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1.0 INTRODUCTIOR

The new HB-Line, located on the fifth and sixth levels of
Building 221-H, is designed to replace the aging existing HB-Line
production facility. The new HB-Line consists of three separate
facilicies: the Scrap Recovery Facility, the Neptunium Oxide
Facility, and the Plutonium Oxide Facility. There are three
separate safety analyses for the new HB-Line, one for each of the
three facilities. These are issued as supplements to the 200-Areas
Safety Analysis (DPSTSA-200-10). These supplements are numbered

. as:

Sup 2A = Scrap Recovery Facility
Sup 2B = Neptunium Oxide Facility
Sup 2C = Plutonium Oxide Facility

The subject of this safety analysis, the Plutonium Oxide
Facility, will convert nitrate solutions of 238py to plutonium
oxide (Pu0,) powder. All these nev facilities incorporate
improvements in:

1) engineered barriers to contain contamination,

2) barriers to minimize personnel exposure to sirborne
contamination,

3) shielding and remote operations to decrease radiation exposure,
and :

4) equipment and ventilation design to provide flexibility and
improved process performance.



2.0  SUOOARY

Risks of operation are suwnarized in Table 2-1.
accidental criticality, two fatalities could result.
probabilistic fault tree analysis, the probability of an accidental
criticality has been estimated tc be once per 70,000 years or 1.4 x 10-3/yr.
Thus, this risk is one fatality per 35,000 years, less than the Du Pont
criterion for operating facilities, one fatality per 10,000 years.

Table 2~1 shows that the maximum risk to an offsite individual is 1.%7 x

DPSTSA-200-10-2

sup 2¢C
JULY 1991

In the event of an
Based upon a

10-% rem/year due to 3 low energy event, which is lower than the 3 x 10-!
rem/year an jndividual in this area is expected to receive from natural

background radiation.

Thus, this analysis shows that the 23%Pu0; production

'£hcili:y can be operated without undue risk to operating personnel, to the
public, or tec the environment.

TABLE 2-1

Risks for EB-Line 238pu0; raclility

E:[:h.

Earthquake

Mediurm Energy

Low Enezgy

~ Residual Releases

Criticality

Analytical

‘Laboratory
(Medium Energy)

—Annual Risk
—Rersonegem/year ______  Zen/year
To Onsite To Offsite Maximum to an
populati Populati Offsire Individual
€.62 x 10-¢ 2.42 x 10-3 2.96 x 107
1.54 x 10-2 $.59 x 102 6.86 x 10-¢
€.39 x 10-2 1.60 x 10-3  1.587 x 10-%
5.37 x 10 1.97 x 202 2.41 x 10-6
0.10 2 x 108 9 x 10
9.22 x 10-  3.36 x 10-2

4.13 x 10-¢
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3.0 .DESCRIPTIONS
3.1. Generall

The SRP site and Building 221-R have been descridbed
elsevhere.?

The PuO, Facility HB-Line addition will be housed in a
reinforced concre:e structure located on the roof of the building
over part of Section 5 and all of Section 6. The two-story struc-
ture will be adjacent to and contiguous with the RpO, Facility.
See Figure 3-1 for an overall plan of the three facilities.

The new S5th Level will house the process glove box line, the
instrument control room, calorimetry laboratory, welding rocm,
vaste handling line, PHA room, waste handling conveyor, and a
product storage vault. The 6th Level will house the-K&V systens
for glove boxes and rooms in Phases 1I and III,-Halon™ equipment

room, and.procena air oyltem. See ‘Figures 3-2 and 3-3 for detaill.

- The building population for the 23°ruoz line is expected to be

7~£x£teen people ‘vorking on an’ exght-hour day shift. The composition
is two production supervisors, one clerk, two Health Protection

Technxcxcnl. one Separatxonl Technology engineer, cnd nine

_operators.

The main utrucfure'viligédnsilt of two levels constructed of
reinforced concrete exterior walls. The 6th Level and new roof

"~ will be supported by the use of precast, prestressed tee beams.

The use of tee beams eliminates the need for interior supports.
A stair towver will be provided at the northeast corner of the new
addition to serve the 5th and 6th Levels and provide access to the

roof of the ezutzng canyon buxldxng. 7

On the Sth Level. a totnado barrzclde corrzdor along the east
wvall of the main structure is a one-story high by &4'-8" wide
barricade corridor to provide -tornsdo missile protection for the
airlocks to operating area 1 and the maintenance area. This
corridor will terminate at the airlock entry to the east stair
tover serving the 5th and 6th Levels. The west structural wall
serves as tornado protection for that side of the facility.

The floors, valls, doors and paint for this area are the same |

"as the main structure. - The roof of the corridor and stair tower

will be poured concrete with built-up roofing and board insulation.

3=1
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3.2 !quip-ont

3.2.1 Process Clove Boxes

The process glove boxes are of a sandwich stainless steel-
lesd-vater-stainless construction with eerylxelleed glass vindows,
Central Research glove ports (these allow easier replacement of

" gloves with a much reduced chance of breaching containment during

glove replacement), and HEPA inlet and exhaust filters. The glove

‘box and shielding windov design vzll be similar’ to the Scrap
Recovery Fec;ltty deoxgn. , ,

Aropeexel partition ruoo from the top of the glove boxes to
the underside of the ceiling. The sheetmetal pertxtionn are

vrsupported on 2" x 2" x 1/4" angles.

3.2.2 loeeipt'ond Adjustment Tanks

High assay_Pu=-238 solution is transferred by idnp'fron nev
canyon tank {ER to either of twvo 300-liter receiving tanks.-

Each tank 1£‘equxpped with an egxtetor. a sampler, and a ehenxeel;

addition line. The tank instrumentation includes temperature,
pressure, and liquid level. These tanks are water~jacketed and
lead-shielded for radiation shielding.” ,

3.2 3 Proeipitetioe -

Precxpxtetxon equxpnent includes the 150—1iter precipitator

‘feed tank, a two-stage precipitator, and chemical addition tanks.

The feed tank and precipitator are equipped vith agitators and
exterior neutron shielding. The precipitator instrumentation
includes temperature, pteooure. liquxd level. tenpereture oontrbl.

and feed £lov control.

"3.2 ‘ lntntiol

?iltretion equipnent is eo follovo.

£ leter ote:ion eooenbly.

e Two £xltrete tenke. 150 Iitero. equxpped vith an egitetot.;{xi;

sampler, and a cheuicel edd;txon line.

— - - e A
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@ Four filter boats, 7" diameter, with & 10 micron platinum filter.

e Filter boat flush station.

3.2.5 Calc:nin; Parnaces

Plutonxun oxide is transferred between the filter ota:xon.
calcining furnace, and product dumper in a 7" filter boat. The
filter boat is moved by a motor-driven trolley and lifted into the
various positions in the furnaces, filter station, filter boat
backwash station, and dumper by a motor-driven mechanical actuator.

The two 10 kW calcining furnaces are 10" in dismeter with a
nominal operating temperature of 740°C. The furnaces may be purged
vith air, N,, or 1€0,. Furnace temperatures are determined by SCR
power controllero. :

The furnace exhaust is filtered by a sintéred-metal filter and
discharged to the glove box exhaust system. :

PR *

3.2.6 Product Handlin;

Glove boxes are p:ovtded in the line to houle equxpment for
manual filter-boat dumping and a breech lock loader similar to
existing design.

The following equipment is located in the Calorimetry Room:

® Twin water bath calorxueteru; one programmed for adalyltl of low

level scrap ltnpleo. and the other programned for product
shxppxng containers. _

@ Anslytical balance and vibration free stand.
® Laboratory furniture (desk, filing cabinet, storage cabinet).

L Insttunentl to provide elec:tontc data collection, and conttolc
for the calorimeters. :

A velding machine seal-velds the closure cap on the secondary
product container. The welding machine is similar to that provided
in the existing HB-Line and is comprised of the following indi- -
vidual pieces of equipment (this is located im the Welding Room):

1. weldiﬁa Power Supply.

3-6
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2. -Programef.
3. 'Hete:l = Amp ‘gand Volt.
4, Pendaﬁt Control. |
5. Renoﬁerkrc‘étaftet.
6. Recorder, lttlp chart.
: 1;Alturntable. ”
8. Wire Peedet.
9. Torcﬁ’éoaitioﬁét. 7
10.  Exit hood attaugeneuirto house thé;veiding pnit.
11. Argon gas lubﬁlf ojnéén.
12. tlecftiéal é&vei f&frﬁﬁe TIC velder. o ) ,

13. Wiring and controls to connect wvelding station with the
remotely located power supply.

After the product shipping container is seal welded, it will
be leak tested to ensure that the container meets offsite shipment
specifications. The shipping container is placed in a Lucite® leak
test tank (5" dia. x 10" deep) vhich is filled with ethylene
glycol. The tank is sealed and a vacuum pump is then used to pull
s 20" Hg vacuum on the tank.  The shipping container is then
observed for visible leaks uhxch would be indicated by bubbles

around the weld.

3. 2 1 ltora;n Veult

A product storage vault is located on thc'l-evel ndjacent
to the glove box line (Room WMEER The vault room size is 250 ft?
of floor area. Three product container cooling baths similar to-
- existing designs are provided. The room is constructed of 8" thick
reinforced concrete walls and ceiling. A 1" thick steel door,
equipped with combination lock, conforming to federal specification
AA-D-600B is the single entry, ‘a lockable box covers the combina- N
tion lock. Security equipment consists of intrusion alarms and
television cameras. A Nuclear Incident Monitor is located in the
storage vault (see section 4.8.4.5.2).

3=7
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3.2.8 Solid Waste Handling | .

The remotely operated waste transport system has a single
trolley that travels in a north~south direction on a set of rails
at an elevation approximately 6 ft. above the bottom of the glove
box. The trolley has a hoist that lowers a container nominally
6 ft. into the waste glove box of each glove box line.

Waste material will be manually loaded into the container.
The system will then' automatically transport the trolley-hoist to a
waste handling glove box line where the material must be manually
unloaded. The system operation is controlled by the operators
through control stations located at each waste glove box. Addi-
tional control stations are located in the waste handling room and
in the maintenance area in building section§P The maintenance
area in building section @ will also be used to maintain the
trolley cart. The system is designed for contact maintenance -
through gloveports. There are two drives (approximately 1/2 hp
each) on the trolley (one to drive the cart and one to raise and
lower the container). Cart positioning is controlled by magnetic
proximity switches. ' ‘ : EEE

Fire dampers in the drop ports to the glove boxes regulate or
restrict air flows.

The waste handling line in the PuO, Facility includes:
® In-Line PHA | | |
@ Filter press
® Washing Machine
® Ultrasonic Cleaner
" @ Leach Bath
® Filters

© Hold ;gnks,(Z)
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3.2.9 Analytical Laboratory

The HBE-Line analytical laboratory will receive liquid Pu-238 nitrate
sarples from the HE-Line Scrap Recovery Facility, the HB-Line Plutonium Oxide
Facility, and H-Canyon. Pu-238 oxide samples will be received from the
Plutonium Oxide Facility. The location of this laboratory is shown in Figure
3=3A.

All sarples from the Scrap Recovery Facility, H-Canyon frams waste
recovery operation, and Plutonium Oxide Line are entered into the HB-Line Pu-
238 analytical laboratory for preparation and/or analysis. All the analysis
is performed in this lad except for isotopic determination and trace Pu
concentration. 1Isotopic analysis and trace Pu concentration are performed, in
Building 772-F, on small samples that are prepared i~ the HB-Line laboratory.

~

Samples, both liquid and oxide, are delivered to Room . where their
identification is logged into a computer that maintains an inventory of
samples and prescribes appropriate analysis to be performed. The samples are
carried to bagin/out Room (Figure 3-3A), where they are placed intc the
lab glovebox. In the glovebox cabinet, the appropriate analysis is performed.

Density measurements are a primary means of process control. An
automated density meter is used to confirm that samples are representative and
within appropriate acid specifications. Solution from the sarple vial is
purped into the measuring cell of the oscillator tube. The density meter
measures changes in resonant frequency of a hollow oscillator tube when filled
with liquids of different densities. The software prompts the technician
through the analysis and prints density measurements corrected to 25°C. After
the analysis is complete, the system is flushed with 1N nitric acid and

reagent grade methanol.

The acidity of liquid samples is determined by measuring the free acid
in the nitrate solution. Saturated potassium oxalate is used to complex small
concentrations of plutonium. The free acid is deternined by manual, volumetric
titratiern with 0.1N or 0.01N sodium hydroxide to the 0.1% phenoclphthalein end

po;nt

De:c:mination of plutonium ccncentzation in solutions is performed by
‘Pu(Ill) diode array spectrophotometry. This method is applicable for Pu-238
samples ranging from 0.1 to 1.15 Pu g/L. A predetermined volums of matrix
solution (0.05M ferrous sulfamate, 0.3M sulfamic acid, and 1M nitric acid) and
an aliquot of sample are mixed in a plastic vial. The matrix solution
converts all plutonium to the +III valence state. The sample is purped from
the sample vial to the measurement cell of the spectrophotometer. The

L ad
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abscrption spectrum cf the sample is cbtained, calculition: performed, and the
concentration of plutoniun printed out.

Tap density is performed on Pu-238 oxide sarples. A small amount
‘(approximately 10 grams) is weighed to the nearest 10 mg, and poured into a
graduated cylinder. The cylinder is placed in the tapping device and preset to
3000 taps. The tapping device has @ speed of about 250 rpm and e stroke travel
of about 1/8 inch. After the tapping is complete the injitial weight is divided
by the mean volume of oxide after tapping, to give the tap density in g/mL.

Determination of percent weight loss is done by heating a l-g sample to
750°C for 1 hour. After heating, the oxide sample is ccoled over a dessicant
for 1 hour. The cocled sample is reweighed, and the fraction of the original
weight that is lost (multiplied by 100) is recorded as percent weight loss.

Isotcpic analysis is required for Pu-238 liquid and oxide samples. Only
liquid sarmples ©of limited volume are analyzed in Building 772-F. Sample
preparation is performed in the HB-lLine laboratory. Oxide samples must be
dissolved by heating a recipe of 14.1M nitric acid and Pu-oxide on a hot plate
in the glovebox. A small aliquot (6 nanograms), Pipetted into a vial, is
transported to Building 772-F for the isotopic analysis. 1Initial Pu-238
soclution samples are also pipetted and sent to Building 772-F.

Total garma determination is performed using a gamma pulse height
analysis (PHA) system. A known aliquot of solution frem the original field
sample is placed in a dilution vial, and transferred to the sample holder of
the PHA. The counting system, 8 single energy gamma emitter, will slow in a
peak that corresponds to that energy and channels lower than that energy. The
gamma activity is measured with a Ge(Li) detector fitted with a lead-aluminum
absorber. The absorber is used to absorb x-rays and lower energy gamma.
Reports are generated that provide qualitative and quantitative analysis,
lower limit of detection, or minimum detectable activity calculation.

Particle size analysis (PSA) is performed to provide exact size of
particles. A small porticn of the sample is placed in a cuvette containing a
glycerin medium. The cuvette is placed in a sample cell. The PSA uses a
focused scanning He-Ne laser that passes through a prism which rotates the
beam at e constant velocity. ‘The beam passes through a m;c:oscope objective
that is focused inside the sample cell. The beam continues through the sample
cell and falls on a PIN photodiode that measures the beams intensity. A

_particle moving through the measuring zone interrupts the beam, causing an

interactive pulse or shadow on the photodiode. With the exception of the
sample preparation, the process is controlled by menu driven computer options.

- 3-8C
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3.3 process

The process is an improved version of the process used gince 1961 in the
original HB-Line on the fourth level of -221-H: 230pPu nitrate solution from H-
Canyon is converted to plutonium oxide (PuO;) powder by the oxalate
precipitation and calcination method. One improvement is 160, exchange to
reduce the neutron emissions from 100; (a,n) reactions. The product is
shipped to Building 235-F or to offsite facilities for fabrication into heat
sources. Theoretical production capacity of this facility is 90 kg of 238puQ,
per year, on & one shift, 5 day week schedule.

As shown schematically in Figure 3=4, the feed solutions are received
and adjusted. Then, the plutonium is precipitated, separated from the slurry
by filtratien, and calcined to plutonium dioxide in 160, at 740°C. After
calcination, the product is packaged in primary and secondary containers and
sent. to a storage vault. It is subsequently taken to the Calorimecry
Laboratory where the plutonium content is accurately determined.. The preduct
is then returned to the vault until shipment. OQff plant shipments will be
seal welded in the Welding Room. ‘

3.3 Feed Solution

' The feed sclution contains approximately 6 gm Pu/lL and 0.5°M nitric
acid. Although the design basis is 83%, this analysis assumes $2% of the
plutonium is 238pPu and B% is 24ipy for conservatism and to include a slightly
higher composition as a contingency. Plutonium processed in this facility is
expected to contain at least €7% 2)8pu, Other isotopes are given in Table
3.3. The specific activity of this plutonium is 25.06 Ci/g. A process batch
of plutonium is assumed to contain 388 g of plutonium (357 g 23%py).

TABLE 3-3

Plutonium Composition

Typical Maximum Norsat .
Weight Weight _-Source - - Radioactivity

Nuclide Ezazsion = Ezxacticn  Zezme I{$4% LL

23¢8py 0.75-0.90 0.92 0.92 64.2

239py 0.11-0.17 0.48 - 0 ) o]

240py 0.01-0.0S8 0. 20— 0 0

AHlpy - "0.005-0.03 0.16 - 0.08 3s5.8

42py ) 0.0005-0.001 _0 001 o ﬂ - 0

s. . . The worst source term :ep:esen:a the weight t:action resulting in the

highest doses. It is used only to obtain the most conservative dose
values and is not an lctull Lsotopic distribution tha: will occur in

normal operations.

te Based on worst source term.
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3.3.2 Peed Adjustment
Feed solution is received in either of two receipt and adjust-

ment tanks where it is -adjusted to 1.5 M by addition of 64% nitric
acid. The adjusted solution contains approximately 5.5 gm/L of

Hto:al plutonxum. The two tanks are used interchangeadly for -

receiving and ad;uctmeut. While solution from one tank is ldJulted
and transferred to the- ptecxpitatOt feed tank, the other tank is

‘available to ‘receive another transfer of solution from the

canyon.

In the precipitator feed tank, the plutonium valence is
ad;uuted to the III state with ascorbic acid and hydrazine mono-
nitrate. Ascorbic acid reduces plutonxun from the IV to IIX
valence state. Hydrazine mononitrate is added to retard oxidation
of plutonium III by radiolytically-formed nitrous acid. Hydrazine
mononitrate scavenges nxtrous actd and forms highly soluble

‘hydrazoic acid.

Valence ldjustueut of the feed solution begins with the addi-
tion of a predetermined volume of 301 hydrazine mononitrate to the
feed tank to give 0.05M hydrazine mononitrate in the feed solution.
Ascorbic acid is then added to a 0.03M excess. After approximately
10 minutes reaction time, the adjusted solution can be transferred
to the precipitator.

3.3.3 Precipitation and Filtration

Plutonium oxalate is precipitated by adding the adjusted feed
solution into oxalic acid at 30-40°C in the two-stage precipitator.
Sufficient oxalic acid is added to provide 1.5 moles of oxalic acid
for each mole of plutonium and provide 0.23M excess.

.When precipitation is cdnp1ete, the slut;y'is filtered to
recover plutonium oxalate. The precipitator and the precipitate
are vashed with a vash solution which contains oxalic acid, :

hydrazine mononitrate, and ascorbic acid in 0.5M nitric acid.

During filtration and washing, the solution is drawn by vacuum
from the precipitator through the filter station to the filtrate
catch tank. The filtrate and wash solution are mixed, sampled for
analysis, and transferred to the canyon.

o 3-11
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3.3.4 Calcination

Fxlteted and vn:hed plutonium oxalate is normally allowed to
dty overnite from self-heating prior to calcination. The oxalate
is converted to the oxide product by heating to about 740°C for two
hours. Air flow of npproxxnately 2 SCPM is na;utaxned during the

~ first hour and the furnace is blanketed with 16 02 for the second

hour. During cooli.ngf a nitro en purge is supplied to prevent
isotopic exchange of 160, for 170, or l%0,.

3.3.5 Packaging

After the plutonium dxoxzde povder has cooled (200 o), it is
sampled and loaded into & primary container vhich is loaded out via
breechlock to the secondary contlinet. decontaminated, and sent to
the storage vault., The containers are veighed and calorimeteted
Containers for offplant nthnenta are velded prior to being loaded

.into shipping casks.

3-12
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3.6 Ventilation

A once-through ventilation system for building and glove boxes
waintains air flow from clean to progtestxvely more regulated
compartments. " The building huo three zones of possible contamina-
- tion. Zone I will have the greatest possiblity of contemination
and Zone III will have the’ least possibility of contaminacion.

Zone II is an intermediate - zone. Contamination control will be
‘accomplished by providing an air flow pattern which flows room air
from clean to less clean areas. Air will be exhausted from areas
of highest potential for contamination.

~The following is a list of zone assigoments:
Zone I - Glove Box Lines7 o

-Zone 11 = Glove Box Opernttng and Maintenance Rooms, R&V Glove Box
Fan and leter aoom, Wéldxng Roon, c:torznetry Room. -

ZOne 111 - Paczlxty H&V Equxpment Boom. Halon Bnon. Air Honx:orxng,
and COnttol Room.

. Alr locks are placed be;veen building zones so differential
pressures between zones can be maintained.

- 3.4.1 Vanilation Supply Systems
J.4.1.1 Lit “P’l’

: The BB-Line sir is lupplied by three air condz:xonxng units.
These units are mounted on the canyon roof east of the HB-Line
facxlxty; The three units to:ethet have s paximum gir supply

capacity of 51,000 cfm.

The air supply to the fncilxty is controlled by pneunntic "air
to open" dampers on the discharge side of each unit. These dampers
are interlocked with the fire suppression system and with the high-
" pressure alarm in the canyon exhaust tunnel. The dampers close to
102 of normsl in either of above-alarm conditions. The fan noto:
on each unit is also interlocked with canyon "high pressure” in the
tunnel exhaust. The motor will shut down (along with the facility
exhaust blovers) and has to be wmanually started again by an "Off-
Run-Start" hand svitch located at each unit. The roll type filter.
drive ‘motor also stops when the unit fan notot stops nnd will o:art
agaxn vhen :ﬁe fan notor otarto. BeAAET Py 7

The "Hotor 0f£" lxght and llarn. motor’ "Running lzght. and
"Lov Airflov" for each unit are located in the control rooms.

Lo s
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3.4.1.2 - Air Cenditioning

HB-Line air conditioning system: (1) supplies conditioned air
to the support facility (office area, lunch room; and change
rooms); (2) supplies the Scrap Recovery Fnctlxty. and (3) supplies
the Neptunium and Plutonium Facilities. The units are mounted
outside on the canyon roof east of the HB-Line facilities and are
of weather tight construction. The cooling media for each unit is
chilled water (20 percent ethylene glycol) and the hentxng medxa is
15 psig stean. :

The support facility (offxce area, lunch room and change
rooms) unit is a multi-zone horizontal blow-through type for low-
pressure service. The unit will supply 6,000 cfm of conditioned
air. This ventilation system differs fton the other two systems in
that it recirculates the air from the noaregulated sections of the
support facility, whereas the air from the other two systems is
oace-through and is discharged through the facility exhaust systenm.
The air from the regulated sections of the support facility is -
discharged to the atmosphere vis exhaust fans and HEPA filters

located on the roof. The supply air to the unit is obtained from a'’

plenun that is comson to all three units. The air to the support
facility unit is filtered by a 2-in.-thick throw-away type filter.

The Scrap Recovery Facility unit is a single-zone draw-through
type unit using 1002 outside air. This means that the air supplied
by the unit is mot recirculated but is once-through and is
discharged through the facility exhsust system. The unit will
supply & maximum of 17,000 cfm of conditioned air. The air
supplied to the unit from a common plenum is filtered through two
stages: (1) an automatically renewable roll type prefilter with a
251 efficiency on atmosphere dust; (2) replaceable highwefficiency
filters which are rated at 552 on atmospheric dust based on the.
dust spot-test method,

The-unit supplying conditioned a&ir to the Neptunium Oxide
Facility, and the Plutonium Oxide Facility has a 30-hp motor and is
capable of supplying 28,000 cfn of conditioned air. It is also a
lxngle-zone drcv—thtoush type using 100% outside air. The lupply‘
air to the unit is the same as for the tecovery fccxlxty unit
dencr;bed lbove. : : =

A small 230 cfa axt-condxtxonzng unxt 'tll condxtxon the
Calorimetry Room to 75°F £ 2°F and 60X RH % 5I year round. The
unit will be located in the ceiling- space above the Calorimetry
room and will contain a cooling coil, electric hester and stesm
humxdtftet, and fan. Air will be ducted 'to the unit's inlet from .
the main supply duct, conditioned, and delivered to the room
through perforated ceiling supply paaelo.

L
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3.4.2 Ventilation Exhaust Systems
/
A schematic of .thé HB-Line exhaust li;iim is shown in
Figure 3-5. This section describes the clean and regulated room
exhaust, cabinet exhaust, vessel vent, and the sand filter.

3.4.2.1 Room Exhaust (Clean)

The only clean (nonregulated) exhaust system in HB-Line is
in the support facilities (office area, change room, lunch room,
etc.). Thee exhaust air from this facility is recirculated
through the facility air conditiomning unit. The facility exhaust
air (2775 cfm) is returned to the air conditioning unmit via a
26-in. x l4-in. duct which is located at the east end of corridor

(just outside of lunchroom). The air is filtered through a
throw-avay filter, reconditioned, and returned to the facility.

3.4.2.2 Room Exhaust (Regulated)

The HB-Line regulated area exhaust consists of two aystbms.
-One system exhausts to the’ atmolphere, and the other system is tied
, xnto the canyon exhaust.

. The portton of the HB-L1ne Faczltty that exhausts to the
atmosphere is the regulated sections of the support facility
(regulated change rooms, regulated offices, and Health Protection
‘counting room). - These areas are of low contamination potent;al. A

“‘platform on top of the support facility roof supports the system's
exhaust fan (2 hp) and HEPA filter assembly. Access doors are
provided on the enclosure for filter change and repairs to the
assembly. The system exhausts 3150 cfm. Running lights for the
exhaust motor are provided on a panel in the regulated corridor
(599). The discharge stack on top of the assembly has a manually
operated damper and an air sample probe. ,

The process area regulated room exhaust air is exhausted via
- the canyon exhaust system. A room exhaust header ruas the length
.of the facility, overhead along the east wall on the sixth level.
This is & 40~-in. x 34-in. duct. One fifth~level room exhaust
system (26-in. x 16-in. duct) ties into the sixth-level exhaust
duct just upstream of the two exhaust blowers located in B & V
Room @ and a second fifth-level room exhaust duct tus into the
sixth-level header in Room _ IR

The réom exhaust blowers discharge (36,070 cfn) into a 60-in.

x 37-in. duct which crosses the room (east to west) overhead and
‘enters into the exhaust shaft just north of the elevator. The air,

3-15
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is £orced (pon;txve pressure) to the canyon tunnel by :he exhaust
blowers where it is picked up (negative preccute) by the four
canyon 292-H exhaust fans which pull the air through the sand
filter and then discharge the air to the 200-ft stack.

- The two HB~Line room exhaust blowers are belt driven by 20-hp
motors. ".One blower operates at & time with the other on "auto"
standby. These exhausters are interlocked with the canyon 292
exhausters and with the HB-Line air supply system. Fan-running
lights and alarms are located in the control rooms. The exhausters
are on emergency pover.

The room exhnult fana ate ptovxded wvith pneumatically
controlled inlet vanes for ltntzc pressure control of the facility
with respect to atmosphere. An inside pressure of 0.2 inches WG
negative with respect to the atmosphere is the goal.

3.4.2.3 Cabinet Ezhaust

The HB-Line cabinet (glove box) air exhaust consists of two
assemblies. One assembly is located in Fan and Filters Room Y@
the second exhaust assembly is in Fan and Filters Room ‘ Both
assemblies are designed to ventilate cabinets and gloveboxes with
high levels of contamination. Inlet air will enter the glove boxes
through HEPA filters located on the maintenance side of the cabi-
nets. The air will pass through the cabinets, exhaust from the
cabinets through HEPA filters at the glove boxes and through two
stages of DOP testable HEPA filters in the sixth-level filter
rooms. After passing through the exhaust filter—fan assembly the
air will be ducted to the 221-B warm canyon exhaust tunnel (via
- exhaust shaft located north of and adjacent to the HB-Line
elevator) and passed through the sand filter and discharged to the
200-ft stack. All glove box air is exhausted in stainless steel
- ducts. The glove boxes will be controlled to maintain a 0.5-in.
.to 0.8-iti. WG negative with respect to the maintenance areas.
_Automatic dampers in the glove box exhaust system will be utilized
. for this purpose. Both assemblies will have one fan operating at a
time with the second fan on "standby". An operating hand switch
"Stnhdby-Off-Rnn-Stntt“fil located at each exhauster. The standby
fan will start up (if in the "standby” mode) and discharge dampers
will automatically switch when the running fan fails. Interlocks
are provided to shut down room supply fans and room exhaust fans if
“the glove box exhauster fan fails. Fan-running lights and alarms,
and a glovg box nezntive-prealure alarm set at 0.3 in. WG-are pro-
vxded in both conttol toout. Bxhault fans are on emergency pover.

Both cyltens util;ze 24 x 24 x 12-1n. REPA. fluxd sesl bagout

.....

Lo
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Both cabinets exhaust assemblies (Rooms’ @P and - operate
under three basic modes: - ) , .

(1) Normal mode.

an

(2) Maintenance mode. Utilize the maintenance exhaust headers
. which bypass the cabinet HEPA filters (but not the main exhaust
dual filters) end utilize the air transfer duct systenm.

(3). Fire Mode. sdppl} air fire'daﬁpero close to 102 of normal
flov and the exhsust system sutomatic dampers operate as
required to maintain desired differential pressure.

The assembly in Room @ consists of eight HEPA filters
(4 banks of 2 filters each) of which three banks are required
online at a time with one bank on standby to facilitate filter
changing. Each exhauster is powered by a 10-hp wmotor with airflow
capacity of 2670 cfm. Other tie-ins to the exhaust system such as
vessel vent cabinet and waste conveyor are made to the system prior
to the HEPA filters.

A transfer duct system is provided to supply 1350 cfm of room
" air to needed areas for panel removal during maintenance work. )
This air quantity will create @ 150-fpm face velocity into s 9 fe?
opening (1,350 cfm) of a removed panel or window. This 150~fpu
face'velocity provides sufficient air movement to prevent the
spread of radiosctive material into the room. The transfer duct
eir is directed to the area of usage by local switches and
- sutomatic dampers. '

The cabinet exhausters in Boom .exhault the cabinet or
glovebox air from the neptunium line, waste handling line, and the
plutonium oxide line. This assembly consists of three banks of
filters with two 24 x 224 x 12-in, HEPA filters per bank. Two
banks are online at a time with the third bank used to facilitate -
filter changes. Two 7.5-hp motors are used to exhgust a maximum of
6,725 cfa of cabinet or glove box air. One exhauster operates at a
time with the second exhauster in “standby" position. Controls, .
interlocks, and transfer duct system are the same as that fot the :
cabinet air exhausters in aoou :

3.4.2.& 'h.ncl Vent

The vessel vent system provides a vent for all Hd-Line .
process vessels. The system consists of e 125-liter vessel vent :
- cateh tank (VCT) located in a glove box in Room . This tank

collects liquid condensed in the vessel vent system pipi This
liquid is transfered as required to Canyon Veuelaby :

e i

-
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means of & dilute nitric acid transfer eductor or back to the .

‘ diusolver. in Scrap Recovery by way of sump drawoff tanks. The
vent on the VCT 'is pulled through the vessel vent filter arrange-
ment (VVF) by means of scrubber jets located on each of the
817-liter scrubber tanks, V'nd’

The filter arrangement consists of 12 filters with “Teflon"
batting as the filter media. The filter rack is suspended from the
ceiling just outside of the scrubber tank containment room which is
located along the east wvall of Roou’

The vesuel veut air il pulled through the. filter aunenbly ‘and
_into the scrubber by :scrubber jets and is sprayed.: ‘Process vater
_is .used in the scrubber tanks and is circulated by & pump through
the jets thereby simultaneously spraying the air and pulling a
vacuum -on the filter side of the scrubbers. The scrubber water is
transferred to either Tank 8.8 or 9.6 vhen contamination reaches a
predetermined level. The water is then replaced with clean process
wvater. The scrubbers are vented through a denxutet to the 20-xn
facility cabxnet exhaust duct. S -

3 h.z.s !and llltor

Regula:ed roon exhaust,. cabinet exhaust, and vessel veut air
from the Plutonium Oxide Facility receive a final stage of filtra-
through a 60-m stack. The 294=R sand filter is a key element in
nxuxmxzxng radioactive releases in the ‘event of e ‘severe accxdeut

“in the Plutonxun Oxide Facility.

- The ventilatxon exhaust duct fron the sixth level deucendl the
west wall of the 221-H canyon building and connects to the existing
-‘air tunnel leading to the sand filter. The sand filter will con-

tinue to function effectively if subjected to heavy smoke loading
from a Eg;e in the 221'a,b“i1di987,1 . e

 3.4.3 Iacn Air lolitoring

Thc room lir nonxtoring ayaten for all roous and areas of
potentzll high air actxvity is a hzgh-volune. autonatxc-onnplxng
type with rapid relponle eapabxlity to nxninxze the po:entxal for
a.saazlatton. : :

Tvo air oanpling e:hauaterl for the air oanpling lyuteu are
" located on the 6th Level in the air monitoring room. - Discharge air
from the exhausters is piped into the room exhaust system. The
controlu petnxt the oelectton of eitber unxt :o be de:ignated as .

3-19
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the primary unit with the other unit on teady ltandby.irthe,oyatem
is sized for 19 sampling locations at 40 scfm each for a total
capacity of 760 scfm @ 60" wg.

Air monitoring blovers for théayuoz and nPoz Pacxl;txel are
combxned. -

3.5 !iro Protection SyltCl

The HB-Line Ralon® fzre protection system is deo;gned to
remotely detect fire, to dispense Halon® 1301 to the aftected ares,
and to transmit signals to 701-H patrol headquarters, canyon con-
trol room, HB-Line control room and to the plant suto-term systen.
The canyon and HB-Line control rooms also receive trouble lights
and slarms indicating 4 malfunction of equipment. The Helon® dis- -
charge signal is activated by pressure from the Balon cylinder
being discharged and by command from the sensor unit to discharge
the cylinder. .Therefore, if & cylinder fails to discharge, the
fire alarm will still be activated. Halon® can be discharged
nnnutlly from a manual control station located outside of each room
that is equipped with Halon® suppression. These control stations
have @ trouble light, alarm light, Halon® manual release button,
and a horn silence button. Gloveboxes have the same control

station plus a "Main/Reserve" solenocid switch. After a discharge,

fire protection in the gloveboxes may be masintained by switching to

‘the "Reserve” tanks. After the Halon® has been discharged, the

zone detection and alarm system can be kept active by inserting an
electrical connector at the Halon® cylinder release valve until the
cylinder can be replaced. Facility fire detection and suppression
equipment is on emergency power. Halon® is maintained in rooms for
10 min at 5% to 7X concentration. A sinimum of 52 is maintained in
glove boxes for 10 min. Backup fire protection is provided by the
fire brigade.

Fire detectors (or sensors) are of two types, heat or smoke.
Smoke detectors are located in all rooms of the process ares where
any combustible material msy be located or where significant fire
potential exists. Heat detectors are installed in glove boxes.
The sctivation of only one heat detector in a glovebox is required
to releae the Halon®. However, two smoke detectors in a zone are
required to be activated before the Halon® will automatically be
discharged. This reduces the possibility of a Halon® cylinder
being discharged in a room because of a false fire alarm from a
faulty smoke detector. This system does not have a zone ”byp;ol

. feature nor an "inhibit™ switch.

Halon cylinders fo;'the Bllon‘ £i§e7}rotection systen are .
located in three rooms. §Spare cylinders are located in the same

L
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roon. Room @ houses the Haloen cylxuderl for the Recovety
Facility and its support areas,, Room @@ covers the Neptun;um
. Facility, and Roam coveru the Plutonxuu ‘Facility.

Indicator pmeh are located in Control Rooms -and ' give
the zone in which a sensor has been activated. This gives an alarm
on the indicator panel and @ trouble light and alarm on the control
panel in Control Rooms @D and ¥ A trouble light and alarm are’
also received in the canyon control room. When the second sensor
is activated in that zone, the fire alarm and light are received in
the two HB-Line control rooms, the process control station, the
canyon control room, and the area patrol office. This information
(fire alarm) is also transmitted via the plantwide "auto-term" -
system to the canyon control room, 200-F fu-ehoule. and to @ cen-
_tral station in 700 Area. The Autoterm is @ microprocessor based
“smart trnnlponder vhich serves as @ data collection device.and

__the input junction point for all sensors and nnalog devices. It
processes the inputs and multiplexes the appropriaste signals to the
console from remote points. It also intercepts commands from the
central console which it converts to output signals for the control
of connected devices. The unit is powered from a 115 VAC, 60 Hz
source vith a standby battery. A fire alarm panel is mounted on
the wall in the HB-Line fifth~level elevator vistible just-outside

- and to the left of the HB-Line entrance door. This is.a floor plan

~“of the HB=Line £acilzty. ‘Lights for each fire zone are mounted in
this panel. These zone detector lights are activated when smoke is
detected, and the fire alarm is activated in the event of a fire in
that zone. This enables or aids in directing fire fighters to the
fire zone when the facility is not occupied and in locating and-
correcting a "trouble“ condition of the detection lyltem.

3. 6 Anxilia:y lqnip-nnt ’L‘

3. 6 l Vacoum ttanlfcr Syotcn ifiill' ;j;.; .'ii; ¢ﬁ t;j” ?f,i,

, > Soluticno are trannfer:ed from one vessel to nnother by.. S
R estnblxahxng a vacuum in ‘the receiving vessel. Vacuum is. provxded
‘by- an .air jet for each vacuum veluel. The air Jet is opern:xng by
‘80 pnxg proceoo air. S SRR

73 6 2 cold rood Ptcptracion

o The Puo Flcility uses cbe Cold ?eed Prepatatxcn A:et locntedﬁ
on the 6th h!vel. provided in the Npoz ?ccxlity. o
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3.6.3 Instrument Air

Adequlte instrument air capacx:y is available from equipment
provided for the Scrap Recovery Facility and the Npoz Faoxlxty.

A 1-1/2" line extended frem the NpO Facility HaV equipment |
room serves the outgide air oupply unit, Gth Level H&V equipment
room, H&V filter room. e e ,

3.6.4 Breathing Air

- Breathing air stations connect to the breathing air system
installed as vart of the NpO, Facility project. . Adequate breathing
4ir capacity is available from equxpment provided. A 1-1/2" line
extends from the Np0O, Facility H&v equxpment room to the manifolds.
Alarm stations near breathing air stations and in the control room
wvarn of syttem pteooure loss.

,,3.6.57 Wltoo Systems

The Plutonium Oxide Line is supplied with water from five
‘sources: the Chilled Water System, the HB~Line Cooling Water (W
System, the Independent Cooling Water ’ System, Process Water,
and Domestic Water. Each of these sources is discussed in detatl
in :he follovxng nectzono.

| 3.6.5.1 Chilled Vater System

The chilled water system for the HB-Line facility air
conditioning units is located on the canyon roof east of the
facility. The system supplies chilled water to the cooling coils
on the three facility air conditxoning units. The system has two
Freon refrigeration units; one is rated at 125 tons and the other
at 160 tons. Both units ater_ned into & common 6-inch-diameter
discharge header. However, the units can be isolated to run
separately. The water (brine solution) for the system is made up
in @ 90-gal insulated expansion tank. This is & 202 ethylene
glycol=process wvater solution. The solution from the expansion
tank is oumped through the system and back.to the tank by two (one
15-hp and one 20-hp) centrifugal pumps. Additional water or
ethylene glycol is added manually, as required, to maintain proper
level and brine content. This is determined by expansion tank
sight glass-readings and periodic sampling of solution.

DELETED VERS!Z"-- e
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A chiller unit is installed in Refrigeration Room §® This
unit supplies chilled water (33°F-43°F) to the calorimeter room air
.conditioning unit (a single-room air conditioner to maintain a
required constant temperature for the calorimeter bath and equip-
ment) and to the heat exchlnget vhich supplies cooling water to the
plutonium oxide facility precipitator feed tank B> and both
precipitator stages:

The unit has a 42,000-BTU-per-hr capacity with a capacity
controller allowing it to rum continuously at 15,000 BTU per hr.
The compressor will stop when the return brine (201 ethylene
glycol) solution reaches 33°F and restarts when solution reaches
43°F. The chiller pump will deliver 9 gallons per minute from the
insulated 30-gal chiller tank to the process heat exchanger and the
calorimeter room air conditioning unit.

3.6.5.2 Process Bater

‘rhe process water uled in HB~Line is made up at 211-H in
Tanks @B and @l 50% nitric acid is mixed with demineralized
water from the power house to obtain a 0.01M process water solu-
tion. This water is pumped to the canyon from Tanks #§° andUiiigy
RB-Line ties into the canyon &4-in. header in section 5, Roonu (il
with a 2-in. header “ Ptoceu water is not tied into any
return hudet. :

Thu header, - and branch headers provide process water

to: |
® Vessel vent Scrubber Tank - Makeup Water
@ Cold feed # 1 - Dilute nitric acid ' = - Tank Makeup

e Cold feed # 2  Reconditioning soluti  ' ,
LT e .+ .-~ Elutriant solution ' B EEn
.. . = . ... . Partitioning solution R

- Resin mix tank @&

- Oxalic acid solutien
Cake wash solution
Precharge ;qlu;ion

. Dilute nitric acid :
,Atcorbxc acxd solution G- _ "
e Np proceu .chycle ‘ranks. ~ -~ Dilution &

s b e : - - ‘Flushing -

o —
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® Np Process 7,R:earinr Catch Tank, | Dilution &
' ‘ o tank flushing

@ Waste handling |

line e Ultrasonic Tank, - ‘:CI.eaning
"~ solution
Washing Machine, (ij* R Cleaning
o ' © - solution
Waste Hold Tenks , gQnll® Cleaning
- : : ‘ -~ solutien '
® Pu storage Finished Product Storage Tanks - Cooling
bath
e Pu process Precipitator, Jjimp - . Makeup
: heating & cooling jacket . vater f-~r
: S heatin. &
cooling

3.6.5.3 EB-Line coo!:ing Water (BCW)

The HB-Line independent cooling water system ’ is an
internal recirculating "loop™ consisting of a makeup (hold) tank,
recirculating pumps, heat exchangers (coolers), fxltet. and an
alphl monitoring system. This equipment is located in Room L)

It is baucally independent of any other cooling water system. The
only tie-in to another water stream is the domestic water connec-
tion to the BCW makeup tank. An independent cooling water (jacket).
which is used to cool the system's heat exchanger tubes is isolated
vith no valve connections. to the internal loop.

Domestic water is added to the 545-gal capacity makeup tank as
. required. Water is added manuszlly by opeuting one valve, located
just above the makeup tank. The tank is equipped with low, low-
low, high, and high-hjgh level lights and alarms. The low-low
alarm stops the recirculating pumps. :

‘The water is pumped by two 250-GPM capacity pumps from the
makeup tank through the coolers, through process vessel coils,
storage tank coils, cooling jackets and condensors, and back to the
makeup tank. The pumps duchnrge to a common &4=in. header upstream
of the coclers, and therefore, can be operated separately or simul-
-_— taneously.” The pump switches (standby-off-run-start) are located

in the Wl Roon {J}

DE; - o
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The 4-in. header from the pumps to the heat exchangers
(coolers) branches into & 3-in. lime to each cooler and then again
from a common 4-in. header to the process. Therefore, the coolers
can also be operated separately or simultaneously.

Certain process opeutmnfm the old HB-Line facility (chird
and fourth levels) wil]l remain an integral part of the coohng
system on & permanent basis. The offffi#is, therefore, tied into
these operations. The old facility operations that will be
permanently ned mto :he nev system ate. .

® Storage vault. Roou‘ cooling coils _
® Neptunium receipt tanks, *- cooting coils

- Main isolation valves for the above systems are located on the
fxfth-level 4-in. headers (supply and return). 1In addition, each
segment has individual isolation valves on the btanch supply and
return lines. :

The opeuuona in the nev facility that will be serviced by
the @ system are:

IEN

s::'ubberrunkn," - solution cooler.

Vessel vent system, hood - conden’ut refrigerator unit.
Neptunium precipitators, SRR - cooling coiii._

Storage vault, Room . - itan\i cooling coils.

Plutonium oxide réi;igeuticn Room Q = chiller condenser.

The system is equipped with & single-element filter (with
filter bypass) and alpha monitoring instrumentation as shown in
Figure 3-6. A pump is used to circulate the return water through
the alpha monitors. Trouble lights and alarms are located im the
control room. In the event of hzgh alpha content in the water
system determined by an alpha monitor and/or lab analysis of water
sample pulled via & vacuum sampler port, the water can be pumped
from the hold tank to canyon Tanks SESNMNENN or drained to canyon
Cold Peed Prep Tank il In the event of leskage from the tank
flanges, connections, or valves, the tank catch pan can: also be
drained to Tank . A lov point in the system piping (third

" level) is also provided with hose-fitting tlpl to enabl.e & more '
complete dtunage of the syuem. :

-
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- " | Retrigarntion | Refrigeration -] Scrubber - :
vault Unit - - | Eauioment: el S
(Am (Rm iAm Precipitator

. DOmastic Water

Hest : (Make--Up)
torter —
i 4
Monitor Mako-=Up
l Tank
From Te
independaent
Cooling Water
System

" PIGURE 3-6. Schematic of EB-Line ‘Cooling Water System
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3. 6.5. 6 Independent Cooh.ng vater (WY

'me -supplymg }IB-Lme is obtained from a tie-in to the

20-in. QP header ‘located west of the 221-K Building. This 20-in.
‘header is tied into a 36-in. header which comes from the cooling

tower. The tie-in to the 36-in. header is made upstream of the
power failure cutoff valve which closes in the event the water
pressure in the header drops belov 50 psig. Txexug in upstream of
this valve ensures a water flow to critical equipment in the canyon
and ‘B-Line during a power outage. ‘'HB-Line tie-in to the 20=-in,
header is an B-in. line reduced to 6 inches. A 4-in. tie-in is
made to the 6-in. lime which supplies cocling water to the HB-Line

~independent cooling water "loop" - heat exchangers. The 6-in.

header also supplies coohng vater to the compressors on the three
HB-Line air conditioning units. This line supplying the air condi-
txomng compressors with CW has a valve that automatically closes
in conjunction with the valve in the 30-in. header when pressure

“drops below S0 psig in the 30-in. header.”  The purpose of this

valve is to shut down noncritical or nonessentiil operations (air
conditioning) during a power outage to ensure sufficient coolmg
water for the - system and openuon of critical canyon equipment
supplied by the 20-in. header.

The @ from the HB-Line facility (except the internal looo,

, condensate, and domestic water used to cool compressors on
the instrument air, process air, and breathing air is returned to
the cooling tower via & return water alpha=-gamma monitoring station
located at 281-H. - Should excessive activity in the cooling water

 be detected, a diversion system would be activated which would

divert the water to a rubber~lined retention basin, where the
contaminated water may be decontaminated before it is released to
the environment. The alarms for the monitors and controls for the
possible diversion of the return vater are located in the canyon
control room. : 3 o e

‘ 3 2.5. 5 "Donutic Water -

' Doneotu: wvater . for H Area is supplied from wvells located
throughout the area. ‘It is received in HB-Line from two sources.

..One source is a 2-in. header tied into the canyon domestic water in

canyon cold feed preparation. -~This source: supplies all domestic

‘water used in' the HB-Line support facility (office area, lunch
" room and change rooms). If the canyon has a building § shutdown,

this supply to HB=Line is also shut down. The second source is a
3-in., header tied in underground prior to the canyon cutoff" valve.
This source supplies domestic water to the process area support
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equxpnent. This equipment ‘includes the water fountains, eyewash
acat;ons, safety showers, sinks, coolxng vater for aftercoolers,
and air compressors (instrument air, process air, and breathing
air). A header also provides domestic water to the HB-Line cooling
wvater ‘ makeup tank. Also, stuboffs with valves and hose con-
nections are provided throughout the facility. :

The domestic water from the aftercoolers and compressors .is -
drained into the independent coolxng vater return header. Depend-
ing on its use, domestic water is drained to one of three systems.
Water used for cooling the instrument, breathing, and process air

" compressors, and their respective aftercoolers, is piped into the
independent cooling water return. line. That vhich is used in

regulated areas is drained to Tank gjijplocated in canyon cold feed

preparation. Domestic water used in the noanregulated area is
drained to the sanitary sewvage system._ The DW from regulated area
sinks and drains is drained to Tank @i located in canyon cold feed
preparation. . _

The dcmes:xc water used in :he nonregulatedégtel (chover
drains, lavatories, sinks) is sent to the sanitary sewage system.

3.6.6 Steam

A 3 inch, 15 psig, steam line provides for the winter heating
requirements of the facility. The line provided on the Scrap
Recovery and NpO, Facility projects extends north along the east
side of the new %acility to serve the outside air supply unit.

Condensate collected in a receiver is pumped into the 6é-inch
cooling water return line located on the building roof in
Section 2.

Steam requirements for PuO, Facility will be 600 lb/hr.

3.6.7 Emsrgency Power .

] Enetgency pover- is available to critical equipment in HB-Line
to maintain certain operations and to enable orderly shutdown of
other equipment if normal power fails. Paneu- and Wl io

are on emergency power. There are no emergency power -
panell in - -

- - ———
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Syl:eml consxdered e:renr;ol for operatxon on emergency pover
are:
@ HVAC - Air exhausters and ventxlor;on xnterlock cysrem
. Instrument air conpressor and dryer :
o Essential 1;ghtxog during power outage
® B-Line cooling water systenm
‘e 'F;re detection and ouppreolxon equxpmenr

The source of :he emergency pover is a 300-&" generator
mounted on a concrete pad at ground level wvest of the canyon
building (section 3). The generator is enclosed in a weatherproof
shelter. A generator control panel is mounted on the concrete pad
outside of the weatherproof enclosure. This control panel includes
13 status indicating lights and an alarm horn. 1In sddition to the
panel a trouble light and alarm and & generator runnxng lxght are
located in Process COntrol Room - ;

The fuel tank on the diesel 3eneroror hoo s capooary of 550
gollono. The average. fuel consumption during full operating load
is about 25 gallons per hour. -This allows approximately 22 hours
operating time per full tank. '

3.6.8 Process Air

Proceol air is oupplxed thhan the HB-ane focxlxty at 80 psig
by means of two (2) air. compressor units located on the-sixth.
level, Room One compressor operating in the continuous uode.

is deszgnoted as a "primary" and the other operating in the auto
modes as & "support" compressor. .In the event the primary com-
pressor is. unable to provtde or paintain the designated pressure on
‘the receivers due to excessive usage or system malfunction, the .
support comprelnor will come online. . The support compressor will.
operate in conjunotxon with rhe -primary until the designated upper
limit pressure is regoxned in .the two receiver tanks. The controls
for the conpreooorl are locoted on a control panel mounted to:the:
compressor pockoge" frame, The control rooms (Scrap Recovery CR
and the RpO,~Pul, Pacilities CR) are equipped with a runmning. lxghr,
a trouble light, and alarm for each compressor.: These are tied.
-into the conpreooor motor. A main heoder low-preooure olorm xs
,,also locoted in each. control ‘ToOm. T

Each conpreooor is equxpped thh a zs-hp motor, oftercooler
" and separator, . filters, a Zkﬂogol-caploity receiver, and an air
dryer. Thé units . oupply air to the process cabinets to-enable jet
. transfers of oolutxonl, operore the cold feed hydrazine. pump, -
operate furnace off°gll jets, and provide air purge to certsin:
vessels. Procéss air-is: oloo-uoed to ogerote the waste conveyor
drop port domper cylxnder,aoﬁ Sy

""-mm o ,’,i
- b

_ ;-zsj
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3.7 ‘Engineered Safety Features

An engineered safety feature is a system or device ‘that con-
tributes to the safety of process operations. These features are
provided to reduce the consequence, or the frequency of a potential
accident. The primary protective devices which control or minimize
exposure to radiation and the release of contamination are the
confinement barriers, ventilation systems, and monitoring systems.
The ventilation and monitoring system are described in detail in
this chapter (Section 3.0). The confinenent barriers oyltenl is
discussed belov,

3.7 1 Confinement 'lttilt Syotcn

It is 1uportant to protect opeta:inx per.onnel from radio~-
active contamination. To do this, special confinenent barriers
vere designed to confine radiocactive contamination in solid,
liquid, and airborne forms. The facility was designed to minimize
buildup of contamination and personnel exposure.

3.7.1.1 Liquid and Pinely Divided 8olid Barriers

Process solutions and solids in finely divided form are con-
fined primarily within a container (tank or package). The second
confinement barrier is the cabinet. Cabinets are provided with
sumps to collect material that may escape primary confinement. The
sump has a sampler and an acid flush line. The sumps glso have dip
tubes which are used to transfer by vacuun the solutions to a
collection tank. - The third level of confinement is the room. The
room is a confinement barrier which helps to protect workers in
other rooms as well as people outside the facility. The fourth
barrier is the building itself, wvhich helps to protect people
outside. The confinement barriers are lhovn ocheuatxcally ia
Figure 3:7 :

3.?;1-2 Alrboinnrilrripto

Protective barriers for airborne materials are barriers within
the ventilation system. The primary barrier is the process vessel.
The vessels in the Pu0, Facility are vented to the scrubber system,
via & knock-out tank and filter prior to release to the sand '
filter., Cadinet air is filtered thrfough nontestable HEPA filters
in the glove box then through two sets of DOP testable HEPA filters

before passing through the sand filter.” The confinement barriers

are shown schematically in Figure 3-8.

L
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3.7.1.3 S8hielding

The PuO, Facility is designed to meet requirements of ERDA
(DOE)  Manual Chapter 0524, Standards for Radistion Protection, and
ERDA (DOE) Manual Appendix 6301, Pacilities General Design
Criteria, Section B = Plutonium Facilities. theldxng requirenments
for the Puoz ?acxlxty vere based upon ptoceslxng 238p, oxxde.

thelding £or the Plutonxun Oxide Facxlxty vas deterntned by
cnlculatxonl that limit yearly whole body radiation exposure to
1 rem during normal recovery operations provided that administra-
tive controls are effectively utilized and design throughput values
are not exceeded. ‘Reconmended shielding will limit whole body
radiation exposure dose rates to as lov as econcmically practical,
not to exceed 5 mrem/hr, during normal operations in the intermit-
tently occupied (<102 of workday) process areas. Shielding
requirements are described in detail in Reference 3.
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4.0 DESCRIPTION OF OPERATIONS
4.1 Otglnizntionul Structure

The Savannah River Plant is operated by the Atomic Energy
Division (AED) of the Petrochemxcal. Department of E. 1. du Pont
de Nemours and Company. The structure of the AED, for purposes of
this description, is shown in Figure 4-1. The two major divisions °
are the Technical Division, which includes the Savannah River
Laboratory (SRL) and the Manufacturing Division, which includes the
Savannah River Plant (SRP). - The Departmental Engineer's Office
reports separately to the AED in Wilmington.

The Savannah River Laboratory (SRL) provides technical support

to the Manufacturing Division.  The SRP organization has two major
divisions; Operations, and Plant Facilities and Services. The
Manager of Operations has custodial and operating responsidbilities
for all production facilities. The Manager of Plant Facilities and
Services has teoponstbtlxtteo for nonproduction fucxlxtten and
central tetV1Cfl. '

Primary responsibility for safe operation of the HB-Line
lies with the Separations Department of the Separations Program
Management Team (PMT), with support from other departments, such
as Equipment Engineering, Heulth Protection, Personnel, and
Separations Technology. .

4.2 Opetational Doocription

The Plutonxum Oxxde FPacility provides capability for process=
ing up to 0.3 kg 23%pPu/day (on a one shift per day basis). This
ptoceta is designed to convert nitrate solutions of plutonium-238

Puoz povder suitable as feed for fabrication of heat sources
fot thermoelectric generators. The Plutonium Oxide Pacility is a
Department of Energy (DOE) facxlicy. and DOE is responsible under
the lav for maintaining npproprxu:e control over the operations.

: Objectives of the operat;on: include personnel and equipment
safety and efficient operation. Basic and important operating
decisions are made by management after review throughout the
organization. Decisions which affect safety or operability are
reviewed by a competent technical organization independant of the
organization that has direct responsibility for operation. Process
operations are performed according to detailed written procedures.
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4.3 Procedures
4,3.]1 Administrative Procedures and Control

The primary administrative control document is the contract
(DE-AC09-76SR00001) between Du Pont and the U.S. Department of
Energy (DOE). The contract describes certain obligations with
regard to safety on the part of both the contractor (Du Pont) and
the contracting officer (DOE). Although Savannah River process
facilities are operated by Du Pont, DOE exercises appropriate
control over operations because DOE is responsible for conduct of
the program under the law, as expressed by regulatory requirements
of various governmentsl agencies. The basic principles of the
Du Poat controls system for AED non-reactor proceoses are deserzbed
in Reference 1. :

4.3.2 Operational Control Documents

‘Du Pont imposes an internally authorized system of control
procedures to ensure that facilities are operated and maintained in
conformance with Du Pont management policies as prescribed in the
adminstrative control procedures for non-reactor nuclear facili-
ties. The system has the familiar Du Pont operating objectives:

® Maintain safety of pereennel. equipment, and facilities
® Maintain continuity and increase efficiency of operetions

@ Maintain compliance with applicable governmental regulatory
requirements to ensure public health and safety and protect the
envxronment.

Inherent in the controll uyutem is the precept ther all
process operations are performed according to approved written
procedurss that have been reviewed in an effort to ‘preclude unsafe
. consequences, either directly or as & result of a possible chain of
“unfavorable events. Audits of procedures are performed and docu-
mented, and periodic reassessments of facilities and: processes are
‘conducted with the objective of identifying any prevxouoly unrecog=

nized hazards that may have been created by changes in process
eondxtxonr, opereting practices and equipment, or knovledge of the
eondztton and behavior of conrtructxon nltetllll. - ,

' Operetxonel eontrol doeumento ere lieted in Teble 6-1 and are '
described in detail in Reference 1.
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TABLE 4-]
Operational Control Documents

Safety Analysis Reports

Operational Safety Requirements

Systems Analysis Reports

Technical Standards

Technical Manuals

Mechanical Standards

Test Authorizations .

Nuclear Criticality Safety Control Documento

Plant Interpretive Documents

Quality Assurance Assessment Reports and Action Plans
Operating Procedures o
‘Du Pont Procedures Requiring DOE-SR Concurrence
Plant Manuals ,
Training, Qualification and Certification Records

4.3.,3 Konoperational Work

Included in nonoperational work are areas imvolving projects,
maintenance, and electrical . and instrument (B&I). These efforts
are also controlled by detailed documentation including:

[ 'Ptojectl. Proje;i Objective Letters, and Work Orders
® Works Engineering Procedures and Job=Plans

Details of this documentation are presented in Reference 1.

6.3.6. .Emsrgency Procedares and Plans?,?

" The SBP otaff has the organizational telponsibilxty for
determining emergency plans and courses of action for each plan.
Periodically, the staff reviews the performance of the plant in
emergency plan practice drills. The effectiveness of the plans are
also reviewed periodically, and revisions are made as necessary.
The policy of SRP is to limit the radiation dose to workers to
25 rems (whole body), and 100 rems (hands) in an emergency which
involves ptotectxon of property or petoonnel. For life~-saving
acts, an exposure of 100 rems (whole body) plus 200 rems (hands) is
considered as the guide value.
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Both F and H Areas have an area emergency committee. ‘Members

‘include representatives from each department resident in the area.

This group resolves problems of area-wide significance, adapts the
emergency plans approved by the staff to their partxcular loca:xon,
and xnxtxates and conduccs practice drills. S

"SRP has an Emetgency Operetxng Cen:et (EOC) located in

‘Building 703-A (located in A Area in Figure II-3, see DPSTSA-200-10).

The EOC is equipped with emergency materials such as radio equip-
ment, telephones, maps, and plottxng boards. Food and sleeping
gear are also provxded. . o
There are three besicrplens diecussedrin this report. They
are: o R o e e

1. §he1tcr;dr'Evacneticn'Pienc‘(Section 4.3.4.1)
2. Ruclear Incident Plans (Sectionrb.S.&.Z)

3. Offsite Warning Plans (Section 4.3.4.3)

4.3.4.1 Shelter or Evacuation Plans

There are three types of emergencies considered which involve
shelter;ng or evacuating personnel. all are practxced. They are:

1. Fecxlxty Emergency (where an emergency uay exxat in only a
- single building) - o )

2. Aree Emergency (whete ell buildings in an area are involved)

3. Plant Bmergency (vhere a local condxtxon, or s condxtxon

 created cffcxte,‘affects the plantsite)

A Seperetxonl Depnrtnen: tupetvxtor 1: :he emergency F(cxlxty

- Coordinstor (FC). Based upon his evaluation of any given situa-
~'tzon. the FC derernxnes ‘whether evacuation or sheltering of person-

nel in‘the facility is or is not necessary.. 'He announces that the

facility emergency exists, provides instructions on the handling of

personnel and facilities, and notifies the Area Emergency Coordi-
nator. . The FC has an announcement made over the area publxc ,
address (PA) system. 'The announcement is made at tvo-minute  inter-

vals for a total of four times. Evacuating personnel assemble at.
--the approprxete locetxon es xnctructed by the Fectlxty COOrdxnetor.

An Area Emergencv is - declered by the Area Emergency Coordx-
nator, who notifies the plent EOC. - He announces the,energency over
the areawide public address system and sounds the alarm signal
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(normally & fast warble, but also could be five short blasts from
the powerhouse vhistle). Area emetgenclel are hendled in the same
fashion as Facility tnergenc;el.

The Emergency Operetxng Center Staff provide overall guidance
in the protection of personnel, bulldxnge. and equipment, and in
the maintenance of vital production prior to, during, and after an
emergency. The EOC Shift Crew directs and coo:dxnetee emergency
activities outexde the 1ncxdent eree.

If personnel are sheltered, the Area Emergency Coordinator may
adjust building ventilation as necessary and will evaluate the need
for an area evacuation. Evecuetxng personne: will form a caravan
at the parktng lot and ptoceed to & safe location. The normal
evacuation route is to the main parking lot, through the main gate.
The Area Emergency Coordinator may designate an alternate route.

In the event of an area evacuation, all personnel in the area are
evacusted or sheltered with the exception of & Fmall predeatgnated
group, consisting of Eaergency Duty Personnel.

4,3,4,2 FKoclear Incident Plans

When the Nuclear Incident Monitor (NIM) bell alarms, all
personnel hearing the alarm evacuate immediately by predesignated
routes and gather at a predesignated rallying point. The alarms
are connected to instruments in the control rooms of the production
facilities. When the NIM alarm bell rings in the affected ares, a
light is lit on the annunciator panel and an alarm sounds in the
control room. The facility is shut dowvn and personnel are evacu-
ated or sheltered. If the alarm is later verified to be real, the
Facility Coordinator declares & Facility Emergency and notifies the
Area Coordinator. If other buildings or areas may be affected, the
Area Emergency Coordinator declares an Ares Emergency. He may
adjust building ventilation as necessary, and evaluates the need
for an area evacuation. He alsc initiates action to locate persons
not accounted for. When all personnel have been monitored, the
Facility CoordinetOt dxrec:e Health Protection to survey the area
for re-entry. , .-

All personnel are tteined in the proper evacuation routes in
their individual facilities. These routes are well marked with

Nuclear Incident Evacuation signs. Practices are held periodically

to keep personnel fenxlier wvith the evacuation routes.

4£.3.4,3 '0££o£te Heteieg Plans

The Offsite Warning Plan detetnxnel the need for elertxng
offsite areas of a hazardous condition originating at SRP which may

-6
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affect them. Following an incident of sufficient severity to
threaten offcxte areas, the EOC Supervxlor may -elect to dispatch
monitor teams, each consisting of a Health Protection inspector:

and driver-radio operator,.to predesignated monitor points downwind
of the incidént. They attempt from ground level to evaluate the
spread of radioactive contamination, and radio the results back to
the EOC.

" Ia the EOC, when ‘the cource of the release. vxnd dxrectzon.
'velocxty, ‘and concentration are known, the results are extrapolated
" to estimate the potential exposure to offsite areas. The informa-
‘tion is given to the EOC staff members who make the decision to.
~warn the offsite population center. If EOC staff members are not
available. ‘the EOC Supervxsor may issue the warning.

&4 training

Petlonnel receive :raznxng in the safety acpectl of new Jobs
vith periodic retra;ning in certain areas (e.g., chemical proper-
ties, self monitoring on radxltxon exposure, etc.), and utilize
scheduled safety neetxngs to implement plantvzde programs, . Person-
nel also receive training in emergency actions through scheduled
drills and practices under simulated emergency conditions. Train-
ing records are kept for all employees.

Rew enployees recexve an otxentatton series on the following
subgecta.' '
"Safety rules and requirements
Security rules and requirements
Industrial relatzons. plans. and ‘benefits
Autonobxle trlffic rules: nnd regulltxonl on plant ‘property
' Equll_gnployn.nt opportunxty policy

6 4 1 lopatatiols D-part-cn:

Personnel receive on':he-Job ttaznxng in the opetatxon of
fequxpnent or systems. Operators are considered qualified after
demonstrating caplbility to perform the operation. Operatxng o

- personnel receive training in the. lafety aspects of jobs, and

utilize scheduled safety meetings to implement plantwide programs.
Operating personnel are continually ‘observed and perxodxcally
evaluated. They also receive training in emergency actions and
rescue operations through scheduled drills and practices under
sinulated emergency conditions.
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A training status record for each operator is maintained. The
job performance of all employees is periodically evaluated and
recorded 1in urxtxng.r »

4.6.2 M¥echanical Maintenance Department

Maintenance mechanics are ngen basic training consisting of
classroom and laboratory imstruction. Records of each trainee's
performance are kept. Specxal training is also given as needed for
- special skills such as welding, wachining, refrigeration and air
conditioning, sheet metal work, and pxpefxttzng. In cddxtxon, on-
the-job imstruction is given in apecxalized maintenance techniques
for certain equipment. -

4.4,3 Electrical and Instrument Maintenance Depar:ﬁeﬁtr

All Electrical and Instrument personnel are trdtnedrtn the
safety aspects, operation, and maintenance of electrical equipment
‘and instrumentation. Training received is documented. Courses are
‘also taught ot nev equipment and in reading logic diagrams.

4.5 Review and Audit (Refereance 1)

Audits to determine if procedures are properly used are
carried out independently by the Separations and Separations
Technology Departments independently. In addition to this, special
criticality audits are performed.

Reviews of procedures, operation, maintenance and training are
performed at several levels within AED. Detailed information on
the responsibilities for these reviews may be found in Reference 1.

4.5.1 Separations Department Audits

~ Separations Department conducts & cross-audit of each opera-
tion by a committee that does not have direct responsibility for
the operation. 1In addition, the facility is audited monthly or at
least quarterly by a facility audit team to determine compliance
with procedures. Individual audits within the Plutonium Oxide
Facility by first-line supervision are made monthly to provide a
detsiled examination of specific job assignments. Individual
audits are recorded on Job Observation Reports. :
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4.5, 2 Seporo:iono Technology Deplttlent'huditlz'

Audxtxns functions are performed by the Separa:xons Technology
group as part of their routine surveillance. This group observes
operations in progress, collects and analyzes data, and revievs
operating logs or runbooks. Special surveillance is provided when

- chances of error are greater than ‘normal or when consequences of
‘errors would be hazardous.

6.5.3 Criticality Andits e

A committee compooed of membero from the Seporotxons Depnrt°

"nent the Separations Technology Department, and the Health

Protectxon Department audits material handling and storage. This
audit occurs once per quarter to determine complxonoe vith proce-

~dures, adequacy of procedures, and the :rotuzng of personnel. A

report on each audit and any follovup action is submitted to
Separations Department Hanogement. :

4.6 Inopootion ondrtootiog o
This section gives a brief description of the inspection and

testing of equipment included in the Engineered Safety Features,
Section 3.3.

4.6 l Vontilotion Syotooo

Pro;eot Department heating and ventilotzng engineero provxde

-.services for bolonoxng the ventilation systems of the 221-H

Building. Airflov is measured in hoods and glove boxes to estab-

"lish conformance with standards. The Health Protection Department

routinely inspects and tests the flow of air in potentially.

: oontanxnotod areas. Fans and blovers are routinely inspected oy

operating personnel. Filters such as HEPA types are. inspected and
tested for efficiency and leakoge at’ the Oak Ridge Filter Test

. ‘Facility before being sent to SRP. The Health Protection Deport-l
“ment tests the HEPA filters after they are installed by Traffic and

Transportation Department. A HEPAY by definition is a throw-a-vay,

‘extended-medium, dry-type filter having (1) a minimum particle

removal efficieucy of not less than 99.97% for 0.3 micron parti- -

“cles, (2) a maximum resistance of 1.0 in. B0 when clean and
- operated at.rated flov copoczty. ond (3) a rxgzd oooxng extended -

full depth of the medium.-
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Although all HEPA filters are tested at Oak Ridge, testing
after installation is essential because of damage that can take
place during handling, thxppxng. and installation. In place tests
of HEPA filter systems are to be conducted immediately after each
filter change to ensure proper lelk-ftee installation; and at
regular intervals, nc: to exceed one year, to detect deterioration
of ccmgonentu. relaxation of gasketa. or o:her causes telultxng in
leaks.

Tests are conducted with poly-dispersed aerosol of dioctyl-
phthalate (DOP) droplets having a light scattering mean diameter of
0.7 micron. The test is made by charging the upstream side of the
filter or filter bank with DOP "gmoke", then measuring the down-
streas side for smoke penetra:xon using & linear-readout, Eorwatd
lxgh:-acattertng photometer.

6.6.2 Cooling Water Divnr:ion '

The H-Area Cooling Water System (of which the Independént
Water System is a part, see Section 3.6.5.4) is provided with a
diversion system wvhich is inspected and tested as follows:

4,6,2,1 Instruments

An alpha and gamms response test is made to determine whether
the detectors will respond to a radistion source.® The gaoma
device is normally tested daily, and the alpha device is normally
tested weekly. The alpha detector must be valved out and drained
during this test. The monitors are calibrated using four different
activities of calibration solutions.

- 4.6.2.2 Other Equipment

" In the process of the instrument response tests, the‘alarnn
are automatically tested. A visual inspection of the equipment is
‘nade'dutid; valk=through inspections and during the response tests.

&, 6 3 Confiacnant latricra

Inspections and tests on the integrity of conftnenent barrzeru
are made routinely and in many in::ancel. continuously. :
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4,6.4 Radiation thelding

Continuously opeta:xng ion chambets with recorders and alarms
. are. located throughout ghielded :facilities. These instruments

j contxnuously monitor radiation levels in the facxlxty. An increase
in radiation levels, as measured by these monztors, ‘could indicate
a shxeldxng failure. Also, personnel working in shielded areas
wear dosimeters which measure radiation dose. These dose data are
recorded monthly. Daily radiation surveys are made of the facility
by a qualified Health Protection laspector.

4.6.5 Emergency Power
Emergency diesels are load tested monthly. ' Each veek the -
diesels are tested with:no load.:  The emergency diesels are run for
" 30 minutes in each case. : : L '

4.7 Unique Hazardo

Durzng :he analys;s fot poten:xal radxologzcal hazards. effort
was given toward identifying potential conditions uniquely differ-
ent from normal industrial practice. There were none found other
than those studied and discussed in the radiological part of this
report.

4.8 Control and Hanagenent of lffluento

The basic controls of Pluton;um Oxxde Facxlxty are the
requirements and limits defined in Technical Standards.  Standards
are the responsibility of the Technical Division and usually origi-
nate there. They are authorized by the Technical Director after
approvals by both the Technxcal and Manufgcturxng organx:atxons.

: The-Plutonium Oxide ptocelles nay be operated ou:szde
"Technical Standards (but within Operational Safety Requxrements).

 for tests or for other short-term special purposes using Test '

" Authorizations (TAs). The approval for TAs are similar -to- ‘those

for Standards, but they are authorized by the Director of

7', Hanufacturxng. 0pera:ing limits for the Plutonium Oxide Facility,

are included in operating procedures and are set well within the
limits ‘derived from the Standards. - Operating limits are approved
by the Separations and Separations Technology organxzatxons both of
tjuhtch are 1ntxmate1y fnmxlxar vtth the proceoles and equxpment.
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4.8.1 Effluent Radioisotopes (Pollut;nts)

The only potentially radioactive discharges from the Plutonium
Oxide Facility are the ventzlatzon air, contamtnated coolxng vater,
and solid wvastes. '

4.8.2 Effluent tt.nt;ent ihd:Control
4.8.2.1 Solid and Liquid Effluents

All liquid processing streams and waste solutions are returned
through double wall piping to the canyon facility for processing or
disposal. The double-walled piping is sloped to several low

-points”. Conductivity probes are located at these low points and
are used to detect any leakage into the double-walled annulus. If
liquid is detected by a eonductxvxty prodbe, hard-wxred interlocks
prevent further transfers using the leaking lxné.

The solid waste will be sent to the SRP radxoacttve solid
vaste storage site® for retrievable storage.

4.8.2.2 Airbo:ﬁt Effluents : . B

The process cabinet ventilation air is exhausted through two
stages of DOP testable high efficiency particulate air (HEPA) fil-
ters vithin the facility and will be discharged through an existing
sand filter. Process ares regulated room exhaust is pulled through
the sand filter prior to dzucharze through the 200 ft stack. HEPA
filters are discussed in detail in Section &4.6.1, Iuspectxon and
tectxng of Ventilation Systems.

4.8,3 Effluent !bnitoiing Progran

~ All effluents from the Plutonium Oxide Facility are monitored
for radioactive material content. The content of radiocactivity may
dictate the lction (if lny), to be taken to reduce a release.

- Alpha monitors are 1ustalled in the B-Line Coolxng Vater Syltem
and the Independent Cooling Water System. When contamination is
detected, the individual loop is 1oolc:ed and decontamxnated.

~ All regulated Building 221-8 air is monitored before it 1eavec
the building and enters the stack exhaust tunnel.

4=12
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4.8.4 Safety Management Systems

It is the policy of SRP that safety and protection of
enployeel come first.’ There are two separate orgcnxzc:xonn deal~
ing vith llfety. One concerns itself vith the protection of man
" and his environment from the. harmful effects of radiation and the
other .cals with the industrial safety of the operating persoanel.

4.8.4.]1 Radiastion and Contamination Control

The Health Protection Departaent concerns itself with radia-
tico and contamination control. It is SRP policy to limit the
radiation expocure of employees to as lov as reasonably achievable
level (ALARA).® Radiastion exposure plant guides are used to help
control the exposure of opersting personnel. - These values are
givee in Table 4=2. The HB-Line facility was designed to limit
individual exposures to lell than | rem/year.

The exposure of whole body (penetratxns rldta:xon) is esti= t
mated by combining:

1. The radiation dose deternxned from thermoluminescent dosimeter
(TLD) tetdzng.

2. The neutron radiation dose as determined by thermoluminescent
geutron dosimeters (TLND), .

Internal deposition of radionuclides may be detected by a.
routine program for analysis of urine and by whole body or chest
couating (in vive) :eehniques. .

Locatxonl vithin the Plutonxun Oxide Facility are classed into
three-c:tegor;cl that depend upon expected levels of radiation or
contamination. A Clean Ares is an area vhere no radioactive
materials are handled and vhere the radiation and contamination
levels are equivalent to natural background. A Regulated Area (RA)
is vhere radioactive materials are handled, or where radiation or
contamination exceeds natural background, but where the radiation
level does not exzceed 300 wrads or 50 mrems/hr and contamination is
‘low. A Radiation Zone (RZ) is where radistion or contamination
levell exceed limits for a Regulated Atea.

All wvork vxthxn a RA or RZ is controlled by procedures. These .
procedutes are prepared and approved prior to entry into & RZ, or
prior to starting nonroutine work in a regulated area.
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TABLE &-2
Adninistrative Exposure Limits
aAnnual Adminiscracive Exposure Ligits Iem per vesrt
Effective dose equivalent (sum of intermal
and external exposure to the whole body) 3
Lens of the eye 15
Skin, bone, thyroid, other organs and
excremities ‘ S0
Addivrional Administracive Exposure Limivs (effective
dose equivalent from both internal and excernal
sources)
Eaxployee with cumulative occupational effective
dose equivalent greater than 50 remt 0.5
Unborn child of a worker T 0.5
Exployee or student under age 18 or an employee
who {s not a radiation workerw+ 0.1
Planned special exposure 10
Sice Emetgency**i 10

*Occupational effective dose equivalent is the sum of:
(1) the total dose equivalent from external radiation since
the beginning of employment at the site, and
(2) the total effective dose equivalent froz assimilation of
radionuclides from time of intake to age 75.

—

w*Sun of the coanit:odrdffittivo dase equivalent from internal
radiation and annual effective dose equivalent frozm external
irtadiation. S . :

*i*Thts‘guidc does not apply to the saving of;hunan 1ife. Guide
values for attempts to rescue victims vill be determined based on an
evaluation of the probability of success versus the total risk to

~ the volunteers. LT
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The Radioactivity Concentration Guide (RCG) is the concen-
tration of radiocactivity in the environment which is determined to
to result in whole body or organ doses equal to the Radiation
Protection Guide as defined by Nuclear Regulatory Commission, 10
10 CFR 20 and 10 CFR SO. An. airborne concentration of
2 x 10712 yCi/cc is defined as 1 RCG for 238py.

All building areas occupied by personnel are surveyed rou-
tinely using portable or permanently installed instruments. Air
samples are taken where the potential for airborne sctivity exists.
When air alpha activity exceeds 2 x 10712 yci/ee, respiratory
protec:zon equipment is required.

Protective clothing is prescribed in the procedures for work
in RAs or RZs when an actual or potentxal contamination hazard
exists.

 4.8.4.2 Industrial Safety

. The SRP safety policies are to help employees avoid injuries
and provide a safe enviromment in which to work. Management

'~ directs the program through the Plant and Area Central Safety

Committees. The program includes planned educatxonal activities on
a daily, weekly, and monthly basis.

~ The Plant Central Safety Committee is composed of top level
' managers, Chairmen of Area Central Safety Committees, and Safety
and Fire Protection Supervision. .This body establishes policy and
plantvide procedures. There are nine permanent subcommittees as
" shown in Figure 4=2. The primary functions of each of these sub-
_ committees are listed in Iable 4-3, :

, - The R-Areq,Centtalis;fety'Caumxttee is composed of a repre-
sentative from each of the departments regularly working in H Area.

" This committee is primarily a coordinating group for the depart-

ments in the srea. The committee reviews all departmental reports
-~ of injuries and accidents within the area. The collective member-
ship of the committee supplenentn departmental responsidbility for
aperlonnel safety.

6.8.4.3 Industrisl Eygiene
, The purpose of the 1nduott1a1 hygiene program is to protect
plant personnel ‘and plant environs against hazards from nonradio-

active materials. This includes hazard recognition, evaluation,
and other envirommental control factors. :
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5Safety shb¢01nittee,trinafy Functions

Subcommittee

Poliéj Review

.- Traffie -

Occupational Health S

Eﬁergency Preparedness

0ff-the-Job-Safety

o Ptpcésliﬁaiirdj‘

Management

T §aiéfj Aﬁ:ivitiei 

Housekeeping

‘Safe Distribution

Primary Function

Ravxew and. approve changes xn the:
Safety Manual.

. Reviev and approve injury and unusual

incident investigation reports.
Evaluate plant safety performance.

" Devotes itself to traffic problems, road

hazards, vehicle accidents, and handling
of hazardous ua:etzals (RRYTHH program)

'Devo:el itself to opeczal hazards

involving industrial hygiene, hearing

 ,conservation,'hand1ing of radicdactive

and toxic materials.

Devotes itself to the ability of Plant
forces to respond to emergency situa-

. tions.. Included are fire protection,

firefighting capability, emergency
procedures, and emergency training of
employees.

, 7Revieulvoff-the—jbb injuries, and
. .develop programs and procedures to

improve off-the-job safety performance.

" Responsible forrcéoidinntiﬁg and
.. auditing process hazardn -anagemen:
“.programs. iy

- 7Devotel xtoelf to inéréiiidg the
’;;xnvolvemen: in and expanding efforts

in the planning of. onpluut safety.
programs.

Reviews plant housekeeping standards and

"'developn‘progtlms and procedures to
~improve housekeeping performance,

Coordinates and directs the re~eiving, .
handling, and shipment of hazardous
materials ("RHYTHM").
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The Health Protection NDepartment is resoonsible €or the pro-
gram including noise and ventilation surveys and epidemiological
studies. The Industrial Hygiene Group orovides technical exvertise,
orocedural guidance, and conducts special hygiene survevs.: The
Health Protection Area Survev Group in F and H Area provide survevs
within these areas.

Inspections are conducted in overating areas, and ne&ly
purchased materials used are reviewed for potential hazard. Special

procedures are used when handling potentially carcinogenic materials.

4.8.4.4 Exergency Preparednellr

An Emergency Preparedness Subcommittee of the Plant Central

- Safety Committee devotes itself to fire prevention, fire fighting

. .capabilities, and review of all emergency procedures for the plant.
This subcommittee works closely with the Fire Rrotection Group
vithin the Safety and Fire Protection Division. The Fire Protec-
‘tion group maintains adequate mobile fire fxghtzng equxpment.
trains personnel, and insvects protection equioment.

4.8,4.5 Criticality Control

" There -is & remote possibility that plutonium containing a large
fraction of fissile isotopes could be inadvertently transferred to
the Pu0, Facility.

Procedures are the administrative controls used to ensure
nuclear criticalicy control. These procedures are based upon
Technical Standard Limits and on criticality calculations.

In certain instances, equipment and/or facilities are designed
and built to be "safe" from a nuclear criticality accident. In some
instances instrumentation is used as a secondary control to guard
against Triticality. In addition to these controls, detection and
alarm instrumentation audits and training are basic control devices.

This section discusses procedural and personnel conttols as
they relate to criticality control.
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74.8 4.5.1 Procedurnl Coatrol -

Technxcal Standards Eor Puoz Factlity operatxonl represent the

T'hxghest level of control of the . -process., - They specify limits to

ensure that operation of the various process steps will be safe to

personnel, and to the environment. Technical Standards on Nucleat
Safety ‘provide limits or specifications for the followzng.'

l. Handlxng and storage.t;;

2. Maximum permissible amounts of fissionable xsotopeo and
mxxtureo of fznoxonable xootopeo. R : .

3. Permissible methods for quantity and concentration
determznltzono._wrj ,

Operating procedures are prepared by Separations Department
personnel assigned to the Puoz Facility.: These operating procedures
are reviewed by the Separations Technology Department for their
nuclear ctxttcoltty control adequacy. If ‘special nuclear criti-
cality control items are considered ueceooary, they are promxneutly
1nc1uded d;rec:ly in the ptocedure. . :

Area Crtticality Audit Committees are maintained in the

200 Area with membership from the appropriate Production Department
(Chairman), Health Protection, and from both Separations Technology
and Reactor and Reactor Materials Iechnology. These committees

" "conduct audits of conditxono. practices, and procedures to assess .
their adequacy for nuclear criticality control. The committees
“issue a report of each audit, and the Production Department issues
a followup report otatxng the octxon :okon on each defxcxency and
—recommendotions. : , :

The Nuclear Safe:y Reviev Committee (NSRC) reviews methods of
handling and processing fissionable materials and management systems
to ensure that a critical mass will never ‘be accxdentally accumu~
lated. It reports to management . pet;odxcolly and. is available to
production and technical supervision for consultation. .The NSRC is -
.chaired ‘by the General Superintendent of Technical in SRP. The
‘Program Managers of Reactoro. Separations, and Waste Management;

- and the Dxrector of the _SRL Buclenr Reactor Technology Sectxon are
,”membero. L , LA n e e I

The NSRC meets annually forfo'gene:al'reviev of nuclear safety
- presented by the Superintendents of the Reactor, Separations, and
Rav Materials Departments. A member of Wilmington Management
participates in these reviews. Annual reviews are also presented to
- the NSRC by Area Criticality Audit Committees (see below). The KSRC
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provides guidance to the area committees on solicv and on changine
conditions that may affect nuclear safety ir a specific area. The
adequacy of performance of each area commxttee vxll be evaluated by

‘the NSRC at least evety three years.

Special weetings of'the NSRC mav be called at any time by the
Plant Manager, a department superintendent, or a member of the NSRC
to consult on plans for new or altered facilities or conditions or
to review process incidents or other circumstances involving nuclear
safety. : -

Reports and memoranda routxnelv sent to the NSRC by ‘the
originating groups 1nc1ude.

e Routine and soecxal eudxts and investigations by the Area
—Crxtxcalxtv Audxt Coumxtteesrﬂa

. Specxal hazards xnvestxgltxons ‘of potential, nuclear hazards',

@ Process 1ac;denta involving a ppteptxal nuclear hnzerd
e Meeting notices of committees apoointed to investigate incidents
or conditions ;nvolvzng potential nuclear hazard -

Criticality training is the responsxhtlzty of line supervision,
wvith the assistance of appropriate safety and technical specialists.
Criticality safety training is one aspect of the overall program to
ensure the safety of the process and the versonnel. The continuing
effort is to keep the subject of criticality safety fresh and alive
by oresenting it in new forms and with new aids such as films and
booklets. Rnowledge of the subject is verified through questions by
supervision and the audit committee.

4.8.4.5.2 Personnel Control

Nuclear Incident Monitors (NIM's) are provided wherever fis-
sionable materials are stored or processed in sufficient quantity
for a potential critical confxgutatxon (References 8 and 9). There
is one set of nuclear incident monitors in the new PuO, Facility.
This set is located in the Product Storage Vault, Room ‘Each
set consists of two units to increase reliability. T '

DELETED VERSION
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The alarm rate for a NIM is defined as the ninimﬁm steady
radiation rate that will sound &n alarm within five seconds. NIM':
shall be set so that the alarm rate in service remains between the

. limits of 0.5 and 3 R/hr. -An alarm shall also sound if the total

dose received at the detector within one minute exceeds 50 mR.
However, for instruments in normally unattended, shielded areas,
alarm rates shall be set well above the prevaxlxnz tadxltxcn back~-
grOund and’ may be as high as 100 R/hr. ]

Remote alarm bells are used in arels‘uhere it would otherwise
be difficult to hear the alarm. Personnel are trained to respond
to a NIM alarm by icmediately going to a specified location by a

‘previously prescribed route (Reference 3). There are nineteen NIM

bells on the system. Twelve are located on 5th level and seven on
6th level. Two of the twelve on 5th level are located in-the.
support facility (office aresa), one is-located on the Canyon 4th
level roof, and one ‘in the elevatot ‘ves:ibule. The remaining eight
are located in the corridor around the process.area and in the
maintenance rooms. Five of the seven 6th level bells are located
in the corridor. One is lgcated in the heating and ventilating
Room ‘ and one in Room ;_k :

NIM operating power is obtained from three power supplies
(normal and emergency power) and a rechargeable battery. The
battery will automatically continue NIM operation up to 48 hours
if both normal and emergency power supply fail.
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$.0 RISK ARALYSIS

Pestulated events that could potentially release radicactive material
either to the environment or inside the Plutonium Oxide Facility are analyzed
in tnhe sections below. The initiating events for these releases are identif:.ecd
in Section 5.1. Then, the analysis methodology is explained in Section 5.2,
folloved by frequencies and consequences in Secticns $.3 and 5.4. Mitigation
of these releases is also discussed in Section $.4. Risks are summarized in

Sectien S.S.

For this analysis, the postulated events arze grouped in the following
categories:

Natural Phenomena

External Events

High Enezgy Events

Medium Energy Events

Low Energy Events

Residual Release Events

Airborne Containment System Failuzes

$.1 Initiators

The initiators for each event category were taken from References . and
2; a list is given in Table S=-1. A list of initiators for the analytical
laboratory is given in Table 5-3B. Natural phencmena and external events are

‘discussed in Reference 2 and thus are not repeated here.

$.1.1 High Enezgy Event Ianitiators

A high energy event is cdefined as one that would destroy the first
containment barrier. It would alsc damage the secondary containment barrier
(cabinet), allowing radicactive materials to directly reach rooms occupied by
pecsonnel. _ - S

. No high energy events were identified. . None of the applicable events
involve sufficient potential energy to meet the definition.i-d

S-1
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TABLE S5-1
Potential Rslease~Initiating Bvents

Ipitiator

Category

Frequency, yr~!

Natural Phenomena

175 mph Straight Winds
FS Tornade Strike
0.1g PHA Earthquake¥w*
0.2g PHA Earthquake®**
Flood

Lightning

External Events

<{l=-Ton Hn;eori:e Scrike
Aircraft Crash

High Energy Events
Nooe
Medium Energy Events

Cadbinet Fires
Uncontrolled Reactions
Criticality

Lov Energy Events

Process Equipment Leaks

Transfer Egrors
Overflows
Spills

* Design basis not exceeded.
FS strength for tornadoes.

<1 x 10°5
3 x 10~
2 x 10-3
2 x 10
nil
large

1 x 10-11
10-¢

"

4 x 10~2
102

'S
®

1.6 x 10°8

10=!
107!
x 10”1

"

** Not analyzed beéause of lov freqdenty
*wx PHA = peak hctxzcn:al acceleratxon, O.1g = OBE (Operatxng Basis Earthqucke)

0.2g = DBE (Desxgn Basis Ear:hquake)

DPSTSA=200-10 -2 Q
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HB=Line Consecuences

Noner

Rone® &%

None®

Section S5.4.1.2
None®*

Power Failure

Hypotheticalw
Section 5.4.1.5

Section 5.4.2
Section 5.4.2
Section 5.4.5

Section 5.4.)

Déuignrbasia is 175 MPH for s:rii;h: vinds and
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Categorv  Initiator
Residﬁli'Release15§en:s".“

Process Related
Glove Failure
Material Handling
Room Maintenance
Ai;‘Revgrsals

Airborne Containment System Failure

Ventilation Failure
HEPA Filters By-Passed

-~ Frequenev

‘HB=Line Conseqdénces

7.2 x 10! /yr
5.8 x 10}/yr

3.8 x 10} /yr
2.0 x 10%yz

1.1 x 109/yr

8'x 107/¢4
9% 1072/d

‘Sections 5.4.4, 5.4.7

Section 5.4,
Loss of system
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$.1.2 Medium Energy Event Initiators

A medium energy event is defined as one that will cause
penetration of the primary container, and will cause materials to
bypass the second containment barrier for a short period of time.
- Medium energy initiators are listed in Table 5.1 and are discussed
in detail below.l=3 :

S.1.2.1 Cabinet Pires

A cabinet fire could potentially releasé contamination into _
the maintenance and operating rooms. The fire can cause failure of
secondary containment (e.g. cabinet gloves). The ventilation
system provides filtration of the maintenance and operating room
air prior to discharge to the atmosphere and, therefore, minimizes
the consequences of this event.

Combust dle materials are kept at a minimum inside the cabi-
nets. Fires in HB-Line since 1961 have not caused significent
damage to the cabinets. Several fires were caused by the placement
of combustible materials near thermally hot equipment. The
improper disposal of waste may also lead to a cabinet fire. The
reaction between nitric acid and cellulosic materials have resulted
in smoldering of the material. HEPA filter materials conta;nxng
heat-generating 238py telulted. on one occasxon, in vaporization of
the liquid (acid-water); the Halon fire supression system was
activated, but no actual fire occurred.“

5.1.2.2 Uncontrolled Reactions

Uncontrolled reactions are a rapid means of losing control of
materic : in a process. The potential can exist if a chemical
additic. error occurs. Eructations can potentially occur when the
vessel veatilation system is unable to handle the large volumes of
gases produced during a violent reactions. Eructations result in a
release of material through vessel openings into secondary
containment.

™
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5.1.2.3 Criticality

There have been no criticality accidents at SRP. The vessels,
lines, and sumps that routinely receive significant quantities of
fissile materials have geometrically-invorable design.

The criticality lim'.tA or maximum safe mass of B.15 kg for
handling and processing Puoz is based on calculations for
a :heoretxcally dense oxide sphere composed of 672 238 Puoz 332
Pu02 surrounded by an infinite water reflector.” A ko¢f = 0.9
was used to define the maximum safe mass. The 83.5% 238?u0 142
233pu0, has a larger safe mass because of the higher 238 ruoz con~"
tent. Ihe ‘heat output of 238 PuO, precludes, for. practxcal gurposes.
Pul,

Crtctcalxcy controls for 238py in golution are generally not
required because the minimum critical mass in nqueoaa solution is
quite large. The high neutron emission rate of. 238py (by alpha,n
reactions) requires handling in small batches for effective
radiation control. Concern for nuclear criticality in the 238puo,
facility, therefore, involves an inadvertent transfer of a 239%py-

‘rich solution to HB-Line from the Scrap Recovery Facility or from

the canyon, as explained in Section 5.3.1.3.
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5.1.3 Low tnetgy Bvent Initiastors

A lov energy event will not destroy the primary containment
barrier (the primary container) but may release activity from it.
The events do not necessarily expose personnel to radiocactivity:
low energy initiators 1nc1ude leaks, ttnnsfer errors, overflows,
and spxllc.l

1

5.1.3.1 Process Equipment Leaks

Leaks cause materzal to benettate primary containmentl ‘such as
vessels, pipes, and instruments. The consequence of these leaks
results in loss of a few milliliters of solution to all of the
~ material in holdup. Leaks can alsoc occur due to failute of valve

packings, welds or 1n:ttuments.

. 5.1.3.2 Transfer Errors

Transfer errors are defined as the intentional movement of
material to an unintended location. No release occurs if the
transfer error is between tanks in the same facility. If the
transfer error results in transfer of material outside primary
containment, then there can potentially be a release of radiocactive
materials. '

$5.1.3.3 Overflows

Overflovs are caused by exceeding the capacity of a vessel.
The consequence of this event is minimized by providing a vessel
vent system. Exceeding the capacity of the vessel will result in
transfer of the material to the vessel vent catch tank. In order
for overflows to release material to the secondary containment the
primary containment (vessel) must have an opening to the secondary
containment (cabinet) and the vessel vent capacity exceeded.

S.1.3.6 Spills

Rupture of a polyethylene bottle can cause relese of 238py
solution to the cabinet sump. Spill of oxide power in the cabinet
is not expected to cause a release to the room because of the
negative pressure inside the cabinet. Some of the powder would be
exhausted through the cabi-et exhaust system, but most of that
would be removed by the HEFA filter system and sand filter.

vy
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S.1.4 Residual Release Event Initiators

A residual release event is similar to the lov energy release
except that it considers only the residual activity already in the
cabinet (outside process equipment) as being available for trans-
port through the containment barriers. These releases represent
releases due to failures of secondary containment (the cabinet).

It is assumed that, in this new facility, residual activity will be
available soon after startup because of xncxdentl such as those
discussed above in Section 5.1.3.

S.l.é.l“vfroqqlc inlatcd Releases

Routine residual releases include events such as sampling,
cabinet filter changes, hut construction and/or removal, decontami-
nation, and maintenance. These operationu have the potential of
releasing residual airborne activity to the ventilation systenm.

The ventilation filter system reduces the amount of activity
released through the atack.r

5.1.4.2 Glove l:placcncnt and Glove tailnrel

Gloves are used throughout thxl iactlxty in both the mainte-
nance and operating rooms. Glove failures are minimized by a
routine glove change program. Gloves may also fail during opera-
tion due to puncture or rupture. Spread of residual activity is
minimized by the ventilation system. Hegatxve pressure is main-
tained in the cabinets with respect to the maintenance and. operat-
ing rooms. The ventilation system slso- provxdel filtration prior
to dxucharge to the stack. Procedures require nonxtorxng cfter a
job is coupleted to nxuxnx:e the lprend of contnnxnntxon. o

5.1.4.3 !atctinl Inndlinz

A teaidual activzty releale can ‘occur uhzle introduczng

- material into the line, bagging naterxaltltools. and during vn-te
' “handling. Waste generated in the main line cabinets are passed
down to the waste conveyer and transfered to the waste handling

line. Cabinet wvaste geanerated in the wing cabinets must be bagged

out,  Residual activity releases will likely occur during .these

operations.  The venti!ltion lyuten will provxde filtraticn ptxorr;
to dtuchstge to the ltack. o e G . :
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S.1.4.4 Room Maintenance

Room maintenance may result in resuspension of activity from
prior releases to the room. Examples of residual release caused by
roon maintenance include replacement of ceiling panels and floor
' txles, painting, or relamping.

$.1.4.5 Air Reversals

Airborne activity can be released from process cabinets and
spread to clean rooms and corridors during an air reversal. Air-
borne contamination is a potentxal inhalation hazard to personnel
‘not wearing respxratory vtotectxon equipment.

S.1.5 Airborne Containment System Pailures .

These systems provide contaimnment of airborne activity. They
include the ventilation system, HEPA filters, and sand filter. For
the purpose of this analysis the sand filter is assumed to always
be available with an efficiency of 99.51%X if no prior HEPA filtra-
tion has occurred.® The ventilation system and HEPA filters are
discussed below. .

5.1.5.1 Ventilation Pailure .

Total loss of the ventilation system could result in a radio-
active release to the operating and maintenance rooms. (Loss of
the ventilation system is defined as loss of normal and emergency
powver to the ventilation system.) However, several interlocks are
provided to prevent releases to the operating and maintenance rooms
due to the ventilation systenm.

Air supply to the facility is interlocked with the fire
suppression system and the insufficient vacuum alarm in the tunnel
exhaust. If the fire suppression system is activated, both the air
supply and air exhaust are throttled to 10% of their normal flows.
This allows discharge of the Halon® system and maintenance of the
proper Halon® concentration without pressurizing the glove boxes or
losing ventilation airflow. Mechanical stops on the supply and
exhaust dampers prevent closure to less than 102 of normal flow.

If the alarm for insufficient vacuum im the exhaust tunnel is
activated, the ventilation air supply is also throttled to 10X of
normal flov. :

0y
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The HB-Line exhausters are interlocked with the HB-Line zir
supply system. 1If the air supply vas throctled back due to
discharge of the fire suppression system, the air exhaust uxll
throttle back also.

5.1.5.2 HEPA Pilter Yailure

Failure of a HEPA filter in the cabinet exhaust nys:em results
in increased activity released to the sand filter. Based on
statistical analysis of HEPA filtration systems, the unavailability
xs 0.093. Fot this analyl;a. the penetration factor for one stage

is 4.9 x 103, The penetration factor for two filter systems is
4.9 x 105, The penetration factor for three filter systems is
4.9 x 10°7.6,7

S.2 Analysis Methodology

The purpose of this safety analysis is to evaluate the
operating risk to onsite personnel and offsite copulations from
this facility. The first step was to reviev the facility and
equipment design, and the wmethods for opera:xng and controlling the
process. The knowledge obtained from this reviev was then used in
a systematic analysis of the Preliminary Hazards Analysis! to
ideatify the hazards in the operation.

Risk (oan-rem/hr) in this analysis is defined as the product
of the expected frequency of an event that will release radio~-
activity and the dose to the recipient. The characterization of
the radioactivity releases vere defined by dividing the types of
initiating events leading to these relesses according to their
energetics. A logic diagram called .an event tree was used to
define the possible sequences of events subsequent to the -initi-
ating event. These event trees provided s basis for snalyzing the
physical processes occurring during operations and for deternxuxng

-~ containment failure modes. These sequence definitions then

provide estimates of the amount of radxoac:xvxty :ha: vould bc

_teleased from the occutrence.,.

To obtain the e:pected frequency for a given event conse~
Quence, it was necessary. to determine the expected frequency of the

. initiating eveat and the failure rate per demand for the sequenced

conditions. Some frequencies were obtained through the use of
fault tree analysis. Fault tree anslysis produces a logic diagram
to wvhich failure rates and probabilities can be assigned and
combined to derive the expected frequencies for system failures.
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s.2.1 Datas BRase

Sources of raw data for risk assessmant include published data from DOE
reprocessing sites, environmental impact statements, safety analysis repores,
experimental studies, and risk assessments by engineering firms on existing sr
proposed reprocessing plants. Sources also include data from all 200-Area
operaticns,? including HB-Line operations; data entries range from minor
equipment malfunctions to incidents with potential for injury or contaminat:sa
of personnel. Several types ¢f information have been extracted from these
reports, including actual incidents, potential incidents, consequences, and
engineered safety features designed te prevent, detect, or mitigate such

incidents.

Data are stored in several data banks in a manner suitable for sorzin
and retrieval of information for risk assessment. The data banks include a
generic incident data bank? that contains known potential incidents that could
occur in each of the unit operations asscciated with fuel reprocessing.

The 200-Area Fault Tree Data Bank! contains actual deviations from
normal operation, including dates of occurrence. These incidents are coded by
site location, facility, unit cperation, and keyword sc that they can be
retrieved by & variety of specifications. A computer code? prowvides the
capability of selecting cdata by any of nine separate specifications. These
specifications are: area, facility, unit operation, key word, "and” logic,
"not” logic, source document, date, and text words. From these data,
component failure frequencies and repair times are calculated.

$.2.2 Radionuclide Distribution

Consequences are reported in terms of curies of activity released from
containment. To calculate dose resulting from transport of this material to
man, the individual radicnuclides present and their relative abundance must be

known. This information is referred to in this report a3 a radiocnuclide
distzibution. It is a list of biclogically hazardous radionuclides along with
their respective curie fractions, Table 5.2 shows the radiation properties of

typical 23pu _processed in HB-Line.
$.2.3 Bvest <Treas

An event tree is aAlaqic'diagiah identifying the various possible
cutcomes of a given initiating event. The number 34 :

$-10
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TARLE 5-3
Radistion Properties of 238Pu as processed in HA-Lins
Specific Typical Maximum Worst
Actavity, Weight Weight Source Radioactivity
Nuslilde Ci/g. . Ezaction . Erxaction JTezme  (Ci)hee
238y 1.7SE401  0.75-0.90 0.92 0.2 64.2
233py 6.13E-02 0.11-0.17 0.48 0 0
adalpy 2.30E~01 0.01-0.0$8 0.20 0 0
24.pu 1.12E+02 0.005-0.03 0.1€ 0.08 3s.8
242py 3.90E-3 0.0005-0.001 0.001 0 0

The ﬁots:,source term represents the weight fraction resulting in the
highest doses. It is used only tc obtain the most conservative dose
values and is not an actual isotopic distribution that will occur in
normal operations. .

Based on worst source term.

5-11



DPSTSA-200-10 -2
sUP 2C

possible final outcomes depends upon the various options that are
applicable following the initiating event. 1In this analysis, the
initiating event for each tree was chosen based on its energetics

and physical form (i.e., liquid or sirborne). Events subsequent to
the initiating event are determined by system characteristics and .
engineering data. In these event trees, & particular sequence from
the initiating event to final outcome is termed an accident sequence.

For convenience, release sequences were based on the physical
containment equipment (somecimes referred to as confinement :
barriers). For sirborne materials, the ventilation equipment
became the significant containment barriers. Event trees provide
combined accident sequences from the initiating event to the
release of activity at the points of interest. The points of
interest for liquids and solids are releases to the rooms, which
may ultimately reach the outside ground, or, may be a source of an
airborne release. Release points of interest for asirdborne
materials include releases to the cabinets, rooms, and stack.

The starting point for the development of an event tree is the
event (failure) that initistes & potential accident situation. -
These initiating events, vhich may be referenced according to the
energy associated with the event, were defined in Section 5.1.
Containment barriers are discussed detail in Section 3.3.1 of
Supplement 2A.2

In the preparation of an event tree, the first step is to
determine vhich systems might affect the subsequent course of
events. As an example (Figure 5~1), given the initiating event,
the systems vhich affect the subsequent course of events are the
cabinet, the room, and the ventilation system. Each of these
barriers are ordered in their sequence across the top of Figure 5-l.
The upper branch of the tree represents failure of the system to
fulfill its containment function. In the absence of other con-
straints, there are 2‘?*1) accident sequences wvhere n is the
number of headings (functions, systems, etc.) included on the tree.
However, there are known relationships (constraints) between system
functions. For example, if the cabinet or sump contains the
release, then no consequence will occur. Once these rvelationships

" are determined, some sequences can be eliminated because they

represent illogical or inconsequential sequences. These reduced
event trees are used in this analysis. ,

If the event sequences are independent, then the expected
frecuency of occurrence of a given sequence is the product of the
initiating event frequency and the individual demand probabilities
of t=e individual svstems in that sequence. Since the failure’
demand probabilities are often 0.l or less, it is coomon practice
to aooroximate success (l-p) as 1. [t should be noted that as

5-12
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indicated in Figure S-1, the study develcped event zrees in which each branch
point provides only twe options, sSystem failure or success. No consideration
is given ta partial system success within an accident sequence

5.2.4 fault Trees

The fault tree msthod was used to estimate expected frequen-cies for the
top event, for each energy category. -The methed uses a logic that is
essentially the reverse of that used in event trees. Given a particular
failure, the fault tree method is used to identify the variocus combinaticns
and sequences of other failures that lead to the given failure.i?

The fault tree method, illustrated in Figure S5-2, shows a fault tree for
a low energy release event. The fault trees developed in this study were kep:
simple, and were developed downward only to the point where data are
available. In devel- -
oping the trees, consideration was given to intrinsic component failures,
human factors, testing, and maintenance. The expected frequencies of the
failures were assigned to the appropriate slemants of the treea, and the
expected frequencies of the top event were calculated.

A number of computer codes are currently available for the qualitative
and quantitative evaluation of fault trees. FTAP and IMPORTANCE computer
codes were used to evaluate scme of the fault trees. FTAP is a computer code
that performs the qualitative evaluation of a fault tree (i.e., computer
minimal cut sets). IMPORTANCE is a computer ccds that performs quantitative

analysis o£ a fault ::e..ll

FTAP is used to obtain minimal cut sets. FTAP determines minimal cut
sets of any crder for fault tree with AND, OR, K-of-N, and NQOT gates. The
minimal cut sets are used by IMPORTANCE te calculate the probability,
unavailability, unreliability, or importance. Details about the methods for
determining minimal cut sets, can be cbtained from the EFault Tree Handbagk.:3

.- The FTAPLL algorithm . is based on one of thres mathods selected by the
user: top-down, bottom=-up, and Nelson. The top-down and bottom=up approaches
are basically-akin to the methods used in MOCUS!2 and MICSUP!3, respectively.
The MOCUS algorithm uses successive Boolean substitution starting from the top
event and working down the tree until all gates have been replaced by primarzy
events. The MICSUP algorithm is similar to that used in MOCUS, except that
MICSUP starts with the p:inary inputa of the lowest level qa:c and works

upwa:d to the top event.
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Low Energetic
Releass of
Liquid

" Overflow Transfer

FIGORE 5-2, [Example Pault Tree
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Input information required by FTAP consists of contrcl informaticn and
sescription of the fault tree. Eight-character alphanumeric names are used
f£or the event in the fault tree. The output, which can be printed, includes
zhe list of minimal path and cut sets.

IMPORTANCE ranks primary events and cut sets according to various
available importance measures.:l! It is capable cf handling fault trees with
cims~-dependent primary events under the assumption that primary events are
statistically independent and ctheir failure and repair distributicns are
.exponential in time. . ’

The importance measures that are included in IMPORTANCE are as follows:

1. Birnbaumit

2. Criticalityls

3. Upgrading Functioni$

4. Fussel-VeselylS

S. Barlow-Proschaal?

€. Steady-state Barlow-Proschani?

7. Sequential Contributory!s

The input is a list of cut sets and primary failure data. Cut sets
generated by FTAD are suitable for input. The input events can have up to 8-
character alphanumeric names. The output consists of the probability,

_ importance, and ranking of the top events, primary events, and cut sets on the
basis of one or more of the above mantioned measures.

S-16
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§.2.% Dase Models

siqnitican: onplant and offplant doses from the operation of the
Plutonium Oxide Facility are considered in this analysis. A description of
the dose models used is included in the following sections.

5.2.5.1 Dose to Personnel
The mechanisms for radiation dose to employees inclucde:
¢ Direct dose from external penetrating radiation.

© 1Internal dose from inhalation, injection, and ingesticn of
radionuclides.

The maximum radiation dose iimitsl® are given in Table 4-2. Wwhen
personnel doses approach or exceed these guide values, the personnel are
reassigned to work in locations with reduced dose potential. The dose to
operators from direct radiation is measured on thermoluminescent dosimeters

worn by the personnel.

Internal doses to individuals are determined using bicassay samples,
whole body counting techniques, and other mathods. For this study, internal
doses to workers from accidental releases in rooms occupied by perscnnel were
computed using the models
described in Reference 19. Fifty-year inhalation dose commitment factors
which are used are based on most recent recommendaticns of the International
Commission on Radiological Protection (ICRP Publications 26, 30, and 48).2¢

The dose (D) to the worker breathing contaminated air is the product of
the dose commitment factor (F), the volume breathed (V), and the activity
concentration (C) shown balow:

oum)-anuran)xmuuq

The Dose Commitmant Factor, P

' Dose commitment factors are used to convest assimilated radio-active
isoctopes into an integrated radiation dose. These factors are @ function of a
particulsr radionuclide and its radiation type, intensity, and rtadiclogical
and binlogical half-life and the mode of assimilation considered. For
plutonium isotopes, the bone is the organ receiving the largest dose.

§=17
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The Voluma of Air BRreathed, V

Adults are assumed to breath e volume of about 1 x 10’ cc/8 hr workday.

‘This is equivalent to 350 ce/sec.

The Concentration of Radloactivity in the ALy, C
The accident descripticn includes the activity released into the coom as

a result of the accident. It is assumed that this activity is diluted
instantanecusly into the volume of air in the room.

§.2.5.2 Models for Calculating Dbs.g from Atzospheric Raleases

oz

Acclidants

The radiclegical consequences of radicnuclides released during an
accident are evaluated for three population groups: 1) maximum S0-year dose
commitment to an offsite individual, 2) SO-year dose commitment to onsite
personnel, and 3) SO0=year dose commitment to offsite people residing within 80

kilcmetezrs (50 mi).

For each accident scenario postulated, the associated radioclogical
consequences are analyzed using the AXAIR computer code. The AXAIR code is
used to calculate the consequences resulting from the release of radicacivizy
to the atmosphere. A complete description of the AXAIRESQ can be found in

Reference 37.

For the maximum individual cdose calculations, 42 air dispersion factors
{X/Q) values at the plant boundary were calculated for each sector,
corresponding to seven wind speeds and six atmospheric stability classes. A
cumulative probability distribution of X/Q (in decreasing order) was )
constructed for each sector tc determine the sector X/Q which corresponds to
the 0.S5% worst metecrclogical condition of the five-year periocd. The highest
of the 16 sector X/Q values is termed the maximum gector X/Q. An overall
cumulative probability distribution of X/Q (in decreasing order) was
constructed to determine the St overall site X/Q, which corresponds to the 5%
wvorst meteorological conditions of the five-year pericd. The higher the value
of the maximum gector X/Q and the St overall site X/Q is then selected as the

‘two-hour X/Q value evaluating postulated accidental airborne raleases. The
maximum individual doses wers computed for the 50-year effective dose

equivalent and six organs of interest. Both inhalation and immersion pathways
were considered. ' . . .

For the onsite population dose calculations, the X/Q values used were
cemputed for distances inside the plant boundary in e manno: similnt to those
described for the maximum individual dose.

S-18
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The onsite population database represents a typical day-time populaticn curing
tne months of August-September, 1989 and is described in detail in Reference

38. The onsite peocpulation doses were computed for the S0-year effective dose
equivalent and six organs of interest. Both inhalation and immersion pathways

were considered.

For the offsite pcpulation dose calculations, the X/Q values used were
computed for distances within a S0-mi.e region of the Savannah River Site :n a
mannes similar to those described for the maximum individual dose. <The
offsite population database is based on the 1980 census of the U.S.
populaticn. This distribution can be projected to a later calender-year
distribution. The coffsite population database is described in detail in
Reference 37. The offsite population doses were computed for the S50-year
effective dose equivalent and six organs of interest. Both inhalation and

irmegrsion pathways were considered.

AXAIRE9Q. The radiclogical consequences from the release of nuclides
via atmospheric paths are analyzed using the AXAIRBSQ code. The AXAIRBSQ code
performs both environmental transport and radiation dosimetry calculations for
the postulated accidents involving airborne releases. The enviroamantal
transport models used are based on the U.S. Nuclear Regulatory Commission
(NRC) Regulatory Guide 1.145.21 The exposure pathways considered in the
AXAIRESQ code include inhalation of radionuclides and gamma-irradiation from

the radicactive plume.22

Radiation doses from inhalation of radionuclides in air depends on the
amount of radionuclides released:; the gasecus dispersion factor: the physical,
chemical, and radioclogical nature of the nuclides; and various biological
parameters such as breathing rate. Standard sets of breathing rates are used
in the AXAIRESQ code.23 Fifty-year inhalation dose commitment factors which
are used are based on the most recent recommendations ¢f the International
Commission on Radiclogical Protection (ICRP Publications 2€, 30, and 48).2¢

Radiatiocn doses from gamma-shine result from radiation emanating from
the traveling plume and depend on the spatial

S=18a
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discribution of the radicnuclides, the energy of the radiation, and the exten=
of shielding. In the AXAIRE9Q code, no shielding is assumed in calculating
population doses; the gamma-shine doses are calculated using & non-uniform
Gaussian model because of its more realistic modeling compared to a
conventiocnal uniform semi-infinite plume model.2$

In addition to the use of the worse-sector, wcrse-case mateorology, and
conservative breathing rates and shielding facters, the AXAIRESQ codes also
provides no credit for the probable plume rise from stack releases.
Therefore, the doses calculated by the AXAIRESQ coda should be considered on
upper bound of radioclogical consequences for the atmospheric releases
postulated. (For population dose calculations, meteorological conditions arce
weighted by sector, wind speed, and dispersion class based on actual Savannah

River Site meteorological data).

S$-19 -
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5.3 Accident Prequencies

Frequencies used in this analysis are discussed in detail
telov. The £thucneic| of natural phenomena and external events
are as discussed in Reference 2 and are repeated in Tadble S-1.
Table 5-3 summarizes the calculated upper-limit fthuencxes for
accident release sequences thet begin with the initiators in
Table 5-1. The event trees for these release sequences are shown
in the Appendix. These release sequences represent the combined
frequency of the medium energy, lov energy, and residual activity
telease events, along with failure probadbilities for the filtration
system.

5.3.1 Medium EBnergy Events

The total expec:ed frequency of medium energy events is
8 x 10~2/yr. The frequencies of the initistors are listed in
Table 5-1 and are discussed belov. Csalculated frequencies for
wediun energy release sequences are shown in Table S=3. The event
tree for these releases is in the Appendix. : . -

$.3.1.1 Cabinet Pires

There have been § fires in aﬁ-Linc since startup in 1961.
They occurred without damaging coatainment or resulting in a release
of radioactive materials to the rooms. Four of them occurred in <

‘the Scrap Recovery Pacility and onc in the Npoz calciner cadbinet.

Only two are applicable to the 238 Pu0, facility: (1) burning
glaltxc on top of a calcxnxng furnace and (2) heat buildup in

38 Pu-contlxnxn; vastes in Scrap Recovery. Based on these firas,
the frequcncy in the new 23°ruoz facilicy is 2 = 10‘ lhr. and the
frequency in the adjacent lolxd vaste cabxnctl is 3 x 10~%/ne.

$.3.1.2 Uncentrollod lnactibnd

‘Pour uncontrolled resctions have occurred in HB-Line since
‘startup in 1961, three in Scrap Recovery and one in the Wp0
coupling cabinet. Wone of these incidents resulted in a toieale of
radiosctive material to the environment or in the penetration of
the »rimery containment barrier. Further, none of these xncxdents

-invoived conditions found in either the old or the nev 238py

faciiity, .so the expected frequency is no greater than 5 x 1025/ht
(1/23 vye).

5-20
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TABLE S5-3 | "f?“w

»

Expected rtequencxel of 8cquenced Rclcasel

T Expected ]
% e - Event * Frefuency. .. ‘Exhaust o
. Event : ... Sequence’ - yr~! - System  Release Sequence Description’
Medium Energy MA 6 x lOfs - Medium energy event and
- . ventilation fans fail
MBCD 7x 10 Cabinet Medium energy event and both
3 , HEPA's fail
MBC 7 x 10° Cabinet Medium energy event and first
. o L . o otage HEPA fails :
" MBD 7 x 107 _Cabinet Medium energy event and
T . second stage HEPA fails
MB . 7 % 1072 Cabinet Medium energy event with no
. SRR ' filtration system failure
MB' : 8 x1072  Room Medium energy event = activity
‘ : released to room exhaust
i i system -
low Energy LA 6 x 10'3";:~ Llow enetgy event and
‘ _ : ; IR : ventilation fans fail
' ' LBCD - 6x 1072 Cabinet low energy event and both
) , S e - HEPA's fail _
BC . 6x 10‘1 .. Cabinet Low energy event and first
; o C . R stage HEPA fails
LBD 6 x 10~} Cabinet Low energy event and second
S R o o stage HEPA fails
LB : 6 x 100 Cabinet Low energy event with no
: filtration system failure
LB' 7 x 100 Room - Low energy event with activity
activity released to room
S exhaust system )
Resxdual Act:vzty RA : 1x 1071 - Residual release event and
Release ) Lt st o yentilation fans fail
- RBCD e 51;:;10°: ~--Cabinet -Residiual releasé event and
' o B e T T ST S both HEPA's fail
- . _ 'RBC Iz 100 Cabinet Residual release event and
. - ' e first stage HEPA fails
o RBD S | x 101, - Cabinet Residual release event and
- T e RS second stage HEPA fails
Y ' - RB RE 4 x x 102 - Cabinet Residual release event with no
: SR e - filtration system failure

o e R ;1;1 x 102 Room Residual release event with
c : T o activity released to room
‘exh;ust oyo:em S

lgvent sequencel are ohovn in the Appendxx.' ' ' E
See Table 5-1 for expected frequeneieu of lpecxfic event xnztiatotl.l

2Filtration aylten ‘consists of two stages of DOP testable HREPA filters
for the cabinet exhaust. A sand filter providea the fxntl filtration

prior to discharge to the 200-ft stack.
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A potential cause of uncontrolled reaction is a chemical addi-

tion error in & process solution. The frequency inm HB-Line is
about 1/vear. However, none of these errors has resulted in an
uncontrolled reaction or loss of process solution from orimary
containment. The types of chemical addition errors are: wrong

amount added (57%), wrong chemxcul added (352), and chemical added .

too fast (BX)

5.3.1.3 Criticality

Because accxdental criticality has not occurred in HR-Line or
elsevhere at SRP, the probability must be estimated. The prob-
abxlxstxc fault tree method was used to calculate a frequencv of
1.4 x 1075/yr or about once in 70,000 years. The fault trees are
shown in Figures A-4 and A-5 of the Appendix.

The only potential mechanism for achieving an accidental
criticality in the Pu0, Facility is through the inadvertent trans-
fer of material rich ia 235Pu from the Scrap Recovery Facility or
the canyon. This would require the breakdown of administrative
controls and continued processing of the fissile material in spite
of redundant samples that should detect fissile material. 1In this
scenario, processing would continue and the material would be
concentrated sufficiently to achieve a criticality.

5.3.2 Low Energy Events

The total expected frequency of low energy events is 7/year;
frequencies of the individual events are given in Table 5-1.
 Frequencies of low energy release sequences begun by these

initiators are calculated from the event tree, Figure A-2 of the
Appendix, and are shown in Table 5-3. -

$5.3.3 Residual Activity lelease.BQentl

The expected frequencies of residual activity release evénts,
described in Section 5.1.4, are based on analyses of airbormne

activity in HB-Line." The expected frequencies for residual activ-

ity release sequences are shown in Table 5-3. Only a fraction of
HB-Line releases are related to Plutonium Oxide operations. - The
to:alrezgected frequency for a residual activity release is -

1.7 x 10¢/yr. The event tree for these release sequences is shown
in thute A=3 in the Appendxx. Table 5-~! shows the expected fre-
quencies of the specific initiators of residual activity releases.

5-22
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TARLE' 5-3&

Expected Frequancies of Sequenced u.l.aool for the

Labo:a:o:y

7 Event
Eyxent Sequancer

Medium Energy MBCD
MBC
MBD
MB
ml
Low Energy LBCD
LBC
LBD
LB
w.
Residual Activity RBCD
Release RBC
RBD
RB
”l

Expected
Frequency,

- lxr

5.4E-04
$.8E-03
$.8E-03
6.3E-02
6.9-02

1.4E-02
1.Se-01
1.5£-01
1.6E+00
1.8E+00

- 2.3E-02

2.5E-01
2.5E-01
2.6E+00

 2.9E+00

*Release sequence description same as these in Table S-3.

OPSTSA-209-17 =2
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analytxcll

Exhaust
Syasex

Cabinet
Cabinet
Cabkinet
Cabinet
Roon

Cabinet
Cabinet
Cabinet
Cabinet
Room

Cabinet
Cabinet
Cabinet

" Cabinet

Room

TABLE 5-3B

Expected Frequencies of Specific Eveant Initiators for the

Analytical Laboratory®

Evess Initiacar Exequency, yr-!
Medium Energetic Cabinet Fire 2.8E-02
C - Uncontrolled Reactions 4.1E-02
- Criticality ' | --
Low Energetic  leak 4.7E-01
-~ Querflow 1.7e=-02.
spill : 4.7E-01
Other (pluqqod lino. dtopp.d ,
, container) . -8.2E=01 .
Residual . Total 298400

- Actdviry

*Frequency for each medium ono:qotic, lov .nc:qo:tc or :osidual activity

release is estimated as the mean per zoom £:equency ot ;h. cvonts vhich have

occurred in Building 772-F.
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§.3.4 Anslyticsl Laboratory

fFrequencies for the proposed analytical laboratory are based on
frequencies for similar events in Building 772-F.3S, 36 Building 772-F was
used as & basis since the operations for the HB-Line analytical laboratory
have been performed in Building 772-F. The recorded experience at 772-F is
directly applicable to HB-Line analytical laboratory coperaticns. The
frequencies of accident events in the HB-Line laboratory were estimaced as the
average per room/cell frequency in Building 772-F. The frequency of transfer
errors was not a separately listed low energetic event for Building 772-F.
However, the total frequency of low energetic events includes other events
(e.g., plugged line, dropped container). Calculated frequencies for medium
energy, low energy, and residual activity release sequences are shown in Table
S=3A. The frequencies of the initiators are listed in Table S$-38.

§.3.5 Alirborne Containment System Tallures

$.3.5.1 Ventilatica railura

Based on a study of failures of HB-Line exhaust fans, the expected
frequency of incidents that would disable the system is once in ten yesars, and
the system failure probability is approximately & x 10-¢/demand.2¢

$.3.5.2 HEPA Filter PFallure

Data from 200-Area filter test were analyzed to determine the
unavailability of HEPA filter systems. Based on this statistical analysis, a
HEPA filter system unavailability of 0.093 is used in this analysis.

$.3.6 Alrcraft Crash

Studies related to power reactors based on U.S. Civil Aviation accident
data, indicates that the expected frequency of aircraft overflights becomes
essentially constant at distances greater than five miles from an airpert
runvay. The expected frequency is-about 3 x 10"/(£1th:)(mi1¢3) for
cormarcial aviation and about -

7 x 10-9/(flighr) (miled) for qtno:al aviation.

.. Based on an estimated £:¢quency ot 4000 tliqh:s over SRP per year and
the 8 x 10-4 mi? "taczget” area of the Pul; Facility, the aircraft crash

t:equency for Puo; ractlity is calculated to be
2.3 x 10-%/yr (2.6 x 10-12/hg). The frequency is less than once in one million

years and ia. thoz.to:t. classlttod as 1nc:odiblc.
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5.4 Accident Consequeances

This section discusses the consequences of the accidents and release
sequences that are described in Section $.3, Accident Frequencies. These
consequences are first calculated in terms of activity released from the
grocess stack and then converted to doses. A sumnary of the consequences :is
shown in Table $5-4. These calculations are described in detail in the

subsections below.

Calculations faor airborne release consegquences were performed using the
ssthodology described in Reference 2, 27, and 28. A patch size of 188 grams
of Pu was used as a basis for consequence Calculations. Double batching was
assumed for all source term calculations except where noted otherwise. The
maximum inventory of 390 g of Pu was used 43 2 basis for consequence

calculations for the analytical laboratory.

The techniques used to estimate the amount of activity :oloas.d to the
stack are described in detail in the subsections below.

Maximum offsite individual doses, as well as onsite and offsite
population doses, were then calculated for the postulnt.d release accidents in
terms of S0-year effective dcse equivalon:a. Tadbles S~4 and S5~4A sumna:;z.

cthese doses. .

$=-24
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TABLE 3-4
Suzzary of Consequences
- AP A4
— ——eLSon-Tem em
Maxigua
Event/ CL{ Released Onsits Offsice Offsice
Sequence go Scack  Populacion Popylacion Iadividual
MBCD 1.92E-02 1.22E+01 4.44LE+O] S.44E-03
MBC 1.92E-04 1.22e.01 4.44E-01 S.4LE-05
MBD 1.92E-04 1.22E-01 4.44E-01 S.44E-05
M8 1.92E-06 1.22E-03 4.44E-03 S.44E-07
MB'’ 9.90E-05 6.29E-02 2.29E-01 2.82E-05
LBCD 9.53E-04 6.0SE-01 2.21E+00 2.71E-06
L8C 9.53E-06 6.05E-03 2.21E-02 2.71E-06
8D 9.53E-06 6.0SE-03 2.21E-02 2.71E-06
LB 9.53E-08 6€.0SE-0S 2.21E-04 2.71E-08
RBCD 4. S8E-08 2.91E-0§ 1.06E-04 I.30E-08
RBC 4.58E-10 2.91E-07 1.06E-06 1.30E-10
RBD 4.S8E-10 2.91E-07 1.06E-06 1.30E-10
RB 4.S8E-12 2.91E-09 1.06E-08 1.30E-12
RB’ 4.95E-08 3.14E-05 1.15E-04 1.41E-08
Earchquake 6.13E-03 3.89E+00 1.42E+01 1.74E-03
Cricicalicy:
Fission
Products 1.00E+04 2.5 1.7 6.00E-04
Radiacion -0 - 7000 -0- -0 -
* Release soqudncii lfoonplaLnod {n Table S-3 and the appendix;

the curies released are calculaced from daca in Sectien 5.4.1,
Table A-l (Appendix), and Table 5-2.
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TABLE 5~4A
Summazy of Consegquences Analytical Laboratory

50-yr Effective Dose Equivalent

person-rem rem
Maximum
Event/ Ci Releasec Onsite Offsite Offsite
Sequence* to Stack Population Populaticn Indivicual
MBCD 1.47E-02 9.04E+00 3.30E+01 4.0SE-03
MBC 1.47E-04 9.04E-02 3.30E-01 4.0SE-0S
MBD 1.47E-04 9.C4E-02 3.30E-01 4.0SE-05
MB 1.47E-06 9.04E-04 3.30E-03 _ 4.05E-07
MB! 7.64E-0S 4.70E-02 1.71E-01 2.09E-0S8
LBCD 7.38E-04 4.53E-01 1.65E+00- 2.03E-04
L3C 7.38E=06 4.53E-03 1.65E-02 2.03E-06
LBD 7.38E-06 4.53E-03 1.65E-02 2.03E-06
LB 7.38E-08 4.5S3E-0S 1.65E-04 2.03E-08
RBCD 3.S4E-08 2.17E-08 7,9SE=-0S 9.76E-09
RBC 3.S4E-10 2.17E=07 7.9SE=07 9.76E-11
REBD 3.54E-10 2.17E-07 7.95E-07 9.76E-11
RB 3.S84E-12 2.17E-09 7.9SE-09 9.76E-13
RB* 3.82E-08 2.34E-0S 8.5€6E-0S 1.0SE-08

*Release sequenceQ are explained in Table S-3 and curies released
are calculated from data in 5.4.2, 5.4.3, S.4.4, and appendix
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There were na credible accident scenarics which would result io a
significant liquid release from this facility. The HB-Line cocling water
system is an internal recirculating locp consisting of a makeup (hold tank),
recissulating pumps, heat exchangers, filter, and an alpha [0Nnitoring sysctem.
Zn the event of high alpha content in the water sSystem, the water can be
pumped from the hold tank to canyon tanks or drained to canyon
cold feed prep tank Cooling water is also supplied from the H-Area
cooling tower, which supplies cooling water to the HB-line cocling water
"loop"” heat exchanger and three HB-Line air conditioning units. The
independent H-Area cooling water, condensate, and domestic water used to cool
compressors on the instrument air, process air, breathing air and air
monitoring units is returned to the cooling tower via a return water alpha-
gamma monitoring station located at 281-H. Coatrecls for the possible
diversion of the return water are located in the canyon facility contrel roem.
The recirculating loop minimizes the potential for release of liquid
contamination through either the HB-lLine or H-Area cooling water systems.

$.4.1 Natural ﬁh.ncaan; and External Events

Extremes in weather, earthquakes, and an aircraft crash were analyzed.
The following paragraphs discuss these effects.

5.4.2.1 Winds

Two types of winds are experienced at SRP: straight winds (includes
hurricanes) and whirling type winds (includes tornadoces).

The new HB-Line structure is not expected to be affected by straight
winds, even at speeds up to 175 miles per hour, because it is designed to
withstand a DBE and DBT.29.)0 The radiological consequences of high straight

winds aze therefore nil for HB~Line.

Because this facility is designed to withstand a Design Basis Tormade
(DBT), corresponding approximately to a Fujita Intensity Five (FS) tornado, no
release of activity from this facility in liquid or finely divided solid form
is expected due to this event.3? - Radiclogical consequences from a more severe
tornado are not included in this analysis because of the low probability of
occurrence lnd the low p:ubability o: striking HB-Line.

ro prevent the possibility of the "suck-back® of :xdioactivt material

through the ventilation supply system, fast-acting tornado dampers hav. been

installed in the ventilation inlets. In the
event cof an inlet airflow stoppage or rovo:sal. thess counter-balanced dzmpo:s

"automatically close, pznvcn:inq the cscapo of any radicactive material.

S=26
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$.4.1.2 Barthquake

A Design Basis Earthquake (DBE) for SRP production facilities is assumec
te have 0.2 ¢ horizontal ground acceleration. In this ea:thqﬁaho. stancdard
construction buildings and houses may fall. The new HB-Line is designed to
withscand blasts (reinforced concrete rigid frame constructicn) and to remain

standing after a DBE.2%.31

A small amount of activity, 6.13 x 10-3 Ci{, is expected to become
airborne in the facility caused by the earthquake. This activity is released
through the ventilation system. It is assumed that this released material is
entirely respirable. This assumes § x 10-¢ percent of total 4890 ¢ inventory
{4500 ¢ plutonium oxide facility and 350 g analytical laboratory) becomes
airborne and is released through the room ventilation.??

$.4.1.2 Mateorite Impact

For this study, it was assumed that no significant release of activity
would be caused by small metecrite.? Damage due toc large matecrites aze not
included in this analysis due to the low probability of occurrence. This
event is considered to be hypothetical.
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s.4.1.8¢ Gther RKRatural Plhenomena

A Cold weather is expected to have little effect within the Plutonium
Oxide Facility, except througnh its effect on auxiliary services. This results
in pluggage of lines and valves that are located ocutside of the building.

Pipes may burst and instrumenta-
ticn may becoma inoparative.

There have been no known adverse effects on Qquipmon: due to hct
weather. However, personnel effectiveness may be affected due to extremes in
temperature.

Snow represents an aggravation that can affect normal operations. The

largest snowfall recorded of 18 inches fell in February 1573. The average
annual snowfall over the last 40 years has been ~0.9 inches. Snowfall of 1

inch or more has fallen in seven of the last years.d

The principal adverse effect of lightning is interruption cof electrical
power.

$.4.1.5% Alzcratt Crash

For this study, it was assumed that no significant release of activity
would be caused by an aircraft crash and due to the low probability of
occurrence, this event is considered to be hypothetical.
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5.4.2 Madiuce Energy Event

A medium energy event is described in Section 5.1.2, Events of zhais
energy are expected to contaminate the maintenance and cperating rooms, as
well as the ventilation systems. Consequences cf release through the stack
are given in Table 5=4. Event release sequences are shown in Figure A-l :in

the Appendix.

The calculations for airborne releases were performed using the
mechodology described in Reference 2. The scurce term for this event is 788 g
double batch of plutonium with a specific activity of 2%.06 Ci/gram. This
source term is used to estimate consequences for medium energy, low energy,
and residual releass events.

The scurce term for the analytical laboratcory is 390 g total inventocy

5

of piutcnium with a specific activity of 25.0€6 Ci/g. This socurce term is used.

to estimate consequences for medium energy, low energy, and residual release
events. Release calculaticns for the analytical laboratory are shown in the

appendix.

After a medium-energy event, 2 x 10-2% of the material is released
directly to the cabinet exhaust and 1 x 10°3% is released from the cabinet.??
One=-fifth of the activity released from a cabinet (2 x 10-¢%) is ‘expected to
be airborne in both the Operating Roocm and the Maintenance Room.27 Data from
releases in the existing HB-Line indicate that 17% is released to the
Operating Room and 83% to the Maintenance Room if the event is sufficiently
energetic to breach containment on both sides of a cabinet.l3 Thus, the
released material is temporarily distributed as follows:

Direct Reslease to Cabinet Exhaust -

(77€ @) (25.06 Ci/g) (2 x 10-¢) = 3.89 Ci
Aizrborne Release to Operating Room

(776 @) (25.06 C1/g) (1 x 10-%) (0.2) (0:17) = 6.61 x 10-3 Ci
Airborne Release to uatntonnnco,a;om

(776 9 (25.06 CL/g) 1 x 10-%)(0.2) (0.83) = 3.23 x 10-2 Ci

" Alrborne né:tvt:ygtnicno Operating Room is exhausted :ﬁ:ouqh the room

exhaust system only. However, thers are two exhaust routes from the

Maintenance Room; S8% exhausts back through the cabinet and the cabinet
exhaust system, and 42% exhausts through tho room exhaust system, (Cabinet

air is suppliod only from the

§=29
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Maintenance Rocm.)2 Thus, the challenges to the two exhaust systems from a
medium-energy event are:

Room EQhaust System

6.€61 x 10-3 Ci + (3.23 x 102 Ci)(0.42) = 2.02 x 10-2 ¢ci
Cabinet Exhaust System |

3.89 Ci + (3.23 x 10-2 Ci)(0.58) = 3.91 Ci

To determine the amount of activity released from the stack, it is
necessary to consider the exhaust filtration systems. Cabinet exhaust air
passes through two stages of HEPA filtration and the sand filter. Rocm
exhaust air passes through the sand filter only. Event sequences for
releasing this material to the stack are shown in Figure A-1 in the Appendix.
Filtered cabinet and room exhausts must be combined £o ¢give the total amount
of material release through the stack. Penetration of the filtration systems,

'two stages DOP testable HEPA's and sand filter, were determined by statistical
analysis, as discussed in Section 5.1.5.2.
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$.¢.3 Low BEnargy Rvent

A low energy event will not destroy the secondary centainment, as
discussed in Section S5.1.3.

The consequences associated with an event of this energy are calculated
in the same way as medium energy events above. Low energy events are not

-expected to contaminate the maintenance area or operating room. One hundred

percent of the material is assumed to be released te the secondary containment
(cabinet): 10-3 percent of the material is assumad to be released to the

cabinet exhaust.??

Consequences of releases through the stack are summarized in Table 5-4.
Event sequences for these releases are shown in Figure A-2 in the Appendix.

§$.4.4 Reasidual Activity Releass Event

A rzesidual release event is similar to the low energy release except it
considers only the resicual activity already in the cabinet (but cutside the
process equipment) as being available for transport ‘through the containment
barriers. These releases include routine releases due to maintenance and

cperation of the facility.

The consequences associated with the event may contaminate the
maintenance and operating topms.37 The amount of activity avail-
able is assumed to be 1 percent of the source term, of which
1 percent is assumed to be dispersible. This event is estimated to release
1.7 x 10-¢ percent of the dispersible material to the operating room and 8.3 x
10~ percent tc the maintenance room. Consequences of release through the
stack are given in Table S-4. Event sequences for these releases are shown in

Figure A-3 in the Appendix.
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5.4.5% Nualear Criticality

A criticality accident could potentially have significant consequences:
severe penetrating radiation exposure, spread of contamination, and offsite

sonsequences.

The size of a nuclear criticality event may be predicted from recorded
accidents at other sites. The mean number of fissions for accidents which
occurred in solutions is 2 x 10:8; these fissions were presumed to occur in an
oscillating type accident where the first burst contributes 2 x 1017
fissions.3? It was alsc assumed that the area affected by the accident :is

evacuated before the second burst occurs.

When nuclear criticality occurs, prompt neutron and gamma rays are

~emi£:ed. and radicactive isotopes (fission products) are produced.

Radiological significance ¢of a nuclear criticality event can be related to its
total fissions and knowledge of the physical layout surrounding its location.
Two types of exposures to peocple result from a nuclear.-criticality accident:

external and internal radiation doses.

External radiation dose potentially may result because of the close
proximity (and/or lack of shielding) of perscnnel. Poten-
tially lethal radiation doses (approx. 600 rad total body) can be received by
a person about seven meters from an event of 2 x 1017 fissions. The data in
Figure 5~3 was used to estimate personnel doses. In addition to the prompt
gamma dose, an eventual gamma radiation dose similar to the prompt gamma dose
could result to personnel in the facility from the fission products formed.
However, this dose would only be received if somecne were to stay in the .
vicinity of the incident after the criticality occurs. As stated above, this
analysis assumcs that the area around the inci- -
dent is evacuated after the first burst.

Among these fission products are the volatile isctopes of bromine,
iodine, krypton, and xenon. These isotopes are assumad to penetrate the
ventilaticn exhaust filter system and be relezsed ocut the stack, beginning
minuztes after a nuclear.incident. Table 5-5 lists the most significant
volatile fission products produced from & 2 x 1018 fissiocn .event. Isotcpes
with half-lives of less than three minutes vere assumed to be too short to
produce significant offsite consequence. Isctopes with half-lives greater
than eight days do not contribute significantly tc the total curies and,

therefora, wera cmitted. o
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TABLE

Curies of Veolatlile rissiocn Products Avallable

5-2

2 z 1014 rissions of 23%pul2

Muglide

OBr
Mar
&pr
b 1Y 4
L2y
g
PRLE ¢
L35g
O Kr
Exr
Oxr
BKr
BKr
L3ixe,
t35xe,
135Xe,
L17%s
Llixe;

Curies After:
HalfoLife
2.4 hr

33 min

3 min
8.1 day
2.4 hir

22 hr

55 min
6.7 hr
1.9 nr
4.4 hr

768 min
2.8 hr
3.2 min
5.3 dgy

1S min
9.2 hr

3.9 min
17 min

Total

' Curies After?

dlMisuze

3.0
2.0
7.0
3.2
1.4
5.2
3.0
7.6

100
10!
102
10-2
10!
100
102
10!

N X X X X X X X

Qe
1.4 x 109
$.6 x 10!
2.6 x 102
2.4 x 103
-0
1.1 x 102
1.2 x 100

7.8 x 103
1.8 x 102

1.( x 104

l Used.to m. qnstu papulaticn’ dbs.,

2 Used to compute offsite popﬁliiiph'doso.
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Following

45 Minuces
9.4 x 1090

3.6 x 10%
4.2 x 10-2

6.8 x 101
1.2 x 10!

2.2 x 10!

3.8 x 102

9.6 x 101
2.0 x 100
1.2 x 10!

6.0 x 108
7.6 x 10!
1.7 x 10-!
1.2 x 10-1
4.0 x 10}

8.4 x 100

3.6 x 108

3.0 x 102

1.1 x 103
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intemnal raciation doses result from pecple inhaling, ingest-
ing, or injecting raciocactive material, Within cne second of an event of 2 x
10:8 figsions, nearly 1 x 107 Ci of nonvolatile fission products will be
present.? Most of these radicactive isc-
topes will not contribute to doses outside the facility, but will be contained
within the ventilation and filtering system. The internal contribution of
dose to personnel working within the room where the incident occurred will ce
negligible compared to the external dose received. The internal dose to an
individual located at the plant perimeter can be predicted using the activity

availe
able about 4S5 minutes after the incident occurred. The dose is based on

release from the 200-ft stack. A summary of the conse-
quences of a criticality accident is listed in Table $-€. The consegquences c¢

the release of volatile fission products from the H-Area stack are shown 3in
the Appendix, Tables A=4 to A-6.2.20
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TABLE 3-@
Sumsary ¢f Criticality Coassquences
Aasuzpoions
Total number of fissions 2E+18
Number of fissions in lst burst 2E+17
Personnel assumsd to evacuate immediate area of
criticality before further bursts cccur
4S persons in new HB~Line, 15 in 238pu0; line.
:n':':‘ ] ’:x an:ﬂ
Tetal persons exposed 4S
Highest individual doses, rem
Sections 2 and 3 (24 meter) 8E-7
Sections S and 6 (1.5 meter) 3E+4
Section 4 (12.2 mater) 3E-6
Qffice Area (39 meter) 4E-11
6th level above 2E+2
4cth level below accicdent 2E=§
Number of persons exposed to >LD90/60* (600 zem) 2
Total dose to persons living after uccidan:.
person-rem TE+3
Qurcside Facility Dose
SC-yaar onsite popﬁi;tian dose, persan-ram 2.8
"SG-yase offsite population dose, pc:bon-:cn 1.7
So-ynar maximm offsice individual, rem “CE=4
. Dose which would prove fatal within 60 days to 90% of the people 80

exposed. - -
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§.4.6 Akrhozne Activity Modael

It iz paasible to predict the range and concentration of migrating
airbozre activity in this and similar facilities. The basis is an empirical
model constructed from air sampler data during a nunber cf large airborne
activity releases in HB-Line and JB-Line.:i A floor plan is shown in Figure S5-
4 with modeling positions superimposed. Position No. 1 is arbitrarily placed
in Operating Rooit 1 and represents a point near an airborne release from the
cabinet, e¢.g., due to a glove failure. If the ventilation systems are
functioning properly and all doors are closed, the model predicts that the
airborne activity in occasionally-occupied areas, such as the east corridor,
(Position Ne. 4) will ba 1 RCG or less, so long as the activity at Position
No. 1 is <12,000 RCG. 1If all doors are assumad open, the value at Position
No. 1 must be <500 RCG for <1 RCG at Position No. 4. Values at other
positions on the floer plan can be predicted similarly, using the model
factors in the table on the figure. The terminclogy for airzborne
concentrations has been changed from RCG (Radiocactivity Concentration Guide)

to DAC (Derived Air Concentration), 1RCG = 1DAC,

The probability of large releases of airborns.activity inte an cperating
room has been calculated for several mechanisms identified in the 200-Area
Fault Tree Data Bank.{.33 Because improved performance is expected in the new
facility, application of data based on past HB-Line performance with 23%pu is
presumed te be conservative. One release of >1.2 x 10¢ RCG occurred in an
operating room during the periocd July 1976 to June 1982 for a frequency of
about 0.2/yr. Releases >500 RCG occurred there about 1.5/yr, and releases
>100 RCG occurred at about 6/yr.4.3¢ It should be noted that in most cabinet
cperations, and especially glove replacemsnts, the operater must wear
protective clothing and respiratery protection, as required by SRP procedures.
Also, fewer personnel will be exposed to airborne activity, because more
process operations will be conducted from the contzol room.
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Circled nuzmbers are Position NMumbers for vhich relative airberme
activity values are given in the table below:

Position

Ralative Activity

_%
_A_yl Doors Closed All Doors Open

100 o 100
s s
0.03 1
0.008 0.2
0.2 0.2

YICURE S-4. Alrborns Activity Model
5-38
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$.6.7 Assimilaticas

Inhalation of airborne 230pu can occur in HB-Line as e result of
ventilation failures, air reversals, glove failures, and protec-tive equipmen:
failures. In addition to inhalation, assimilations of 2llpy can alsoc cccur by
ingestion and injection. Such assimila-tions are minimized by procedural
controls. Food is not allowed in regulated areas. Sharp objects are keot as
a minimum to minimize personnel injury.

Based on old HB-Line cperating experience,33 there have been

© 73 confirmed cases of 23lpu assimilation. These data represent the period

from January 1967 to December 158l. These assimilations were caused primarzily
by inhalation or ingestion; only five of these assimilations were caused by
injection. The frequency of an assimilation based on old HB-Line data is

5.2/year (S.4 x 10~4/hx).

The consequences of assimilatiocns are assumed te occur only from
inhalation. Based on a study of airborne activity, the mean air concentration
was calculated to be 108 RCG.I¢ (The terminology for airborne concentrations
has changed since the time of this study from RCG - Radicactivity
Concentration Guide, to DAC - Derived Air Concentration, 1RCG = 1 DAC.) This
value is used to calculate the dose to an operator, using the mathodology

" described in Section 5.2.5. The SO-year effective dose equivalent toc an

individual exposed to airborne activity was calculated to be
3.48 x 10~¢ zenm.
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5.8 Acaidenst Rigks

Risk is defined as the product cf the consequence and expected frequency
of an event Or sequence. The risk for each event is calculated by multiplying
the expected frequencies from Table 5-3 by the cocnsequences in Table S=4. <The

S0-year pcpulation and
S0-year maximum cffsite risks are shown in Table S$~7. The risk for each even:

for the analytical laboratery is calculated by multiplying the expected
frequencies from Table $5-3A by the consequences in Table S=4A. The SO-year
population and S0-year maximum offsite risks for the analytical laboratory are

shown in Table 5-7A. .

Risk for any specific organ of interest and accicent can be computed by
multiplying the expected frequency in Table $-3 and dose commitments from =i
appropriate table in the Appendix. Worker assimilations are discussed in

Section 5.4.7.

$.6 Ralease Mitigation

Building 221-H and the new Plutonium Oxide Facility is &2 maxi-mum
resistance construction (MRC) structure. The Plutonium Oxide Facility is
designed to withstand a Design Basis Earthquake and Design Basis Tornado. The
engineered safety features are discussed in Secticns 3.0 and €.0.
Administrative controls are discussed in Section 4.3.

Regulated Building 22143 air is monitored before it leaves the building
and enters the stack exhaust tunnel.
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TARLE S-1
218py0y Facilicty Risks
Annual Rigkew
—tk800-CeR/VT rem/yr
: Maximua

Event/ Expected Onsite Offsice Offsice
Sequence* [Frequency [Popylsation Popylation Individual
MBCD 7.0E-04 8.54E-03 3.11E-02 3.81E-06
MBC 7.0E-03 8.54E-04 3.11E-03 3.81E-07
MBD 7.0E-03 8.54E-04 3.11£-03 3.81E-07
MB 7.0E-02 8.54E-05 3.11E-04 3.81E-08
MB’ 8.0E-02 5.03E-03 1.83E-02 2.26E-06

Total M 1.54E-02 5.59E-02 6.86E-06
LBCD 6€.0E-02 3.63E-02 1.33E-01 1.63E-0S
LBC 6.0E-01 3.63E-03 1.33-02 .. 1.63E-06
LED 6.0E-01 3.63E-03 1.33E-02 1.63E-06
LB 6.0E+Q00 3.63E-04 1.33E-03 1.63E-07

Total L 4.39E-02 1.60E-01 1.97E-05
RBCD 1.0E+00 2.91E-05 1.06E-04 1.30E-08
RBC 1.0E+01 2.91E-06 1.06E-05 1.30E-09
RBD 1.0E+01 2.91E:06 1.06E-05 1.30E-09
RB 1.4E+02 4.07E-07 1.48E-06 1.82E-10
RB’ 1.7E+02 $.34E-03 1.96E-02 2.40E-06

Total R 5.37£-03 1.97€-02 2.41E-06

M+L+R 6.47E-02 2.36E-01 2.90E-05
Earthquake 1.7E-04 ~ 6.62E-04 2.42E-03 -2.96E-07
Criticalicy 1.4E-QS 1.QE-0L ' 2.0E-05 9.0E-09
*+ - See Table $-3 for an explanation of sequences and event

syabols. , , .
- ~ Risk is the pfoductf&f the frequency and the 50-yr effective
dose equivalent as & consequence of an accident (Table 5-4).
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Analytical Laboratory Risks
50 year Maximum
50 year Population Risk Offsite Individual
Evenv Frequency {person-rem/yr) Risk
Sequence® ( /y1) Onsite Offsite (rem/yt)
MBCD 5.40E-04 4 88E03 1.78E-02 2.19E06
MBC 5.80E-03 $.24E-04 1.91E-03 2.35E-07
MBD 5.80E-03 S.24E-04 1.91E-03 2.35E-07
MB 6.30E-02 §.70E-05 2.08E-04 2.55E-08
MB' 6.90E-02 3.24E-03 1.18E-02 1.4SE-06
Toul M 9.23E-03 336202 4.1IE06
LBCD 1.40E-02 6.34E-03 231E02 2.8SE-06.
LBC 1.S0E01 6.19E-04 247E-03 3.0SE-07
LBD 1.S0E-01 6.79E-04 247TE03 3.05E07
LB 1. 60E+00 7.24E-05 2.64E-04 3.25E-08
Toal L 1.77E-03 2.83E-02 3.49E-06
RBCD 230E02 4.99E07 1.83E-06 2.25E-10
RBC 2.S0E-01 S43EDS - 1L9EO7 244E-11
RBD 2.50E-01 S43E08 1.99E07 2.44E-11
RB 2.60E+00 §.65E-09 2.07E08 2.54E-12
RB' 2.90E+00 6.79E-0S 2.4SE-04 3.0SE-08
ToaiR 6.8SE-05 2.S1E04 3.07E09
M+L+R 1.7IE02 62IEQ 1.6SE-06

DPSTSA-200-10 -2
SUP2C

See Table 5-3 for an explanation of sequences and event symbols.

Risk is the product of the frequency and the S0-yr effective dase equivalent
as a consequence of an accident (Table S4A).
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6.0 SAYETY RELATED ITEMS

Engineered safety systems in the Plutonium Oxide Facility
inc 1ude the fouowxng ¢ . : ‘ .

. Emergency pover fqt.criticalrequipnent

@  Permanently installed radiation monitoring equiﬁmént

e Emergency escape routes and evacuation alarums

® Nuclear Incident Monitor System (NIM) and alarms

® Once through ventilation system which maintains air flow from
clean to progressively more regulated compartments. Room
exhaust goes directly to the sand filter, without passing
through any HEPA filters. Cabinet exhaust goes through two

stages of DOP testable HEPA's before passing through the sand
filter.

® Automatic fire detection and uuﬁpteluion. Audible alarms .are
provided in all rooms.

e Safety telated interlocks on process systems are hard-wired.

e Emergency eye vash stations -and lcfety shovers in chemical
handling areas.

@ A breathing air system to supply air for fresh air masks,
plastic fresh air hoods, and plastic suits.

® Process, wvaste, and any solution containing radioactivity
transferred in pipes are encased in a secondary containment,
such as & cabinet. duct, or another pipe.

'@ Vessels and sumps that could receive significant quantxtxes of

fissile material have geonettzcally favorable delzgn.

e Sumps have an allrm, canplet, and e means for flulhxng and
- removing liquid to a specified tank.

Slfety features to prevéht, detect, or mitigate potential

~incidents in Plutonium Oxxde Facxlzty are- dzacuoled in detazl in

Refetence 1.

B
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6.1 Reference

1. P. M. Allen and -ﬁnald Lee. Preliminary Hazards Analysis for

Replacement of ::olete Processing Facilities, Building 221-K,

B-Line Phase J1.. Internal Report DPST-82-1045, E. I. du Pont
de Nemours & Co., Savannah River Laboratory, Aiken, SC '

(January 1983).
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7.0 OUALIIY.ASSURA!C!
7. 1 Qutlity Asautance Hnnuall :

A series of. unnuall, DPV-78-111-2 1 through DPW-78-111-2. 6
provide genéral procedurel for implementing the OA policy princi-
ples. DPW=-78-111-2.4 is the QA manual for the Manufacturing
Division. The manuals establish methods, practices, and require-
ments for the Savannah River Quality Assurance Program. Although
the QA requirements in the manuals are specific, additional
instructions and procedures in lower level documents are normally
required in order to perform the OA functions. The particular
organization performing the quality assurance function provides for
compliance with its manual in its organization procedures and
instructions.

7.2 Qnality Allnrnnce Aslel:nenta
| - QA Asselament Criteria from the Savannah vaer QA Manual,

DPW-78-111-2.2 was translated by AED into the follovxng OA Design
Criteria discussed below.

7.2.1 QA Design Criterial~?
Release of radiocactive materials to the environment from
normal operations or credible accidents must not exceed the

following annual dolel at the site boundary.

‘“Ex osure, mrems

Type of Eigo.ure ; ~Hax;uum*r Average®®
Whole body, gonads, - 5001,f7af 170 et Inmn ot

or bone marrow

Other Organs 1500 500

* Based on dose to 1nd1vxdug1. at points of maximum probable
- exposure. '

*% Based on average dose to iuitable'.ample of exposed population.

7-1
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Unaxpoctcdicoctl (Criterion 2)

Unexpected costs, such as damage and/or'cleanup expenses, to
facilities or processes must not exceed 5 million dollars per event.
Loss of Prodection (Critorion 3)

Loss of . ptoduction of an acceptable product in a single-
production process must not exceed & six-month period.
Uﬁplanno&flncipir Criticalicy (Criterion &)

Unplanned nuclear criticality must not occur in any facility
or process.

The Nonradicactive Hazardous Cas Relehig'éritetii does not
apply to this project since these gases are not-used, produced, or
involved with the process. . : .

7.2.2 "Q" Items?

The QA Assessment Criteria translates into specific require-
ments for & project to prevent, avoid, or reduce the risk of a "Q"
Incident. A "Q" Incident is defined as any occurrence which re-
sults in consequences that exceed QA design criteria. A "Q" Item
is any iten or service that is judged to have one or more charac-
teristic wvhose quality requirements must be controlled by a fotmal
QA program. "Q" Items are shown in Table 7-1.

Action plans for "Q" items are found in Reference 3.
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TABLE 7-1

< QA Assessment of Scrap Recovery Systems
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~ - Major Segment (§yiien)

Canyon 221-K Building consisting of the
main structure that vill support the
HB=Line facilities (Section Ko. 2 and 3).

HB=Line building shell consisting of a
structure that contains processing
facilities for radicactive materials.

Fire Detection and Suppression consisting
of a Halon distribution system.

7=3

Why System is "Q"

The existing building supports the new
structure vhich contains factilities for
processing radicactive materials.
(Criteria 1,2,3,4).

The building is the last line of defense
to confine radioactive materials during
a Design Basis Accident (Criteris 1,2,3,4

Excessive damage and extensive shutdown
may result if system fails to operate
(Criteria 2, 3).
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7.3 Raferences
1. QAAM Report No. 1, Initial Assessment, April 27, 1981.
2. QAAM Report No. 2, QA Classification, June 5, 1981. 7

3. QAAM Report Fo. 3, Action Plan, August 31, 1981.
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8.0 SYMBOLS ARD ABBREVIATIONS

AED
BCW
BIS
CAC
CFM
CR
DBE
DBT
DOE
DoP
o
FC
ECR
EOC
E&1I
FPM
F5
GPM
HEPA
ICR
Icw
MBA
MID
MRC
MM VIII
NBS
RIM
NSRC
PC
PHA
RZ
RA

. SNM
SRL
SRP
PA
TA
T&T7T
D
TLRD
vCct
VVF

Atomic Energy Division
HB-Line cooling water
Bell Intercom System
Control and alarm center

Cubic feet per minute

Control room

Design basis earthquake

Design basis tornado

Department of Energy

Dioctyl phthalate

Domestic water

Facility coordinator

Electrical control room
Emergency operating center
Electrical and instrument

Feet per minute

Fugita intensity five tormado
Gallons per minute

Righ efficiency particulate air filter
Instrument control room
Independent cooling water
Material balance areas -

Maximum individual offsite dose
Maximum resistance construction
Modified Mercalli intensity eight earthquake
National Bureau of Standards
Nuclear incident monitor
Nuclear Safety Review Committee
Programmable controller

Pulse height analyzer
Radiation zone

Regulated area .

Special nuclear materials
Savannah River laboratory
Savannah River Plant -

Public address system

Test authorization

Traffic and Transportation

" Thermoluminescent dosimeter
‘Thermoluminescent neutron dosimeter

Vessel vent catch tank
Vessel vent filter

DPST8A-200-10
8uUP 2C
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EVENT VENTATION | OOAUSTSYSTEM | HEPASTAGE | WEPASTAGE | SAND  |SEQUENCE| FREQUENCY | PENt IRATION | CONSEQUENCE
SYSTEM B CABINET ONEFARS TWOFALS FATER fye? FACTOR ¢
FALS B AOOM : FALS
| A o8 c p E
ves paigt A 6x10° - No Reloaso
i | oy
. ‘ | -0
: } - . ) ?
. : : 0093 uacu Txt0 49x10 192x10
RO N . -0
Oxtofy SELA _'
MBC 7x10? 49x10°% 1925104
191Gl 0
aL MBD Tx10? 492108 192x10¢
09} 0 ,
! . MB Tx10? 49x 10’ 1.92x 108
0
20x10*C L ug 8x 102 49x10? 990« 103
AV MIOLy

rigure A-l. Evenl Tree - Medium Encergy Event
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¥vs

1661 A1ar
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EVENT vennuoe | panustsystem | nepastace | nepasiae | sawp  Iseouence| ereauency | penerianion] consequence
| SYSTEM B CABINET ONEFALS TWOFARS FRIER ot FACTOR * ¢
FARS £ ROOM FALS
L A (13 c p_ E
m 130 IA 6x10° - Na Roleass
I i
| -0
‘ -1
laco ' ? 3 )
| 06 6x10 49x10 95310
L 0|
g 7"f ! 18C 6x 0! 49x10? 953 10
142 10°Cr A ‘
os A 80, | exior | asxi0® | 9saxio0s
. 9
A 18 61 10° 49x10! 953a 100
-0
oc =t T Ixte 49x10? 0
(XX 1151 DA

yigure A-2,

Eveul Trues - Low Energf tvent

s ans
Sd

1661 X1ar
-vs

- T, . ~
- www - 1)

-
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Figure A-1.

Event Tree - Residual Activily Release Event

EVENT VENTRATION | Banustsystem | HEPSTAGE | epastace | 'sawp  |seauence| rneouency | penermanion | conseauence
SYSTEM B CABINET ONEFANS TWOFALS FITER e FACTOH G
FALS & ROOM FALS
) A “op C_ D E_
YES . -
puig? PA 12101 - No Release
o  0Sud
! ABCD 1x10? 49x10% | 4ssxi0®
0,093
o w 0
___.mmzm____ A R8C 110 49x10% 458510
W . B E " «
9 M x10%C: A
os . ABD 110" a9x10% | 4saxror
1 9 |
=t fs taxtr | asxro? | assxto®
-0
|0|l!0’06 -1 ne 11x10? 49x10? 49%x10°
1A 15000

~
0
‘e

2T ans
sad

16671 A1
:-F"-u:’

~
- - . - - -

T -
-

-
-




(S

'

JPSTSA-20C-12

SUP 22
JULY 1991

PLUTONIUM OXIDE FACILITY
RELEASE CALCULATIONS
REV 1 - HB-LINE SAR

PLUTONIUM OXIDE FACILITY
W EN ¢ *raN

Cabinet Activicy

776 g x 25.06 C{ x 1 x 1lE-05 = l 94E-01 Ci
Maintenance Room Activity

776 g x 25.06 Ci/g x 0 x 1lE-05 = 0 Ci
Operating Room Activicy

776 g x 25.06 Ci/g x 0 x 1E-05 = O Ci
Room Exhaust

0+« (1 -0.58)(0) =0Ci

.vv \T

Cabinet Activicy
776 g x 25.06 Ci/g x 0.01 x O x 0.01 = 0 Ci

Maintenance Room Activity
776 g x 25.06 Ci/g x 0.01 x 8.3E-Q06 x 0.0l = 1.581E-Q5 Ct

Operating Room Activicy -
776 g x 25.06 Ci/g x 0.01 x 1.7E-06 x 0.01 « 3.31E-06 Ci

Cabinet Exhaust
0 + (0.58)(1.61E-05) = 9. 362 06 Ci

Room Exhaust
31.31E-06 + (1 - 0.58)(1.61E-05) = 1.01E-05 Ci

EARTHOUAKE RELEASE CALCULATIONS

Facility Inventory = 4500 g
analytical Laboracory Invon:oty - 390 g
Total = 4890 g

4890 g x 25.06 CL/g x 5E-08 . - 6.13E-03 C1

9-4a
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ANALYTICAL LABORATORY
RELEASE CALCULATIONS
REV 1 - HB-LINE SAR

ANALYTICAL LABORATORY
TP EY -t ZYE ' g mp Ay

Cabinet Activicy ‘
390 g x 25.06 Ci/g x 2.0E-04 = 1.95 Ci

Mainctenance Room Activicy _
390 g x 25.06 Ci/g x lE-05 x 0.2 x 0.83 = 1.62E-02 Ci

Cperacing Room Activicy
390 g x 25.06 Ci/g x 1E-05 x 0.2 x 0.17 = 3,32E-03 Ci

Cabinet Exhausc ,
1.95 Ci + (0.58)(1.52E-02 Ci) = 1.96 Ci

Room Exhaust
3.32E-03 CL + (1 - 0.58)(1.62E-02 CL) = 1.015-02 C{

W_EN iC EV E b

Cabinet Activicy
390 g x 25.06 C1 x 1L x 1E-05 = 9.77E-02 Ci

Maincenance Room Activity
390 g x 25.06 Ci/g x 0 x 1E-05 = 0 Ci

Operating Room Activicy
390 g x 25.06 Ci/g x 0 x 1E-05 =« 0 C{

Cabinet Exhaust
9.77€-02 C{ + (0. 58)(0) - §,77E-02 CL

Room Exhaust
0+ (1 - O.SS)(Q) - 0 Ci

Cabinet Activicy .
390 g x 25.06 Ci/g X O 01 x0x 001 = oct

Mgintensnce Room Activity

390 g x 25.06 Ci/g x O. 01 x 8.3E-06 x 0.01 = B.11E-06 Ci

- Operating Room Activity

3903:25oscz/;goo1x1n:osxooz-xsszosc:

Cabinet Exhaust
0 + (0.58)(8.11E- 06) - 6 7OE 06 CL

Room Exhaust
1.66E-06 « (1 - 0. 58)(8 11E-06) « S.07E-06 Ci

9-4b



_Criticality in
232, Oxide Line

ndetected Fissiles
Processed in -
28 py Oxide Line
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1.4x 1075 /yr £ 1/70,000 yr

Critical
Density
Achieved

Undetected Fissiles
in 238 Py Oxide
"~ Feed After
pH Adjustment
Processing
Continues
as 118
Planned N
(0.9 est)
' Undetected issi i
Fissiles in HB-Line ﬁ&?tui):ﬂt:;:;g !
Fm B&;;?l gnr After Transfer
[1s A
3 0.21
0.005 - 1.7x 107S/hr
. ROE Fissiles A
Z‘:’;‘B::::;" ' Tragsferred
on Recsipt mHBr‘lal;:o

A

=

FIGURE A-4. Pault Tree - Criticalicy
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' Fflgsile ?hterial :
nenor R\ 17x1078m
to HB-Line :
1
Fissile Material
Transferred
in Error
OTHERFMT Fissile FISSLTER
1x10"7/hre Materia! in (Databank)
(Estimated) Transfer

TRERHBIN

& x 107 S/hr
(Databank)

PIGURE A~S. Fault Tree - Criticality (Continued)
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Fissile Material
- on Receapt =l
i o —
No Sari'-;‘ple':"' N . Sample Taken, |
Taken _Results .
: : Mishandled
6 | A ’
oo 0.005
-0.01°

e ,'= Swaid and Guttman &
© NUREG/CR-1278

* PIGURE A=6. Fault Tres — Criticality (Continued)  °
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smlc Taken, B -
Aesutts Miiundlod—A 0.005

2x 1078
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0.005
| 1
instrument Works : ingtrument
Properiy. Results ! Fails
Miﬁlndlod e ;

* = Swain & Guttman

** = Datadank
z = Wash- 1400

|
instrument Fails Ingtrument
Completaty Plus Rewitts
Procedurs! Interpreted
aion incorrectly
1

0.05°

PHA

erator
aiis to
Recognize

PHAFAL
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Fissile Material

Not Detected ._& 1
After Tnnsfer 1 ‘ 0.2

. | B
No Sample k Sample Taken,
Taken Results
Mishandled
_ S 0.2
JOPFAILS | FaiLReQ

"-# = Wash-1400

: Itmf‘ll-s. . Pault tnc - Ctiti‘cd_.it;‘v' (Continued)
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! - Sample Taken, '
. Reuults - ﬁ 0.2
. Mishandted
1 e l
ingtrument Works . Instrument
Properly, Results " Fails
Mishandled
INGRESU | 1
instrument Fails - instrument
Compistely Pius ‘Results
Procedural ’ ~ Inwrpreted
Violation tncorrectly

OPERFAIL

ISGINRE

. CONFRES

WIOUTAN

FIGURE A-9. TPault Tree — Criticality (Continued)
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TABIE A-1

On:lujfopulnl‘ou Doses taom Accidents (n 2”!’»01 Faciliey

.

Pase _{pryson-jem)d

= o o gP———r pt—— = o

: Tauhalat fopn i
Type of Exhausg Evemt . C} Ak = -
Event __ System. Jegvence Release. ECLDE. G ALY Red Moy Liver B Swrf. Thysesd buwe __ AP
) Hedjua Cabipet ‘uacn 1.92€-02 1.22¢:00 0 9 26E400 2 12400  1.76E+02 0 & BIEY 3 27k 00
© Enesgetic Cabinet '~ MNBC 1.92E-04 ). 22E-0) 0 Y 76E-02 2.22E-00 ) 26E0 0 & BIE-DY ) 2/ V2
: Cablnet HBD §.926-04 ) .22F- 00 (1] 9 J6FE 02 2 1?F O | 2660 1] MM )2 2
Cabfacr  MB 1.926:06 1 22 ) o 9 16K 04 2 126 ) ) 26E G2 (1] O B DYy 270 14
1 Ioo- V Y [ A 9.90¢-0% 6.29&:-02 o 0% 02 1.4ME-0F 6.5%2¢e-00 0 2.501L O ¥ uye N2
uiu Cabl‘iwt tach 9.5)E.-04 6.05.-0) L] 6. 86E ) 1 I5EuM 6 2/E:00 0 2 4Es ) Gt
Energetic Cublies - IBC. 9. 5)E-06 6.0%.0) 0 o 86E-03 ) I5E-02 6.2/ 02 . 0 2408 02 ) GLIE 1Y
‘ Cablnetr 1BD 9.5)E-06 6.05E-0) [ H B6E-Q) )} I5E- 02 6.27¢-02 0 2 40E 02 1 blE 1}
Cabiner. B 9.5)E-08 6 .05-05% (1] 6 BOE 05 | 1904 6.2)E D4 o 2.410-06 ) &k 1Y
Residual Cabiner  RBCD 4.50E-08 29905 o 2 1JE-0% 6 .51E-05 3. OIE 04 0 1 J6E 06 7 82K b
Activity  Cabiwner RBC 4.90E-10 2.91E-O07 o 2.0)E-07 6.%1E-0) 13 01E-06 0 I Jok-06 /7 82 I8
) Cubiner - RBD H.958E-10 2.91&-07 0 2.31E-07 6.%51E-07 13 01E-06 0 ) J6E 06 7 82 18
Cablinet RD 6§ .50E-12 2.91E-09 0 2 DE-UY 6.51E-09 3 OLE-08 o 1 J6E- 08 1 426 20
Room RB 4,95£-08 ). 14E-05 0 2.92E-0% 7.04E-05 ).26E-04 0 1.2%E-04 B.48E 16
Ens thguake Room 6.13E-0) ) 895400 0 3. 12E000 B 70E0D 4 OE10) 0 1.%E401 1 OSE N0

oAl doses ave caleulated using the wost consesvalive committed duse vquivalent factors.

&

| e

aAELL.. D.E. - Etective Dose Eynivalemt ; e

CL1-LL1 - - Gastrvelntestive - Lower latpe Intestine . =

Red Mag - Red Nasvuw . 2
B, Swf. - Bowe Sudface

EtE. 0 - Etlactive Buse

ans

- £~ -002-¥518d

-
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~
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TABLE A-)

Meximus Doses to an Offpite Individusl trom Accldents tn 298pu0; Factliny

Type of
an__.._ System.
Medium Cablnet
Ensrgetic ‘Cubinet
" Cabinet
Cabinet
Room
bow ]Cablﬁe;
- Energetic Cabinet
: Cabiinet.
Cabinet
Residual ‘Cablnct
Activity Cabinet
‘ Cabinet
Cabinet

k Earthquake Room

Elhu@lt‘

I':nnt.
Sequence
MRCOD
HBC
HID‘

LsCh

tac..
180
8

- KBCD

RBC

‘8o

[x]
-

Release

*rrpr>> L BN

o

.92E-02
.92E-04
L92E-06
.92E-06
.90E-0%
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.SIE-06
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.53E-08

.H8E-08
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.95E-08

.1IE-0)
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asfff. D.E. - Elective Duse Equivalent

*
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Rad Marx + Red Marrow
B. Surf. - Bone Swface
EfE. D - Etfective Dose
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ELt.D.E, CLLLL Red Mar Livey

s.
s,
s.
s,
2.
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G4E-0)
LRE-05
LAE-05
&4LE- 07
82€-05

JIE-04
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.E-06
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.30E-10
.10€-10
.30E- )2
.GL)E-08

.14E-03
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e
L26€E-
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LOYE-
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BoSurf. JThytold feme
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1.226-02 5.65E-02
1.22E-06  5.65E-04
1.226:06  5.65E-04
1.226-06 5.65E-06
6.30E.05 2.92E.-04
6.00E-04 2.8)E-0)
6.0/E-06 2 BIE-05
6.00E 06 2 BIE-05
6.00E.08 2. 8IE-O)
2.91£.08 1.35E-07
2.91€-10 1.35E-09
2.91E-10 1.35E-09
2.91E-12  1.35%E-11
3.156-08 1.46E-07
1.80E-02

.HOE-0} 1.90¢-0)
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2
2
1
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e
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TABLE A-4

30-Year Onsite Popul.tlon Dose from a Criticality Accident

KR-834
KR- 854
KR-87

KR-89
XE-13)
XE- 1358
XE-135
XE-137

. XE-138

BR-83
BR-84
BR-85
1-131
1-132
1-13)
1-134
1-135

Total

WO WWNAN SO S

ELL.D.E.
- &4.77E-09
1.21€-03
2.93E-02
- 3.79E-01
' 2.5)E-01
J95E-07

.04E-02
.17E-0)
.24E-01
.55E-01
.J2E-04

.L4LE-0)
.B4E-02
.21E-02
.82€-01
.65E-01}

.4YE1 00

~N

.12E-02
.J4LE-0)

VWV O SN WN

cl.lll

.17E-09
.21E-0)
.93E-02
.19E-0)
.53E-01
.95E-07
.04E-02
.17E-0]}
.24E-01
.55E-01
.19E-05
. 76E-02
.J4E-0)
.11E-05
LIE-02
.18E-0)
.0lE-01
.69E-02

.11E0 Q0

~

O WV RN wem O w N W

~

Pose (person-rem)
Red Mar

.17E-09
.21E-03
.93E-02
.79E-0}
.53E-01
.95E-07
.04E-02
17E-03
.24E-0}
.55E-01
.79E-05
. 16E-02
.J4E-0)
.11E-05
.L7E-02
.78€E-03
.01E-01
.69E-02

. H1EW0

MVNNDE R ONes w g N WA =

Liver B, Swf, !hxrolg. Lupg

T1E-09
.21E-03
.93E-02
.79E-01
.5IE-0)
.95E-07
.04E-02
17E-0)
.24E-01
.55E-01
.19E-05
.76E-02
.34E-03
JE-05
47E-02
.78E-03
.01E-01
.69E-02

HLEWGO

L

WV RN = Ao O e N DN N D

~

HIE-09
.21E-0)
LY3IE-02
.79E-01
.53E-01
LYSE-07
.04E-02
.17E-0)
.24E-01
.95€-01
.79E-05
. 16E-02
.J4E-0)
.11E-05
.L7E-02
.18E-0)
.01€-01
.6YE-02

R EATH Y

A A B R e e N e N OSSN WA s O

LTTE-0Y
L21E-0)
9IE-02
L19E-01
L93E-00
.95E-0/
.04E-02
.17E€-03
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.95E-01
.19€-05
.76E-02
.JLE-0)
JABE-0)
.86E-01
. 10£100
J1E00
L66EV00
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LO4E - 02
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.55E-0)
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TABLE A-5

50-Year Offsite Population Dose from a Criticelity Accident

Buclide |

KR-83M

KR-85M
 KR-87 -

KR-88
KR-89
XE-13)
XE- 1354

XE-135

XE-137
XE-138
BR-81
BR-84
BR-85
1-131
1-132
1-133
1-134
1-133%

Total

WO D WA RO W

ECLD.E.

1. 24E-07

2. ’IE’OJ
.08E-03
.66E-02

.02E-04
.4OE-02
.B5E-02
.B6E-12
.87E-04
.J4E-0)
.59E-04
L17E-16
3.27€-01
1.91E-02
1.85E-01
4 ,44E-02

9.73E-01

1.71E+00

.24E-13

£ ot o N e D WA RN DN e

(3

.24E-01
.71E-0)
.08E-0)
.66E-02
.24E-1)
.02E-04
.40E-02
.85E-02
.86E-12
.87E-04
.61E-05
.52E-04
.17E-16
.18E-03
.27E-02
.65E-02

- 3.86E-02

2.81E-01

5.38E-01

Red Har

N W e W e D NN DAY e

(%))

.24E-07
.71E-0)
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.66E-02
20E-13
.02E-04
.4OE-02
.85E-02
.86E-12
.B7E-04
.61E-05
.52E-064
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.65E-02
.86E-02
.81E-01

.38E-0)
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L 24E-07
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.08E-03
.66E-02
.26E-1)
.02E-04
.40E-02
.85E-02
.86E-12
.87E-04
.61E-05
.S2E-04
17E16
.18E-03
.27E-02"
.65E-02
.86E-02
.81E-01

.J8E-01

B, Surf,

.26E.-0)
.11E-0)
.08E-0)
.66E-02
.24E-1)
.02E-04
.40E-02
.85E-02
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.87E-04
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.18E-0)
.27€-02
.65E-02
.86E-02
.81E-01
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L24E-O)
JIE-0)
.08E-0)
.66E-02
L24E-1)
.02E-04
.LOE-02
.85E-02
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.87E-04
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L92E-04
.1IE-16
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.J4E-0O]
.62E101
.68E-02
.98E1 01
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TABLE A-6

$0-Year Maxiwus Offsite Individual Dose from a Criticality Accident

u de‘

KR-83M
KR-B5M
KR-87

KR-89
XE-1)3
XE-1354
XE-135
XE-137

' XE-138

BR-83
BR-84
BR-85
1-131
1-132
I-13)
1-134

1-135

Totil o

30

8.

1.
4.
1.
7.
3.
2.
1.
.
8.
1.
S.
3.
1.
2.
2.
2.
6.

I8E-11
S1E-07

17E-05
86E-05

49E-11
73E-09
76E-06
20E-06

67E-10

61E-05
88E-07

05€-05

66E-14
49E-05

37E-05
4L6E-05

S1E-04
09E-04

28E-04

3.38E-11

8.51E-07
1.17€-05
4.86E-05
1.49E-11
1.713€-09
3.76E-06

2.20E-06

1.67E-10
1.61E-05
2.48¢-08
8.83E-06
5.66E- 14
1.13E-07
9.20E-06
6.40E-06
2.19E-04

- 6.08E-05

3. 88E-04

PN D NADN N Wwe S W

Dose (rem)

Red Mar Lj ve Su Thyrojd A
.IBE-11 3.38E-11 3.38E-11 3.38€E-11 3.01E-09
.S1E-07 8.51E-07  8.51E-07 8.51E-07  8.51E-07/
.17E-05 1.17E-05 1.17E-05 1.VJE 0S  L.MIE-0%
LB6E-05 4 .86E-05  4.86E-05  4.86E-05 4 .B6F-05
L49E-11 1.49E-11 1.49E-11) 1.49E-11 1.49€-11
. 13E-09 7.73E-09 7.13E-09 7.13E-09  7.13E-09
. 716E-06 3.76E-06 3. 76E-06 3.76E-06  3.76E-06
.20E-06  2.20E-06  2.20E-06  2.20E-06 2.20E-06
.67E-10 1.67E-10  1.67E-10  1.6JE-10 1.67E-10
.61E-05 1.61E-05 1.61E-05 1.61E-05  1.61E-05
L4BE-08  2.48E-08  2.48E-08  2.48E-08  7.25E:06
.83E-06 B.83E-06 B.8)E-06 8.83E-06  2.02E-05
.66E- 14 5.66E- 14 5,66E-14  S.66E-14  5.66E-14
.33E-07 1.33E-07 1.33E-07 1.19€-0)  1.33E-0/
.20E-06  9.20E-06 9.20E-06  9.50E-05  2.28E-05
4OE-06 6.40E-06 6.40E-06  6.07E-03  6.40E-06
J19E-06  2.19E-04  2.19E-06  5.39E-04  3.70E-04
_0BE-05 6.08E-05  6.0BE-05  4.2)E-0) . 2.)6E-04

3.88E-04 3. 88E-0n 3. 88E-06 1.22E 12 /. BOE- 04
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TABLE B-1. FAULI

Maemonit

CRITMAHB
FISSLIER

HUMFAIL}

IGNORE
INGCORE
OTHRRFMT
OPIGPRO

OPPRYOA
PEAPAIL

PLANNED
RECOFSA
REQSAMN
SAMPNOT
TRERHBIN

2FOR"PROBABILIIY

g TJFOR
or Ckﬂma ‘BR-LINE

pm . P"h'
Per kr . pility

Evcnf Nane

DPET8A-200-10
sUP 2¢

b

Source

01

) ‘o"o‘r :

1.8-07

o
 sualytical reszlta

.08

- 2.8-08

-+01

b SOURCE KEYs

" Este. = entimated valse

Critical mnas achieved
Solwtion iavolved ia

. tranafer orror contaias
. fissile material.

Human failure: feed not

- anslyzed, so fizsiles

sot detected.

- PHA iastrament gives 2o
. sample results.
PHEA iastrument gives coa-

funiag ressits.

. Other traasfer error iato

HBeLine.
Operstor igaores resuita
indicating Pu mas trans-

' ferred, proceeds to pro-

cess receipt normslly
Operator igaores lack of

ead proceeds to pro-
.coss receipt noraally

_PHA operator fails to

‘recognize coafumiag
results, certifies

- resslts sre norssl

Processiag coztizues

 PHA -Anslyst confuses the

saaple ressits, reports
resxlts are normsl
PEA Asalyst folls to

- request missiag sample
Operator fails to take
~ ssmple as requested

Iraasfer error iato

m.t‘..o

@ Mnemoaica refer to data lnp-t poiltu on the faalt troo-.'

Est.

Est,

[ 2 2

*e

Est.

.

*e

¢¢ o Swaia and Guttmaa,

s 200=Ares Fault Tree Dttsbnlk
.. = WASE-1400

NUE!G/C!91278.
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IABLE B-1. (CONTINUED)

® Fregq. Proba-
Per hr bility

Maemoxic

OPFAILS
FAILREQ

INGRESU

CONFSAM

ISGINRE
CONFRES
YIOUTAN

OPERFAI

DPSTSA~200-10
8P 2C

b

Eveat Name Sozrce

.1
" §

ral

d

8.E-04
3.K-04
I O

\"'Oporttor fails to take o

sauple as required by
procedure after trass.

- PHA operator fails to

roquest nissiag zample
‘after traasfer.

‘Operator igasores ressits

iadfcating Pu was traas-
ferred, proceeds to pro-
cess receipt aermslly
PHA Analyst zoafases the
sasaple reszits, reports
results sre aormel
PHA {astrameat gives mno
saaple results. -

‘PHA {astrumesnt gives coa-

fusiag resuits.
Operator igmores lack of
snslytical resuits

ead proceeds to pro-
ceas receipt sormally
PHA operator fails to
recogaize coafusing
results, certifies
results are normal

s Mnemonics r-f.r'to data iaput poists on the farlt trees.
b SOURCE KEI:

Est.

*

= ggtinated valxme

« 200-Ares Fanlt Tree Databank

= WASH-1400
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DPST84A-200-10
sUP 2¢

- RECTANGLE

A Fauvlt Event mu"‘.laultin g from the
Combination of More Bastc Faults Acting

Through Logic Gates

CIRCLE

2 Sasic Cosponent Fault - M,lmunt
vent

- DIAMOND ' R
__A Fault Event Mot Developed to 1ts Cause

HOUSE

An Event Thlt u Nom\ly Expocnd to Occur
Alse, Useful As a “"Trigger Event® for Logic
$tructure Change Within the Fault Tree

'mmx w-l. Tault i‘:u Event ‘Syibou”r
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Inputs
Output

Inputs

Output
fault

(effect)

Input
‘nult

DPSTSA-200-10
8P 2C

MD Gates

Cosxistence of A1l Inputs Required
to Produce Output e

OR Gates

Output W11) Exist 1f at Least One
Input 13 Present . -

INIBIT Gates

Input Produces Output Directly When
Conditional Input 13 smmo':

TRIANGLE , ,
A Connecting or Transfer Symbol

UPSIDE DOWN TRIANGLE

A Siailarity Transfer - The Input is Simtlar
Sut Not Identical to the Like ldentified

Input

- FIGURR AC~2. Pault Tree Logic Sy-boll
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