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The reactor core consists of a vertical array of 199 replaceable
hexagonal core assemblies, nominally 12 cm across flats. Fast neutron flux is
supplied by plutonium dioxide/uranium dioxide driver fuel assemblies. Nuclear
control is ...intained by nine boron carbide control-rod absorber assemblies
(which contain neutron absorber sections that are moved vertically in and out
of the core) plus a variable number of fixed-shim absorber assemblies that
remain fixed in the core during a particular fuel cycle. Inconel reflectors
are used to minimize neutron leakage from the fueled zone of the core. The
core will a 30 accommodate up to eight independently instrumented test
assemblies that may be used for testing either fissioning materials or
nonfissioning materials. Fuels open test assemblies allow irradiation of
highly instrumented fuel assemblies in reactor coolant. Materials open test
asst lies are designed to test the irradiation behavior of structural
materials (nonfissioning materials). The independently instrumented test
assemblies may include up to four independently cooled closed-loop in-reactor
assemblies. No closed-loop testing has been conducted to date.

Recently the FFTF has begun testing materials for fusion reactors. In
special fusion materials open test assemblies, 1ithium samples are being
irradiated in the FFTF's high neutron flux. The resulting tritium gas is
analyzed and then captured for disposal in equipment Tocated in a glovebox on
the main floor within the reactor containment. A tritium monitor has been
added to the final exhaust monitor to measure tritium exiting the plant.

Tritium is the fuel of fusion reactors. In the future, fusion reactors
will produce their own fuel by capturing neutrons in lithium located in the
reactor walls. High-energy neutrons are produced by the fusion of tritium and
deuterium. The FFTF has a high, fast neutron flux that enables testing of
fusion materials.

Because the FFTF is an irradiation test reactor, the composition and
arrangement of the core are subject to change to meet varying testing
requirements. A typical core arrangement is shown in Figure 2-4.

2.2.2 Reactor Heat Transport System

The FFTF is designed so that power generated by the reactor, 400 MW
thermal, is removed via the Heat Transport System (Figures 2-5a and 2-! ) by
pumping 43,500 gal/min of sodium through the reactor vessel, at a nom1na1
inlet temperature of 680 °F, and an inlet pressure of about 133 1bf/in?
(gauge), an a nominal out]et temperature of 938 °F. The actual inlet and
outlet temperature depend on the operating conditions selected. The reactor
current]y operates at 291 MW thermal with a nom1na1 inlet temperature of
680 °F, an inlet pressure of about 120 1bf/in® (gauge), a nominal outlet
temperature of 875 °F, with a flow of approximately 38,400 gal/min.

Dry argon cover gas is used to blanket the sodium in the reactor vessel
and throughout the Heat Transport System to avoid contact between sodium and
air. The Heat Transport System has three 133-MW thermal stainless-steel
sodium-f- led piping circuits (Figure 2-5b). Each circuit consists of both a
pri iry loop and a secondary loop with a heat exchanger between to isolate the
radioactive primary loop sodium within the containment.
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2.2.7.2 Efficiency of Filters. Various types of filters are used in the
exhaust systems discussed in this text to assist in removal of radioactivity
from the effluents. As stated above, filters are not the primary devices used
to control radioactive releases. The filters used include; HEPA filters,
dacron fiber filters, sintered metal filters, and a charcoal iodine filter.
The only tested filters in the exhaust systems are HEPA filters; and not all
HEPA filters are tested. Credit for removal efficiencies is only claimed for
tested filters. A tested HEPA filter is located in the RSB fumehood L-15, a
tested HEPA filter bank and prefilter are located in the access control area
exhaust and the reactor containment building exhaust. The HEPA filter bank in
the reactor containment building exhaust is valved into the system only on
detection of an alarmed release in containment. The access control area HEPA
filter bank is valved into the system automatically on detection of an alarmed
release at the combined exhaust monitor. These HEPA filters are tested
because they may be required to provide ventilation in containment following
such a release and because they are downstream from the containment - »>lation
valves. ..i.e HEPA filters in the RAPS, CAPS, and interim exan 1ation and
maintenance cell are not tested because they are upstream from radiation
monitors and isolation valves, which are the control devices.

A HEPA filter is a throw-away, extended-pleated-medium, dry-type filter.
The Hanford Site HEPA filters meet the following requirements:

¢ Permissible penetration at test airflows shall be no greater than
0.03% when tested in accordance with Quality Assurance Testing of
HEPA Filters (DOE 1990a, Article 6).

e Filters shall have a minimum particle collection efficiency of
99.97% for 0.3-um particle size, thermally generated dioctyl
phth: ate aerosol (or equ1va1ent) at 100% and at 20% of rated flow
capacity for filters with a nominal airflow rating of 3.5 m /m1n
(size 3) and 1arger and 100% rated flow for filters with a nominal
rating below 3.5 m /m1n (DOE 1990a, Article 4).

o The pressure differential for airflow across a clean filter assembly
when tested at appropriate nominal flows shall not exceed 1.3 in. wg
pressure, for sizes 1 through 3 and sizes 6 through 8 HEPA filters,
and 1.0 in. wg pressure for sizes 4 and 5 HEPA filters.

The decontamination factor for a HEPA filter, based on 99.95% removal
efficiency for filters tested in place (see Section 2.2.4) is 2,000.

Dacron fiber filters are located before the compressors in the CAPS
flowpath containing the surge and delay tank and cryogenic unit (backup system
r RAPS). The efficiency values are estimated to 100% for 10 um and larger

and 98% for 2 um and larger. Ninety-eight percent efficiency equates to a
decontamination factor of 50. These filters are used primarily to remove
potential radioactive sodium aerosols and sodium vapors for in-plant
contamination control.
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ist ation system valves. The reactor containment building heating and
ventilation valves, including the two supply valves and the two exhaust
valves, are tested quarterly for operability and are leak tested biannually.
During function testing each valve must close in less than 3 sec.

The RAPS and CAPS outlet valves that close and redirect flow back to the
CAPS inlet are tested quarterly for cycle time. The RAPS and CAPS outlet
valves are 1 . leak tested; they redirect flow to the negative pressure of the
CAPS vacuum header.

The radiation monitors that automatic trigger closure of valves are
calibrated on an annual basis. The containment isolation system radiation
monitors are functionally tested monthly and source checked weekly.

2.2.9 Operating Mode

The FF1 operates routinely in 100+ d full-power cycles. Between full-
power cycles the reactor is shut down for several weeks for refueling. The
combined exhaust is operated on a continuous basis during full-power cycles
and during refueling.

2.3 IDENTIFICATION AND CHARACTERIZATION OF
POTENTIAL SOURCE TERMS

Both radioactive and hazardous material are managed at FFTF. The
sections below address these materials separately.

2.3, Radioactive Source Term

The quantity of uncontainerized radioactive materials in process
(Tak 2 2-2) was evaluated against the U.S. Environmental Protection Agency
(EPA) requirements, including the radioactive gas generated as a result of
normal reactor operations (70% operational capacity).

1e to the active venting of the reactor cover gas to the radiocactive
argon processing system during reactor operation, the primary coolant is not
considered containerized. A cesium, manganese, and sodium activity quantity
based on concentration data from primary sodium analysis was used as the
source term in the 1,000,000 1b of primary sodium.

sing 40 CFR 61, Subpart H, Appendix D, methodology (EPA 1991b), the
pc 2ntial offsite dose associated was calculated. This methodology assumes
that al gas is released, 1/100th of all particulates or liquids are released,
and 1/1,000,000th of all solids are released. Containerized material is not
required to be included and if high-efficiency particulate air filtration
exists on the facility, a filter efficiency of 99% can be assumed. Because
HEPA filters that were tested online are not utilized in the design of the
FFTE main exhi ;t, no credit is considered for their existence in Table 2-2.
Evaluation of the key hazardous substances within the facility are discussed
this section.
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nitrogen-inerted cell. The cause of the event was investigated and determined
to be unique to the particular pump in question.

Potential Release Events. Because of the nature of the system design and
operation, the release of sodium from the FFTF systems caused by a breach-in
the pressure boundaries associated with normal operations is very unlikely.

A singl bot_ _lary failure of any portion of the American Society of Mechanical
Engineers (ASME) pressure boundary should not be considered as the basis for
an upset condition. Al1l likely failure points (e.g., tanks and pumps) are
provided with secondary containment either through the use of guard vessels or
cell containment systems.

Dichlorodifluoromethane (R-12)

Normal Plant Operations and Controls. Eight centrifugal R-12 chillers
are used at FI ' to provide cooling for personnel and equipment. Each chiller
ntains a maximum of 3,000 1b of refrigerant R-12. Refrigerant R-12 is a
vapor at room temperature and any leaks from the equipment represent an
‘rborne fugitive emission. The equipment is constructed of flanged steel
joints and copper side stream refrigerant processing loops.

Release History. Fugitive release of refrigerant from the equipment
requires the addition of refrigerant to the machine periodically. These
releases can be divided into three categories.

1. Catastrophic pressure boundary (copper tubing) failure, which
results in the releases of the entire charge. This has occurred on
several occasions during the plant's operating history.

2. Releases associated with normal equipment maintenance. Periodic
maintenance on the machines requires removal of the refrigerant to
the chiller storage tanks and complete disassembly of the compressor
unit.

3. Releases that occur as a result of leakage from joints and valves on
the chillers.

4. Releases associated with removing excess air from a chiller. The
air is released to the atmosphere with small deminimus amounts of
refrigerant are also released.

The first release event represents the source of significant release from
the chillers. A past release rate of 1,000 1b/yr is an estimate based on the
average quantity of refrigerant added to the machines over the past few years
that is not related to replacement of 1+ °rigerant associated with the first
type of release. Because of new maintenance techniques future releases are
e; 2cted to be <10 1b/yr.

Potential Release Events. The release of the entire charge of R-12 from
the chiller can be considered a likely upset condition based on operating
experience. Since the total quantity of refrigerant in one machine is less
than a RQ value and the chillers are not interconnected on the refrigerant
side, no one failure could result in exceeding an RQ in a 24-h period.

2-27
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3.0 APPLICABLE REGULATIONS

Regulations pertaining to effluent releases at the Hanford Site have been
developed by several regulatory agencies: EPA, DOE, Washington State
D¢ artment of Ecology (Ecology), and the Benton-Franklin-Walla Walla Counties
Air Pollution Control Authority (APCA). Westinghouse Hanford has established
administrative requirements for compliance based on as low as reasonably
ac levable (ALARA); however, this plan has been prepared against the federal,
state, and local regulations, and DOE orders to maintain consistency.
Table 3-1 giv 3 a brief summary of the regulations and standards applicable to
t s FEMP.

3.1 FI TY EFFLUENT MONITORING PLAN REQUIREMENTS

Re 1irements for a FEMP are provided in General Environmental Protection
Program, DOE Order 5400.1 (DOE 1988a). This order provides specific
information in Chapter IV on the requirements for effluent monitoring. The
order specifies that a written environmental monitoring plan shall be prepared

- for each site, facility, or process that uses, generates, releases, or manages

significant pollutants or hazardous materials.

Environmental monitoring requirements differ between new and existing
facilities. For a new facility with the potential for adverse impact on the
environment, an environmental survey must be conducted prior to actual start-
up. The survey shall establish background levels of radioactive and toxic
pollutants, characterize pertinent environmental and ecological parameters,
and identify potential pathways for exposure to the environment as a basis for
determining the effluent and environmental monitoring program. For existing
facilities, subsequent surveys and continued monitoring are required based on
the operation and inventory at risk.

Radioactive effluents and nonradioactive pollutants released at the
Hanford Site shal be monitored in accordance with the DOE 5400 series of
orders. Information on the monitoring requirements for airborne or liquid
effl :nt release pathways is presented according to a specific characteristic
of tne effluent, whether the effluent is a radioactive or nonradioactive
hazardous materia . To ensure the health and safety of the public, DOE-
controlled facilit® : are required to monitor effluents that have the
potential to contain regulated materials. Regulated substances generally
include radioactive and nonradioactive hazardous substances as defined in:
DOE orders; 40 CFR 61, Subpart H (EPA 1991a); 40 CFR 302 (EPA 1991b); and
Dangerous Waste Regulations WAC 173-303 (WAC 1989). Regulations pertaining to
the monitoring and environmental surveillance rec irements of effluents are
typ: ly based on the effluent release limits for that material which are
associated with their risk to the public. Monitoring requirements
and associated limitations may also be based on best available technology
(BAT) or other technologically based criteria.
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The monitoring is performed to evaluate the effectiveness of effluent
treatment and control, for radioactive material inventory purposes, and to
determine compliance with all DOE, EPA, state, and local requirements
pertaining to effluents and pollutant 1 eases to the environment. Monitoring
shou 1 be conducted in a manner that provides accurate measur nents of the
q wntity and/or concentration of liquid and airborne pollutants in effluents
as a basis for:

1. Determining compliance with applicable discharge and effluent
control limits, including self-imposed administrative limits
designed to ensure compliance with in-plant operating limits,
effluent standards or guides, and with environmental standards

2. Evaluating the adequacy and effectiveness of containment and waste

tre “ment i 1 cc :rol, as well as efforts toward achieving levels of
radioactivity that are ALARA considering technical and economical
cor :rainf

3. Compiling an annual inventory of the radioactive material released
in effluents and onsite discharges.

Eff 1ents should be monitored at the point at which the applicable
standards apply. For example, onsite discharges may be monitored at the waste
treatment and disposal system; effluents may be monitored at the point after
all treatment and control, including retention and decay. In many cases, the
monitoring location is specified in the discharge or operating permit.

3.2 HAZARDOUS MATERIAL

EPA regulations pertaining to the release of hazardous substances from
DOE facilities are presented in 40 CFR 302 (EPA 1991b). This regulation, in
accordance with Sections 101(14) and 102(a) of CERCLA, designates those
substances in the statutes of CERCLA, identifies reportable quantities of
those substances, and sets forth the notification requirements for releases of
these substances. This regulation also sets forth reportable quantities for
hazardous substances designated under Section 311(b), (2), (A) of the Clean
Water Act of 1977. Any credible or potential upset condition identified in
the FEMP determination shall evaluate the risk to the environment using the
CERCLA values (reportable quantities) as a 'isis for determining monitoring
and/or sampling. The actions necessary to be in compliance with the above
re tirements shall be stated in the FEMP.

3.3 AIRBORNE EFFLUENTS

P -borne emissions of radioactive materials from DOE-controlled
facilities at tI Hanford Site are subject to 40 CFR Part 61 (EPA 1991a), as
stated in Radiation Protection of the Public and the Environment,

DOE Order 5400.5 (DOE 1990b), and DOE 5400.1, Chapter IV, "Environmental
Monitoring Requirements"” (DOE 1988a). The list of hazardous air pollutants
regulated under NESHAP is provided in Subpart A, "General Provisions"

(EPA 1991a). '
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Documentation identifying the organizational structure, functional
responsibilities, levels of authority, and Tines of communication
for all activities related to the emissions measurement program.

Prescribed administrative controls to ensure prompt response if
emission levels increase as a result of unplanned operations.

A description of the sample collection and analysis procedures used
in measuring the emission, including the following where applicable:

- Identification of sampling sites and number of sampling points,
including the rationale for site selection

- A description of the sampling probes and representativeness of
the samples

- A description ¢. any continuous monitoring syst: ; used to
measure emissions, including the sensitivity of the system,
calibration procedures, and frequency of calibration

- A description of the sample collection systems for each
radionuclide measured, including frequency of collection,
calibration procedures, and frequency of calibration

- A description of the laboratory analysis procedures used for
each radionuclide measured, including frequency of analysis,
calibration procedures, and frequency of calibration

- A description of the sample flow rate measurement systems or
procedures, including calibration procedures and frequency of
calibration.

The objectives of the quality assurance program shall-be documented
and shall state the required precision, accuracy, and completeness
of the emission measurement data, including a description of the
procedures used to assess these parameters.

The quality control program shall evaluate and track the quality of
the emission measurement data against preset criteria. The program
should include, where applicable, a system of replicates; spiked
samples; split samples; blanks; and control charts. The number and
frequency of such quality control checks shall be identified.

A sample tracking system shall be established to provide for

pos tive identification of samples and data through all phases of
the sampling collection, analysis, and reporting system. Sample
handl 1g and preservation procedures shall be established to
maintain integrity of the samples during collection, storage, and
analysis.

Periodic internal and external audits shall be performed to monitor
compliance with the quality assurance program. These audits shall

‘be performed in accordance with written procedures and conducted by

3-11
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Further specified is:

The sampling probe should be constructed of seamless stainless
steel tubing (or, for corrosive atmospheres, other rigid, seamless
tubing that will not degrade under sampling conditions) with sharp,
tapered edges.

The angle of taper on the sampling probe should be 30°, and the
taper should be on the outside edge to preserve a constant internal
diameter.

The probes should be designed so that they can be easily
removed for cleaning, repair/replacement, or deposition evaluation.

Aerosol transport lines should be rigid and should be
electrically grounded to the point where the particles are
cc lected/accumulated.

o Aerosol transport lines should be made with radii of curvature
greater than five tube diameters (just as the probe is designed).

s A1l sampling systems should, at a minimum, have a gas-flow

o gauge that is read and recorded daily, unless it can be demonstrated

~ that the flow rate is constant.

Flow measurement devices for the sampler should be located
downstream from the collector.

- Normally, automatic airflow feedback systems that adjust the

sampler flow will not be required. Sample flow adjustment is

induced by the monitoring-system sampling pump, which continuously

measures the effluent flow to maintain isokinetic sampling

conditions. The need for feedback systems should be considered for

- each emission stream having large fluctuations in flow (greater than

' a factor of two) and contributing a major fraction (e.g., greater

than 10%) of the offsite emission limit for radionuclides from the
facility. '
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The CAPS processes potentially contaminated nitrogen, air, or argon and
discharges it to the atmosphere via the combined exhaust. Inert cell
atmosphere purges are the primary source of gas to the CAPS, although several
other sources contribute intermittent input to this system. The CAPS
equ- nent, other than the charcoal beds, is used continuously to maintain
inert cell pressure control and to process waste gas from the refueling
machines, the interim examination and maintenance cell, and other sources.
The CAPS effluent normally has only trace quantities of radioisotopes.

The CAPS is similar to the RAPS; however, its charcoal beds are used only
infrequently. The primary function of its cryogenically cooled charcoal beds
is to process the atmospheres of the inert cells in containment following an
accident in which sodium and fission products are released from the primary
system in those cells. Such an accident has never happened. The CAPS
charcoal bec have a more realistic secondary use, as a backup unit for the
RAPS.

4.1.2 Upset Operating Conditions

Activation of the reactoy cover gas produces the radioisotope “Ar.
Approximately 1,500 pCi/s of “'Ar are produced when the plant is operating at
ower. The argon cover gas is processed by the RAPS, reducing the amount of
'Ar released to the atmosphere The amount released to the atmosphere is
1.5 puCi/s, which is 1 x 107 of the facility generation rate.

There is one anticipated event, which is nonroutine, that results in a
release of the radioactivity to the atmosphere. This event is a fuel pin
cladding breach, which results in the release of 8Kr, a noble gas
radioisotope that has a half-1ife of 10.76 yr. The tota] activity in a fuel
pin that has run 3 cycles (approximate]y 450 d) at 5.1 MW thermal (plant
operating power of 291 MW thermal) is approximately 124,200 Ci. Total noble
gas activity is approximately 7,700 Ci, pr1mar11y from krypton and xenon
radioisotopes. Only 1 Ci of the noble gas ®Kr is expected to be released to
the atmosphere from a fuel pin cladding breach. Because the RAPS delays
krypton for about 1 wk, Bkr is not decayed and is released via the combined
exhaust. The other kryptons and xenons are short-lived radioisotopes, that
are delayed by the RAPS a sufficient length of time to allow for their decay.
Other fission products are either retained in the sodium or the RAPS.

There have been 12 fuel pin releases at the FFTF since the beginning of
operation in April 1982. A1l of these events have been single fuel pin
breaches with the exception of two fuel pin releases that occurred during the
same time period. Generally, only one fuel pin breach occurs at a time;
however, the plant systems are designed to operate with 1% breached fuel or
about 160 breached fuel pins in the reactor core.

4-7
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5.0 EFFLUENT POINT OF DISCHARGE DESCRIPTION

5.1 AIRBORNE RELEASE POINT DATA

...e following sections provide information on the dimensions of the main
FFTF exhaust stack and building, annual average stack and ambient air
temperatures, annual wind rose, Chi/Q data, and annual average volumetric flow
rate to the air via the FFTF combined exhaust. Other exhaust points, the RSB,
the Heat Transport Building-South (HTS-S) and the Fuel Storage Facility (FSF)
are additional potential effluent release points from the FFTF that are
monitored. These release points cover areas of the FFTF Plant with limited
radic »gical release potential and do not represent sources of normal or
anticipated (non-accident related) off-normal radiological releases. The FSF
exhaust point is currently routed to the main exhaust via CAPS and is not
ac ive. None of these release point have actiy effluent treatment controls
but are monitoring as required by internal FFTF safety documentation.

5.1.1 Stack Diameter

The FFTF Combined Exhaust exits the plant at a louvered penthouse located
on the Auxiliary Equipment Building - East (see Figure 2-1). The combined
exhaust penthouse is approximately 137 cm by 137 cm. :

5.1.2 Stack Height

The combined exhaust penthouse is 46 cm high.

5.1.3 Building Height, Width, and Length

The Auxiliary Equipment Building - East is 11.89 m high in the area where
the combined exhaust penthouse is lTocated. The Auxiliary Equipment Building -
East roof, where the combined exhaust penthouse is located, is approximately
17 mby 17 m. It is adjacent to the RSB and the reactor containment building
(Figure 2-1), which are both at higher roof elevations than the Auxiliary
Equipment Building - East. The roof elevation of the Auxiliary Equipment
Building - East is 179.57 m.

5.1.4 Annual Average Stack and Ambient Air Temperatures
The combined exhaust annual average discharge temperature is 70 °F. The

annual average ambient air temperature is 53 °F. This average was determined
by the Hanford Site Meteorology Station using meteorology data for the Hanfo

‘Site area from the period from 1912 to 1980.

5.1.5 Annual Wind Rose

The wind rose for the 400 Area is shown in Figure 5-1.

5-1
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5.1.6 Chi/Q Data

The Chi/Q data is not available because the AIRDOS-PC computer code
described in 40 CFR 61 (EPA 1991a), which was used to calculate the dose
values described in Section 3.0, does not display this data.

5.1.7 Annual Average Volumetric Flow Rate

The_ combined exhaq;t flow is essentially unvarying at approximately
679.68 m3/min, 13.28 m”/min of which originates in the access control area.

5-3
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6.0 L. 'LUENT MONITORING/SAMPLING DESIGN CRITERIA

The FFTF combined exhaust monitoring and sampling system was designed in
accordance with Guide to Sampling Airborne Radioactive Materials in Nuclear

Facilities, ANSI N13.1-1969 (ANSI 1969), to ensure that airborne radionuclides N

released from the facility are maintained ALARA. Details of ANSI N13.1-1969
are contained in Section 3.3.1.

Separate on-line monitoring is utilized to initiate source isolation via
the Reactor Containment Isolation System (CIS), which is discussed in
Section 2.2.4.1.

The FFTF combined exhaust monitor provides effluent release measurement
and alarm notification to the FFTF control room if predetermined
concentrations of airborne radionuclides are released from the facility.
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7.0 CHARACTERIZATION OF CURRENT
EFFLUENT MONITORING SYSTEM

7. DESCRIPTION OF THE EFFLUENT AIRBORNE
SAMPLING AND MONITORING SYSTEM

The combined exhaust effluent is monitored for beta-emitting
particulates, beta-emitting gases (noble gases) and tritium in the exhaust
duct before discharge to the combined exhaust penthouse. The combined exhaust
effluent is also sampled for ™'I. The effluent in the flow path is drawn
through a multiport isokinetic probe and then through a beta particulate
monitor, iodine cartridge, and noble gas monitor, in that order. The beta
particulate monitor incorporates a fixed filter and a scintillation detector
that measures the gross beta activity. The filter medium has a collection
efficiency of lei : 99% for aerosol particles and is designed for minimum
energy absorption to enhance beta sensitivity. The assembly is shielded
against background radiation. The sampled air is then drawn continuously
through a cartridge of activated charcoal to provide an integrated measurement
of an accidental release of ™'I. The jodine cartridge is located in the flow
path be veen the particulate and the noble gas monitors. The effluent is then
drawn through the gaseous radioactivity monitor consisting of a beta
scintillation detector in a suitable shield. This type of detector is used to
improve the sensitivity to the radioactive gases while being relatively
insensitive to the background gamma radiation.

The tritium effluent samples are drawn through a separate multiport
sample probe. The effluent is drawn through a beta monitor that incorporates
two sets of ion chambers to measure the gaseous tritium activity and subtract
the effect of external gamma radiation on the tritium measurement. When
process monitors indicate that the discharged effluent has the potentiai to
exceed 10% of the derived concentration guides-public value (10 pCi/mbL) at
the point of ¢ scharge on an annual average, a tritium sampler is activated.
The effluc . for this sample is drawn through the tritium monitor sample
prc . The sampie 1 2n passes through a catalytic converter to ensure that
tritium in forms other than water is oxidized. The sample enters a cartridge
containing calcium sulfate desiccant. The cartridge is periodically removed
for laboratory analysis.

7.1.1 Stack Flow Measuring System

The combined exhaust exits the FFTF at approximately 680 m3/min. This is
determined by summing the airflow contribution from each exhaust system
(Figure 2-4). The reactor containment building suppiies approximately
570 m /min the access control area approximately 110 m /min, the RAPS/CAPS
approximately 1.4 m /min and the RSB unlined cells approximately 2.8 m /min
As can be seen, most of the airflow is provided by the reactor containment
building and access control area heating and ventilation systems.

There is no stack flow measuring system for the combined exhaust. The

only airflow that is actually measured on a routine basis is the inflow to the
reactor containment building. The flow of fresh air to the reactor
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10 L/min. An indicating flowmeter locally displays the flow in the sampling
line. The sample flow is regulated by manually controlling the position of a
valve Tocated on the flowmeter.

7.1.6 Samplir _ Media

The combined exhaust particulate filter is a 3-um highly microporous
membrane composed of an acrylic copolymer cast on a nonwoven nylon substrate.
The iodine cartridge contains trimethylene di-amine impregnated carbon which
is an efficient material for capturing organic molecules containing
radioactive iodine. The tritium sampling cartridge contains calcium desiccant
to remove water vapor containing tritium.

7.1.7 Frequency of Sampling

Continuous sampling is performed for beta particulate activity. Tritium
sampling is performed when the effluent has the potential to exceed 10% of the
derived concentration guides-public value at the point of discharge on an
annual average at the point of discharge.

7. .8 Frequency of Sample Collection

Particu : » filters are changed weekly. Iodine cartridges are changed
every 2 wk. Tritium sampling cartridges are changed either daily or weekly,
depending on the indication and operability of other process and effluent
tritium monitors.

7.1.9 Calibration and Audit Schedules

The monitoring system instrumentation is calibrated annually. The
Westinghouse Hanford Environmental Protection Function performs surveillances
of the environmental monitoring system at FFTF once a year. Environmental
Protection reviews the sampling and monitoring records, checks to ensure the
sampl 1g and monitoring equipment is operational, and verifies that the
required calibrations are performed. The Westinghouse Hanford Health Physics
personnel also perform daily inspections of sampling and monitoring equipment
to ensure it is operational.

7.2 OPERATIONAL SPECIFICATIONS PERTAINING TO
EFFLUENT MONITORING SYSTEM

The 1imiting conditions for operations along with the surveillance
requirements and actions to be taken in the event that these cannot be met for

ﬁhe effluent monitoring system is described in FFTF safety docur tation.

7-3



WHC-EP-0475-1

7.3 ALTERNATE MO TORING A ) ASSESSMENT METHODS

Alternative nitoring and assessment methods are addressed in FFTF
safety documentation. Thi document requires that ¢ | temporary replacemer
monitors have equ salent functions of the monitor being replaced.
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8.0 HISTORICAL MONITORING/SAMPLING
DATA FOR EFFLUENT STREAMS

The only permitted effluent stream currently associated with the FFTF is
the airborne releases associated with the Washington State Department of
Health Radioactive Air Emissions Permit FFOl.

8.1 NORMAL CONDITIONS
8.1.1 Annual Average Release Rates

: innual average release rates reported for 1988 are shown in
Table

Table 8-1. Annual Average Release Rates for 1988.

Isotope Activity (Ci/yr)

The release rates for “Ar and ™'l were obtained from information
provided on the Washington State Department of Health (DOH) source
registration rm. ie release rates on the source registration form are for
1988. 1formation provided on the source registration form concerning release
rates was taken from the Hanford Site database, titled Onsite Discharge
Information System/Effluent Information System. This report is prepared
annually and 1bmitted to Idaho Falls (DOE) Low-Level Waste Lead Site April 1,
pursuant to DOE Orders 5484.1 (DOE 1981) and 5400.1 (DOE 1988a). Annual
release rates for “'Ar are based on a release rate of 1.5 uC1/s at a plant
power rating of 291 MW thermal for periods when the plant is operating.

The ®Kr release rates were not reported on the source registration as
this information was not available at the time the registration was prepared

Kr releases result from a breached fuel pin. Information concern1ng the
amount of 5Kr potent1a11y available for release from one breached fuel pin
(approximately 1 Ci) is combined with information obtained from process
monitors qutream of the combined exhaust to estimated the annual release
rates of 8

The %°Sr was originally identified on the source registration as a

radionuclide emitted from the FFTF. The "°Sr was assumed to be the
radionuclide detected by gross beta analysis of the combined exhaust samples
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9.0 AMPLE ANALYS! AND LABORATORY PROCEDURES

This section address sample analysis and laboratory procedures used
by I F.

9.1 ANALYTICAL LABORATORY AND PROCEDURES

A11 samples co lected for analysis at FFTF are collected in accordance
wi 1 WHC-IP-0692, "5.2.3.1 Air Sample Exchange," (WHC 1991b) and then
delivered to tt 325 Laboratory, operated by Pacific Northwest Laboratory
(PNL), for analyses. The 325 Building was built in the 300 Area in 1953 to
accommodate general radiochemical research, development, demonstration, and
analytical service to the Hanford Site. The analyses are run using PNL
procedures, which are similar to EPA protocols. In addition, the record

wmpl 1g rec irements shall be conducted according to the Part D of WHC-CM-7-5

(WHC 198¢ .

9.2 SAMPLE Al ATA CHAIN OF CUSTODY

A chain of custody Desk Instruction #91-X-005 has been developed for air
samples taken at FFTF and delivered to the 325 Laboratory for analyses.

The purpose of the desk instruction is to provide guidance to the Health
Physics Technician (HPT) for control of the various air samples that are being
taken to be analyzed by the PNL counting laboratories.

The following steps are performed for taking the air samples.

1. Prepare the new air samples and envelopes in accordance with
WHC-IP-0692, procedure 5.2.3.1.

2. Change out the air samples in accordance with WHC-IP-0692,
procedure 5.2.3.1.

3.° Exchange air samples.
4. Return the air samples to the FFTF HPT Office.

5. Verify that all of the air samples have been exchanged by comparing
the air samples to the list in the air sample book.

6. Sign the Chain-of-Custody form step 1 when this has been completed.

7. Separate the air samples to be counted by PNL from the air samples
to be counted by Health and Safety. Place the air samples in
separate envelopes then seal the envelopes.

8. Sign the Chain-of-Custody form step 2 when this has been completed.

9. Before transporting the air samples to the counting laboratory(s),

the transporting HPT will verify that all the air samples are
present. The HPT will compare the air samples in the envelopes to
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10.0 NOTIFICATIONS AND REPORTING REQUIREMENTS

Notifications and reporting of specific events related to environmental
releases and/or events involving effluents and/or hazardous materials shall be
made as per DOE Orders 5400.1 (DOE 1988a) and 5000.3A (DOE 1990c).

Img 2mentation of the orders is accomplished via Management Regulations and
Procedures, (MRP), (WHC 1989a), 5.14, Rev 5. Specific implementation, where
required, is included in the appropriate facility's occurrence categorization,
notification, and reporting procedure. Implementation of environmental Timits
and re  rements is found in the Environmental Compliance Manual, WHC-CM-7-5
(WHC 1vowp).

10.1 ENVIRONMENTAL OCCURRENCE

1ie following reporting requirements represent the general site
requirements applicable to all facilities. These requirements ensure proper
notification of both regular agencies and DOE, per requirements of DOE Order
5000.3A (DOE 1990c).

10.1.1 Occurrence Identification and Immediate Response

1. Each employee shall identify events and conditions and shall
promptly notify management of such occurrences.

a. Cal 81 if immediate help such as fire, ambulance, or patrol
is required.

b. Call 3-3800 (the Patrol Operations Center) if assistance other
than fire, ambulance, or patrol .is required.

c. After requesting necessary outside assistance, the employee
shall notify the supervisor, who shall notify the facility
manager, the building emergency director, and the Occurrence
Notification Center (ONC) (6-2900).

2. Operations personnel shall take appropriate immediate action to
si »ilize or return the facility/operation to a safe condition.

3. The oversight organizations shall notify their U.S. Department of
Energy, Field Office, Richland (RL) counterparts of the event after
receiving notifications from and discussing the event with the
facility manager.

).1.2 Occurrence Categorization
Occurrences (environmental) shall be categorized as soon as practical

using the following specific criteria for radioactive and hazardous materials
release. These categorizations should be made within 2 h of identification.
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e Any controlled and monitored gaseous radionuclide release exceeding
the Westinghouse Hanford-established administrative control value

(ACV) on an annual basis or exceeding 10 times the ACV on a weekly
basis.

e Any controlled and monitored (instantaneous) gaseous radionuclide
release exceeding 5,000 times the derived concentration guide (DCG)
over any 4-h period.

10.2 PERIODIC ROUTINE EFFLUENT MONITORING REPORTS

Per »dic effluent monitoring data is gathered by the site contractor for

.all RL tacilities. The Environmental Assurance function within Westinghouse

Hanford completes and transmits the data to Idaho for DOE and appropriate
regulatory agencies.

10-3






WHC-EP-0475-1
11.0 NEAR-FACILITY ENVIRONMENTAL SURVEILLANCE

11.1 DESCRIPTION

The site-wide Environmental Monitoring Plan (EMP), as described in the
Management Plan for Facility Effluent Monitoring Plan Activities (WHC 1991b),
consists of two distinct but related components, environmental surveillance
conducted by PNL and effluent monitoring conducted by Westinghouse Hanford.
The responsibilities for these two portions of the EMP are delineated in a
memorandum of understanding (MOU 1989). Environmental surveillance, conducted
by PNL, consists of surveillance of all environmental parameters to
demonstrate compliance with regulations. Effluent monitoring includes both
in-Tine and facility effluent monitoring as well as near-facility operational

wironn tal monitoring. Pro; :ted EDEs, 1 )rorted in this FEMP are the
products of the in-line effluent monitoring. Near-facility operational
environmental monitoring, is required by Part 0, "Environmental Monitoring,"
of WHC-CM-7-5 (WHC 1989b). Procedures are described in Operational
Environmental Monitoring (WHC 1988b).

1 .2 PURPOSE

Operational environmental monitoring determines the effectiveness of
environmental controls in preventing unplanned spread of contamination from
facilities and sites operated by Westinghouse Hanford for DOE. Effluent
monitoring-and reporting, monitoring of surplus and waste management units,
and monitoring near-facility environmental media are therefore conducted by
Westinghouse Hanford for the purposes of controlling operations, determining
the effectiveness of facility effluent controls, measuring the adequacy of
containment at waste transportation and disposal units, detecting and
monitoring upset conditions, and evaluating and upgrad1ng eff]uent monitoring
capabilities.

11.3 BASIS

Near-facility environmental surveillance is conducted to (1) monitor
emplovee protection, (2) monitor environmental protection, and (3) ensure
compl ince with local, state, and federal regulations. Compliance with parts
of DOE Orders 5400.1 General Environmental Protection Program (DOE 1988a),
5400.5 Radiation Protection of the Public and the Environment (WHC 1990b),
5484.1 (DOE 1981); 5820.2A, Radioactive Waste Management (DOE 1988b); and
DOE/EH-0173T Environmental Regulatory Guide for Radiological Effluent
Mc ‘toring and Environmental Surveillance (DOE 1991) are addressed through
this activity.

11.4 MEDIA SAMPLED & ANALYSES PERFORMED

Procedure protocols. for sampling, analyses, data handling, and reporting
are specified in WHC-CM-7-4 (WHC 1988b). Media include.ambient air, surface
water, groundwater, external radiation dose, soil, sediment, vegetation, and
animals at or near active and inactive facilities and/or waste sites.

11-1






—

WHC-EP-0475-1

respective mor ~ing programs at least quarterly and as soon as possible
under upset cc tions.

11.9 REPORTS

Results of the near-facility operational environmental monitoring program
are published in the document series WHC-EP-0145, Westinghouse Hanford Company
Environmental Surveillance Annual Report (WHC 1989c). Results of routine
radic >gical surveys are also published in WHC-EP-0145. The radionuclide
values in these reports are expressed in curies, or portions thereof, for each
radionuclide per unit weight of sample (e.g., picocuries per gram) or in field
instrument values (e.g., counts per minute) rather than EDE, which is
calculated as the summation of the products of the dose equivalent received by
specified tissues of the body-and a tissue-specific weighing factor.
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12.0 QUALITY ASSURANCE PLAN

12.1 PURPOSE

This Quality Assurance (QA) Plan describes the quality assurance
requirements associated with implementing this FEMP. The plan identifies the
FEMP activities and assigns the appropriate QA requirements defined by the
Westinghouse Hanford Quality Assurance Manual, WHC-CM-4-2 (WHC 1988c). This
QA Plan shall be consistent with the requirements in DOE 5700.6C, "Quality
Assurance" (DOE 1991). In addition, QA requirements in 40 CFR 60, Appendix A,
"Reference Methodoloaies," (EPA 1991e), shall be considered when performing

mnitoring calculat- s and establishing monitoring systems.

12.2 OBJECTIVE

The objective of this plan is to provide a documented QA plan describing
QA requirements for facilities implementing the FEMPs.

12.3 REQUIREMENTS

A Quality Assurance Project Plan (QAPjP) (WHC 1991c) has been developed
to implement the overall QA program requirements defined by WHC-CM-4-2
(WHC 1988c). The QAPjP applies specifically to the field activities,
laboratory analyses, and continuous monitoring performed for all FEMPs
conducted by Westinghouse Hanford. Plans and procedures referenced in the
QAPjP are available for regulatory review on request by the direction of the
Westinghouse Hanford Environmental Assurance Manager.

A QAPP for radioactive airborne emissions was prepared (Vance 1991) to
address the QA elements of 40 CFR 61 and was submitted to the EPA.

12.4 FACILITY SPECIFIC REQUIREMENTS

Table A-1 of the QAPjP includes a list of analytes of interest and
analyt: methods for gaseous and liquid effluent sampling at the
Hanford Si1te. This Tist includes detection 1imits and precision and accuracy
requirements for each analyte. Analytes of interest for FFTF are gross alpha,
gross beta, ~'Cs, and argon. There are no nonradiological analytes present
in the gaseous effluent.
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13.0 INTERNAL AND EXTERNAL PLAN REVIEW

The General Environmental Protection Program, DOE Order 5400.1,
( pter IV.4 (DOE 1988a), requires that the facility effluent monitoring plan
be reviewed annually and updated every 3 yr. The FEMP should be reviewed and
updated as necessary after each major change or modification in the facility
processes, facility structure, ventilation and liquid collection systems,
monitoring e 1ipment, waste treatment, or a significant change to the safety
ana ysis reports. In addition, EPA regulations require that records on the
results of radioactive airborne emissions monitoring be maintained on site for
5 yr. Operations management shall maintain records of reports on measurements
of stack particulates or other nonradioactive hazardous pollutant emissions
for a minimum of 3 yr.

Facilii operators will have to certify on a semiannual basis that no
changes in operations that would require new testing have occurred. Although
the report is based on the calendar year, the emission limits apply to any
period of 12 consecutive months. Westinghouse Hanford Environmental
Protection prepares an annual effluent discharges report for each area on the
Ha ‘ord Site to cover both airborne and liquid release pathways. In addition,
a report on the air emissions and compliance to the Clean Air Act of 1977 and
NESHAPs (EPA 1991a) is prepared by Environmental Protection and submitted to
EPA and DOE-HQ. -

Facility management is to obtain the Environmental Protection function's
approval for all changes to the FEMPs, including those generated in- the annual
review and update. In addition, the FEMP shall be reviewed by Quality
Assurance and Regulatory Analysis.
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}. .2 American National Standards Institute
N13.1- 369 Compliance

Compliance with the intent of ANSI N13.1-1969 (ANSI 1969) has been
previously evaluated. The system has some ir “ficiencies associated with
par :ulate monitoring which have been compensated for by lowering alarm
sel ir 5 (Letter, D. 0. Hess to Distribution, "Setpoints for System 96
Radiation Monitors," February 4, 1982). Since the effluent of concern is
not 2 gas, which is not particulate in nature, the system meets the
requirements of ANSI 13.1-1969 (ANSI 1969) for noble gas monitoring.

14.1.3 Eff ient Flow Rates

e flow measurements have been confirmed by methods discussed in
Section 3.3.1.

14.1.4 Comparison of Projected Effluent
Characteristics with Historical
Data

Activation of the reactor cover gas produces the rad1o1sotope “Ar.
Approximate y 1,500 uC1/s of “'Ar are produced when the plant is operat1ng at
power. Argon cover gas is processed by RAPS, reducing the amount of “Ar
released to the atmosphere The amount re]eased to the atmosphere is
1.5 puCi/s, which is 1 x 107 of the facility generation rate. H1stor1ca11y,
the number of curies of “'Ar has ranged from 13.2 Ci to 37.2 Ci/yr since the
start of reactor operations in 1982. Future operations are expected to remain

1 this range.

There is one anticipated event, which is nonroutine, that results in a
release of radioactivity to the atmosphere. This event is a fuel pin cladding
breach, which results in a the release of ®Kr, a noble gas radioisotope that
has a half-life of 10.76 yr. The total activity in a fuel pin that has run 3
cycles (approximately 450 d) at 5.1 MW thermal (plant operating power of 291
MW thermal) is approximately 124,200 Ci. Total noble gas activity is
approximately 7,700 C1ﬂ pr1mar11y -from krypton and xenon radioisotopes. Only
1 Ci of the noble gas Kr is expected to be released to the atmosphere from a
fue p1n cladding breach. Because the RAPS delays krypton for about 1 wk,
8Kr is not decayed and is released via the combined exhaust. The other
kryptons and xenons are short-lived radioisotopes, which are delayed by the
RAPS a sufficient length of time to allow for their decay. Other fission
products are either retained in the sodium or the RAPS.

There have been 12 fuel pin releases at the -FFTF since the beginning of
operation in April 1982. A1l of these events have been single fuel pin
breaches with the exception of two fuel pin releases that occurred during the
same time period. Generally, only one fuel pin breach occurs at a time;
however, the plant systems are designed to operate with 1% breached fuel or
about 160 breached fuel pins in the reactor core.
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15.0 SUMMARY AND CONCLUSIONS

It has been determined by Westinghouse Hanford and reported in the FEMP
determination (WHC-EP-0442) (WHC 1991d) that a FEMP was required for FFTF.
This dete 'ation was based on 40 CFR 61, Subpart H, Appendix D (EPA 1991a)
methodo]ogy and resulted in a projected offsite dose of 0.26 mrem. Although
it is recogn1zed that, by design, there is no process upset cond1t1on that
could result in such a release, the FFTF does manage a material (“'Ar noble
gas) in sufficient quantity to represent an offsite risk.

With the exception of areas outlined in Chapter 14.0, the FFTF effluent
monitoring system is in compliance with applicable regulations and standards.
The four areas not in compliance with the DOE regulatory guide (DOE 1991) and
ANSI 42.18-1980 have been determined by FFTF Engineering to not adversely
affect the operations of the effluent monitors. An exemption has been
requested from the DOE and is awaiting approval.
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