) for ﬂood lnformatlon
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o

RAI 332 {Provide informa
(cont) fie qutpment under the effects o nadvertent dzscharge of the Fire Protecti

’DeSIgn of fire suppressmn systems using water (e g., au atic sprinklers, hose stations) includes
‘elements such as the grading and channeling of floors, raising of equipment mounts above floors,
ishelving and floor drains, and other passive means. These features will ensure sufficient capacity for
\gravity-driven collection and drainage of the maximum water discharge rate and duration to avoid
{localized flooding and resulting water damage to equipment within the area. In addition, particularly
isensitive systems and components, whether electrical, optical, mechanical and/or chemical, are typically :
Iprotected within enclosures designed for the anticipated adverse environmental conditions resulting from
ithese types of water discharges. If critical for safety, these water-sensitive systems and components will
{be installed within the appropriate severe environment-rated enclosures in accordance with the relevant
iindustry standard(s) (e.g., NEMA enclosure standards).

:Selection of specific fire suppression systems for facility locations will be guided by the recommendations
joffered in relevant industry standards (e.g., NFPA 801, Standard for Fire Protection for Facilities
‘Handling Radioactive Materials) and will depend on the level of fire hazards at those locations, as
idetermined from the final facility and process systems designs. These final detailed designs will include
lany facility design elements and sensitive equipment protection measures deemed necessary for
laddressing the maximum inadvertent rate and duration of water discharges from the fire protection
.systems. The final comprehensive facility design, along with commitments to design codes, standards,
jand other referenced documents (including any exceptions or exemptions to the identified requirements), '
iwill be identified and provided in the FSAR as part of the Operating License Application.

¥

Request for additional information

'(i RAI 3. 4-1 JN UREG 1537, Part'l, Sectto 3. 4 .,,Selsm c Damag ,_g,;sta es, it par, ithat the app zcant should speczﬁ)’
i ! and descrzbe structures systems and components that are requlred to malntam the necessary safety

. NUREG—153 7 Part2 Sectmn 3 4 Selsmlc Damag - ’ stai 2W, de.
,:des1 igns and, deszgn bases of. structures ‘syStems; and'components that a are: requzred to mamtatn ﬁlnctzon 4

' vin case of a séismic event at the faczhty site. The finding required is that the ﬁzczltty deszgn should
% rowde reasonable assurance ,that the RPF can be shut down and matntamed ina, safe condztzon .

Deszgn Response Spectra Safe—Shutdown Earthquake ” states that

‘ The safe-shutdown earthquake for the RFP factlzty is: speczf ed as: rzsk—targeted mximim
conszdered earthquake (.MCER) as determmed in accordance wzth ASCE 7 and the Federal
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- uest for ddltlonal |nformat|on

As stated in the response to RAIT 2 5- 6a the SSE ¢ des1gn ba51s for the RPF will be the Regu]atory |
‘Guide 1.60 spectrum anchored to a PGA of 0.20 g. Seismic loads for the design of IROFS will be derlved‘
from in-structure floor response spectra generated by the finite element model of the building structure, |
as outlined in the response to RAI 3 4- 7

7sed m thé evdlu '

‘The NR has recommended usmg Regulatory u1de 1.60 for rad101sotopes productlon acilities (eg,
'10 CFR 50, “Domestic Licensing of Production and Utilization Facilities”). NWMI will use a spectrum |
‘anchored to 0.20 g PGA for the RPF design basis. Regulatory Guide 1.60 is not indexed to any specific |
'soil type, with its frequency content sufficiently broad to cover all soil types. Therefore, soil type for the
iRPF will not be a parameter used to determine the RPF’s design response spectra. The composition of |
soil in which the RPF is embedded will be included in the soil-structure-interaction analysis as part of the ;
'building response analysis. This information will be provided in the FSAR as part of Operating License *
Apphcatlon i

Table 3-22 will be deleted from PSAR Section 2.5.6. In addition, Regulatory Guide 1.60 will be added to !
{PSAR Section 3.4.1.1 for the determination of the RPF design response spectra. :

"The seismic soil classification for the RPF site is Class C. Thus, the reference to the Boone County site as
belng soil Class D in PSAR Section 2.5.6 will be changed to Class C. ;

PSAR Sectlon 256 wﬂl be modlﬁed to reflect the above 1nformatlon

Response sp ctra correspondmg to the recommended damping values of Regulatory Guide 1.61,
Damping Values for Seismic Design of Nuclear Power Plants, will be used to derive seismic loads.
‘Damping varies depending on the type of SSC. Structural damping will follow the recommendations of
'Regulatory Guide 1.61, which range from about 3 to 7 percent. Plotting response spectra at 5 percent
:damping for purposes of illustration is a convention within the nuclear industry, but for analysis loads,
:damping will vary depending on the earthquake level (operating basis earthquake [OBE] or SSE) and the |
type of SSC.
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;The RPF bu11d1ng structure and IROFS analysrs w111 be based on the Regulatory Gulde 1. 60 ground ‘
imotion spectrum indexed to a PGA of 0.20 g. This PGA matches that of the University of Missouri i
|Research Reactor (MURR) and the Calloway Nuclear Generating Station, which both are within 80.5 km
{(50 mi) of the RPF, as suggested by the NRC staff during the November 10, 2016 Public Meeting. The
lanalysis procedure develops ground motion acceleration time histories that match or exceed the f
iRegulatory Guide 1.60 spectrum as input to the building finite element model. Structural damping will |
{follow the recommendations of Regulatory Guide 1.61, which range from about 3 to 7 percent.

iThe reference to a Class D site is a term used in IBC 2012, and will not be the basis for the RPF seismic ‘
desrgn The composition of soil in which the RPF is embedded will be included in the soil-structure-
unteractlon analysis as part of the building response analysis.

ITable 3-22 will be deleted from PSAR Section 2.5.6. In addition, Regulatory Guide 1.60 will be added to
PSAR Section 3.4.1.1 for the determination of the RPF design response spectra. .

‘The seismic soil classification for the RPF site is Class C. Thus, the reference to the Boone County site as
1be1ng soil Class D in PSAR Section 2.5.6 will be changed to Class C.
|

IPSAR Section 2.5.6 will be modlﬁed to reflect the above 1nformatlon :

§Des1gn 0 IROFS w111 cons1der seismic loads in all three d1rectlons usmg a comblnatlon 0 square-root-m !
tof the-sum-of-squared or 10/40/40 methodologies. The 10/40/40 methodology will be used in the
{ development of the ﬁnal RPF de51gn and in the FSAR as part of the Operatmg Llcense Apphcatlon

Desrgn of IROFS w111 cons1der seismic loads in all three d1rect10ns usmg a combmatlon of square-root- ;
1of the-sum-of-squared or 10/40/40 methodologies. The 10/40/40 methodology will be used in the !
fdevelopment of the final RPF design and in the FSAR as part of the Operating License Application. ]

v bk s A e et

25 of 96




NWMI-2016-RAI-004, Rev. 0

Re ust for adltlonal |nformat|on

Desrgn Response Spectra Sozl Sb‘ucture Interactzon and Dynamzc So“
'base: model IS expected fo gzve conservatwe results m compartson to

The analy31s‘of the RPF bu11d1ng structure to the SSE w1ll mclude the eﬁ'ects of a s011;structure R
1nter'act10nvrather than the assumptlon ofa ﬁxed ‘base

NWMI W111 deﬁne spemﬁc acceptable
'seismic qualifications. Seismic qualification of IROFS will include three options of: (1) calculations and
wverification that the main structural components of the SSC can withstand the seismic loads derived from
the in-structure floor response spectra at the damping value derived from Regulatory Guide 1.61,

(2) reference to available shake table testing that demonstrates the seismic capacity of the SSC or of i
imultiple similar items, and (3) demonstration of the seismic capacity through the performance of the type /
of SSC in actual earthquakes ;

«

In-structure ﬂeor respouse spectra \;Vlll be developed through a ﬁmte element model of the RPF bulldmg k
using an artificial time history that matches or envelops the Regulatory Guide 1.60 spectrum at :
3 PGA 0 20 g
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“ Request for addltlonal mform i A R

The capamty of the standard support d651gn for overhead ﬁxtures mounted above RPF IROF S will be
;checked to ensure that the supports can withstand the seismic loads derived from the floor spectra
'(e g, remain stable during and after postulated earthquake effects) of the attachment floor slab. This

The RPF seismic demgn w111 1nc1u ea check to ensure that poundmg or sway 1mpact will not occur

sbetween adjacent fixtures (e.g., rattle space). Estimates of the maximum displacement of any fixture can
(be derived from the appropriate floor response spectrum and an estimate of the fixture’s lowest response
'frequency This information will be prov1ded in the FSAR as part of the Operatmg License Apphcatlon

g

NWMI PSAR Sectzon 3.4.3, “Seisniic Instrumentatzon provtdes a descrzptzon of the sezsmzc
lznstrumentatton provzded for the RPF. »: P et e ,

ik ;However it does riot specify if the seismic tnstrumentatton is éonsi dered to be, safety-related Sezsmzc v}
C'ategory I and i is purchased as Sezsmzcally Qual ifie ed .system to be able to fulf ll the purpose el

Clart]fj/ whether the sezsmzc tnstrumentatzon w111 be a safety-related Sezsmzc Category I znstallatzon o

I S

(Selsrmc instrumentation for the RPF site is not an IROFS it prov1des no safety functlon and is therefore ‘
‘not “safety-related.” Although the seismic recorders have no safety function, they must be designedto
;withstand any credible level of shaking to ensure that the ground motion would be recorded in the highly
nunlikely event of an earthquake. This capability requires verification of adequate capacity from the

‘manufacturer (e.g., prior shake table tests of their product line), provision of adequate anchorage (e.g.,
imanufacturer-provided anchor specifications to ensure accurate recordings), and a check for seismic ,
‘interaction hazards such as water spray or falling fixtures. With these design features, the 1nstrumentat10n
‘would be treated as if it were safety-related QL-2. Additional information on seismic instruction will be
iprovided in the FSAR as part of the Operating License Application. |

§

N AR R e N N A T 6 5

Request for addltlonal |nformat|on

The definition for IROFS is provided i in 10 CFR 70. 4 The défi mtzon states

C/lpphes to’ .
4RAIs 3.5-2. i . . Items relied-on Jor safety mean: structures .systems equipment; components aid activities of o
‘and 3.5- -3)7 e personnel that are relzed on to prevent potentzal acczdents ata faczltty that could exceed the .

ol h limat the ltcensee ﬁom zdentyfytng addztzonal structures systems equzpment components OF s B
P o actzvztles of personnel ( e, beyond those in the minimum set necessary for complzance with. the o
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NCRTHWVEST RZEDICAL ISOTOPES

ENWMI is using the 10 CF R 70 61 performance requlrement for subcn’clcahty PSAR Sectlon 3. 5 1.3 was |
revised, the bullets removed, and 10 CFR 70.61 performance requirements/criteria are referenced

'g,
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_ Request for additional information

éNWMI has revised its Quahty Assurance (QA) Plan to clanfy ‘rhe difference between QL-1 and QL-2.
{PSAR Section 3.5.1.3 was modified to reflect the changes in the quality level definitions (Attachment A)
| The basis for the difference in QL-1 and QL-2 is a graded approach to quahty, by which the level of
1ana1ys1s documentation, and actions necessary to comply with a requirement is commensurate with the
safety significance. The graded approach permits the implementing organization to focus resources on
,those activities that are deemed, by qualitative analysis, to reduce the associated risks and hazards. The
iact1v1tles and tasks are performed in accordance with approved implementing procedures.

iThe graded approach to quality is a process by which the level of analysis, documentation, and actions
,necessary to comply with a requirement is commensurate with the safety significance. A graded approach
,perrmts the implementing organization to focus resources on those activities that are deemed, by
.qualitative analysis, to reduce the associated risks and hazards.

EActivities and tasks are performed in accordance with the quality level definitions.

{ * Quality Level 1 will be applied to IROFS (SSCs and activities). IROFS are QL-1 items in which
failure or malfunction could directly result in a condition that adversely affects workers, the pubhc

! and/or environment, as described in 10 CFR 70.61.

¢ Quality Level 2 will be applied to safety SSCs that are non-QL-1 SSCs. Some of the requlred

; characteristics may be examined less rigorously than for QL-1 items.

e Quality Level 3 items include those items that are not classified as QL-1 or QL-2. QL-3 items are

i controlled in accordance wrth standard commerclal practlces

"The QA Plan will be revised to cla.rlfy the difference between QL—l and QL-2 For two SSCs w1th the
isame performance requirements, NWMI would not expect the components to be materially different.
{However, the level of analysis, documentation, and actions necessary to comply with a requirement is
‘commensurate with the safety significance; therefore, a QL-2 SSC may have different verification .

xrequlrements.

PSAR Chapter 3 0 Table 3-25 has been rewsed and 1s prov1ded in Attachment A. The table was
«modrﬁed to match the changes in the NWMI QA Plan. A room continuous air monitor in the operating

, gallery is an example of a QL-2 1tem that 1s not Seismic Category IL

‘‘‘‘‘‘ o33 B G S iR

i RA' 3. 5-3d ' For QL- 1 SSCs clarzjjz whether thezr assoczated conﬁguratzon management mai enqnce, tramm

QL—l SSCs are controlled”;:o the fhll measure of NWMI’s QA Plan. The GA Plan wi
Eclanfy the difference between QL-1 and QL-2. PSAR Section 3.5.1.3 was modified to reflect the changes
fm the quality level definitions (Attachment A) o B }
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"The QA Plan will be revised to clarify the difference between QL-1 and QL-2. PSAR Chapter 3. |
‘"Table 3-25, was updated to reflect the changes in the quality level definitions (see response to f

5

The QA Plan w111 be rev1sed to clarlfy the d1ﬁ°erence between QL 1and QL-2 PSAR Sectlon 35.13 was;
‘revised to change the definition of nonsafety-related SSCs, and PSAR Chapter 3.0, Table 3-25, was E
modified (see response to RAIT 3.5-3c). However, nonsafety-related SSCs should not be QL-1 even if the ;
“SSCS are Selsmlc Category I (C-II) (see Attachment A) i

The QA P an w111 be revised to ¢ arify the fference between QL 1 and QL—2 ectlon 5.1, ,
revised to change the definitions and Table 3-25 was modified (see response to RAI 3.5-3c). The
:differences in acceptance criteria for QL-1 and QL-2 is a graded approach to quality, by which the level |
‘of analysis, documentation, and actions necessary to comply with a requirement is commensurate with
the safety significance. The main difference in the acceptance criteria for the Seismic Category I (C-I)
:and C-II classification is that C-I has to function after an SSE, while C-II has to maintain its integrity (see‘
Attachment A). ) ‘ ;
Al'3 ce CAT: SC s ‘n‘eed only'mamtam structural : ntegrzt;z,f" explazn zf the structural mtegrtty acceptanc

1.SSCs,and C=ILSSC will be the Same or.di jj’e‘rent If di ﬁ"erem‘ provide the basis Jfor, the .

i
H

‘While the structhraimtegrlty performance requirement should be the same, the acceptance criteria for C-I;
iand C-II SSCs will be determined by the quality level of the SSC and may have different verification |
Jequirements.

y emonstrattng adequate safety afatrz}a
iproducti n facility. e L
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iThe QA Plan will be revised to clanfy the difference between QL-1 and QL-2. PSAR Section 3. 5M1‘ 3 has ‘
been revised to change the definition of nonsafety-related SSCs, and Table 3-25 was modified (see
*respo_nse to RAI 3 5 3c) QL—2 SSCs are safety-related 1tems that are not QL- 1 (see Attachment A).

. PSAR Section 3.5.1.3 has
ibeen revised to change the definition of nonsafety-related SSCs, and Table 3-25 was modified (see
xresponse to RAI 3.5-3¢). QL-2 SSCs are safety—related ,1tems that are not QL 1 (see Attachnlent A) .

sThe QA Plan w111 be rev1sed to clanfy the d1ﬁ'erence between QL 1 and QL-~

" RAI35:5c "jczanjy zfall NSR. zmport tt to-safezfy SSCs a re-Q

i i T o s, Fpoms L

;The QA Plan will be revised to clarlfy the dlﬂ‘erence between QL-l and QL-2. PSAR ¢ Section 3.5.1.3 has
ibeen revised to change the definition of nonsafety-related SSCs, and Table 3-25 has been modified (see
»respense to RAI 3 5—3c) QL-2 SSCs ar y-related_ltems that are not QL-I (see Attachmen

‘The QA Plan w111 be rev1sed to clanfy the dlfference between QL—l and QL—2 PSAR Section 3.5.1.3 has - (
{been revised to change the definition of nonsafety-related SSCs, and Table 3-25 has been modified (see
rresponse to RAI 3 5 3c) QL—2 SSCs are safety-related items that are not QL 1 (see Attachment A)

RAI3

\ € hapter 9% ’Hulezary Systems states that the applzcant should mclude the
deszgn bases for each aulezary system D e el

{
!

i .

o

‘L L v R e
Systems‘ w1th those in :

M PS4R Chapter 9 0 Auxtlzary

the RPF are presented in [PS4R ] Sectwn 34, ] whereas PSAR Sectzon 341, “Sezsmzc Input >
dzscusses sezsmzc deszgn conszderatzons Sznce the htgher tier Sectzon P&4R 3 5. presents RPF .systems !

RS 'on 3.5.2 that; ates .system and components wzthm the RPF aré presented zn PSAR Sectlon 3.
The cross-reference to PSAR Section 3.4.1 was a typograph1cal error. The first sentence in PSAR

iSection 3.5.2, which pointed to PSAR Section 3.4.1 will be changed to PSAR Section 3.5.1 (see
‘Attachment A).
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'demgned to perform their safety ﬁmctlon followmg a design ba51s event (DBE) mcludmg an earthquake

The same seismic de51gn criteria for the”RPF structure to w1thstand a de51gn basrs earthquake also apphes
to the ventilation and offgas systems components that are accredited IROFS. These components will be

/Each of the hot cells w111 have manlpulators that w111 be used to perform maintenance within the hot
cells. Equipment within the hot cells will also be positioned on skids for ease of removal and replacement
iif necessary. If maintenance cannot be performed by the in-cell manipulators, the cover blocks can be
removed and the required equipment replaced. For the tank hot cell, a portable manipulator ¢an be moved
to different locations with the tank hot cell to perform maintenance. The design philosophy that will be
incorporated in the FSAR as part of the Operating License Application will use remote handling for as
:much maintenance as possible within the hot cells. In additional, the ventilation and changes in building
‘configuration will be designed to maintain zones and barriers consistent with defense-in-depth,
tﬁ‘iqyﬁdw?:@‘i}faﬁﬁéﬂiﬂ‘kﬁﬁﬁl@?&? to protect workers and the public.

!
t
,
i
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dherence 10 the double-contmgency prmczple PSAR Chapters 6 and“13 zdentzjfv deuble;batcl1zhg -as a’
i nboundmg acczdent In re.sponse fo RAI 3. 5—1 MDAMSAccesszon No MLI 61 23A1 19)NWMI states i

. VTM commtts to mamtatnmg a rtgorous nuclear crztzcalzty safety program usmg the double;‘ '
ontmgency prmczple The PSAR does not speczf cally addressrthe margm ﬁ'om a szngle rocess batch

NWMI developed several calculatlons (e g NWMI—2015 CRITCALC 006 Hot Cell Tank Pit, and
gNWMI—ZOlS -CRITCALC-002, Irradiated Target Low-Enriched Uranium Material Dissolution), that
‘looked at overbatching. The hot cell pit criticality calculation, NWMI-2015-CRITCALC-006, looked at
iconditions in the large hot cell that were well above double-batching conditions.
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RAI 3. 5-9b *Prgvzde a lzstmg of all areas and process e

e oz iz e

The list of all areas and process equlpment that are expected to contam ﬁssmnahle Nmatena,l is prov1ded mﬂ
‘PSAR Chapter 4.0, Sections 4.3 and 4.4 (e.g., Table 4-51, “Uranium Recovery and Recycle In-Process §
Speclal Nuclear _Materlal Inventory”)

The maximum quantltles or concentratlons of ﬁsslonable material for all ; process areas or process ‘
iequipment during normal operations are provided in PSAR Chapter 4.0, Sections 4.3 and 4.4 (e.g., {
Table 4—5 1) :

‘The bases for the above maximurm quantities, including numbers and 1 types of targets or special nuclear
/material (SNM) in storage or being processed, are provided in PSAR Chapter 4.0, Sections 4.3 and 4.4 |

The quantltles or concentratlons of ﬁss1onable material used in the criticality analyses for all areas or 1
‘process equipment are provided in each individual criticality calculation or criticality safety evaluation. |
‘The single process batch to subcritical limit will be presented in the FSAR as part of the Operating ‘
L1cense Apphcatlon -

The cr1t1cahty safety analyses conducted for the RPF are documented in the followmg
"+ Criticality Calculations
— NWMI-2015-CRITCALC-001, Single Parameter Subcritical Limits for 20 wt% Uranium-235 —
Uranium Metal, Uranium Oxide, and Homogenous Water Mixtures
- NWMI-2015-CRITCALC-002, Irradiated Target Low-Enriched Uranium Material Dissolution '
— NWMI-2015-CRITCALC-003, 55-Gallon Drum Arrays ‘
— NWMI-2015-CRITCALC-004, Single Parameter Subcritical Limits for 20 wt% Uranium-235 — s
Low-Enriched Uranium Target Material »
~ NWMI-2015-CRITCALC-005, Target Fabrication Tanks, Wet Processes, and Storage
- NWMI-2015-CRITCALC-006 Hot Cell Tank Pit i
: * Criticality Safety Evaluations |
- NWMI-2015-CSE-001, Irradiated Target Handling and Disassembly !
- NWMI-2015-CSE-002, Irradiated Low-Enriched Uranium Target Dissolution
- NWMI-2015-CSE-003, Molybdenum-99 Recovery |
— NWMI-2015-CSE-008, Hot Cell Uranium Purification (Recovery and Recycle) X
- NWMI-2015-CSE-009, Liquid Waste Processing |
‘ ~ NWMI-2015-CSE-010, Solid Waste Collection, Encapsulation, and Staging
\ ~ NWMI-2015-CSE-011, Offgas and Ventilation
: - NWMI-2015-CSE-012, Target Transport Cask and Drum Handling
— NWMI-2015-CSE-013, Analytical Laboratory -
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CHAPTER 5.0 - COOLANT SYSTEMS

1Several material-handling steps must occur after the end of irradiation within the reactor before a cask
Pcontammg irradiated targets can be transported to the RPF. Examples include transfer of targets into the
icask, removal of the loaded cask from the reactor pool, assembly of the cask lid, removal of water from
;the cask, drying the cask, performing the cask leak-check procedure, and cask decontamination and .
|verification. At-reactor handling procedures are projected to require significantly longer than eight hours
ifor an individual cask. Independent of the actual cask handling time required, the clock time for end of
firradiation of a target batch becomes a datapoint recorded on transfer papers, and a cask will not be
unloaded until the minimum decay time after end of irradiation used in safety evaluations has elapsed

e gl o st T L,

f RAI 5. 1-2 _'Ihe ISQ' Augmentmg N UREG—] 537 Part 2 Sectzon 5b “Radzozsotope Productzon Faczhty Coolmg ’
- ;ﬁSystems states, i ? ) 0V ;

“akgets has been used ¢ as an upper bou{qd fo ,rradtated target recezpts atthe RPF.” PS4R
) Sectzon 4, 1 2 1, “Process Deszgn Baszs ” states that “The RPF is deszgned to have a nomma '
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'The target Ioad per week descnbed in PSAR Sectlon 5 1 1 will be changed to 12 MURR targets per week
iin the FSAR as part of the Operating License Application. The modification will include update of
:fNWMI-ZOIS-CALC-022, Maximum Vessel Heat Load, Temperature, and Pressure Estimates, with a
:more detailed analysis and revision of PSAR Section 5.1.1, Figure 5-2. The inconsistency identified is
not expected to modify the thermal analysis in subsequent sections of PSAR Chapter 5.0. The thermal
‘load is characterized by radial heat transfer in a vessel and the uranium concentration of solutions held
w1th1n vessels throughout the RFP. Increasing the number of targets processed during a given week !
‘increases the total liquid volume contained in geometrically favorable vessels (or liquid level height), but
idoes not change the uranium concentration or radial thermal flux.
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CHAPTER 6.0 - ENGINEERED SAFETY FEATURES

Request for additional information

‘ X ons with Continuous Energy ENDF/B-VIL1 Cross-Sections
(Rev 0) (pubhov vers1on) is provrded in Attachment B

~~~~~ £ g e S, e

50 e i 3 2

The units 1n.the average neutron ¢ energy causmg ﬁssron (ANECF) values glven in the validation report
§'(NWMI—20‘174-RPT 006) are m rmlhon electron volts (MeV)

i analyszs The summary descrzptzon ofd reference manual or vahdanon report shoulq’ mclude the
i ‘. L followmg (a) a summary of the theory of the methodology that( is suﬁiczently detazled anid vclear to' be
fonl Ao - ) rermine: the bzas and

4
4
i3
\
v
§
i

ENDF/B—W] L Cross-Sectzons » Rev 0) states that the low-enrlched dranitiin (LE U) and mterniechate—
enrzched uramum @ED) benchmarlcs* only cover the range of 8 1 61 Fin HAX’ but the Area of .

Y
|

,, "just ﬁcatzon demonstrate thezr applzcabzllty to your operatzons

The vahdatlon report was generated pnor to any calculatlons berng performed for the NWMI RPF ; |
jprocess. The intention was to provide as broad a base of coverage within each area of applicability (AoA) |
jparameter range as possible. The H/X range was extended below a value of 8 based on a data trending

.analysrs performed in the validation report NWMI-2014-RPT-006). Subsequent to publishing the

svahdatlon report, analyses have been performed for all NWMI processes showed that the extrapolation i 1s

rno longer necessary. Therefore the AoA for H/X w111 be changed to mclude values from 8 to 1,400.

o g 2he s i e, i, S, oy s S Tt e

37 of 96



I NWMI-2016-RAI-004, Rev. 0

iSection 5.1 of the vahdatlon report (NWMI-2014-RPT-006), including Figures 5, 6, and 7, evaluates

itrends in important validation parameters. The calculation methodology should have a method bias that
‘has neither dependence on a characteristic nor is a smooth function of a parameter. If a trend in a !
parameter exists, the bias will vary as a function of that trend over the parameter range. If no trend in the
‘parameter exists, then the bias will be constant over the parameter range. !
§

Figure 5 groups individual experiments into sets that correspond to common moderators that include
.water, graphite, carbon fluoride (CF>), hydrogen bound in uranium trihydride (UH3), and no moderator.
‘When the calculation results for these experiment sets are graphed, some of the experimental results lie
‘below a kesr of 1.0. Figure 5 does not represent a bias calculation; it is an evaluation to determine if a
‘trend exists in the moderator parameter that would suggest the method bias (calculated in Section 5.3 of |
‘the validation report) has a dependence on moderation. In the Section 5.1.5 discussion of conclusions ;
regarding the trending evaluation depicted in Figure 5, rather than stating the evaluation demonstrates no
-significant bias with the various moderators, the statement should read, “the evaluation demonstrates no
'significant trend with respect to moderation that would influence the method bias.” 4

‘Similarly, for Figure 6, the intent is to determine if a trend exists in the reflector parameter that would
'suggest the method bias (calculated in Section 5.3) has a dependence on reflection. The Section 5.1.6
‘discussion will be modified to “the evaluation demonstrates no significant trend with respect to reﬂectron
‘that would influence the method bias.”

11

‘For Fi igure 7, the intent is to determine if a trend exists with respect to chemical form that would suggest
‘the method bias has a dependence on chemical form. Section 5.1.7 will be modified to “the evaluation
‘demonstrates no significant trend with respect to chemical form that would influence the method bias.”
‘The method bias is developed in Section 5.3, and all of the experiment sets included in Figures 5 through :
7 are evaluated there for the method bias calculatron |

The hydrogen referred to in Table 13 and Flgure 5 of the vahdatlon report (NWMI-2014—RPT-OO6) is
included in a high-enriched uranium (HEU) experiment set with the chemical form UH;. The |
'miscellaneous reflectors referred to in Table 13 and Figure 6 are contained in a subset of experiments
'using graphite, copper, and aluminum reflectors. The miscellaneous chemical forms referred to in ,
iTable 13 and Figure 7 are a collection of 12 experiments using UHs, uranium carbide (UC), and uranium :
izirconium hydride (UZrH). f
.As described in the response to RAI 6.3-11, the validation AoA will be changed to include only /
‘[Proprietary Information] as chemical forms.
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m Request for additional information

;The moderatmg materials will be changed to include no moderator and water. The reflecting materials
;will be changed to include no reflector, water, concrete, polyethylene, and paraffin, and the absorber
zmatenals will be changed to 1nclude alunnnum, steel, sta.mless steel polyethylene and paraﬂin

- .;the theory of't the methodology that is Suffi c:ently detazled and. clear to be understood zncludmg the
o rmethod used to. select the benchmark experzments (b) determme the bias-and uncertainty in the bzas : : i

':f?Some of these materzals are only present in a small number of cases (e g U ZrH and UO;SO4 forms
graphzte concrete U 238 and BeQ reﬂectors Cu absorbers) and may not. be present across. the .

heAOA (Table 13)

The vahdatlon report (NWMI—2014—RPT—006) was generated pnor to any calculatlons belng performed
jfor the NWMI RPF process. The intention was to provide as broad a base of coverage within each AcA
iparameter range as possible. The chemical forms and moderating, reflecting, and absorbing materials
;present in the critical experiments were placed in the AoA. Subsequent to publishing the validation
‘report, analyses have been performed for all RPF processes and it can now be concluded that some of the *
ichemical forms and the moderating, reflecting, and absorbing materials listed in the AoA are not
;fnecessary to support the NWMI calculations. Therefore, the AoA will be changed to include only
![Proprietary Information] as chemical forms. The moderating materials will be changed to include no
‘moderator and water. The reflecting materials will be changed to include no reflector, water, concrete,
'polyethylene and paraffin, and the absorber materials will be changed to include aluminum, steel,
zstamless steel, polyethylene and paraffin.
lRAl 6. 3-1 1 bl‘For compounds, elements and. nucltdes Jor whzch thete are.f few benchmarks ‘available
oo " ladequalely cover the. range in; HO( orANECF justzjy their: znc_luszon wzthout addzttonal margz‘
anch calculatlon document includes an evaluation of the validation AoA. For systems that have
[compounds, elements, or nuclides that fall outside the validation AoA, an increased margin of
?subcriticality (MoS) may be warranted, depending on the specific problem being analyzed. The analyst
w111 document any extrapolatlon beyond the validation AoA in the calculation and justify whether an
Jmcrease to the MoS is or is not requrred

1

; msummary descrzptzon of a documented revzewed and approved valxdatzon report (by NCS functzon an
managemem) for each. methodology that wzll be used to perform an NCS analyszs Yhe summary

"i’T he I/alzdanon Report d\l I/IM 2014 RPT-006 ‘MCNP 6 ! l/altdatzons wzth ContznuousEnergy
: ENDF/B—VI] 1 Cross-Sections,” Rev. 0) includes a dzscusszon of physzcal parameters in the: AOA..
Lo nAddztzonal mformatzon is needed to determzne zf the  range of parameters to be modeled to support the
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,'Ihe vahdatlon report (NWMI-2014-RPT 006) was generated pnor to any cntlcahty safety calculatlons
bemg performed for the NWMI RPF process. The intent was to provide as broad a base of coverage
iwithin each AoA parameter range as possible. The actual physical parameters associated with the facility
land process designs were not established at the time the validation report was originally issued (as
}Atkins-NS-NMI—l4-01, 2014). Subsequent to its issue, criticality safety calculations have been
iperformed. Each calculation documentation includes an evaluation of the validation AoA. For systems
'that are outside the validation AoA, an increased MoS may be warranted, depending on the specific
iproblem being analyzed. The analyst will document any extrapolation beyond the valldatlon AoA in the
:calculatlon and justify whether an mcrease to the MoS is or is not requlred

i[Proprietary Informatlon] ‘ %
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, Request for additional information

{ [Proprietary Information] :
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— Reqguest for additionalinformation

| ... [Proprietary Information] |

Lp— [R—— A s v - S e
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' Request for additional information )

?[Propnetary Infonnatlon]

}[Proprletary Infénﬁahon]
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Re uest for addltlonallnformatlon

Per NWMI-2015 CRITCALC 006 the modeled maximum volume of any of thc uranium contalnmg
-vessels is [Proprietary Information]. To reach a 1 cm (0.39-in.) depth on the floor of the uranium i
purification hot cell floor, [Proprietary Information] would have to be spilled at the same time. This |
.would be equivalent to a simultaneous spill of almost [Proprietary Information] in the hot cell. A spill of ;

‘thls magnitude should bound any spill expected to occur during operation of the facility. In addition, all

‘of the vessels in the interaction calculation were assumed to be full of fluid, even though a large portion |
.of the actual fluid would be on the floor to achieve the 1 cm (0.39-in.) height, thus maximizing the
"possible interaction effects of the scenario.

; : should mclude acczdent analyses lnvolvzng ltcensed materzals and an znterpretatzon of the sequence of
[ 3‘ events It is presumed that all'criticality: accident analyses’ would. assume high conseqitences;: theiefore, 5;
oo = the applzcant should mclude every credible event that could result in an uncontrolled crztzcalzty event.

o As partof the evaluatzon of N m applzcatzon the staﬁ" revtewed NW]\JI—201 5—CSE—008 ' “NWAﬂ L
‘ L ‘Prelzmznary Crztzcaltty Safety Evaluatron Hot Cell Uranzum Purification,” Rev. A. This: document S
[REREIEEA prowded an evaliation of crttzcalzty safety scenarios.in the hot.cell purzﬁcatzon unit; Additional .- ., |

‘ znformatzon is needed to determine zf this. analyszs ensures that the ? process | is subcritical under normal

that the measuves preventing soliition backflow to the fresh's vesin supply system i Scenarzo C7’ :-‘
g - iare suffi czently reliable’to ensure. crrtzcaltty lS “hzghly unlzkely, v specrﬁcally the double block-and—
P bleed valve and the paddle blank

» st el n e e e = e i G sirbnee ety ekl g g iyt szt g O TR S = PP U PO T S, e S 7 o e e et JW,.L.;,_,,.,L(;
{

Per NWMI-2015 SAF ETY-004 various operator or mamtenance personnel eITorIS have an on—demand
‘fallure probability of 10 to 10™*. Each of the administrative actions relied on as controls are also backed |
‘up by a control requiring that a manager or supervisor verify correct valve alignment/presence/absence of i
the paddle blank in accordance with the activity that is being undertaken. With this required verification,
{either the primary or secondary contingency is unlikely to occur. These actions are determined to be
sufficiently independent such that for the scenario to occur, two independent, unlikely failures would be i,
irequired, thus satisfying the double-contingency principle and rendering the occurrence of the scenario to
be h1gh1y unhkely

‘RAI 6.‘3-"1,4

The addltlon of fresh resin is not a routme occurrence and is expected t0 occur on an annual or semi- '
.annual schedule. Fresh resin will typically be added to a water-filled column with no SNM present. Once ;
the new resin is added, the valves will be closed and the blank inserted. The operating/design conditions !
‘of this equipment (column is pressurized) does not lend itself to passive features. The analyzed controls
‘are considered to be adequate.

The current design of this equipment does not include passive backflow design features, as the analyzed
‘controls are considered to be adequate. Consideration will be given to providing passive backflow
controls for thls scenario and will be prov1ded in the FSAR as part of the Operatlng License Apphcatlon !
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Reqest for additional information
RAI 6. 3-15 'Sectzon 6 b 3 of the ISGAugmentmg N UREG I 53 7, Part 2 states th

Scenano § in NWMI-2015-CSE-008 evaluates the backflow of material into the i 1ncommg air or gas
hnes to a vessel holdmg fissile material. Both the tank venting and overloop seal systems described in
‘Scenano C8 are passive systems. An overloop seal system provides an overloop in the supply line for
leach gas addition stream that is of sufficient height such that even at the maximum possible pressure in
ithe attached fissile-containing vessel, the fissile fluid cannot reach a sufficient height to flow through the
floop and back into the nongeometric favorable parts of the gas system. Tanks are vented directly to the
’process vessel ventilation system. The vent header in the hot cell is geometrically favorable and has drain :
{lines to favorable geometry tanks or sumps. Since both systems are passive, these controls are considered
4unhke1y to fa.ll and fallure of both sunulta.neously is cons1dered to be hlghly unhkely

The overloop seal system isa; pass1ve system An overloop seal system prov1des an overloop in the
lsupply line for each non-fissile utility that is of sufficient height such that even at the maximum possible
ipressure in the attached fissile containing vessel, the fissile fluid cannot reach a sufficient height to flow
‘through the loop and back into the non-fissile utility vessel. No operator actions or active equipment
‘operatlons aIe requlred for thlS system to perform 1ts 1ntended functlon

ishauld include’ acczdem‘ analyses mvolvmg lzcensed materzals and an mterpretatzon of the sequence of
!évents It is presumed that all crttzcallty acczdent analyses would assume hz gh consequences therefor

o "':".system OF only one or the other G g |
As stated in Sectlon 4 2 4 of NWMI-2015 CSE—008 cntlcahty in each of these systems will be prevented
fby incorporation of safe-geometry intermediate day tanks in the liquid systems that are physically
Jsolated from any larger-geometry tanks with an air break, such that backflow of uranium to an unsafe
geometry is physically impossible. The current wording of the control CSE-08-PDF12 does not reflect
ithe actual design and will be revised to clarify that the control consists of a safe-geometry intermediate
iday tank that is physically isolated from any larger geometry tank with an air break.
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CHAPTER 7.0 — INSTRUMENTATION AND CONTROL SYSTEMS

Request for additional information

‘The instrument and control (I1&C) systems prehmmary design was developed to ensure the sufficiency of !
‘the principal design criteria, design bases, and information relative to materials of construction, general i
‘arrangement, and approximate dimensions sufficient to provide reasonable assurance that the final design !
‘will conform to the design basis. In addition, preliminary design of the RPF I&C systems (e.g., details '
‘regarding the design bases, technical aspects, safety, philosophy, and objective for all I&C components
‘that monitor and control RPF processes or systems) was not developed to constitute approval of the
‘safety of any design feature or specification. Such approval is anticipated to be made following the
ievatlu’a.ﬁon of the final design of the RPF I1&C system, and described in the final safety analysis report
(FSAR) as part of the Operating License Application. Note that concepts like redundancy, mdependence
:and diversity of systems are specifically identified as necessary in PSAR Sections 7.2 through 7.6.

‘For the RPF Construction Permit Application, the preliminary design of the RPF 1&C systems is
‘considered functional and at a conceptual level. Our intent at this stage was to describe the design
‘methodology and provide reasonable assurance that the final design will conform to the design bases
:with an adequate margin for safety.
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: ummary Descrzptzon 1, that the: general descrzptzon
each category of I&C subsystems should include:the-types of, parameters monitored; the number of
mnels designed, fo :monztor each parameter and the actuatmg logzc N UREG-] 53 7 Part 2
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‘The I&C systems prellmmary de31gn was developed to ensure the suﬁimency of the prmc1pa1 des1gn
icriteria, design bases, and information relative to materials of construction, general arrangement, and
iapproximate dimensions sufficient to provide reasonable assurance that the final design will conformto
the design basis. In addition, the preliminary design of the RPF 1&C subsystems (including types of i
‘parameters monitored, number of channels designed to monitor each parameter, and actuation logic) was
'not developed to constitute approval of the safety of any design feature or specification. Such approval is :
lanticipated to be made following the evaluation of the final design of the RPF 1&C system, and described:
lin the FSAR as part of the Operating License Application. Section 7.2 does not address specific aspects -
tof the 1&C system, although Tables 7-4 through 7-12 list the location and types of parameters anticipated -
ito be monitored. ‘

5For the RPF Construction Permit Application, the preliminary design of the RPF 1&C systems is
iconsidered functional and at a conceptual level. Our intent at this stage was to describe the design
‘methodology and provide reasonable assurance that the final design will conform to the design bases
'w1th an adequate margm for sa.fety

N : ral descrzptzon
wuof each category of 1 &C subsystems should mclude a sammary of the human—machzne znteiface '
""‘hx*prmczples used in the location of i mstrumentatton and controls. NUREG-1537, Part 2; Section.7: 1
“Summar:v Descrzptzon " states, in part that the acceptance of the summary descrzptzon shouild be

¥
4
{
h%{
v
i
{
i

zsassembly process target yd olybdenum recover purtfcatzon process and
1w—dose ltquld waste handlmg wzll be controlled by operators ar local human-machme mterfaces

- tAddztzonal mformatzon is needed for the staff to understand the various HMIS bemg dtscussed and to
‘f‘e iconfirm that:the I&C destgn meets the acceptance crzterza of N UREG—I 537 Part 2 Sectzon 7 1

S U VPP R L R S P P SRR o s ez e e, et S S s
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The 1&C systems prehmlnary de51gn was developed to ensure the sufﬁc1ency of the pr1n01pal des1gn ,
criteria, design bases, and information relative to materials of construction, general arrangement, and :
‘approximate dimensions sufficient to provide reasonable assurance that the final design will conformto ! |
‘the design basis. In addition, the preliminary design of the RPF 1&C subsystems, including specific :
.details on human-machine interface (HMI), was rot developed to constitute approval of the safety of any |
‘design feature or specification. Such approval is anticipated to be made following evaluation of the final '
‘design of the RPF 1&C system, and described in the FSAR as part of the Operating License Application.
i To be consistent in the PSAR, terms like “operator interface displays™ and “operator interface terminals™ §
will be replaced with the single term, HMI (e.g., pages 7-i, 7-iv, 7-4, 7-15,7-17, 7-18, 7-20, and 7-21). |

For the RPF Construction Permit Application, the preliminary design of the RPF 1&C systems is ‘

FCOHSIdCI'ed functional and at a conceptual level. Our intent at this stage was to describe the design
‘methodology and provide reasonable assurance that the final design will conform to the design bases
-with an adequate margin for safety.

Request for additional information
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The 1&C systems pre mmary des g

criteria, design bases, and information relative to materials of construction, general arrangement, and
approximate dimensions sufficient to provide reasonable assurance that the final design will conformto !
the design basis. In addition, the preliminary design of the RPF I&C systems describing all of the
equipment and major RPF 1&C components (e.g., block, logic and schematic diagrams, software flow
diagram, and description of how system operational and support requirements and operator interface
requirements are met) was not developed to constitute approval of the safety of any design feature or (
specification. Such approval is anticipated to be made following evaluation of the final design of the RPF!
{1&C system, and described in the FSAR as part of the Operating License Application.

¢

‘For the RPF Construction Permit Application, the preliminary design of the RPF 1&C systems is
considered functional and at a conceptual level. Our intent at this stage was to describe the design
methodology and prov1de reasonable assurance that the final design will conform to the design bases

The 1&C | systems prehmmary des1gn was developed to ensure the sufﬁmency of the pr1n01pa1 deSIgn
icriteria, design bases, and information relative to materials of construction, general arrangement, and
approximate dimensions sufficient to provide reasonable assurance that the final design will conform to
the design basis. In addition, the preliminary design of the RPF 1&C systems describing the detailed
imethodology and acceptance criteria used to establish trip or actuation setpoints or interlock functions
was not developed to constitute approval of the safety of any design feature or specification. Such
approval is anticipated to be made following the evaluation of the final design of the RPF 1&C system,
1and described in the FSAR as part of the Operating License Application.

As discussed briefly in PSAR Sections 7.2.4.1 and 7.2.4.2, trip or actuation setpoints for systems in i
ISection 7.2 will be established to indicate a warning when a given parameter is approaching a setpoint
{and alarm/trip when it has reached a setpoint, both at the HMI and the control station, as appropriate.
iAlarm/trip setpoints will be established at levels that are protective of systems relied on for safety, as
described in the PSAR (and follow-on FSAR), particularly IROFS. This means that alarm/trip setpoints
will be established to provide reasonable assurance that these systems will be consistent with the design
requirements and limitations established by the bounding analysis found in the PSAR and follow-on
FSAR.

For the RPF Construction Permit Application, the preliminary design of the RPF I1&C systems is
considered functional and at a conceptual level. Our intent at this stage was to describe the design
methodology and provide reasonable assurance that the final design will conform to the design bases
with an adequate margm for safety

B e it e e i

49 of 96




NWMI-2016-RAI-004, Rev. 0

WM

" HORFHWEST MEDICAL ISOTOFES

‘The I&C systems preliminary design was developed to ensure the sufﬁciency of the pn'ncipa.l design
‘criteria, design bases, and information relative to materials of construction, general arrangement, and
'approximate dimensions sufficient to provide reasonable assurance that the final design will conform to
'the design basis. In addition, the preliminary design of the RPF I&C systems describing the detailed
methodology and operation of the integrated facility process control (FPC) system as it relates to 2
engineered safety features (ESF) managing, monitoring, and actuation was not developed to constitute !
.approval of the safety of any design feature or specification. Such approval is anticipated to be made
‘following the evaluation of the final design of the RPF 1&C system, and described in the FSAR as part of

‘the Operating License Application.

‘PSAR Section 7.1 states, “Engineered safety feature (ESF) systems will operate independently from the ’
"FPC system or BMS.” This sentence will be amended in future versions of the PSAR to say, “Engmeered i
safety feature (ESF) systems will operate upon actuation of an alarm setpoint reached for a specific
imonitoring instrument/device. For redundancy, this will be in addition to the FPC system or BMS ability !
actuate ESF as needed.” By amending this sentence, the descriptions in PSAR Sections 7.2.4.2.2 and

=7 2 4.2.6 w111 be con51stent w1th Sectlon 7.1

|

i
i

secnon that provzdes a detalled descrzp, j ;n of how the deszgn baszs ?

¢
H
%
§
:

ddztlonal mformatzon is necessary to fully understand the operatmn of the mtegrated RPF I&C
stems 2 ;
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%The I&C systems preliminary design was developed to ensure the sufﬁmency of the principal design
criteria, design bases, and information relative to materials of construction, general arrangement, and
approximate dimensions sufficient to provide reasonable assurance that the final design will conform to
the design basis. In addition, the preliminary design of the RPF I&C systems describing the detailed
imethodology and operation of the integrated I&C systems was not developed to constitute approval of
the safety of any design feature or specification. Such approval is anticipated to be made following the
evaluation of the final design of the RPF 1&C system, and described in the FSAR as part of the Operating:
{License Application.

‘When the final RPF design is complete, PSAR Chapter 7.0, Table 7-2, will be expanded to provide a
icross-reference to the specific section of each I&C section and how the system is suitable for performing
the functions stated for each design basis applicability item.

Request for additional in

§criteria, design bases, and information relative to materials of construction, general arrangement, and
‘approximate dimensions sufficient to provide reasonable assurance that the final design will conform to
§the design basis. In addition, the preliminary design of the RPF I&C systems describing how the key
parameters are monitored to ensure adequate criticality control (e.g., instruments to detect deviations
tfrom nominal concentrations and quantities, status of software development procedures) was nof
ideveloped to constitute approval of the safety of any design feature or specification. Such approvalis
antlclpated to be made following the evaluation of the final design of the RPF 1&C system, and descrlbed‘
'in the FSAR as part of the Operating License Application.
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‘The 1&C systems preliminary design was developed to ensure the sufficiency of the principal design ;
icriteria, design bases, and information relative to materials of construction, general arrangement, and
:approximate dimensions sufficient to provide reasonable assurance that the final design will conformto |
ithe design basis. In addition, the preliminary design of the RPF 1&C systems describing the functionality |
:and operation required of the ESFs was nor developed to constitute approval of the safety of any design
%feature or specification. Such approval is anticipated to be made following the evaluation of the final
‘design of the RPF I1&C system, and described in the FSAR as part of the Operating License Application.

‘The fourth column of PSAR Chapter 7.0, Table 7-13, provides some information on the anticipated
technical means by which an ESF would be actuated; this mechanism is not described further in PSAR |
;Section 7.4 because the design has not been finalized. The intent was only to provide reasonable |
-assurance that we recognize that specifics of the ESF actuation mechanism will need to be addressed as
?part of the FSAR in the Operating License Application.
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CHAPTER 8.0 - ELECTRICAL POWER SYSTEMS

Request for additional information
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PSAR Sectlon 8.12 and 82 values were changed to 120 minutes to reﬂeet—the des1gn basis in PSAR
Sectlon 3.5.2.7.9.

féléctrzcat power Cgenerat
, requzred by the SAR analysrs

lectrzcal Power Requzred & states in part that “The total peak SEP réqul)‘ ’
\,528 hp) 7 Further PSAR Table 8— “Summa}y f

The column headmgs in Table 8-1 of PSAR Chapter 8 0 were change power requirement” to

..peak power load” to be consistent with the description preceding the table PSAR Section 8.2.2 will
Tbe modified to reflect the peak power of 1,178.6 kW (1,585 hp), as determined from Table §-1. PSAR
iChapter 19.0 used a larger estimate to ensure that emissions were bounded.
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CHAPTER 9.0 — AUXILIARY SYSTEMS

Request for additional information

Process exhaust ﬂow from the process \iessel véntzlatzoh system L
ide’ onﬁnement of azr;borne r'adtoactzve mate) Ials by provzdmg for the rapld tfom
oy . 5 )
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PSAR Sectlon 9.1 will be modlﬁed to clarlfy termmology and to correct the apparent dlscrepancws 'I“he
‘,bulleted items in PSAR Section 9.1 will be deleted, and the design basis description in Section 9.1.1 will
‘be modified to cross-reference to PSAR Section 3.5.2.7.12 and to PSAR Chapter 6.0. References to

22

I

T T AT

'N WY\/[I PSAR Sectzon 9 1 1 sfates in part

5
i

ventllatlon system in PSAR Section 9.1 will be amended to read “facility ventilation system

‘ normal operatzons shutdown condztzons and DBEs
i e 30-year deszgn life = 7 a i
. .Contain-and. storé noble gases generated in the RPF fo
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Request for additional information

ePSAR Section 9 1 will be modified to clanfy ternunology and to correct the apparent discrepancies. The
sbulleted items in PSAR Section 9.1 will be deleted. The design basis description in PSAR Section 9.1.1
% will be modified to cross-reference to PSAR Section 3.5.2.7.11 and to PSAR Chapter 6.0. References to
;}“offgas treatment system” in PSAR Section 9.1 will be amended to read “process vessel ventilation

ststem !
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’PSAR Section 9 1 will be modified to clanfy termmology and to correct the apparent discrepancies. |
{bulleted items in PSAR Section 9.1 will be deleted, and the design basis description in PSAR ‘
iSect1on 9.1.1 will be modified to cross-reference to PSAR Section 3.5.2.5.12 and to PSAR Chapter 6.0

{References to “ventilation system” in PSAR Section 9.1 will be amended to read “facility ventilation
Isystem.”

%The supply air is a subsystem of the facility ventilation system. PSAR Section 3.5.2.7.23, “Supply Air

iSystem,” will be eliminated and appropriate design basis values moved to PSAR Section 3.5.2.7. 12, :
“Fac111ty Ventllatlon oo '

1The bulleted 1tems in PSAR Section 9.1 will be deleted, and the design basis description in PSAR §
1Sect10n 9.1.1 will be modified to cross-reference to PSAR Section 3.5.2.7.12 and Chapter 6.0. Reference
{to 40 CFR 61, “National Emission Standards for Hazardous Air Pollutants” (NESHAP), is already
1ncluded in PSAR Section 3.1.2 as a design input and will not be repeated in PSAR Section 3.5.2.7.12.
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The need for HVAC space temi)erature control in Zone I wi
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‘final design phase by performing a heat balance on the Zone I ventilation system. The maximum heat

‘Joad on the ventilation system is anticipated to be dominated by heat losses from equipment in the Zone I ;
‘ventilated areas (rather than decay heat) when operating at the maximum uranium throughput. :
‘Temperature control will also be evaluated for a loss of ventilation scenario. Results of the evaluation |

‘(including space temperature control systems that may be identified by the heat balance) will be

‘described in the FSAR as part of the Operating Licenso Application.

Request for additional informatiol

Hot cell ﬁre suppress1on systems have been commermally avallable for years and include product
‘designs compliant with the National Fire Protection Association (NFPA) and other relevant industry
standards Selection of the specific hot cell enclosure fire suppression system will be finalized during the -
‘final RFP design, along with commitments to design codes, standards, and other referenced documents,
'including any exceptions or exemptions to the identified requirements. These final designs and
icommitments will be identified and provided in the FSAR as part of the Operating License Application.

‘The life safety concerns that could arise from the operation of hot cell fire suppression systems relate to
:the possible mobilization and spread of radiological contamination from the hot cell containment into
‘other systems and facility areas, thereby posing risks of personnel exposure. The design and construction

:of hot cell fire suppression systems include features to handle the water and/or other types of fire

ésuppression fluids during and after the system discharge(s) in the event of a fire detected within the hot cell.

:
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Request for additional information

Selectlon of the specific hot cell enclosure fire suppression system and its discharged fire suppressant

‘handhng subsystems will be finalized in the RPF and hot cell final detailed designs, along with

‘commltments to relevant design codes and standards. These final designs and commitments will be
ov1ded 'n th FSAR as part of the Operatmg Llcense Apphcatlon

Comrmtments to spemﬁc bulldmg and/or ﬁre codes (e g NFPA 801) w111 be ﬁnahzed and 1dent1f1ed in
‘the RPF final detailed design, both for facility construction and for fire protection program maintenance.
I This final detailed facility design and the relevant commitments to codes and standards will be identified
»and prov1ded_ in the Fi SAR as part of the Operatlng Llcense Apphcatlon

iFlre detectlon systems for severe mdustnal environments (e g hlgh radlatlon, h1gh partlculate concentratlons) ,
‘have been commercially available for years and include product designs compliant with NFPA and other '
;relevant industry standards. Selection of the specific fire detection technologies for a particular severe
lenvironment will be guided by the recommendations offered in such standards (e.g., NFPA 801), along
jwith the recommendations and requirements of the test and maintenance programs to confirm the reliable :
‘functionality of these systems. The fire detection systems selected for the RPF’s fire-protected areas, and -
ithe corresponding test and maintenance programs, will be included in the final RPF detailed designs,
'along with commitments to design codes, standards, and other referenced documents, including any
‘exceptions or exemptions to the identified requirements. The final designs, test and maintenance
iprograms, and standards commitments will be identified and provided in the FSAR as part of the
‘Operatmg Llcense Apphcatlon

1y odes or standards that NW]\JI is. commzttmg 10

{ngh-efﬁcwncy partlculate air (HEPA) ﬁlter fire protectlon (i.e., both detection and suppress1on) systems
iinclude the means for nondestructive in situ testing and mamtenance and are designed and constructed in -
'comphance with appropriate NFPA or other relevant standards. The specific HEPA filter fire protection
:system(s) selected will determine the most appropriate corresponding test and maintenance program(s) to
‘be implemented. HEPA filter fire protection will be included in the final RPF detailed designs, along
§with commitments to the relevant design codes, standards, and other referenced documents, including
lany exceptions or exemptions to the identified requirements. The final fire protection system designs, test
‘and maintenance programs, and standards commitments will be identified and provided in the FSAR as
part of the Operating License Application. “ S S
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mtermedtate consequence acczdem‘s i

iThe fire protection system was not identified as an IROF S durmg prehmmary de51gn and Construction |
‘Permit Application stage. Design and/or operational approaches will be used to prevent and mitigate
‘major RPF fires causing significant external and internal releases of energy and hazardous materials. The |
level of consequences is typically directly related to the quantity of energy and hazardous materials
‘released during such accidents; therefore the design, construction, operation, and maintenance of the fire
protection systems will focus on minimizing these release quantities. Inherent process and systems
design features such as compartmentalization, isolation, batch size limitations, and early/rapid/redundant
fire detection and suppression can serve to reduce the maximum possible magnitudes of energy and
‘hazardous material releases resulting from fires. Once finalized, the detailed design of the facility and its
.systems (including the final designs for fire protection and the final list of key safety systems and
components to address severe accidents) along with the management programs to maintain their

i <ot Yo timnee S

‘The ﬁre protectlon system was not 1dent1ﬁed as an IROFS durmg prehmmary demgn and Constructlon i
Permit Application stage. Design and/or operational approaches will be used to prevent and mitigate |
imajor RPF fires causing significant external and internal releases of energy and hazardous materials. The |
‘level of consequences is typically directly related to the quantity of energy and hazardous materials
released during such accidents; therefore the design, construction, operation, and maintenance of the fire |
‘protection systems will focus on minimizing these release quantities. Inherent process and systems ;
:design features such as compartmentalization, isolation, batch size limitations, and early/rapid/redundant !
fire detection and suppression can serve to reduce the maximum possible magnitudes of energy and
thazardous material releases resulting from fires. Once finalized, the detailed design of the facility and its !
»systems (including the final designs for fire protection and the final list of key safety systems and
‘components to address severe accidents), along with the management programs to maintain their
rehablhty, w1ll be 1dent1ﬁed and prov1ded in the FSAR as part of the Operatlng License Apphcatlon
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{The RPF’s combustlble loadlng (1 €., detaﬂed mventory and dlstnbutlon of the types and quantltles of
@combustlbles throughout the famhty, both fixed and transient), along with a commitment to an
'gadministrative program to control combustibles within the facility, requires the detailed specific
iquantitative data that can only be derived from the final facility design. In particular, the combustible
iquantities of various types and their distribution within facility areas depend on the detailed specification '
lof process equipment and components, materials and their quantities, operating and maintenance
iprocedures, and material locations during the various operational states of the facility. Thus, the
{combustible loading analysis results and the administrative program to control combustibles within the
‘RPF will be finalized and provided along with the final detailed design information in the FSAR as part

:of the Operatmg Llcense Apphcatlon o

g, gy

PSAR Sectlon 9 ‘4 1 w111 be modlﬁed and the sentence “Addltlonal 1nformat10n on the communications ’
rsystem des1gn ba51s s prov1ded n PSAR Chapter 3 0 ? w111 be deleted )
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apphed to the process- -chilled water system in PSAR Sections 3.5 and 9.7.1.1 to ensure that the process- :
chilled water system is below hydrogen flammability limits. |

'The RPF does not have a separéfé soVer gas system as typlcally found in a reactor. There is a ﬁmctlon
|
|
|

.
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Request for addltlonal |nformat|on

Gas supply, zncludzng nztrogen helzum and hydrogen to: the redu twn ﬁl‘ nace andnztrogen
" and oxygen to the'dissolvers » . S

-Purge/sweep. gases provide adequate flow such that:the accumulahon of combustzble gases is:

fbelow hazardous concentrattons and reduces radiological hazards due to: accumulatlon of

-’ Provzde small, advectzve ﬂows of plant azr for several RPF acttvtttes (e g tool op
) power purge gas zn tanks valve actuatzon and bubbler tank level measurement)

Thus PSAR Sectzon 9 7 1 I appears mconszstent or not clearly correlated wzth PSAR Sectio

1, \{tn that PS4R Sectzon,3. 5.2.7.14, lists. three. deszgn basis functions for.the ;plant.and instruments air .

systems that are not lzsted among the two plant-and-znstrument—atr—system~related deszgn baszs ‘

‘ compressor capaczty P
. Provzde instrument air recetver buffer capaczty to make up d ]ference between peak demand and
. compressor capactty R ‘ 4 . : i

Whtle PSAR Sectzon 9 7 1 1 does mdtcate that PSAR C’hapter 3 I/} provzdes addtttonal znformatzon On
the uttltty systens. deszgn baszs itis not. elear how each of the des1gn basis, functzons andvalues in

i
t
i
!

values wzth destgn basts elements Lack'of clarzty i ideiit jyxng whtch deszgn ‘basis’ elements belong 1o’

whzch system or. subsystem make it d ﬁ‘ cult to zdenttjy systen functzonal boundarzes and to determzne s E
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Re st for addltlonal |nformat|on .

PSAR Sectlons 352. 7 and 9.7 will be al1gned with each other to enhance clarlty and resolve
‘discrepancies. The design basis bullets in PSAR Section 9.7.1.1 will be deleted, and the design basis
idescription in PSAR Section 9.7.1 will be modified to cross-reference to the appropriate subsection of
'PSAR Section 3.5.2.7. Subsequent information in PSAR Section 9.7 will focus on the description of
systems and mponents that satisfy the de51gn basis functions.

ow NI/W\/[I wzll correct or ‘clartjfv the apparent dtscrnp‘ v*ncze n~the PSAR

‘The des1gn basis descrlptlon in PSAR Sectlon 9.7.1 will be modified to cross-reference to the appropnatef
'subsection of PSAR Section 3.5. Subsequent information in PSAR Section 9.7 will focus on the
'descnptlo of systems and components that satlsfy the de51gn bas1s functlons
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,? PSAR Sectlons 35 2 7 and 9 7 w111 be rev1sed to enhance clanty and resolve discrepancies. The RPF

system and subsystem designations will be used to align the utility systems. The design basis bullets in 5
PSAR Section 9.7.1.1 will be deleted.

Sespmese sozmgnion oz £ v, e a2
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CHAPTER 11.0 — RADIATION PROTECTION AND WASTE MANAGEMENT

Request for additional informatior

‘The calculations of airborne release in PSAR Section 11.1.1.1.2, “Release of Airborne Radionuclides,”
iare based on the processing of eight targets at MURR. This section will be updated and described in the |
JFSAR as part of the Operating License Application. The basis will be consistent with nominal operating
conditions. The primary dose contributor is the xenon noble gas, and the offgas system is designed to
retam the xenon to below release lumts and bound the range of target processmg

PSAR Sectlon 11.1. 1 1 2 condltlons* nvere shghtly more conservatlve than those descnbed in PSAR -
;Sectlon 4.1.2.1. PSAR Sections 4.1.2.1 and 11.1.1.1.2 operating conditions will be aligned in the FSAR i
as part of the Operatmg License Application. o ’

| % )
| H i p
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IThe dose rates in PSAR Chapter 11.0, Table 11 5 were either based on actual shreldmg alculations or
§were the goals/ endpoints of the shielding analysis. This table will be updated in the FSAR as part of the
{Operating License Application when the final shielding design and calculations are completed. Areas

lidentified as controlled access areas, restricted areas, radiation areas, and high radiation areas will be

idesignated based definitions provided in 10 CFR 20, “Standards for Protection Against Radiation,” and -
lthe predicted doses rates presented by the shielding analysis. Although the Radiation Protection Plan has -
mot yet been developed (i.e., this plan will be supplied with the Operating License Application), '

| gosunetry is antlclpated to be requlred in any restricted area.

T R NPT PR R AT TR TR

RAI 11.1-2b | Descrzbe zf there are.any areas within the RPF that would. be. deszgnated radi areasor hlgh Res

'Radlatlon or hlgh radlatron areas are shown in PSAR Section 11.1.3.2, Flgures 11-2 through 11-4, and
'dlscussed further i in PSAR Sectlon 11. 1<5 5.

T e BB e

’Personne os1metry w111 prowde 2 means to measure assess and record personnel exposures to 1onlzmg
{radiation from external sources. Exposure to external sources of radiation will be performed by
1nd1v1dua1 monitory devices such as thermoluminescent dosimeters (TLD), optically stimulated
lummescence (OSL), CR-39, activation foils, or direct reading pocket dosnneters Use of personnel
’dosrmetry will be required for all personnel entering the “restricted areas.” Use of direct reading :
ipersonnel dosimetry and criticality monitoring will be required for all personnel entering “high radiation :
lareas and “very high radiation areas.’

R

. RAI1. 1-2d /

Svjyrin Sectior 11:: ’2 ofthe "PSAR.;

!A dose mvestlgatlon level of 5 m11hs1evert (mSv)/year (yr) (5()0 m1111rem [mrem]/yr) is the total effectlve
fdose equivalent (TEDE) above which would trigger an investigation by the Radiation Protection staffto
{determine why an individual received such a dose equivalent. The routine TEDE to workers is not
anticipated to approach this level. An investigation might entail interviews with the individual and the
immediate supervisor, review of radiation work permits (or equivalent), review of procedures, review of :
ALARA (as low as reasonably achievable) approaches, and providing feedback to management with
lirecommendatlons on how to proceed

1

aALARA and within applzcable hmtts of 10 CFR Part 20

nM:M,,_A”_...,,.MW it e e o b + A e T A e g
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iAs shown in PSAR Sect1on 11.1.5.5. 2 F1gure 11- 5 the entlre RFP is con51dered a “controlled area.” ‘
'PSAR Chapter 11.0, Figure 11-2, shows five doors from the outside of the RFP to entrances into the |
I“restricted area.” Each door will have two-credential access control (e.g., fob/PIN, fob/bio, or bio/PIN).
'The RPF Radiation Protection Program will require personnel to access assigned dosimetry and portable l
;survey instrumentation (as needed based on the work authorized) from an as-yet unspecified location ’
:within the RPF administrative area before entering the restricted area. Portal survey monitoring will be |
in-place at the exit from the restricted area into the administrative area. The specifics on the type and

}mstrument used will be described i in the FSAR as part of the Operating L1cense Application and will

i

This corridor, which is not continuously manned, will normally have a dose rate less than 0.5 mrem. |
However, this corridor provides access to the solid waste drums in the manipulator hot cells and i
therefore at times, may have a higher dose rate and require radiation controls consistent with the planned

i adzologzcal hazards of the radzatzon levels and res:dual radloactlvzty detected IR
; UREG 1 53 7, Part 2 Sectlon 1 L ] 1 “Radzatzon Sources o states the applzcant should present the

At discharge from the Oregon State Umvers1ty TRIGA Reactor (OSTR) (or third) reactor, the 30 targets |
;w1ll have essentially the same amount of radioactivity as eight targets being discharged from MURR. |
‘Since the OSTR targets are not going to be received for 48 hours, the total radioactivity is significantly
'less than the eight MURR targets received in 8 hours. Therefore, other than grams of uranium, the

rradiation source for the 30 OSTR targets is lower. ;
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Request for additional information.

\(A pplzes to ) fParagraph 20 11 01 (a) of I0-CFR Part 20 states that edch licensee shall develop, document, and B '
M 11 1 =5 nplement aradiation protection program: commensirate with the scope and extent of lzcensed -4 "L

through ctivities and sufficient to ensure.compliance with'the provisions of this part

: $WI P&IR Sectlon 1 3 2.1, ‘Maxtmum Hypothetzcal Acczdent # shows in Tables ] 3= ] 8 Table 1 3-,-
T ] 9, and Table 13-20, the: dzstance—dependent inhalation, exposure and total receptor ‘MHA doses, |
; espectwely, versus dzstance ﬁom the RPF stack for an assumed boundzng .2 hr exposure N Wl\/[[

o R T S R g I T

i e

t,unrestrtcted areas ;

*PSAR Section 11.1. 2 Table 11- -5, prov1des estlmated ‘dose rates based on the RPF design. Althougha
ldose rate of zero may not be achlevable in the controlled areas, this is the goal. As stated in PSAR

iSection 11.1.5.5.2, an area monitoring program will be established in the controlled area to demonstrate
‘compliance with pubhc exposure 11m1ts in the FSAR as  part of the Operatmg Llcense Application.

et G b i S G

§
b=
4‘
5

;jrange of. radtatzon monztormg and samplmg equlpment approprlate 1o the faczhty should be by
iemployed throughout the facility, including equzpment employed by experzmental and operatzons
e nsupport personnel mcludmg remote area momtors ’ -

ce wzth publzc exposure ltmzts forvzsttors S ,"'«‘7 “. .

Detalls on the area momtormg program will be prov1ded in the FSAR as part of the Operatmg License
iApphcatlon. Area monitoring is anticipated to comprise a combination of passive (e.g., TLD or OSL
'monitors changed out monthly or quarterly) and active (e.g., energy-compensated G-M detector systems
‘'with local and remote monitoring capability) monitoring systems located at points in the controlled area -
:that would provide reasonable assurance that radiation areas are not present in the controlled area. The
iselection of specific instrumentation, range of detection, and alert/alarm setpoints will be consistent with
ithe intent to detect radiation areas where they should not be and alert personnel to this changing
icondition. ;

69 of 96




NWMI-2016-RAI-004, Rev. 0
Mi '

- NOBTHWEST BIEDICAL 1SGTOPES

“- uestfor addltlonal mformatlon

Lbbalwn, & descrzbe an. -
cont7 olled ﬁom the

'The final facility design strategy is to route the air stream from the evaporatioh tanks into the Zone I
exhaust system. The Zonel exhaust stack w111 have contmuous monltorlng

1At discharge from OSTR (or thlrd) reactor the 30 targets will have essentially the same amount of
grad10aet1v1ty as eight targets being discharged from MURR. Since the OSTR targets are not going to be
‘received for 48 hours due to transportation time, their total radioactivity is significantly less than the
‘eight MURR targets received in 8 hours. The OSTR targets at receipt are estimated to have only ;
‘approximately 40 percent of the MURR targets at receipt. Therefore, other than grams of uranium, the
radlatlon source for the 30 OSTR targets 1s lower and is not used in the sh1eld1ng ana1y51s ‘
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Req uestfor addltlonal lfrmatlon

iThe SNM being tecycled to ta,rget fabnéaﬁon is 1ncluded in PSAR Chapteri 1 0 Table 1 1 The recyclable'
matenal is held in the U decay tanks unt11 needed for processmg mto targets - o

}
‘J
i
i
B
i

'The response to RAI 11.14 explams why the OSTR targets are not used for the radioactive source term
{calculations. The basis for the maximum dose to the public is derived from NWMI-2013-CALC-011,
;Source Term Calculations. As discussed in PSAR Chapter 13.0, the MHA uses 12 MURR targets to
lestimate the gaseous source term. Due to batch size and receipt timing at the RPF, eight MURR targets
/(8 hours after discharge) bound the liquid accidents.

Request for additional mformatlon

( te presented in PSAR Table 11- 6, T .aste ro uced m’ the: t?adzazsotape t’rattuctzon»Faezhty
o and'the capaczty of the contamer proposed for Class C waste presented in PSAR Table '

SAR Sectlon l] 2id .3.2 ) “Waste Management Lead ” zdentzﬁes the mdlvzdual respons:ble to the
tant Manager for waste management actzvmes zncludmg self assessments PMR Chapter 12,
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The Waste anagement Lead (not the Radlatlon Protection Manager) as respon51b111ty for oversrght '
‘handling, and disposal of radioactive wastes. PSAR Section 11.1.2.1.3 will be modified to delete i
“overseeing handling and disposal of radioactive wastes;” this information will be added to PSAR
Section 11.2.1.3.2.

Radioactive waste management responsibilities within the NWMI management structure include:
- ¢ Implements waste management policy

*  Develops waste management procedures for the processing, packaging, and shipment of radloactlvel
: waste from the facility
* Processes, packages, and ships radioactive waste from the facility
*  Provides technical input to the design of equipment and processes
*  Provides technical input to the waste management training program i
*  Establishes and maintains contractual relationships with waste disposal sites and radioactive waste |

carriers '

* Maintains working knowledge of the waste acceptance criteria, standards, guides, and codes with
: respect to waste disposal
; *  Conducts self-assessments of waste management practices and compliance with procedures in
‘ accordance with the waste management self-assessment program

These respons1b1ht1es will be added to PSAR Section 11 2.1 3.2

i

o e R SR

’Clarz_ﬁ/ the lme of authorlty fo radtoactzve

The waste management program will be coordmated with the radlatlon protectlon program and program %
\management will report to the Plant Manager. PSAR Section 11.1, “Radiation Protection,” describes the |
iprogram and procedures for controlling and assessing radioactive exposures associated with radioactive
-sources, including radioactive waste streams. The goal of the waste management program is to minimize ;
;waste generation, minimize exposure of personnel, and to protect the public and environment. An oﬂicral
‘charter describing the authority, duties, and responsibilities of personnel in the waste management

orgamza’uon w111 be descnbed in the FSAR as part of the Operatmg Llcense Apphcatlon

A K B e SR P Y S \44 SR OSSP 16 AU S SUCT S N S S8 Lo ot -»‘«‘~é—.:~.':.!«

Caustlc soda (NaOH) is mcluded in the waste volume estrmates in PSAR Chapter 11 O Table 11- 6

The sohdlﬁcatlon agent‘ ycontent 1s'1ncluded in the; waste volume estimates in PSAR Chapter 1 1. 0,
‘Table 11-6.
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l
z‘
’Matenal dlscussed in PSAR Sectlon 4 4 1 4 w111 not be cons1dered waste The material will be returned

fto the U recovery and recycle system, purified, and reused. This material is not included in PSAR
Chaptet_ _11 0 Table 11- 6

- .,'ts I ] 04 targets per year This sectzon also states.that the overall process functzonal requtremet
o 4 the handle waste function is, “Providing the. capabzlzty tohandlewaste generated Jrom’ processm 4 up
*“to 120 zrradtated targets per month.”’ PSAR Table-11-6; Waste Produced in'the Radioisotope =~ %}

“ Productton Faczlzty zs based on processmg only 8 M. URR ta els.per week, or about 8% of the RFPV

;There was 1o bas15 1dent1ﬁed for the values hsted in PSAR Chapter 11. 0 Table 11-6. Waste volume
1prolectlons are based on the composite values from the MURR and OSTR mass balance calculations that .
assume an e1ght-target/week MURR processing rate plus a 30-target/week OSTR processing rate and will'

o snoble gases is. to delay gas release S0 that decay will reduce the radzozsotope content suﬁ” c:ently 10
allow the decayed noble gases to be safely dtscharged to’ the stack The PSAR states that a 60—day

thousands"“ of c‘uries.ofactti;it)}’ i‘;fttlt'ts process, zdentyzﬁedv
Process Radi onuclzde InventOIy; "such-as Promethzum-

VRO AU . S i b

'The nongaseous leng-llx—;ed rad101sotopes are contamed in the hlgh dose 11qu1d waste stream that is
iSOlldIﬁqd and eventually sent offsne for d1sposal
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The sohdlfied hlgh dose\hqulvd waste froxh“the RPF w111 be elther Class B or Class C waste As a result of
‘reducing the waste volume and minimizing disposal costs, the liquid waste concentration endpoint may |
result in a change in the final waste classification from Clas B to Class C B 5

N WIMI PSAR Table 19—13 “Solid. Waste Produced at th Radt tope Productwn Faczllty; o
!?includes an estimate 6f 40,000 L of. potenttally contaminated waste (e.g.; decontamination matertals ;
"PPE) PMR Sectzon ] £ 2 does not zdennﬁz personal protectzve clothmg and dry act:ve waste ﬁom '

. fProvzde thezbaszs for the estzmate of the generatzon rate-and.discuss the processesased to minimize, .
§ Uthe’ volume stored prlor to dzsposal and’ mclude the waste stream in PSAR Table 1 1 6.

Y e e mem i e S h e, e e e ez e

The estlmates for the laboratory facﬂltles or faclhty support waste volume prO_] jections in PSAR
Chapter 19.0, Table 19-13, have no definitive basis and will be further defined in the NWMI Operating ¢
L1cense Application. The estlmated facility support waste values in Table 19-13 will be added to PSAR |
1Chapter 11.0, Table 11-6. Shipment will be made in a timely manner to minimize the inventory of stored !
‘waste at the RPF. The Class A waste will typically be shipped monthly or when a trailer of drums has
faccumulated. The high-dose waste will be decayed to meet shipping cask limits and then transported to
ithe disposal site. Solid waste encapsulated in cement (55-gal drums) will typically be shipped when 10

:drums are available to fill the shipping cask. The other (low volume) waste streams will be disposed of
shortly after.

ot s

RAI k&P 2-5b

/ B

o e e, R S N U P SNy SO

The Waste Stagmg and Shlppmg Bulldmg does not contaln any waste processing steps V'Ihe bulldmg w111 !
‘be used to store incoming drums (consumables) and to store and stage filled drums (Class A waste) pr10r
1o sh1pment to an approved dlsposal facﬂlty

O T
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' equest for add onal information

:The prelmunary des1gn and analys1s of the RPF ventllatlon system ensures that no uncontrolled release of:
jairborne radioactive material to the unrestricted environment could occur during normal operatronal ;
;states and to mitigate the consequences of design basis accidents (e.g., maintaining a series of cascading
ipressure zones to draw air from cleanest area to the most contaminated area of the RFP). In addition, the |
Ipreliminary design indicates that the distribution and concentrations of any airborne radionuclides are -
{limited by operation of the ventilation system so that during the full range of facility operations no
[potential occupation exposures would exceed the design bases (e.g., 10 CFR 20) derived in PSAR
¢Chapter 11.0. The pressure relationship between the four ventilation zones and ambient atmospheric
jpressure is presented below.

Zone IV will be the cleanest zone and is slightly positively pressurized with respect to atmosphere. ‘
iZone 1V is independent of the other three ventilation zones. Zones I, II, and IIT will potentially be i
contaminated areas, with Zone III being the cleanest of the potentially contaminated areas, and each
isubsequent zone being more contaminated and having lower pressures, as shown below: !

3

PZone I <PZone I < PZone I

H |
The Irradiated Target Receipt Area and the Irradiated Target Truck Bay are two different areas inthe !
RPF. The truck bay is where trailers will be rinsed before entering the receipt area, where the cask will be
iremoved from the trailer. The Irradiated Target Truck Bay is Zone IV, while the Irradiated Target |
*Recerpt Area is normally Zone III. Details of how the Irradiated Target Receipt Area will transition
'between Zone II and I during operating/maintenance activities will be provided in the FSAR as part of
:the Operatmg Llcense Apphcatlon

F

!'“The Irrad1ated Target Receipt Area will be occupled by at least two workers during cask sampling and
{moveme_nt of the cask to the cask transfer tunnel. ) 5
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adzoactmty areas.and areas or rooms in whtch lzcensed material is used or stored. ; _
he ]SGAugmentzng N UREG—I 53 7, Part‘2 Sectzon 11, 3 states that. the appltcant wzll mstall

o SRt S S s e %

The prellmmary des1gn and analy51s of the RPF Ventﬂatlon system ensures s that no uncontrolled release of )
‘airbome radioactive material to the unrestricted environment could occur during normal operational

i, states and to mitigate the consequences of design basis accidents (e.g., maintaining a series of cascading |
\pressure zones to draw air from cleanest area to the most contaminated area of the RFP). In addition, the
ipreliminary design indicates that the distribution and concentrations of any airborne radionuclides are |
limited by operation of the ventilation system so that during the full range of facility operations, no !
.potential occupation exposures would exceed the design bases (e.g., 10 CFR 20) derived in PSAR
‘Chapter 11.0. The pressure relationship between the four ventilation zones and ambient atmospheric
‘pressure is presented below.

1Zone IV will be the cleanest zone and is slightly positively pressurized with respect to atmosphere.
‘Zone 1V is independent of the other three ventilation zones. Zones I, II, and III will potentially be {
'contaminated areas, with Zone III being the cleanest of the potentially contaminated areas, and each ;
'subsequent zone being more contaminated and having lower pressures, as shown below:

PZone I <PZone n< PZone I '

"The RFP will maintain ventilation zones in regard to contamination and radioactive material E
‘contamination control. In the context of describing ventilation zones, it is common to separate zones

commensurate with the work being performed, radioactive materials present, and the potential for
‘'radioactive contamination within each zone. Details of the facility ventilation system provided in PSAR
Section 9.1.2 were intended to meet this philosophy. PSAR Section 3.1 provides the codes and standards |
ithat the ventilation system will be designed to.

‘The RPF preliminary design of ventilation and containment systems was developed to ensure the
'sufficiency of the principal design criteria, design bases, general arrangement, and approximate ]
.dimensions sufficient to provide reasonable assurance that the final design will conform to the design
{basis. The final facility design of the ventilation and confinement system will be described in the FSAR
as part of the Operating License Application.
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, Request for addltlonal mformtlon !

The prelnnlnary de51gn and analys1s of the RPF ventllatlon sys em ensures that no uncontrolled release of
salrborne radioactive material to the unrestricted environment could occur during normal operational
states and to mitigate the consequences of design basis accidents (e.g., maintaining a series of cascading
'pressure zones to draw air from cleanest area to the most contaminated area of the RFP). In addition, the |
ipreliminary design indicates that the distribution and concentrations of any airborne radionuclides are !
{limited by operation of the ventilation system so that during the full range of facility operations, no '
‘potential occupation exposures would exceed the design bases (e.g., 10 CFR 20) derived in PSAR
!Chapter 11.0. The pressure relationship between the four ventilation zones and ambient atmospheric
ipressure is presented below.

IZone IV will be the cleanest zone and is slightly positively pressurized with respect to atmosphere.
1Zone IV is independent of the other three ventilation zones. Zones L, II, and III will potentially be
:contaminated areas, with Zone III being the cleanest of the potentially contaminated areas, and each
subsequent zone being more contaminated and having lower pressures, as shown below:

{
% P Zone 1 <PZone < PZone III

fDetalls of the facility ventilation system provided in PSAR Section 9.1.2 were intended to meet this
;philosophy. PSAR Section 3.1 provides the codes and standards that the ventilation system will be
:designed to.

{The RPF preliminary design of ventilation and containment systems was developed to ensure the i
sufficiency of the principal design criteria, design bases, general arrangement, and approximate
Idimensions sufficient to provide reasonable assurance that the final design will conform to the design
'basis The final facility design of the ventilation and confinement system will be described in the FSAR

,as part of the Operatmg L1cense Apphcatlon

: g ,or other engmeermg controls to control radtoactzve materzal in atr
: "”‘{ i The 1SG Arigmenting. NUREG-1537,  Part

Vectto 11, 3‘ states that the, appllcant wtll descrtbe the §

A ;‘crlterza for the ventzlatzon and contamment .s_'ystems tncludmg minimim Slow veloclty at, opemngs in:

“ithese .systems maxzmum di ﬁ”erentzal pressure across ﬁlters and types of ﬁlters to be. used

1:3
H

';NWJ\/[I PSAR Sectzon 9. ] "Heatmg, I/entzlatlon -and. Air. C’ondlttonmg Systems ? states that the RPF a
des:gn features ensure that, airflow and relative pressire-will \prevent inadvertent di ﬁ”uszon or: other 1

controlled. release of airborne radzoactzve ‘material from the. RPF:The faczltty is.also designed.and * ;
operated to ensure that no uncontrolled release of airborne: radioactive.material to the unrestricted:., Q
e ;eenwronment can occur. More tnformatzon is needed to a’etermme the adequacy of the conﬁnement and
. : -radzoactzve materzal contammatzon control : RN «

- ‘}Descrzbe the criteria for the ventzlatzon and containment systems 1ncludmg mznzmum flow veloczty at’;
. openmgs in these systems maxzmum di jj’erentzal pressure across Silters; and types of f lters to be used r

g, et et b

7PSAR Sectlon 3.1 prov1des the codes and standards that the Ventllatlon system will be de51gned to. The |
detalled ventilation system criteria, including minimum flow velocity at openings in each zone,
maximum differential pressure across filters, and types of filters to be used (e.g. HEPA, high-efficiency |
tgas adsorptlon [HEGA]), wﬂl be prov1ded in the FSAR as part ¢ of the Operatmg License Appl1cat10n

L T s o Aol 2
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CHAPTER 12.0 - CONDUCT OF OPERATIONS

Request for additional information

.The QA Plan will be rev1sed to clarify the dlfference between QL 1 and QL—2 Section 3 5 1.3 was
‘modified to reflect the changes in the quality level definitions (Attachment A). The basis for the
‘difference in QL-1 and QL-2 is a graded approach to quality, by which the level of analysis,
‘documentatlon, and actions necessary to comply with a requirement is commensurate with the safety
;significance. The graded approach permits the implementing organization to focus resources on those
;activities that are deemed, by qualitative analysis, to reduce the associated risks and hazards. The
:activities and tasks are performed in accordance with approved implementing procedures.

"The graded approach to quality is a process by which the level of analysis, documentation, and actions
mnecessary to comply with a requirement is commensurate with the safety significance. A graded approach‘
'permits the implementing organization to focus resources on those activities that are deemed, by
iqualitative analysis, to reduce the associated risks and hazards.

‘Activities and tasks are performed in accordance with the quality level definitions. !

*  Quality Level 1 will be applied to IROFS (SSCs and activities). IROFS are QL-1 items in which
i failure or malfunction could directly result in a condition that adversely affects workers, the public,
; and/or environment, as described in 10 CFR 70.61.
. *  Quality Level 2 will be applied to safety SSCs that are non-QL-1 SSCs. Some of the required
( characteristics may be examined less rigorously than for QL-1 items.
. *  Quality Level 3 items include those items that are not classified as QL~1 or QL-2. QL-3 items are
controlled in accordance with standard commercial practices.

Tt e Ol T M AR e
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Request for additional information

¥
o
iy

Quahﬁcaﬁon testmg w1ll be performed to demonstrate the adequacy of performance of SSCs under ,
;condltlons that simulate the most adverse design conditions. Formal testing or analysis will be required to
vvenfy conformance of designated SSCs to specified requirements and demonstrate satisfactory
iperformance for service or to collect data in support of design or fabrication. Test results will be
:documented and evaluated by a responsible authority to ensure that test requirements have been satlsﬁed
!Computer programs used for operational control will be tested in accordance with an approved
,verification and validation plan and will demonstrate required performance over the range of operation of
{the controlled function oI process.

‘ ;;wzll any deszgn change be documented or tracked durmg th"'~
’ ’,zll this be documented thru the: QA program.

as necessary For examp (4
" constructton perlod and. hov

S

g o e

‘Engmeermg change control procedures (NWMI—ENG PRO-002 Engmeermg Change Control) have
ibeen developed for the RPF design and construction to ensure that modifications to safety-related SSCs,
lor computer codes, will be based on a defined “as-exists™ design. Changes to verified designs will be
jdocumented, justified, and subject to design control measures commensurate with those applied to the
loriginal design. The control measures will include assurance that the design analyses for the SSC, or
icomputer code, are still valid. Where a significant design change is necessary because of an insufficient
‘deSIgn, the de51gn process and verlﬁcatlon procedure wﬂl be rev1ewed and modlﬁed as necessary. f

, nstallation, and functronal fests.

WS QA program does not provzde the extent or applzcabzlzty of the QA program to prototyp e
,estmg pre and post znstallatzon ’ ;

'Testlng act1V1t1es (e g prototype qual1ﬁcatlon tests proof and ﬁ1nct10nal tests) w111 be completed under
ithe QA program of the organization that is completmg the work. For example, the LEU prototypic target
ifabrication will be completed under the Oak Ridge National Laboratory, High Flux Isotope Reactor QA
{program, and the fabrication of LEU targets for irradiation and processing at MURR will be completed

iunder the MURR QA program.
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iComputer software testing will be requlred by all suppllers to verlfy and provide evidence of the quality |
:of their software products. In addition, methods to control and approve supplier-generated documents |
‘will be established. Based on the complexity of the product and importance to safety, NWMI will
findependently verify the quality of supplier’s product using source surveillances, inspections, audits, and |
ireview of supplier’s nonconformances, dispositions, waivers, and corrective actions. NWMI-QA-PRO-029, ,
Testing, identifies the process by which computer software testing will be completed.

‘The software requirements review will be performed at the completion of the software requirements |
:documentation and will ensure that the requirements are complete, verifiable, consistent, and technically
feasible. The review will also ensure that the requirements will result in feasible and usable code.

.During software testing, the design as implemented in code will be exercised by executing the test cases. !
‘Failure to successfully execute the test cases will be reviewed to determine if modifications of the i
requirements, design, implementation, and/or test plans and cases are required. The code will be
-validated and verified to ensure adherence to the requirements and that the software produces correct
‘results for the test cases. To evaluate technical adequacy, the software test case results can be compared
‘to results from alternative methods, including analysis without computer assistance, experiments and !
tests standard problems with known solutions, or conﬁrmed published data and correlations. E

T o R LT Ty

Request for additional information

‘The requirements in 10 CFR 21, “Reporting of Defects and Noncompliance,” apply to NWMI as the
respon51ble party for the RPF Constructlon Permit Application. This will also be true for the Operating
Permit Application. PSAR Chapter 12.0, Section C2.15.2.4, while correctly stating that NWMI will
motify a specific vendor (as applicable), did not intend to imply that reportability requirements to the
‘NRC under 10 CFR 21 would be passed to the vendor. Those reportability requirements fall under the |
responsibility of NMWI. NWMI-QA-PRO-035, Identification and Control of Nonconforming Items, i
.1dent1ﬁes the process by whlch nonconformmg condltlons w111 be 1dent1ﬁed and controlled.
1b iC ; 10°C : e) will be applzcable to another

NWMI, as the license hoilnd‘er of the RFP; has responsibili_ts;‘fo‘r reporting“defects and noncnoinpiiance
funder 10 CFR 21. NWMI-QA-PRO-035 identifies the process by which nonconforming conditions will
ibe identified and controlled.

B T e T T L U
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tentzon tzme ﬁ)r such records

NWMI QA—PRO-017 (Rev 1), Qualzty Records, identifies the process by which quality records are :
jidentified and maintained. Items identified in Sectlon 6.1 of the procedure as quality documents are .
:;relevant to the final design and construction phase. These include:

* Contracts and specifications (including any modifications)
*  Drawings

*  Procurement records ;
*  Test procedures i
*  Test reports

* Engineering reports (including calculations, and software verification and validation reports)
Inspection reports

* Assessment reports 1
*  Supplier evaluation reports j
*  Training records
*  Project-specific Quality Assurance Plan : 4
¢ Corporate Environmental, Safety, and Health Program Plan "
*  Corporate Quality Assurance Program Plan :
*  Implementing procedures '
* Material test reports

* Certifications of conformance : ;
* Personnel qualification/certification records ,
*  Design review reports 5
*  Project-specific procedures
Calibration records

* Nonconformance reports

* Corrective Action reports

* Stop work requests

'All quality records will be retained for the life of the RPF.
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I C2 1 2/4NS 15.8 states that : some records shall be, mamtazned by ‘oF for the plant owner ﬁ)r the lifeof the'- - !
partzcular itemwhile it is mstalled iri the plant orstored for future use. Such records shall be classified !
in accordance w1th the ﬁ)llowzng crtterza (a)ﬁthose whzch would be of value in demonstratzng ]

of an acczdent or malﬁmctzon of
for m-serwce mspectzons or (e) those whtch would be of valu“ j

lefetlme records wﬂl be class1f1ed con31sten'trvs71th the reconirtlendatlons found in AN S 15. 8 Qualzty
‘Assurance Pro gram Requzrements for Research Reactors !

T LT L AT B e RE BT R F F Tl Tl d e T BT T TR Bt AR e SIS Siee S B Tw D Bed ey BT St T

i E i and mod ﬁcatzon of experlmental equlpment to the extent that these zmpact safety—related ztems
| end The N WMI P&4R does not appear to state whether the QA program wzll provzde controls over the

thzs znformatlon is. stated in the PS4R .

o o B e e e s . ST i e DRI B EOW I S

NWMI does not intend to have any experimental equlpment therefore there(\'wﬁlbe" no potentlal nnpacts
‘to safety-related items from such equipment. Item 19, Experimental Equipment, in Table C-1
(Section C1.3) is listed as “Not applicable; no experimental equipment.”

S S AR T L S50 O, L ST TS M
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CHAPTER 13.0 - ACCIDENT ANALYSIS

'Sev-eral laboratory resin tests are bemg completed to determme the 1nteractlons between the solut1ons and
iresin as a function of temperature. The results from these tests will help define the hazard and accident
jcontrols if needed. »The testing is planned for the first quarter of 2017.

1

zA uranium ion exchange column represents a closed system (for the purposes of safety evaluatron)
,operatmg at approximately 45 pounds (Ib)/square inch (in.%) gauge to address pressure drop through the
‘media bed at proposed operating flow rates. A rupture disk vent path has been included in current
iequipment descriptions as the feature that mitigates a potential accident resulting in exothermic reactions
{within the ion exchange column. The research and development results will either: ‘
© 1. Confirm that a pressure relief system is feasible to design for an ion exchange column operating
at approximately 45 1b/in* gauge and the uranium separation process approach will continue, or
: 2. Require a design change to the system or implementation of additional controls/process
parameters to reduce the hkehhood of a reaction or change of separanon technology

’Release of dlamylamylphosphonate (DAAP) from the ion exchange column medla durmg operatlon must
be evaluated as part of the research and development program. Limited data described in Appendix E of
’,NWMI—2013-034, Uranium Recovery and Recycle Process Descriptions, PFD and P&ID, indicates that
'the media beads have the potential to swell when the adsorbed dose exceeded 10x10° rad. Swollen beads
thave the potential to release DAAP from the media skeleton to other process vessels. Release of DAAP
lis considered an issue from both a thermal/radiolytic decomposition perspective (e.g., in concentrators)
land represents a potential criticality issue if DAAP were to collect as a separate phase in a non-

cgeometrrcally favorable vessel
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;The MHA dlscusswn was mapproprrately mcluded in PSAR Section 13.2.1. NWMI interpreted the ISG
augmentmg NUREG-1537 as requiring an analysis consistent with both 10 CFR 70.61 and with the
‘MHA approach. Additionally, NWMI combined the two in its.approach to the MHA, producing an
;analysis inconsistent with the intended requirements of an MHA analysis. As only one analysis is
‘required, the MHA discussion in PSAR Section 13.2.1 will be removed from the PSAR.

‘See response to RAI G—3 for further discussion.

The data in Flgure 13-2 of PSAR Sectron 132.1isin unlts of TEDE The labels on the ﬁgure wrll be
|corrected.
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iIn the Constructlon Permit Application, NWMI orlgmally used both RASCAL and RSAC to model
‘off—sne accident consequences. Since the submission of the application, NWMI has selected RSAC for
off-s1te accident consequence modeling. For the liquid spills and spray accident in PSAR Section 13.2.2,
NWMI has rerun the off-site dose calculations using RSAC. The nearest permanent resident (432 m

[0.27 mi]) unmitigated dose estimate is 300 mrem, while the maximum receptor location (1,100 m
[0.68 mi]) has a TEDE of 1.8 rem (Figure 1).

Figure 1. Offsite Dose Calculation of Spray Leak Accident as a Function of Distance s
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The RPF operating staff should not receive an occupational exposure from a spray leak or spill in the hot
cells due to the shielding walls and ventilation flow rate.

The third accident scenario in PSAR Section 13.2.2 is a spill of molybdenum-99 (**Mo) product during i
container loading operatlons This scenario will be reevaluated in the Operating Licensing Application. !
{The current scenario assumes three to four times the curie content of a shipping cask and does not take in |
to account the inner container that would also reduce or eliminate the spill. Operating staff dose estimates |
and worker stay time (if needed) for accident scenarios will be provided in the FSAR as part of the !
{Operating Licensing Application. :

|
i
|
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Loss of power was 1dent1ﬁed as an mltlatmg event in numerous RPF accident sequences. NWMI
.concluded that no additional radiological accidents were present beyond what was identified in the
ihazard analysis and the quantitative risk analysis. No additional IROFS were identified from loss of
‘power. The summary of radiological consequences from the analysis of other accidents where loss of
power was an 1n1t1ator w111 be prov1ded in the FSAR as part. of the Operatmg L1cense App11cat10n

,ose consequence resultzng ﬁ'om each speczf c natural phenomena event but do not provzde any |
omparzson ‘of ¢ dose consequences to'the dose consequences ﬁom the boundzng acczdents prevzously S

onsequences are bourided

R S .w.,.,.‘,-...,‘_”..n.w,. YOS

‘Dose consequences were not determined for the RPF natural phenomena events. Usmg ISA methodology
.and since the IROFS and RPF processing areas are designed to withstand DBEs (highly unlikely events),
‘'off-site dose calculation were not completed for the Construction Permit Application. The worker dose |
‘estimates for a seismic event during target cask unloading will be developed and provided in the FSAR |
.as part of the Operating License Application.
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‘RSAC has been selected as the model platform for all acmdent release and dose calculations for the RPF. !
The accidents described in PSAR Section 13.2.2.2 have been reevaluated using RSAC (instead of 3

RASCAL). The maximum dose to the public occurs at a distance of 1,100 m (0.68 mi). The response to
RAI 13 2-4 prov1des addltlonal dose mformatlon
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- estfor addltlonal mformtlon

emetrn, e

The anion exehange eo'lumns— in the RPF molybdenum system are very small and are smgle use. There is |
. chiller to maintain process conditions. After elution and rmsmg, the column and resin are discarded as
SOlld waste. No addltlonal hazards have been 1dent1ﬁed for the an1on exchange_columns/medm o

The process hazard analy51s (PHA) tables for the RPF molybdenum system and waste handlmg w111 be ,
rupdated for hazards associated with the molybdenum resin as part of the ongoing ISA process and will be;
'reflected in the operating licenses. Hazards/accidents will include changing temperature, flow and acid
cond1t10ns ‘and thelr 1mpacts on the amon resm

{
%
;
I

The P.SJ4R Chapter 13 acczdent:analyszs does not. address other operatzng modes {eig., startup, .
mamtenance extended shutdown) that can mtroduce di ]j"erent types of hazards For example

The techmcal spec1ﬁcat10n w1ll defme modes and 11m1t1ng cond1t1ons for operat10n (and mamtenance) A
‘As suggested in the RAI, maintenance activities (e.g., removing a cover block to replace a piece of failed :
;equipment) could change the configuration of the facility. For these situations, limits on operations ;
lactivities or acceptable inventories will be defined and implemented. Procedures will be developedto
fplace equipment/plant conditions in a proper configuration for outages, including surveillance and ’
momtormg activities. The radioactive inventory after a one-month shutdown is only 5 percent of the ]
‘incoming inventory of eight MURR targets 8 hours after end of irradiation. After a long outage, a water |
irun/test would typically be performed to check the equipment and processes. o !
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e uest for addltlonal mformatlon

tThe techmcal speclﬁcatlon will deﬁne modes and hrmtmg conditions for operatlon (and mamtenance) ,
;As suggested in the RAJ, maintenance activities (e.g., removing a cover block to replace a piece of failed
iequipment) could change the configuration of the facility. For these situations, limits on operations
lactivities or acceptable inventories will be defined and implemented. Procedures will be developed to
,place equipment/plant conditions in a proper configuration for outages, including surveillance and
,momtonng activities. The radioactive inventory after a one-month shutdown is only 5 percent of the
)mcommg inventory of eight MURR targets 8 hours after end of irradiation. After a long outage, a water

i
¥

vrun/testkwould typlcally be performed to check the equlpment and | processes.
! 2-10'; 7 n, '52 states that th applzcatzqn should descnbe i

3

General RPF‘demgn features 1ntended to prevent/mltlgate a mtnc—acld~ fume release include RPF bulldmgﬁ
{containment and nitric acid storage tank construction and venting. Specific features will be addressed in
jthe FSAR as part of the Operating License Application.

Spemﬁc RPF d631gn features rehed onto protect workers and the pubhc from hazardous chemlcal
gexposure are the RPF building structure (walls, roof) that provide physical barriers to chemical releases,
land the building ventilation system that uses zone-based negative differential pressures with respect to
the RPF surroundings to prevent release of hazardous chemical vapors. Note that these design features
xare the same features that protect against radioactive material releases.

1
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'Detailed RPF accident scenarios for chemical hazards will be developed analyzed and documented in
‘the FSAR as part of the Operating License Application. Note that the building structure and general ’
‘containment features, including the ventilation system, serve as barriers to protect workers and the pubhc
agalnst both chemlcal and rad10act1ve matenal hazards ,

‘Specific chemlcal safety a001dents will be developed, analyzed, and documented in the FSAR as part of
ithe Operating License Application, along with identification of relevant technical specifications. IROFS
:CS-18, Backflow Prevention Device, and IROFS CS-19, Safe Geometry Day Tanks, protect against
'general classes of chemical accidents in which hazardous chemicals (and radioactive materials) could
.enter systems not designed for them, or could be released via tank overflow events or other chemical (
losses/spills. IROFS C-19 further protects against accidental nuclear criticality events that could initiate !
or exaoerbate hazardous chemlcal releases

R L G G 1 R TRy B e S G S LB R T TR en SRR ARRE Tenifie BEC ae e 7R SEE ST ETE a0 S o H
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CHAPTER 14.0 - TECHNICAL SPECIFICATIONS

: Yy . i“Deszgn of ctures ystems d Compo nts,
: ’imformatzon “for: the‘complete rangef-of normal operatmgcondltlons for arxous faczltty .systems i

I'The variables or conditions in Table 11 are probable subj ects of technical speciﬁcations based on their
finvolvement with preventing release of radioactive materials routinely or in the event of an accident. g
ITable 11 will be added to the PSAR Chapter 14.0. Technical specifications on these items are planned for
;mclus1on in sections that address limiting conditions of operation and surveillance/maintenance in the |
FSAR as part of the Operating License Application.

'
3
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Table 11. Potential Technical Specifications

Item or variable

Uramum mass limits on batches, samples, and approved { Criticality control
iners® i

Floor and sump de51gns o
iHOt cell hquld conﬁnemep
Process tank_sme and spacing®

Area}adl'ébtlon momtonng system ! Occupatlon and general pubhc dose reduction
2 [tems that will significantly influence the final design.

RAM = radioactive material. { SNM = special nuclear material.
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Attachment A

Section 3.5, “Systems and Components” of NWMI-2013-021, Construction Permit
Application for Radioisotope Production Facility
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3.5 SYSTEMS AND COMPONENTS

Certain systems and components of the RPF are considered important to safety because they perform
safety functions during normal operations or are required to prevent or mitigate the consequences of
abnormal operational transients or accidents. This section summarizes the design basis for design,
construction, and operating characteristics of safety-related SSCs of the RPF.

3.5.1 General Design Basis Information
3.5.1.1 Classification of Systems and Components Important to Safety

The RPF systems and components will be classified according to their importance to safety, quality levels,
and seismic class. The guidance used in developing these classifications during preliminary design with
the support of regulatory guidance reviews, hazards and operability analysis, accident analysis, integrated
safety analysis, and national consensus code requirements is presented below.

The RPF systems identified in Table 3-1 and their associated subsystems and components are discussed in
the subsections that follow.

3.5.1.2 (lassification Definitions
The definitions used in the classification of SSCs include the following.

In accordance with 10 CFR 50.2, “Definitions,” design basis refers to information that identifies the
specific functions to be performed by an SSC of a facility and the specific values or ranges of values
chosen for controlling parameters as reference bounds for design. These values may be:

* Restraints derived from generally accepted state-of-the-art practices for achieving functional
goals

* Requirements derived from analysis (e.g., calculation, experiments) of the effects of a postulated
accident for which a SSC must meet its functional goals

These reference bounds are to include the bounding conditions under which SSCs must perform design
basis functions and may be derived from normal operation or any accident or events for which SSCs are
required to function, including anticipated operational occurrences, design basis accidents, external events,
natural phenomena, and other events specifically addressed in the regulations.

Safety-related is a classification applied to items relied on to remain functional during or following a
design basis event (DBE) to ensure the:

* Integrity of the facility infrastructure

*  Capability to shut down the facility and maintain it in a safe shutdown condition

*  Capability to prevent or mitigate the consequences of accidents that could result in potential off-
site exposures comparable to the applicable guideline exposures set forth in 10 CFR 70.61,
“Performance Requirements,” as applicable

Design basis accident is a postulated accident that a nuclear facility must be designed and built to
withstand, without loss to the SSCs necessary to ensure public health and safety.

Design basis event (DBE) is an event that is a condition of normal operation (including anticipated
operational occurrences), a design basis accident, an external event, or natural phenomena for which the
facility must be designed so that the safety-related functions are achievable.
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Design basis accidents and transients are those DBEs that are accidents and transients and are
postulated in the safety analyses. The design basis accidents and transients are used in the design of the
facility to establish acceptable performance requirements for SSCs.

Single failure is considered a random failure and can include an initiating event (e.g., component failure,
natural phenomenon, external man-made hazard) or consequential failures. Mechanical, instrumentation,
and electrical systems and components required to perform their intended safety function in the event of a
single failure are designed to include sufficient redundancy and independence. This type of design
verifies that a single failure of any active component does not result in a loss of the capability of the
system to perform its safety functions. Mechanical, instrumentation, and electrical systems and
components are designed to ensure that a single failure, in conjunction with an initiating event, does not
result in the loss of the RPF’s ability to perform its intended safety function. Design techniques such as
physical separation, functional diversity, diversity in component design, and principles of operation, will
be used to the extent necessary to protect against a single failure.

An initiating event is a single occurrence, including its consequential effects, that places the RPF (or
some portion) in an abnormal condition. An initiating event and its resulting consequences are not
considered a single failure.

Active components are devices characterized by an expected significant change of state or discernible
mechanical motion in response to an imposed demand on the system or operation requirements

(e.g., switches, circuit breakers, relays, valves, pressure switches, motors, dampers, pumps, and analog
meters). An active component failure is a failure of the component to complete its intended safety
function(s) on demand.

Passive components are devices characterized by an expected negligible change of state or negligible
mechanical motion in response to an imposed design basis load demand on the system.

Defense-in-depth is an approach to designing and operating nuclear facilities that prevents and mitigates
accidents that release radiation or hazardous material through the creation of multiple independent and
redundant layers of defense to compensate for potential human and mechanical failures so that no single
layer, no matter how robust, is exclusively relied on. Defense-in-depth includes the use of access
controls, physical barriers, redundant and diverse key safety functions, and emergency response measures.

The RPF structure and system designs are based on defense-in-depth practices. The RPF design
incorporates:

* Preference for engineered controls over administrative controls
* Independence to avoid common mode failures
*  Other features that enhance safety by reducing challenges to safety-related components and systems

Safety-related systems and components identified in this section are described in Chapters 4.0;
5.0, “Coolant Systems;” 6.0; 7.0; 8.0, “Electrical Power Systems;” and 9.0, “Auxiliary Systems,” as
appropriate.

3.5.1.3 Nuclear Safety Classifications for Structures, Systems, and Components

SSCs in the RPF are classified as safety-related and non-safety-related. The safety-related SSCs include
IROFS to meet the performance requirement of 10 CFR 70.61 and other safety related SSCs to meet the
requirements of 10 CFR 20. The purpose of this section is to classify SSCs according to the safety
function being performed.
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In addition, design requirements will be placed on SSCs to ensure the proper performance of their safety
function, when required.

* Safety-related IROFS — SSCs identified through accident analyses as required to meet the
performance requirements of 10 CFR 70.61 (see Table 3-2)

*  Safety-related — SSCs that provide reasonable assurance that the facility can be operated without
undue risk to the health and safety of workers, the public, and environment, includes SSCs to
meet 10 CFR 20 normal release or exposure limits

* Non-safety-related — SSCs related to the production and delivery of products or services that are
not in the above safety classifications

3.5.1.3.1 Quality Group Classifications for Structures, Systems, and Components

The assignment of safety-related classification and use of codes and standards conforms to the
requirements NWMTI’s Quality Assurance Program Plan (QAPP) for the development of a Quality Group
classification and the use of codes and standards. The classification system provides a recognizable
means of identifying the extent to which SSCs are related to safety-related and seismic requirements,
including ANS nuclear safety classifications, NRC quality groups, ASME Code Section III
classifications, seismic categories, and other applicable industry standards, as shown in Table 3-7.

Quality assurance (QA) requirements are defined in the NWMI QAPP (Chapter 12.0, “Conduct of
Operations,” Appendix C). The definitions of QA Levels 1, 2, and 3 are provided below.

QA Level 1 will implement the full measure of the QAPP and will be applied to IROFS. IROFS are QA
Level 1 items in which failure or malfunction could directly result in a condition that adversely affects
workers, the public, and/or environment, as described in 10 CFR 70.61. Examples include:

* Items to prevent nuclear criticality accidents (e.g., preventive controls and measures to ensure that
under normal and credible abnormal conditions, all nuclear processes are subcritical)

* Items credited to withstand credible design-bases external events (e.g., seismic, wind)

* Ttems to prevent degradation of structural integrity (e.g., failure or malfunction of facility)

QA Level 2 will be applied to non-QA Level 1 safety SSCs. The QA program is important to the
acceptability and suitability of the item or service to perform as specified. Acceptance methods shall be
specified (including acceptance and other applicable performance criteria), documented, and verified
before use of the item or service. Some of the required characteristics may be examined less rigorously
than for QA Level 1. Examples of QA Level 2 items include:

¢ SSCsto meet 10 CFR 20 normal release or exposure limits
*  Fire protection systems

*  Seismic detection systems

* Safeguards and security systems

*  Material control and accountability systems

QA Level 3 will include non-safety-related quality activities performed by NWMI that are deemed
necessary to ensure the manufacture and delivery of highly reliable products and services to meet or
exceed customer expectations and requirements. QA Level 3 items include those items that are not
classified as QA Level 1 or QA Level 2. QA Level 3 items are controlled in accordance with standard
commercial practices.
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These quality activities are embodied in NWMI’s QAPP and will be further specified in the Operating
License Application, and when necessary.

3.5.1.3.2  Seismic Classification for Structures, Systems, and Components

SSCs identified as IROFs will be designed to satisfy the general seismic criteria to withstand the effects
of natural phenomena (e.g., earthquakes, tornados, hurricanes, floods) without loss of capability to
perform their safety functions. ASCE 7, Chapter 11, sets forth the criteria to which the plant design bases
demonstrate the capability to function during and after vibratory ground-motion associated with the safe-
shutdown earthquake conditions.

The seismic classification methodology used for the RPF complies with the preceding criteria, and with
the recommendations stated in Regulatory Guide 1.29, Seismic Design Classification. The methodology
classifies SSCs into three categories: seismic Category I (C-I), seismic Category II (C-II), and non-
seismic (NS).

Seismic C-I applies to both functionality and integrity, while C-1I applies only to integrity. SSCs located
in the proximity of IROFs, the failure of which during a safe-shutdown earthquake could result in loss of
function of IROFs, are designated as C-II. Specifically:

* C-Iapplies to IROFs. C-I also applies to those SSCs required to support to shut down the RPF
and maintain it in a safe shutdown condition.

* C-II applies to SSCs designed to prevent collapse under the safe-shutdown earthquake. SSCs are
classified as C-II to preclude structural failure during a safe-shutdown earthquake, or where
interaction with C-I items could degrade the functioning of a safety-related SSC to an
unacceptable level or could result in an incapacitating injury to occupants of the main control
room.

* NS SSCs are those that are not classified seismic C-I or C-II.

3.5.2 Radioisotope Production Facility

Systems and components within the RPF are presented in Section 3.5.1. The RPF design basis evaluated
the general design criteria from 10 CFR 70.64, “Requirements for New Facilities or New Processes at
Existing Facilities.” This evaluation is presented in Table 3-23. These general design criteria provide a
rational basis from which to initiate design but are not mandatory. There are some cases where
conformance to a particular criterion is not directly measurable. For each of the criteria, a specific
assessment of the RPF design is made, and a complete list of references is included to identify where
detailed design information pertinent to each criterion is treated. The Chapter 13.0 accident sequences for
credible events define the DBE. The safety-related parameter limits ensure that the associated design
basis is met for the events presented in Chapter 13.0.
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Table 3-23. Design Criteria Requirements (4 pages)

Design criteria and description Application and compliance

3 10 CFR 70.64, “Requlrements for New Faclhtles or New Processes at Enstmg Facilities”? A 3

o d irfiplement id n : :
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1

i ‘to enstre that IROFS, y standatds are: used, they will beidentified and. evaluated ‘to determme thelr -
b g;ﬁ:ﬁ: a(r)ld reliable’ toli){erfom?r t%exr( ‘ apphcabxhty, adequacy, and sufficiency-and will be supplemented of modlﬁed as
’ :ﬁmctlon when needed. ¢ ensure 4, quahty product in, keepmg w1th ‘the reqmr : safety .

¢ Maintain' appropnate'records of these
1 _1tems by or under the control of, the
i li

mcludm 'q ] ty' and safety leve‘ cla srﬁcatmns

= o e 2ot e e

i SSCs nnbortant to safety w111 be desrgnecL fabncated, erected, tested operated
| { Provide for adequate protection against | and maintained to quality standards commensurate with the importance of the
| natural phenomena, with consideration |  safety functions to be performed. Where generally recognized codes and

3

i

1

{ Natural phenomena hazards

i of the most severe documented standards are used, they will be identified and evaluated to determine their (

; historical events for the site. applicability, adequacy, and sufficiency and will be supplemented or modified as ;

i necessary to ensure a quality product in keeping with the required safety

! i function.

§ » The design basis for these SSCs will include:

—~ Appropriate consideration of the most severe natural phenomena that have been

: h15tor1cally reported for the RPF site and surrounding area, including sufficient : !

: margin for limited accuracy, quantity, and period of time for which historical §

i data has been accumulated i

— Appropriate combinations of natural phenomena effects during normal and
accident operating conditions

— Importance of the safety functions to be performed

' * Specific RPF design criteria and NRC general design criteria are discussed in
Sectrons 3.1 and3. 5 respectlvely
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Table 3-23. Design Criteria Requirements (4 pages)

Design criteria and descriptio Application and compliance
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hapters 6.

! Environmental and dynamic effects
i Provide for adequate protection from

i' environmental conditions and dynamic
i effects associated with normal

} operations, maintenance, testing, and
. postulated accidents that could lead to

* SSCs important to safety are designed to accommodate €

ffects of, and to be

compatible with, the environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents. Due to low temperature and
pressure RPF processes, dynamic effects due to pipe rupture and discharging

fluids are not applicable to the RPF.

;’ loss of safety functions

Provide for emergency capability to
maintain control of:

* Licensed material and hazardous
i chemicals produced from licensed
! material
i+ Evacuation of on-site personnel
H

;* On-site emergency facilities and
¢ services that facilitate the use of
available off-site services

pEmer‘gency pfocedurés will be develc;ped and maintained for the RPF to control
SNM and hazardous chemicals produced from the SNM.

* A preliminary Emergency Preparedness Plan is provided in Chapter 12.0,

Appendix B.
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Table 3-23. Design Criteria Requirements (4 pages)

Design criteria and description Application and complianc

! mnten'u table power supphes w111 automa‘ucally prov1de power to systems that
SRR support the safety’ functions protectmg workers and the public. . . :
. A-combination of" unmtenuptable POWeT, supphes and 4 standby electncal power
ysten;1 w111 provrde emergency electncal power to the RPF A 1,000, kW
S : i ;

’,pte‘r 8 0 Secnon 8 2 prov1d l_addmonal;mfonnatlon

; : Inspection, testing, and maintenance % . -'Ihe RPF is de51gned to provide access and controls for testmg, mamtenance and ’,
| inspection of safety-related SSCs, as needed, throughout the RPF. i
I« Chapters 4.0, 6.0, 7.0, and 9.0 provide additional information. i

 Provide for adequate inspection, testing, |
| and maintenance of IROFS to ensure

j ! availability and reliability to perform
; their ﬁmctlon when needed |

v i gt S0
g

* Crmcahty cont .

Prov1de for cntlcallty contro 3
it { adherence to:the double—contmgency
§ prmclple :

3 i ‘greﬁu1pment fadilities, a

! ,health and to-minimize da.nger to hfe of" property ey

= Ensunng that the de51gn provides. for crmcahty control mcludmg adherence to ~'
[ the double—conhngency pnncxple C b

1
‘ -

} s

‘ :
\

g

i ! Instrumentation and control o ’ RPF SNM processes wﬂl be enclosed predommately by hot cells and glovebox |
! | The design must provide for inclusion of }  designs except for the target fabrication area. i
!1&C systems to monitor and control the !+ The FPC system will provide monitoring and control of safety-related components ;

I behavior of items relied on for safety. | and process systems within the RPF.

i

i
!
H
|
¢
¥
|
‘»,
t
{
|
¢
!
!
i

i
s» The BMS (a subset of the FPC systemn) will monitor the RPF ventilation system

i  and mechanical utility systems. !
i ESF systems will operate independently from the FPC system or BMS. Each ESF :
safety function will use hard-wired analog controls/interlocks to protect workers,
the public, and environment. The ESF parameters and alarm functions will be

integrated into and monitored by the FPC system or BMS.

* RPF designs are based on defense-in-depth practices and incorporate a preference
for engineered controls over administrative controls, independence to avoid
common mode failures, and incorporate other features that enhance safety by
reducing challenges to safety-related components and systems.

« The FPC system will provide the capability to monitor and contro]l the behavior of
safety-related SSCs. These systems ensure adequate safety of process and utility f
service operations in connection with their safety function. Controls are provided

{ to maintain these variables and systems within the prescribed operating ranges

i under all normal conditions.

i* The FPC system is designed to fail to a safe-state or to assume a state

{  demonstrated to be acceptable if conditions such as loss of signal, loss of energy

| or motive power, or adverse environments are experienced.

|

{

* Chapter 7.0 provides additional 1&C system information. Safety-related SSCs are
' descnbedeectlon35andChapters40 5.0,6.0,7.0, and 8.0.

b
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Table 3-23. Design Criteria Requirements (4 pages)

Application and compliance

not wholly dependent on any. smgle Ele’ ent of fhe q esign, xconsfruchon,
. mamtenance Or. operatmn of the RPF

oyerall system rehablhty :
Features that enhance: ‘safety- y
 reducing challenges fo JROFS ;-

2 10 CFR 70.64, “Requlrements for New Facilities or New Processes at Exxstmg Faclhtles ” Code of Fe ederal Regulations,
Office of the Federal Register, as amended.

b As used in 10 CFR 70.64, requirements for new facilities or new processes at existing facilities, defense-in-depth
practices means a design philosophy, applied from the outset and through completion of the design, that is based on providing
successive levels of protection such that health and safety will not be wholly dependent on any single element of the design,
construction, maintenance, or operation of the facility. The net effect of incorporating defense-in-depth practices isa
conservatively designed facility and system that will exhibit greater tolerance to failures and external challenges.

BMS = building management system. NRC = U.S. Nuclear Regulatory Commission.
CFR = Code of Federal Regulations. NWMI = Northwest Medical Isotopes, LLC.
ESF = engineered safety feature. QAPP = quality assurance program plan.

FPC = facility process control. RPF = Radioisotope Production Facility.
1&C = instrumentation and control. SNM = special muclear material.

IROFS = items relied on for safety. SsC = structures, systems, and components.

The criteria are generic in nature and subject to a variety of interpretations; however, they also establish a
proven basis from which to provide for and assess the safety of the RPF and develop principal design
criteria. The general design criteria establish the necessary design, fabrication, construction, testing, and
performance requirements for SSCs important to safety (i.e., SSCs that provide reasonable assurance that
the facility can be operated without undue risk to the health and safety of workers, the public, and
environment).

Safety-related SSCs for the RPF will be designed, fabricated, erected, and tested as required by the NWMI
QAPP, described in Chapter 12.0, Appendix C. In addition, appropriate records of the design, fabrication,
erection, procurement, testing, and operations of SSCs will be maintained throughout the life of the plant.

The RPF design addresses the following:
* Radiological and chemical protection
* Natural phenomena hazards
* Fire protection
*  Environmental and dynamic effects

* Emergency capability (e.g., licensed material, hazardous chemicals, evacuation of on-site
personnel, on-site emergency facilities/off-site emergency facilities)

*  Uitility services

* Inspection, testing, and maintenance
*  Criticality safety

* Instrumentation and controls

*  Defense-in-depth
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Safety-related systems and components will be qualified using the applicable guidance in the Institute of
Electrical and Electronics Engineers (IEEE) Standard IEEE 323, IEEE Standard for Qualifying Class 1E
Equipment for Nuclear Power Generating Stations. The qualification of each safety-related system or
component needs to demonstrate the ability perform the associated safety function:

*  Under environmental and dynamic service conditions in which they are required to function
* For the length of time the function is required

Additionally, non-safety-related components and systems will be qualified to withstand environmental
stress caused by environmental and dynamic service conditions under which their failure could prevent
satisfactory accomplishment of the safety-related functions.

The RPF instrumentation and control (1&C) system (also known as the facility process control [FPC]
system) will provide monitoring and control of the process systems within the RPF that are significant to
safety over anticipated ranges for normal operations and abnormal operations. The FPC system will
perform as the overall production process controller. This system will monitor and control the process
instrumented functions within the RPF, including monitoring of process fluid transfers and controlled
inter-equipment pump transfers of process fluids.

The FPC system will also ensure that process and utility systems operate in accordance with their safety
function. Controls will be provided to maintain variables and systems within the prescribed operating
ranges under all normal conditions. In addition, the FPC system is designed to fail into a safe state or to
assume a state demonstrated to be acceptable if conditions such as loss of signal, loss of energy or motive
power, or adverse environments are experienced.

The building management system (BMS) (a subset of the FPC system) will monitor the RPF ventilation
system and mechanical utility systems. The BMS primary functions will be to monitor the facility
ventilation system and monitor and control (turn on and off) the mechanical utility systems.

ESF systems will operate independently from the FPC system or BMS. Each ESF safety function will
use hard-wired analog controls/interlocks to protect workers, the public, and environment. The ESF
parameters and alarm functions will be integrated into and monitored by the FPC system or BMS.

The fire protection system will have its own central alarm panel. The fire protection system will report
the status of the fire protection equipment to the central alarm station and the RPF control room.

This integrated control system will be isolated from safety-related components consistent with IEEE 279,
Criteria for Protection Systems for Nuclear Power Generating Stations. In addition, the RPF is designed
to meet IEEE 603, Standard Criteria for Safety Systems for Nuclear Power Generating Stations, for
separation and isolation of safety-related systems and components. Chapter 7.0 provides additional
details on the integrated control system.
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3.5.2.1 System Classification

The RPF is classified as a non-reactor
nuclear production facility per 10 CFR 50.
In addition, a portion of the RPF will
fabricate LEU targets, similar to fuel
fabrication per 10 CFR 70. Due to the
nature of the work performed within
facility, a hazardous occupancy applies.
Table 3-24 provides the RPF classification
for hazards occupancy, construction, risk,
and seismic design categories.

3.5.2.2 Classification of Systems and
Components Important to

NWMI-2015-021, Rev. 0A

Chapter 3.0 — Design of Structures, Systems and Components

Table 3-24. System Classifications

Classification
description Classification Source

Hazard category Inte;;rge@iate hazard

r

Construction type
Seismic design category C ASCE 7*
2 IBC 2012, “International Building Code,” as amended,

International Code Council, Inc., Washington, D.C., February 2012.
Y ASCE 7, Minimum Design Loads for Buildings and Other

IBC 201

Structures, American Society of Civil Engineers, Reston, Virginia, 2013.

Safety NRC = U.S. Nuclear Regulatory Commission.

RPF SSCs, including their foundations and

supports, designed to remain functional in the event of a DBE are designated as C-I. SSCs designated
IROFS are also classified as C-I. SSCs co-located with C-I systems are reviewed and supported in
accordance with II over I criteria. This avoids any unacceptable interactions between SSCs.

C-I structures should be designed using dynamic analysis procedures, or when justified, equivalent static
procedures using both horizontal and vertical input ground motions. For dynamic analyses, either
response spectra or time history analyses approaches may be used. Dynamic analysis should be
performed in accordance with the procedures of ASCE 4, with the exception of the damping limitations
presented in Section 3.4.1.

Table 3-25 lists the RPF SSCs and associated safety and seismic classifications and quality level group
for the top-level systems. Subsystems within these systems may be identified with lower safety
classifications. For example, the standby power supply (UPS) is an IROFS, while the standby diesel
generator is classified as safety-related.

Table 3-25. System Safety and Seismic Classification and Associated Quality Level Group

(2 pages)
I P
System name (code) classification?® classification® group
Facility structure (RPF) | IROFS 1| Qi

b'fgr'gétwrecelpt and disassembiy AiTD)

Radiation monitoring (RM)

| Standby (8P
Normal electrical power (NEP)
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Table 3-25. System Safety and Seismic Classification and Associated Quality Level Group
(2 pages)

Highest safety Seismic Quality level
System name (code) classmcaﬂona classmca’uonb

_Process vessel ventilation (P ‘
Facility ventllatlon (F V)

L T

{Flre protectlon (FP) R
Plant and mstrument air (PA) “
[Ex
Gas st supply (GS)

E—-w,. 8 e e A R S B

iProces chllled ater (PCW) )

s e bhm e o it i

F. acmty chilled water (FCW)

e i S £ S . S N i

[Facxhty heated water (HW)

GICECUL

Process steam (boﬂer)

e

zDerrunerahzed water (DW) o
Chemlcal supply (CS)

Facility process control (FPC) ! C-1 )

3 Safety classification accounts for highest classification in the system. Systems that are classified as safety-related may
include both safety-related and non-safety-related components. Only safety-related components will be used to satisfy the
safety functions of the system, whereas non-safety-related components can be used to perform non-safety functions. For
example, there are non-safety-related components, such as fans, within the safety-related ventilation systems that perform non-
safety-related functions.

b Seismic category may be locally revised to account for II over I design criteria and to eliminate potential system
degradation due to seismic interactions.

C Ventilation zone classifications vary —Ventilation Zone I and II are considered safety-related, C-I and QL~1; Ventilation
Zone I and IV are considered non-safety-related, C-II and QL-2.
TROFS = jtems relied on for safety. RPF
NSR = non-safety related. SR

Radioisotope Production Facility.
safety-related (not IROFS).

SSCs that must maintain structural integrity post-DBE, but are not required to remain functional are C-II.
All other SSCs that have no specific NRC-regulated requirements are designed to local jurisdictional
requirements for structural integrity and are C-III. All C-I SSCs are analyzed under the loading
conditions of the DBE and consider margins of safety appropriate for that earthquake. The margin of
safety provided for safety-class SSCs for the DBE are sufficient to ensure that their design functions are
not put at risk. Table 3-26 presents the likelihood index limit guidelines and associated event frequency
and risk index limits.
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Table 3-26. Likelihood Index Limit Guidelines

Likelihood | Risk index
category Event frequency limits limits

.‘ Between 10“‘ and 10 5 per event,
: _ per year }

‘Unlikely (infrequent facility process condition)

S et B

ﬁ-hghly unhkely (llmmng facmty process condmon)k

3.5.2.3 Design Basis Functions, Values, and Criteria

The design basis for systems and components required for safe operation and shutdown of the RPF are
established in three categories, which are described below. The preliminary design basis functions and
values for each major system are provided in the following subsections.

Design Basis Functions
* License conditions, orders, or technical specifications

*  Functions credited in the safety analysis to ensure safe shutdown of the facility is achieved and
maintained, prevent potential accidents, or mitigate the potential consequences of accidents that
could result in consequences greater than applicable NRC exposure guidelines

Design Basis Values

*  Values or ranges of values of controlling parameters established as reference bounds for RPF design
to meet design basis function requirements

*  Values may be established by an NRC requirement, derived from or confirmed by the safety
analysis, or selected by the designer from an applicable code, standard, or guidance document

Design Basis Criteria

*  Code-driven requirements established for the RPF fall into seven categories, including fabrication,
construction, operations, testing, inspection, performance, and quality

*  Codes include national consensus codes, national standards, and national guidance documents

* Design of safety-related systems (including protection systems) is consistent with IEEE 379,
Standard Application of the Single-Failure Criterion to Nuclear Power Generating Station Safety
Systems, and Regulatory Guide 1.53, Application of the Single-Failure Criterion to Nuclear Power
Plant Protection Systems

*  Protection system is designed to provide two or three channels for each protective systems and
functions and two logic train circuits:

- Redundant channels and trains will be electrically isolated and physically separated in areas
outside of the RPF control room

— Redundant design will not prevent protective action at the system level
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3.5.24 System Functions/Safety Functions

The NWMI RPF will provide protection against natural phenomena hazards for the personnel, SNM, and
systems within the facility. The facility will also provide protection against operational and accident
hazards to personnel and the public. Table 3-2 lists the IROFS defined by the preliminary hazards
analysis.

3.52.5 Systems and Components
3.5.25.1 Mechanical

RPF C-I mechanical equipment and components (identified in Table 3-25) will be qualified for operation
under the DBEQ seismic conditions by prototype testing, operating experience, or appropriate analysis.

The C-I mechanical equipment is also designed to withstand loadings due to the DBEQ, vibrational
loadings transmitted through piping, and operational vibratory loading, such as floor vibration due to other
operating equipment, without loss of function or fluid boundary. This analysis considers the natural
frequency of the operating equipment, the floor response spectra at the equipment location, and loadings
transmitted to the equipment and the equipment anchorage.

The qualification documents and all supporting analysis and test reports will be maintained as part of the
permanent plant record in accordance with the requirements of the NWMI QAPP.

The safety-related equipment and components within the RPF will be required to function during normal
operations and during and following DBEs. This equipment will be capable of functioning in the RPF
environmental conditions associated with normal operations and design basis accidents. Certain systems
and components used in the ESF systems will be located in a controlled environment. This controlled
environment is considered an integral part of the ESF systems.

3.5.25.2 Instrumentation and Electrical

C-I instrumentation and electrical equipment (identified in Table 3-25) is designed to resist and withstand
the effects of the postulated DBEQ without functional impairment. The equipment will remain operable
during and after a DBEQ. The magnitude and frequency of the DBEQ loadings that each component
experiences will be determined by its location within the RPF. In-structure response curves at various
building elevations have been developed to support design. The equipment (e.g., batteries and instrument
racks, control consoles) has test data, operating experience, and/or calculations to substantiate the ability of
the components and systems to not suffer loss of function during or after seismic loadings due to the
DBEQ.

This certification of compliance with the specified seismic requirements, including compliance with the
requirements of IEEE 344, is maintained as part of the permanent plant record in accordance with the
NWMI QAPP.

3.5.26 Qualification Methods

Environmental qualification of safety-related mechanical, instrumentation, and electrical systems and
components is demonstrated by tests, analysis, or reliance on operating experience. Testing will be the
preferred method of qualification. Qualification testing will be accomplished either by tests on the
particular equipment or by type tests performed on similar equipment under environmental conditions at
least as severe as the specified conditions. The equipment will be qualified for normal and accident
environments. Qualification data will be maintained as part of the permanent plant record in accordance
with the NWMI QAPP.
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3.5.2.7 Radioisotope Production Facility Specific System Design Basis Functions and Values

The design basis functions and values for each system identified in Table 3-1 are discussed in the
following subsections. Additional details for each system described below will be updated during the
development of the Operating License Application.

3.5.2.71 Target Fabrication System

An overview and detailed description of the target fabrication system are provided in Chapter 4.0,
Sections 4.1.3.1 and 4.4, respectively.

Design Basis Functions

e Store fresh LEU, LEU target material, and new LEU targets

*  Produce LEU target material from fresh and recycled LEU material

¢ Assemble, load, and fabricate LEU targets

* Reduce or eliminate the buildup of static electricity

*  Minimize uranium losses through target fabrication

* Safety-related functions:
~ Maintain subcriticality conditions within target fabrication system
— Prevent flammable gas composition within target fabrication system
— Limit personnel exposure to hazardous chemicals and offgases

Design Basis Values
¢ 30-year design life with the exception of common replaceable parts (e.g., pumps)

* Maintain primary fission product boundary during and after normal operations, shutdown
conditions, and DBEs

3.5.2.7.2 Target Receipt and Disassembly System

An overview and detailed description of the target receipt and disassembly system are provided in
Chapter 4.0, Section 4.1.3.2, and Sections 4.3.2/4.3.3, respectively.

Design Basis Functions

* Handle irradiated target shipping cask, including all opening, closing, and lifting operations
* Retrieve irradiated targets from a shipping cask

* Disassemble targets and retrieving irradiated target material from targets

* Reduce or eliminate the buildup of static electricity

¢ Safety-related functions:

— Provide radiological shielding during receipt and disassembly activities
— Maintain subcriticality conditions within target receipt and disassembly system

— Prevent radiological materials from being released during target receipt and disassembly
operations to limit the exposure of workers, the public, and environment to radioactive
material

— Maintain positive control of radiological materials (LEU target material and radiological
waste)

— Protect personnel and equipment from industrial hazards associated with system equipment
(e.g., moving parts)
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Design Basis Values
*  30-year design life
* Maintain primary fission product boundary during and after normal operations, shutdown
conditions, and DBEs

* Crane designed for anticipated load (e.g., hot cell cover block) of approximately 68 metric tons
(MT) (75 ton)

3.5.2.7.3 Target Dissolution (DS)

An overview and detailed description of the target dissolution system are provided in Chapter 4.0,
Sections 4.1.3.3 and 4.3 .4, respectively.

Design Basis Functions

*  Fill the dissolver basket with the LEU target material
* Dissolve the LEU target material within dissolver basket
*  Treat the offgas from the target dissolution system
* Handle and package solid waste created by normal operational activities
e Safety-related functions:
— Provide radiological shielding during target dissolution activities
— Control and prevent flammable gas from reaching lower flammability limit condltlons
- Maintain subcriticality conditions through inherently safe design of target dissolution
equipment
— Maintain positive control of radiological materials (LEU target material and radiological
waste)

Design Basis Values

*  30-year design life with the exception of common replaceable parts (e.g., pumps)

* Maintain primary fission product boundary during and after normal operations, shutdown
conditions, and DBEs

* Prevent radiological materials from being released during target dissolution operations to limit the
exposure of workers, the public, and environment to radioactive material per 10 CFR 20

3.5.2.7.4 Molybdenum Recovery and Purification (MR)

An overview and detailed description of the Mo recovery and purification system are provided in
Chapter 4.0, Sections 4.1.3.4 and 4.3.5, respectively.

Design Basis Functions
* Recovery of Mo product from a nitric acid solution created from dissolved irradiated uranium
targets
* Purfication of the recovered Mo product to reach specified purity requirements, followed by
shipment of the Mo product

*  Safety-related functions:

— Maintain subcriticality conditions through inherently safe design of components that could
handle high-uraninm content fluid

— Prevent radiological materials from being released by containing fluids in appropriate tubing,
valves, and other components
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—  Control and prevent flammable gas from reaching lower flammability limit conditions

— Maintain positive control of radiological materials (**Mo product, intermediate streams, and
radiological waste)

— Provide appropriate containers and handling systems to protect personnel from industrial
hazards such as chemical exposure (e.g., nitric acid, caustic, etc.)
Design Basis Values

*  Maintain primary fission product boundary during and after normal operations, shutdown
conditions, and DBEs

* 30-year design life with the exception of common replaceable parts (e.g., pumps)
* Replace consumables after each batch

3.5.2.7.5 Uranium Recovery and Recycle (UR)

An overview and detailed description of the uranium recovery and recycle system are provided in
Chapter 4.0, Sections 4.1.3.5 and 4.3.6, respectively.
Design Basis Functions

* Receive and decay impure LEU solution
* Recover and purify impure LEU solution
* Decay and recycle LEU solution

* Transfer process waste

*  Safety-related functions:

— Provide radiological shielding during uranium recovery and recycle system activities
— Prevent radiological release during uranium recovery and recycle system activities

— Maintain subcriticality conditions through inherently safe design of the uranium recovery and
recycle equipment

—  Control and preventing flammable gas from reaching lower flammability limit conditions

— Maintain positive control of radiological materials

— Protect personnel and equipment from industrial hazards associated with the system
equipment, such as moving parts, high temperatures, and electric shock

Design Basis Values

*  30-year design life with the exception of common replaceable parts (e.g., pumps)
*  Maintain primary fission product boundary during and after normal operations, shutdown
conditions, and DBEs

3.5.2.7.6 Waste Handling

An overview and detailed description of the waste handling system are provided in Chapter 4.0,
Section 4.1.3.6 and Chapter 9.0, Section 9.7.2, respectively.
Design Basis Functions

* Recetve liquid waste that is divided into high-dose source terms and low-dose source terms to lag
storage

*  Transfer remotely loaded drums with high-activity solid waste via a solid waste drum transit
system to a waste encapsulation cell
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*  Encapsulate solid waste drums
* Load drums with solidification agent and low-dose liquid waste
* Load high-integrity containers with solidification agent and high-dose liquid waste
* Handle and load a waste shipping cask with radiological waste drums/containers
*  Safety-related functions:
— Maintain subcriticality conditions by maintaining mass limits

— Prevent spread of contamination to manned areas of the facility that could result in personnel
exposure to radioactive materials or toxic chemicals

— Provide shielding, distance, or other means to minimize personnel exposure to penetrating
radiation
Design Basis Values

* Maintain primary fission product boundary during and after normal operations, shutdown
conditions, and DBEs

* 30-year design life with the exception of common replaceable parts (e.g., pumps)

3.5.2.7.7 Criticality Accident Alarm System

Chapter 6.0, Section 6.3.3.1, and Chapter 7.0, Section 7.3.7, provide descriptions of the criticality
accident alarm system.
Design Basis Functions

*  Provide for continuous monitoring, indication, and recording of neutron or gamma radiation
levels in areas where personnel may be present and wherever an accidental criticality event could
result from operational processes.

*  Provide both local and remote annunciation of a criticality excursion
* Remain operational during DBEs

Design Basis Values
*  30-year design life

* Capable of detecting a criticality accident that produces an absorbed dose in soft tissue of
20 absorbed radiation dose (rad) of combined neutron or gamma radiation at an unshielded
distance of 2 m from reacting material within one minute (except for events occurring in areas not
normally accessed by personnel and where shielding provides protection against a criticality)

3.5.2.7.8 Continuous Air Monitoring System

Chapter 7.0, Section 7.6, and Chapter 11.0, Section 11.1.4, provide detailed descriptions of the RPF
continuous air monitoring system.

Design Basis Functions

*  Provide real-time local and remote annunciation of airborne contamination in excess of preset limits
*  Provide real-time local and remote annunciation of radiological dose of excess of preset limits

* Provide environmental monitoring of nuclear radioactive stack releases

* Provide the capability to collect continuous samples

* Remain operational during DBEs
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Design Basis Values

* Activate when airborne radioactivity levels exceed predetermined limits
* Activate when radiological dose levels exceed predetermined limits
* Adjust volume of air sampled to ensure adequate sensitivity with minimum sampling time

3.5.27.9 Standby Electrical Power

Chapter 8.0, Section 8.2 provides a detailed description of the RPF standby electrical power (SEP)
system.

Design Basis Functions

SEP includes two types of components: uninterruptible power supplies (UPS) and a standby diesel
generator:

* UPS - Provides power when normal power supplies are absent

* Standby diesel generator — Provides power when normal power supplies are absent to allow
continued RPF processing

Design Basis Values

*  30-year design life
* Maintain power availability for a minimum of 120 min post-accident (UPS)
* Maintain power availability for 12 hr (diesel generator)

3.5.2.7.10 Normal Electrical Power
Chapter 8.0, Section 8.1 provides a detailed description of the RPF normal electrical power (NEP) system.

Design Basis Functions
*  Provide facility power during normal operations

Design Basis Values

*  30-year design life

3.5.2.711 Process Vessel Ventilation System
Chapter 9.0, Section 9.1 provides a detailed description of the process vessel ventilation system.

Design Basis Functions

* Provide primary system functions to protect on-site and off-site personnel from radiological and
other industrial related hazards

*  Collect air in-leakage sweep from each of the numerous vessels and other components in main
RPF processes and maintain hydrogen concentration process tanks and piping below lower
flammability limit

* Minimize reliance on administrative or complex active engineering controls to provide a
confinement system as simple and fail-safe as reasonably possible
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Design Basis Values

Maintain primary fission product boundary during and after normal operations, shutdown
conditions, and DBEs

30-year design life
Contain and store noble gases generated in the RPF to meet 10 CFR 20 requirements

3.5.2.7.12 Facility Ventilation System

Chapter 9.0, Section 9.1 provides a detailed description of the facility ventilation system.

Design Basis Functions

Provide confinement of hazardous chemical fumes and airborne radiological materials and
conditioning of RPF environment for facility personnel and equipment

Prevent release and dispersal of airborne radioactive materials (e.g., maintain pressure gradients
to ensure proper flow of air from least potentially contaminated areas to most potentially
contaminated areas) to protect health and minimize danger to life or property

Maintain dose uptake through ingestion to levels as low as reasonably achievable (ALARA)
Provide makeup air and condition the RPF environment for process and electrical equipment
Process exhaust flow from the process vessel ventilation system

Provide confinement of airborne radioactive materials by providing for the rapid, automatic
closure of isolation dampers within confinement zones for various accident conditions

Provide conditioned air to ensure suitable environmental conditions for personnel and equipment
in RPF

Design Basis Values

Maintain primary fission product boundary during and after normal operations, shutdown
conditions, and DBEs g

Provide an integrated leak rate for confinement boundaries that meets the requirements of accident
analyses that complies with 10 CFR 20 dose limits

Ensure that air exhausted to the atmosphere meets 40 CFR 61 (NESHAP) and applicable State
law

30-year design life

Maintain occupied space at 24 degrees Celsius (°C) (75 degrees Fahrenheit [°F]) (summer) and
22°C (72°F) (winter), with active ventilation to support workers and equipment

Maintain air quality that complies with 10 CFR 20 dose limits for normal operations and shutdown

3.5.2.7.13 Fire Protection System

Chapter 9.0, Section 9.7.1 provides a detailed description of the RPF fire protection system.

Design Basis Functions

Provide detection and suppression of fires
Generate alarm signals indicating presence and location of fire

3-61




25 NWM I ’ NWMI-2015-021, Rev. 0A
Teed™ Chapter 3.0 — Design of Structures, Systems and Components

T ®SP” NORTHWEST MEDICAL ISOTOPES

* Execute commands appropriate for the particular location of the fire (e.g., provide varying levels
of notification of a fire event and transmitting notification to RPF central alarm station and RPF
control room)

*  Provide fire detection in RPF and initiate fire-rated damper closures
*  Remain functional during DBEs

Design Basis Values
* 30-year design life

* Provide a constant flow of water to an area experiencing a fire for a minimum of 120 min based
on the size of the area per International Fire Code (IFC, 2012)

*  Provide sprinkler systems, when necessary, per National Fire Protection Association (NFPA) 13,
Standard for the Installation of Sprinkler Systems

3.5.2.7.14 Plant and Instrument Air System
Chapter 9.0, Section 9.7.1 provide's a detailed description of the RPF plant and instrument air system.

Design Basis Functions

* Provide small, advective flows of plant air for several RPF activities (e.g., tool operation, pump
power, purge gas in tanks, valve actuation, and bubbler tank level measurement)

* Provide plant air receiver buffer capacity to make up difference between peak demand and
compressor capacity

*  Provide plant air to instrument air subsystem for bubblers and valve actuation

* Provide instrument air receiver buffer capacity to make up difference between peak demand and
compressor capacity

Design Basis Values

* 30-year design life with the exception of common replaceable parts (e.g., pumps)
*  Provide instrument air dried in regenerable desiccant beds to a dew point of no greater than -40°C
(-40°F) and filtered to a maximum 40 micron (u) particle size

3.5.2.7.15 Emergency Purge Gas System
Chapter 6.0, Section 6.2.1.7.5 provides a detailed description of the emergency purge gas system.
Design Basis Functions

* Provide nitrogen to emergency purge gas system to the required process tanks
* Remain functional during DBEs

Design Basis Values

*  30-year design life with the exception of common replaceable parts
* Maintain hydrogen gas (Hz) concentrations less than flammability limit

3.5.2.7.16 Gas Supply System

Chapter 9.0, Section 9.7.1 provides a detailed description of the gas supply system.
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Design Basis Functions
*  Provide helium, hydrogen, and oxygen in standard gas bottles

*  Provide nitrogen from a tube truck to the chemical supply room where manifold piping will be
used to distribute the gas

* Provide adequate flow to ensure that the accumulation of combustible gases is below hazardous
concentrations and reduces radiological hazards due to accumulation of gaseous fission products

Design Basis Values

* 30-year design life with the exception of common replaceable parts (e.g., pumps)
* Provide standard gas bottles, with capacity of approximately 8,495 L (300 cubic feet [f*])

3.5.2.7.17 Process Chilled Water System
Chapter 9.0, Section 9.7.1 provides a detailed description of the RPF chilled water system.
Design Basis Functions

*  Provide process chilled water loop for three secondary loops through plate-and-frame heat
exchangers

—  One large geometry secondary loop in hot cell
~  One criticality-safe geometry secondary loop in hot cell
- One criticality-safe geometry secondary loop in target fabrication area

*  Provide monitoring of chilled water loops for loss of primary containment
* Provide cover gas to prevent flammable conditions

Design Basis Values
*  30-year design life with the exception of common replaceable parts (e.g., pumps)

*  Chilled water to various process equipment at no greater than 10°C (50°F) during normal
operations

*  The hydrogen concentration in the coolant system is maintained at less than 25 percent of the
lower flammability limit of 5 percent H,

3.5.2.7.18 Facility Chilled Water System
Chapter 9.0, Section 9.7.1 provides a detailed description of the RPF facility chilled water system.
Design Basis Functions

* Provide cooling media to heating, ventilation, and air conditioning (HVAC) system

*  Supply HVAC system with cooling water that is circulated through the chilled water coils in air-
bandling units :

Design Basis Values

* Provide cooling water at a temperature of 9°C (48°F) to the HVAC air-handling unit cooling coils
*  30-year design life with the exception of common replaceable parts (e.g., pumps)
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3.5.2.7.19 Facility Heated Water System
Chapter 9.0, Section 9.7.1 provides a detailed description of the RPF heated water system.

Design Basis Functions

* Provide heated media to HVAC system
*  Supply the HVAC system with heated water that is circulated through the heated water coils in
the air-handling units
Design Basis Values

*  Provide heated water at a temperature of 82°C (180°F) to HVAC air-handling unit heating coils
and reheat coil

*  30-year design life with the exception of common replaceable parts (e.g., pumps)

3.5.2.7.20 Process Steam System — Boiler
Chapter 9.0, Section 9.7.1 provides a detailed description of the RPF process steam system for the boiler.

Design Basis Functions

*  Generate low- and medium-pressure steam using a natural gas-fired package boiler

*  Provide a closed loop steam system for the hot cell secondary loops that meets criticality control
requirements

¢ Provide monitoring of steam condensate for loss of primary containment

* Limit sludge or dissolved solids content with automatic and makeup water streams in the boiler

Design Basis Values

¢ 30-year design life with the exception of common replaceable parts (e.g., pumps)
Provide saturated steam at 1.7 kg/square centimeters (cm?) (25 Ib/square inch [in.*]) and
4.2 kg/em? (60 Ib/in.?) gauge to various process equipment

3.5.2.7.21 Demineralized Water System
Chapter 9.0, Section 9.7.1 provides a detailed description of the RPF demineralized water system.

Design Basis Functions
e Provide demineralized water to RPF except for administration and truck bay areas

*  Remove mineral ions from municipal water through an ion exchange (IX) process and
accumulate in a storage tank

*  Provide regenerable IX media using a strong acid and a strong base
* Feed acids and bases from local chemical drums by toe pumps |
Design Basis Values

*  30-year design life with the exception of common replaceable parts (e.g., pumps)
*  Provide the water at 4.2 kg/cm? (60 Ib/in.%) gauge
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3.5.2.7.22 Chemical Supply System
Chapter 9.0, Section 9.7.4 provides a detailed description of the chemical supply system.

Design Basis Functions

*  Provide storage capability for nitric acid, sodium hydroxide, reductant, and nitrogen oxide
absorber solutions, hydrogen peroxide, and fresh uranium IX resin

* Segregate incompatible chemicals (e.g., acids from bases)
*  Provide transfer capability for chemical solutions mixed to required concentrations and used in
target fabrication, target dissolution, Mo recovery and purification, and waste management systems

Design Basis Values

*  30-year design life with the exception of common replaceable parts (¢.g., pumps)

3.5.2.7.23 Biological Shielding System
Chapter 4.0, Section 4.2, provides a detailed description of the RPF biological shielding.

Design Basis Functions

* Provide biological shielding from radiation sources in the hot cells for workers in occupied areas of
the RPF

* Limit physical access to hot cells
* Remain functional through DBEs without loss of structural integrity

Design Basis Values

* 30-year design life

*  Provide dose rates consistent with ALARA goals for normally occupied areas
3.5.2.7.24 Facility Process Control System
Chapter 7.0, Section 7.2.3 provides a description of the FPC system.

Design Basis Functions
*  Perform as overall production process controller

*  Monitor and control process instrumented functions within the RPF (e.g., process fluid transfers,
controlled inter-equipment pump transfers of process fluids)

*  Provide monitoring of safety-related components while BMS (a subset of the FPC system)
monitors ventilation system and mechanical utility systems

*  Ensure ESF systems operate independently from FPC system or BMS

*  Use hard-wired analog controls/interlocks for each ESF safety function to protect workers, public,
and environment

* Integrate into and monitor ESF parameters and alarm functions by FPC system or BMS
* Initiate actuation of isolation dampers for hot cell area or analytical area on receipt of signals from
fire protection system

Design Basis Values

* 30-year design life with the exception of common replaceable parts (e.g., controllers)
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