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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

The H-Canyon facility is located in the 200 Separations Area and uses the HM
process® to separate uranium, neptunium, plutonium, and fission products.
Irradiated uranium fuels containing 235y at enrichments from 1.1% to 94% are
processed and recovered, along with neptunium and plutonium isotopes. The
flow of radioactive materials in the 200 Separations Area is shown in Figure
1-10

This Safety Analysis Report (SAR) documents an analysis of the H-Canyon
operations and is an update to a section of a previous SAR (1). The previous
SAR documented an analysis of the entire 200 Separations Area operations,
This SAR documents an analysis of the H-Canyon and is one of a series cf
documents for the Separations Area as specified in the Savannah River
Implementation Plans (2). A substantial amount of the information supporting
the conclusions of this SAR is found in the Systems Analysis (3,4). Some H-
Canyon equipment has been updated during the time between the Systems Analysis
and this SAR and a complete description of this equipment is included in this
report. The primary purpose of the analysis was to demonstrate that the H-
Canyon can be operated without undue risk to onsite or offsite populations and
to the environment. In this report, risk is defined as the expected frequency
of an accident, multiplied by the resulting radiological consequence in
person-rem. The units of risk for radiological dose are person-rem/year.
Maximum individual exposure values have also been calculated and reported.

1.1.1 Historical Perspective

Construction of the H-Canyon separation facility was completed in the mid-
19508, Processing of irradiated depleted uranium fuel using the Purex process
began in July 1955. The introduction of enriched uranium fuels into Savannah
River reactor operations to produce a greater variety of products required the
development of a modified process to accommodate recovery of unburned uranium
from spent enriched uranium fuels. This H-Modified (HM) process was
introduced in the H-Canyon in May 1959. The process was modified in 1963 to
permit recovery of neptunium as well as enriched uranium., The H-Canyon
operation continues to employ the large equipment designed for low enrichment
fuels, To minimize criticality risk, a dilute flowsheet utilizing
administrative and procedural controls rather than geometry is utilized. 1In
addition to SRP fuels, offsite fuels from research and test reactors can be
dissolved and processed using the HM process. An electrolytic dissolver, used
for processing fuels clad in stainless steel, and other metals resistant to
nitric acid attack, was installed in 1969, Modifications and improvements
have been made subsequently to allow the canyon to perform a wide variety of
missions,

®The HM process is used for irradiated uranium fuels that contain 1.1 to 9u%
235y, A Purex process was used in H-Canyon prior to the May 1959 startup of
the HM process. '

1=1
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In 1977, a Systems Analysis was completed for the 200-Area Chemical
Separations Facilities (5), and as noted earlier, an SAR was completed in 1980
(1). Recently an updated Systems Analysis (3,4) has been completed to
supersede the 1977 version, and several improvements have been made to the H-

Canyon equipment.

1.1.2 Approach

This SAR follows the content requirements given in the Savannah River
Implementation Plans (2). Following this summary discussion of the facility
and operations is the site evaluation including the unique features of the H-
Canyon. The H=Canyon facility and process design are described in Section 3
and a description of B=-Canyon operations is given in Section 4. The accident
analysis in Section 5 is followed by a list of safety related structures and
systems (Section 6) and a description of the Quality Assurance program
(Section 7).

The accident analysis in this report focuses on estimating the risk from
accidents as a result of operation of the H=Canyon facilities, The B-Canyon
operations were evaluated on the basis of three considerations: 1) potential
radiological hazards, 2) potential chemical toxicity hazards, and 3) potential
conditions uniquely different from normal industrial practice. The effects of
the hazard were quantified in terams of risk for personnel on the plant site
and for those outside the plant boundary. Routine conditions were not
considered in this analysis other than for comparative purposes.

The analysis presented in this SAR relies extensively on the recent compre-
hensive Systems Analysis for the H-Canyon operations (3,4). This Systems
Analysis identified events deviating from normal operating conditions for the
facility and evaluated the hazards resulting from such events. Most of the
events leading to accidents for the E-Canyon operation were identified from
data in the 200-Area Fault Tree Data Bank. Other initiating ‘events were
identified from analyses of other similar facilitiea,

Event progression subsequent to event initiation was largely based on data
from the 200-Area Data Bank. This data bank contains a listing of the
significant safety-related occurrences over the history of H-Canyon
operations. The data bank contains more than 135,000 entries ranging from
minor equipment malfunctions to incidents with significant potential for
injury or contamination of personnel. In addition to the data bank, analyses
of system characteristics, operating procedures, and engineering data were
applied. Where necessary, event trees supported by fault trees were used to
determine and quantify frequencies for a particular accident sequence from the
initiating event to a final outcome,

For those events where there was release of radicactivity from the process
equipment, the impact of confinement barriers was considered in estimating the
release of radiocactivity to occupied areas and to the environment., Estimates
of radionuclide release to occupied areas and to the environment are largely
derived in the SAR, These radionuclide release calculations required
consideration of the specific nuclides present in the process, their physical
form, the mechanism of release, and the performance of the engineered safety
features designed to prevent their release, Most factors are specific to the

1-3
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accident being considered, and the. supporting rationale are included with the
accident analysis,

The quantified source terms were used to calculate radiological consequences
for personnel on the plant site and for offsite populations. Once
. consequences were available, risk was calculated as the product of the
expected frequency of the event and the radiological consequences of that
event,

1.2 SUMMARY DISCUSSION

A summary of the H=Canyon operations important to safety is presented followed
by a summary of H=Canyon safety analysis including tables of radiological
consequences and risks for accidents and normal operation.

1.2.1 Facility Operations

The 221-H chemical separations plant has a large shielded "canyon" building
for processing irradiated materials. Irradiated fuel and target materials are
dissolved in nitric acid. Product materials are separated by using solvent
extraction and ion exchange processes. The resulting solutions contain the
various products that have been decontaminated from fission products., Further
processing is performed in unshielded facilities where some products are
converted from solution to solid form for shipment offsite.

The two principal safety concerns in operation of the facility are:

1. Loss of process fluids from the vessels or systems in which
they are contained such that radionuclides can be released to
the canyon atnospho_re,

2. A criticality event resulting from accumulation of fissionable

material in a geometry and under conditions conducive to a self
supporting chain reaction.

The H-Canyon structure and supporting engineered safety features constitute an
effective radiological confinement system designed to control and limit radio-
nuclide release to the environment. For the case of criticality, canyon
equipment by and large is not designed to geometrically preclude criticality,
Hence, administrative and procedural control is the principle mechanism for
controlling oriticality. Such an approach has historically been effective (no
criticalities have been experienced during operations of the H=-Canyon or any
other facility of the Savannah River Plant).

The analysis presented herein indicates how expected frequencies for

criticality events can be achieved if administrative and procedural controls
are effectively applied.

1=4
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1.2.2 Eacllity Risk

The estimates of radiological consequences and radiological risks from
accidents as a result of operation of the H~Canyon are summarized in Table 1-
1. The total calculated risk to the offsite maximum individual is only 4.0 x
10-4 rem/yr, a small fraction of the annual exposure from natural background
of 0.09-0.1 rem. Population dose values are also small, calculated values
being 3.8 person-rem/yr for the offsite population group to a radius of 50
miles and 0.71 person-rem/yr for the onsite population group.

.

Radiological consequences for accidents are compared with those from normal
operational exposure in Table 1-2., Doses from effluent releases for normal
operation in Table 1=-2 are for all 200-Area operations, Calculated doses in
this SAR are typical for separations processes and arewell within federal
guidelines for accidental releases of 25 rem as stated in 10 CFR 100,

For normal operation, the calculated offsite dose to the surrounding
population from gaseous effluents is 75 person-rem/yr from 200 Separations
Area operations, For liquid effluent releases direct to surface streams as a
result of the canyon operations, the calculated exposure is 1.1 person-rem/yr.
The exposure to workers in H-~Canyon operations during 1984 was 44 person-rem,

Radiological risks are dominated by releases as a result of normal operation.
However, it is important to recognize that some of the process events
considered in the accident analysis occur more frequently than once per year;
hence the accident risks and normal operating risks presented in Table 1=-2
overlap, particularly for liquid pathways doses. The accident doses and risks
from accidental releases, however, make up only a small part of the doses
tabulated for normal operations.

The very low risk from accidents for SRP H-Canyon operations are in part a
result of the massive, relatively leak tight and blast resistant structure
within which the processes are located. The structure itself is resistant to
damage by extreme natural phenomena and by other external events and hence
protects the process equipment from damage., Further, radiocactivity released
within the facility is largely contained by the facility; gaseous effluents
from the system must pass through a massive sand filter located below ground
level, Hence the filter system itself has high availability.

The very low values for radiological consequences and for risk as a result of
H-Canyon operations indicate that the facility can be operated without undue
risk to the public or operating personnel.
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TABLE 1-1., Summary of Risks for B-Canyon Accidents for All Umit Operations
Risk

Offaite Onsite Offsite

Population, Population, Maximum
person-rem/ person-rem/ Individual,

Accident r yr rea/yr
Natural Phencmena 3.6E-05 1.3E-05 7.5E-09
Externally Induced Failures 1.2E=02 2.2E=03 1.5E=-06

Process Related Occurrences

Medium Energetio Fire 7.7E=01 1.8E=-01 8 .0E=05
(Airborne) Uncontrolled Reaction §,TE=01 8.7E=-02 5.0E=05
Explosion 8.28-03 1.5E-03 8.5B=07
Criticality 5.88-03 1.18=02 8 .3E-06
Total (Airborne) 1.35+00 2.8E-01 1.3E=04
Low Ensrgetio Transfer Error to 211-H 2.6B-02 9.8E-03 b .TE=06
(Airborms) Tranafer Error to Sump 1.9E-02 3.5B-03 2.0E=06
Overflow to Sump - 3.7E=-01 6.9E-02 3.9E=05
Leak to Sump 2.1E+00 3.8E=01 2.1E=04
Processing Short-Cooled Fuels 3.6E-03 6.1E=04 5.5E=07
Ruthenium Volatilization 1.2B-03 1.7TE=08 2.3E=07
: Total (Airborne) 2.5B+00 5 .6E~01 2.6E=04
Coil Failure (Ligquid) 7.0E=-02 5.9E~-06
Total (Airborne) 3.7BE+00 T.1E-01  X.0E-04
Total (Process Ocourrences) 3.8E+00 7.12-01 §,0B-04
Total for all accidents Airborne 3.TE+00 7.1E=01 8 .0E-04
Liquid 7.0B-02 5.9E=06
Total 3.8E+00 7.1E=01 4 ,0E=-04

1=6
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TABLE 1-2. Comparison of Risk for Accident and Normal Operation
Risks Due
to Normal
Operation,
person-
—Dld3ks Due to Accidents = _rem/vyr®
Externally Annual
Natural Induced Process Do se,
Pathways Phenomena Failures Operations Total 1984
Airborne Release to 3.6x10™5 1.2x10"2 3.7x109  3,7x100 75
orfsite Population, )
Person-rem/yr
Airborne Release to 1.3x10-5 2.2x10-3 7.1x10"1 7.1x10"1 -
Onsite Population )
Person-rem/yr
Airborns Release to  7.5x10-9 1.5x10=6 4,0x10~% 4,0x10=4 -
Offsite Maximum
Individual, rem/yr
Liquid Releases to - - 7.0x10=2 7.0x10"2 1.1
Offsite Population,
Person-rem/yr##
Liquid Releases to -— - 5.9x10~6 5.9x10% --

Offsite Maximum
Individual, rem/yr@#

#Total for all the 200-Area operations due to effluent releases.

$8Direct release to Four Mile Creek,
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2.0 -SITE EVALUATION

2.1 SITE DESCRIPTION

The Savannah River Plant (SRP) is located in South Carolina onh an approxi-
mately circular site of about 300 square miles, bounded on the southwest by
the Savannah River, and centered approximately 25 miles southeast of Augusta,
Georgia. Other distances to locations of interest are shown in Tabdle 2-1, The
plant reservation occupies parts of Aiken, Barnwell, and Allendale Counties.

Two chemical separation areas are located near the center of the plant site
between Upper Three Runs Creek to the north and Four Mile Creek to the south
as shown in Figure 2-1, These areas are designated as 200-F and 200=-H. The
principal unit in each area is identified as a 221 building, which contains
the remotely serviced and operated canyon facilities and the directly serviced
and operated finishing facilities,

The H-Canyon is located in H~Area and noted as Building 221-H, as shown in
Figure 2-2.

A detailed description of the seismologic, geologic, hydrologic, meteoroc-
logic, and population characteristics of the Savannah River Plant site is
presented in Reference 1. These characteristics are examined in Section 5 for
situations in which operation of the facility could be affected by natural
phenomena. The followirng material summarizes the information from Reference
.1« Detailed population, seismologic, etc., data pertain to the SRP site, not
to the H-Canyon specifically.

2.1.1 QRopulation Characteristics

The potentially affected population for any H-Canyon accidents would include
personnel on the SRP reservation and the general public in the areas around
the SRP. Table 2-2 shows the number of onsite personnel by assigament.
Currently, there are over 15,700 people working at the site.

The offsite population for the 13 counties surrounding the reservation are
shown in Table 2-3. The two largest population centers located within
reasonable proximity of the plant are Augusta (25 miles west-northwest) and
Alken (20 miles north). Also shown in Table 2-3 is the 1980 population for
major population centers within about 25 miles of the reservation boundaries,
Figure 2-3 shows the major population centers within a 150-mile radius of the
SRP reservation.

2.1.2 JSeismology

The SRP site is in an area that has a rather low seismic frequency. Based on
three centuries of recorded history of earthquakes, an earthquake above
Intensity VII on the Modified Mercalli Scale (MM) would not be expected at the
Savannah River Plant., (See Reference 1, Appendix C for a description of the
Modified Mercalli Scale,) Only two earthquakes of Intensity VII or greater
have occurred within 200 miles of the site. They were the Charleston, South

2=1
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TABLE 2-1. Approximate Distances to Locations of Interest from SRP

Location of Interest

from Center of Plant Distance (miles)
Greenville, SC 115
Atlantic Ocean 100
Sevannah, GA 100
Charleston, SC 100
Columbia, SC 60
Augusta, GA 25
Aiken, SC 20
Williston, SC .15
Barmvell, SC 15
Jackson, SC 12

2=-2
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TABLE 2-2, Onsite Peraonnel at SRP, November 1985

Assignment Number of Personnel
Savannah River Plant 6,787
Savannah River Laboratory 1,015
Construction 6,154
DOE/Savannah River 292
Forest Service 25
Cafeteria 68
Janitorial | 405
Savannah River Ecology Laboratory 118
Laundry ' 25
Wackenhut 8u8
Total 15,737

2-5



DPSTSA-200-10, SUP-5

TABLE 2-3. 1980 Population Counts

—Countles
County 1980 Population County 1980 Population
Aiken 105,625 Burke 19,349
Allendale 10,700 Columbia 40,118
Bamberg 18,118 Richmond 181,629
Barmwell 19,868 Screven 14,043
Edgefield 17,528
Hampton 18,159
Lexington 140,353
Orangeburg 82,276
Saluda 16,150
Malor Population Centers Within About 25 Miles
Direction
Lity Diatance (miles) Irom Plant 1980 Populatdon
Augusta, GA 25 West-Northwest 47,532
N. Augusta, SC 25 Northwest 13,593
Aiken, SC 20 North 14,978
Williston, SC 15 Northeast 3,173
Barmwell, SC 15 East 5,572
Allendale, SC 26 Southeast 4,400
Waynesboro, GA 28 5,760

Southwest

2=6
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NORTH CAROLINA

FIGURE 2-3. Location of SRP Relative to Surrounding Population Centers

2=7



DPSTSA-200-10, SUP=5

Carolina, event (epicenter 90 miles from the SRP site) and the Union County,
South Carolina, event (epicenter 100 miles from the SRP site).

Available data indicate 18 events of Intensity VII or greater in South
Carolina. The largest event was the 1886 Charleston earthquake, which was
Intensity X. The next largest events were the Giles County, Virginia earth-
quake (Intensity VIII) of 1897 and the Union County, South Carolina, earth-
quake (Intensity VII-VIII) of 1913. All other events were Intensity VII or
less.

If data on the earthquakes in the vicinity of Charleston were omitted, South
Carolina and Georgia would be considered to have relatively few earthquakes.
The Charleston zone contains the epicenter of the 1886 Charleston earthquake,
the 1912 Charleston earthquake, and hundreds of aftershocks of the 1886 event
recorded until at least 1900.

The great Charleston earthquake of August 31, 1886, has dominated con-
sideration of seismic activity in South Carolina for many years. This dis-
turbance had dual epicenters, one at Woodstock (16 miles N 30°W from
Charleston) and another 13 miles due west from Charleston. The epicenters
were 14 miles apart. The Charleston quake, which was Intensity X, was felt
800 to 1000 miles away and affected an area of about 2,000,000 square miles.
The Charleston earthquake caused only minor, superficial surface changes. The
epicentral region was broken by many fissures through which water issued, but
the fissures seldom attained a width of more than one inch. In the vicinity
of Augusta, GA, just over 100 miles from the epicentral area, ground motion
was estimated at Intensity VIII during the earthquake.

The Middleton Place-Summerville zone (25 miles northwest of Charleston, SC)
has experienced seismicity continually since the 1886 Charleston earthquake.
This zone and the Jedburg (62 miles northwest of Summerville) and Adams Run
(25 miles south-southwest of Summerville) zones have had 36 shocks since 1974,

The Bowman Area (16 miles southeast of Orangeburg, SC) has experienced 12
shocks since 1974 in an apparent northeast trending zone. The poorly deter-
mined foci are from 0 to 6.2 miles in depth, and other parameters cannot be
accurately ascertained.

In western South Carolina, there have been 56 shocks since 1978, most of which
are centered in the Piedmont Plateau. The most prominent activity was related
to reservoire-induced seismicity (Lake Monticello and Clarks Hill Lake).

Maximum earthquake intensities have been considered for three seismic source
regions: 1) the Appalachian Mountains, 2) the Atlantic Coastal Plain, and 3)
the Charleston seismic zone. The maximum historical earthquake in the
Appalachian Mountains was the Giles County, Virginia, event that occurred in
1897 with Intensity VIIL The maximum historical earthquakes in the Atlantic
Coastal Plain (excluding the Charleston zone) were of Intensity VII. The
Charleston seismic zone contains the 1886 event of Intensity X.

The Design Basis Earthquake for the Savannah River Plant has been conserva-
tively established as an earthquake with a Modified Mercalli Intensity of VIII
(see Table 5-1) and a corresponding zero-period peak horizontal ground
acceleration of 0.20 g.

2-8 -
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Several fault systems occur in and adjacent to the piedmont and the valley and
ridge tectonic provinces of the Appalachian System. The closest fault is the
Belair, which is about 25 miles from the SRP site. Evidence for the last
movement of this fault is not conclusive, and it is not considered capable.
There are no known active or capable faults within 200 miles of the Savannah
River Plant.

2.1.3 Geology

South Carolina is divided into two main geologic provinces: 1) The Piedmont
Plateau, which is underlain by igneous and metamorphic rock; and 2) the
Atlantic Coastal Plain, which is characterized by flat, mostly unconsolidated
sediments of Cretaceous age or younger. The boundary between the two
provinces is called the Fall Line. It is not a sharp line of contact but a
zone of transition from the typical land forms of one province to those of the
other., The SRP plant site is located on the upper Atlantic Coastal Plain in
Aiken and Barnwell Counties, South Carolina., About 20 miles northwest of the
plant site is the lower edge of the Piedmont Plateau, the other main geologic
province in South Carolina,

The geologic layers of the plant site affect the migration rates and
directions of groundwater flow., Geologic formations beneath the site are the
Hawthorn, Barnwell, McBean, Congaree, Ellenton, and Tuscaloosa Formations, and
bedrock (crystalline metamorphio rock and the Dunbarton Triassic Basin).
Figure 2-4 is a profile of the geologic formations beneath the SRP. The
sediments that constitute the formations above bedrock are either
unconsolidated or semiconsolidated. The crystalline metamorphic rocks outcrop
at the Fall Line and dip approximately 36 ft/mi to tho southeast underneath
the coastal plain aecu.nents.

The major physiographic divisions in the site region are the Aiken Plateau and
the Congaree Sand Hills, The Aiken Plateau is bounded by the Savannah and
Congaree Rivers and extends from the Fall Line to the coastal terraces, The
surface of the Aiken Plateau is highly dissected and characterized by broad
interfluvial areas with narrow steep-sided valleys. Relief is locally as much
as 300 rt.

The site region, defined as the area within 200 miles of the site, contains

elliptical depressions called Carolina bays. These features, common through-
out the Atlantic Coastal Plain, are most numerous in North Carolina and South
Carolina.

The Congaree Sand Hills trend along the Fall Line northwest and north of the
Aiken Plateau., The sand hills are characterized by gentle slopes and rounded
sunmits and are interrupted by the valleys of southeast-flowing streams and
their tributaries.

2-9
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2.1.4 Hydrology

2.1.4.1 Surface Water

Most of the surface water at the Savannah River Plant (SRP) results from
rainfall or from the water that is pumped from the Savannah River and is used
for secondary cooling for the plant reactors. The usage rate of the Savannah
River water by the SRP varies from about 300 cubic feet per second (cfs) to
about 1000 cfs, depending on the number of reactors operating and the
corresponding reactor power levels, After use, the heated cooling water is
returned to the river via one of the plant streama,

Almost all of the SRP site is drained by tributaries of the Savannah River.
Each tributary is fed by several small streams so that no location on the site
is very far from a flowing stream. Only one small stream in the northeastern
sector of the site drains to the Salkehatchie River instead of the Savannah
River. .

In addition to these streams, surface water is held in more than 50 artificial
impoundments totaling over 3,000 acres., Par Pond is the largest, with an area
of about 2,700 acres, Water is retained intermittently in wetlands and in
more than 200 natural basins, including some Carolina bays. A large swamp
borders the Savannah River and is crossed by several of the streams,

2.1.4,2 Groundwater

Groundwater is defined as that part of the water beneath the land surface that
is free to move by gravity, It occurs in the zone of saturation, in which all
the interconnected openings or pores in the rocks of the earth's crust are
filled with water under hydrostatic pressure, The number, size, and shape of
the openings in porous rocks and sediments and the degree of interconnection
determine the amount of water that can be stored and yielded.

The physiography of the area determines the location of groundwater gradients,
Groundwater recharge is fairly uniform over the entire region. Groundwater
gradients are determined by the location and depth of incision of the stream
valleys.

Groundwater gradients in deeper aquifers are controlled by recharge and dis-
charge areas that are farther removed from the point of interest. Shallower
aquifers are controlled by nearby recharge and discharge areas,

Three distinct geologic and hydrologic systems exist beneath the SRP site:

° The coastal plain sediments, of Cretaceous and Tertiary age
(Tuscaloosa and above), where water occurs in porous, uncon-
solidated to semi-consclidated sands and clays.

° The buried crystalline metamorphic basement rock consisting of
chlorite-hornblende schist, hornblende gneiss, and lesser
amounts of quartzite, where water occurs in small fractures.

2=-11
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® A buried Triassic basin, consisting mostly of red consolidated
mudstone with some poorly sorted sandstones, where water occurs
in the intergranular space but is very restricted in movement
by the extremely low permeability.

The coastal plain sediments contain several prolific aquifers. The hydrology
of buried crystalline metamorphic rocks and the Triassic mudstone beneath the
SRP site have been studied intensively as a result of an exploration program
from 1961 to 1972 to assess the safety and feasibility of storing radicactive
waste in these rocks,

2.1.5 Meteorology

Climate near the SRP is relatively temperate with mild winters and long
summers. This area, while subject to continental influences, is protected by
the Blue Ridge Mountains to the north and northwest from the more vigorous
winters prevailing in the Tennessee Valley. The terrain offers little
moderating effect on the summer heat, The plant site and surrounding areas
are characterized by gently rolling hills with no unusual topographic features
(except the Savannah River along the western boundary) to significantly
influence the general climatology.

Many hurricanes that affect the South Carolina coast originate in the West
Indies and Caribbean area, then turn northward along the west coast and
Panhandle of Florida, and then turn northeast, following a track either across
land to the south or across water parallel to the Atlantic coast. These storms
lose much of their force before they reach South Carolina, Storms that enter
the Atlantic Ocean after crossing land occasionally regain their strength and
lash the coast of South Carolima with full hurricane force. Most hurricanes
that originate far out in the Atlantic or in the East Indies curve away from
the coast and stay over the ocean. Only a few of the hurricanes strike the
mainland. Only 38 hurricanes caused damage to South Carolina during the 272
years of record between 1700 and 1971. This is an average frequency of one
every seven years, The hurricanes that affect South Carolina occur
predominately in the months of August (37% of total) and September (47% of
total).

The SRP is located 100 miles from the Atlantic Coast. The occurrence of a
hurricane along the coastal region does not necessarily mean that the Savannah
River Plant will be subjected to hurricane force winds. The high winds usually
associated with hurricanes tend to decrease as the distance from the eye of
the hurricane increases and as the storms move over the land. Winds of 75 mph
were measured by anemometers (mounted at 200 ft) only once during the history
of the SRP, when Hurricane Gracie passed to the north of the plant site on
September 29, 1959.

In South Carolina, the greatest percentage of tornadoes occur in April and
May, with a smaller maximum, about 20%, in August and September. The latter
are mainly the result of spawning by hurricanes and waterspouts. One or two
tornadoes can be expected in South Carolina during April and May, with one
expected in each of the months of March, June, July, August, and September.

2=-12
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Weather Bureau records show 278 tornadoes in Georgia over the period 1916-1958
and 258 tornadoes.in South Carolina for the period 1950-1980. The general
direction of travel of confirmed tornado tracks in Georgia and South Carolina
is from the southwest to northeast,

The Savannah River Plant is in an area where occasional tornadoes are to be
expected. Statistics for the period 1950-1978 for a rectangular region of
Georgia and South Carolina including the SRP site show a total of 248
tornadoes, or 8.5 per year. Although the number of tornadoes in this region
averages 8.5 per year, there have been only four occasions (May 28, 1976; July
2, 1976; April 23, 1983; and. August 26, 1985) on which tornadoes were
confirmed on or in close proximity of the plant site. On all four occasions
only light damage was reported, i.e., displacement of light sheet metal
roofing, window breakage, trees snapped and uprooted, etc. On no occasion has
there been tornado damage to any production facility on the plant site, There
have also been several sightings of funnel clouds which did not touch ground
and caused no damage on the SRP site. Investigation of the confirmed tornadoes
indicated wind speeds of 100 to 175 mph.

The Design Basis Tornado is defined as a tornado having a rotational speed of
230 mph at a radius of 230 ft and a maximum transliational speed of 50 mph, and
a total pressure drop of 1.5 psig at a maximum rate of 0.5 psi/sec (see
Sections 3.2.2 and 5.1.1.1).

2.2 FACILITY DESCRIPTION

In the H-Canyon building uranium and 237Np are recovered by a modified Purex

solvent extraction process, 23TNp and 238pu are recovered from irradiated Np

targets by ion exchange. Irradiated targets and fuel tubes are received from

598 reactors areas, and aqueous streams of enriched uranium, neptunium, and
Pu are transferred offsite or to the HB-Line.

The unit operations in the H-Canyon for reactor fuel are shown in Figure 2-5
and include receipt of reactor fuel, dissolving, head end, solvent extraction,
evaporation, and waste disposal. A more complete discussion of H-Canyon
process operations is included in Section 3 and the H-Canyon System Analysis
(2).

2.2.1 Ihe B=Canvon Building 221-H

The 221-H Building is a reinforced concrete, blast-resistant structure that is
835 rt long, 122 ft wide, and 66 ft high on four levels, and built on a
reinforced concrete foundation slab., The building consists of seventeen 43 ft
sections and one 85-ft section at the south end. Two parallel canyons, each
15 ft wide at the bottom, 30 ft wide at the top, extend from Sections 5
through 18, and constitute the process areas, These two canyons contain the
"high activity materials and low activity materials and are designated the hot
canyon and the warm canyon, respectively.
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2.2.2 JUranium Cvale

The standard enriched uranium fuel is a uraniumealuminum alloy, clad in
aluminum, and the whole fuel piece is dissolved in nitric acid catalyzed by
mercuric nitrate. The off-gases go through a silver nitrate reactor to reduce
iodine emissions., The dissolved fuel is clarified in head end, and the
adjusted solution is fed to the solvent extraction system. Uranium and
neptunium are extracted from the fission products and separated from each
other in the first cycle; then each goes through two separate cycles of
solvent extraction for further purification, The uranium product solution is
not concentrated further, but is transferred out of the building, loaded into
tank trucks, and sent offsite for further processing The neptunium product
solution is transferred to the HB-Line for conversion to oxide as explained
below,

2.2.3 Neptunium Cvcle

In a separate process system in the shielded canyon, irradiated neptunium
targets are dissolved in nitric acid, and 238py and neptunium are separated
from fission products and each other by a series of anion exchange resin
columns, The product solutions of plutonium and neptunium are transferred to
the finishing area where the two are concentrated, precipitated as oxalate,
and calcined to oxides, The plutonium oxide is packaged for shipment offsite
or sent to the metallurgical building (235-F) for formation into heat sources.
The neptunium oxide is sent to the metallurgical building (235-F) for
refabrication into a billet to be made into reactor target elements.

2.2.4 Special Programs

In addition to these main process efforts, various parts of the system have
been used for special programs., For example, highly irradiated plutonium has
been processed in both the solvent extraction and canyon anion exchange
systems and finally produced as oxide from the finishing area. A plutonium
isotope mixture containing appreciable 238py has been recovered by solvent
extraction from the fission product waste stream from enriched uranium
processing. Irradiated thorium has been processed in the solvent extraction
system to recover 2337, A purified, concentrated thorium nitrate solution has
been shipped offsite for reuse, and the uranium fraction from solvent extrac-
tion has been concentrated by cation exchange in the finishing area, precipi-
tated as ammonium diuranate, calcined to the oxide, and shipped offsite.

2.3 REFERENCES
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3.0 PFACILITY-AND PROCESS DESIGE

3.1 DESIGN CRITERIA

The 221=-H Canyon and processes were designed in accordance with applicable Du
Pont Engineering Standards in effect at the time, The process has been
modified since the facilities were originally constructed but the structure
and process equipment remain the sane,

Du Pont Engineering Standards were used for the design and construction of all
Savannah River Plant (SRP) facilities, ensuring the use of standard, reliable,
and economical materials with quality workmanship. The Du Pont Engineering
Standards provide specific, detailed, instructive information for the
designer. They refer to portions of national standards where applicable.

Du Pont Engineering Standards are updated frequeﬁtly and are reviewed and
revised, or reaffirmed every five years, The standards provide design
information and specifications in the following general areas:

Architectural Lubrication

Civil Machine Design
Concrete Piping

Drafting Plumbing
Electrical ' Power .
Enviromental Protection Process Equipment
Fire Protection Safety

Heating and Ventilation Steel
Instruments :

Du Pont and SRP Engineering and Design Standards were compared with the
standard requirements set forth in the Department of Energy (DOE) Manual (1).
From this comparison, the following conclusions were made:

° Du Pont Standards met or exceeded DOE requirements in areas not
related to nuclear safety.

° There was almost literal vcorregdeneo between Du Pont and DOE
requirements for nuclear safety and radiation protection

The design of any upgrade of systenms, strdctures, and components is done
according to current DOE standards as set forth in DOE Orders 5480.1.A and
6430.1.

3.2 PROCESS AND FACILITY DESCRIPTION

3.2.1 Sugmary Description

The H-Canyon building is a radiochemical plant originally designed for the
separation and recovery of 239pPu and 2380 from irradiated natural uranium by
the Purex process. The plant mission was changed in 1959 to the processing of
irradiated enriched uranium to recover uranium with 2350 content of 1.1% to
94% 235y, Subsequently, additional equipment was installed to process

3-1
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irradiated Np targets to separate and recover 238pu and 237TNp. From 1964 to
1970, the plant periodically processed irradiated thorium to recover 233y,
The processing equipment is isolated from the operating personnel, the
environment, and the public in two parallel canyons, 15 ft wide at the bottom
and 30 £t wide at the top, separated by a central operating and service
section that is divided into four levels as shown in Figure 3=1:

Fourth Level - Control room and general office space.
Third Level - Feed tank gallery, sample aisles,

Second Level - Pipe gallery, mask and tool decontamination room,
canyon air supply fan room.

First Level - Change rooms, services, maintenance facilities, and
cold feed preparation equipment,

The more highly radiocactive processing operations such as dissolution of
irradiated materials, bulk fission product separation, and waste evaporation,

are performed in the hot canyon and the final purification of the products is
performed in the warm canyon,

The hot and warm canyons are housed ?n a blast-resistant reinforced concrete
structure 835 £t long, 122 £t wide, and 66 ft high. The above grade height is
52 ft. Rail access to the hot canyon for the delivery of irradiated material
and hot canyon process equipment is through a railroad tunnel that is entered
beyond the south end of the main building. The rail spur terminates 128 ft
inside the building. Equipment for the warm canyon enters through a truck
well on the-West side of the building Six personnel entrance towers connect
to the center section through tunnels under the first level, There are also
15 entrances to the building to such areas as the gang valve corridor and the
truck well area, A more complete description is contained in the H=-Canyon
Systems Analysis (2,3).

3.2.2 Process Deaign Considerations

The 221-H Building isolates the radiological hazards in the recovery process
for U, Pu, and Np from the operators and the public. These isotopes and
associated fission products are confined within the H=Canyon processing cells
by the radiological shielding walls and by engineered features that minimize
releases through ventilation air service, instrument lines and cooling water,
and steam condensate discharge linea, These features are designed to remain
intact in the event of any forseeable accident or natural phenomena such as
earthquakes or tormadoes., The building (Figure 3-2) is a Class I explosion-
proof Maximum Resistance Comstruction (MRC) structure designed to withstand
pressures 1000 1b/rt2. The building is constructed of reinforced concrete
walls, The outside walls of the radicactive processing cells are 48 in thick
for the most highly radiocactive process, and 34 in thick for the process
involving the lesser radiocactive radionuclides. The roofs over the two
process areas are 42 in thick and 30 in thick, respectively.
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The H-Canyon building is assumed to be insignificantly affected by an earth-
quake of less than VIII intensity on the Modified Mercalli (MM) Intensity
Scale® of 1931, This assumption has been independently supported by studies
by the Engineering Decision Analysis Co,, Inc., of Palo Alto, CA (4,5). A
study by URS/Blume (6), determined that the maximum seismic hazard at the SRP
site is from an earthquake of Intensity VII in the immediate vicinity of the
site and from a postulated Intensity X near Bowman, at a distance of 60 miles,

The canyon building has been analyzed with regard to tornado resistance (7).
Uncontained equipment such as ventilation ducts, electrical services, and
exposed pipe lines are vulnerable to missiles, The resistance of the
truckwell roll up door curtain and railroad airlock door is questionable. The
loss of the railrocad airlock doors would not be significant unless the inner
shielding doors were open,

The H=Canyon processing operations are divided according to the radiation
level of the material being processed, with the higher activity processing in
the so=called hot canyon and the lower activity operations in the warm canyon
Irradiated uranium in the shape of solid or hollow cylinders is brought into
the plant through an airlock in a shielded cask on a railcar. The cask of
irradiated material is prepared for unloading in the airlock, then pushed into
the 221=H building for unloading into the canyon dissolvers. The canyons are
dimensioned for a single row of process vessels. The canyons are divided into
sections 43 ft long, with 13 sections numbered 5 to 18 from south to north.
The floors of each section are sloped 3/8 in per £t to drain spills, leaks,
and overflows toa 2 ft x 2 ft x 2-1/2 ft deep sump. Nomradiocactive services,
with the exception of steam supply for solution tranafer jets, are supplied
through the inside shielding walls from the central operating area, Steam for
the motive force for the 1iquid transfer eductor (jet) is supplied from the
Gang Valve Corridor on the outside of the hot and warm canyons,

Each canyon has a pipe rack above the Gang Valve Corridor that supports an
array of headers interconnecting the various sections in the canyon for the
transfer of radiocactive solution between vessels in various parts of the
process,

The facility design requires the use of cranes to make connections between the
process equipment in the canyons with services or with radicactive transafer
lines that are connected to special nozzles on the canyonwall, There are
two basic types of nozzles -~ electrical and piping - which mate to
corresponding pieces of piping or conduit, called Jjumpers, that spanthe
spaces between the service supplied to the wall and the vessel. Jumpers are
individual lengths of pipe with lifting bails and special pipe connectors or
electrical connectors welded on either end for remote coupling. Typical
Jumpers, whenlifted by the bail, balance ina position that coincides with
the dimensional coordinates of the connecting nozzle., Pipe jumpers can be
very simple, consisting of a piece of pipe and the connectors, or quite
complex. Jumpers can be fabricated with valve and flow measurement devices,

#A tabulation of the observed earthquake effects at various intensities on the
Mercalli scale is found in the H-Canyon Systems Analysis (3) and in Table 5-
1.
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with thermocouples or resistant temperature devices, and probes for ligquid
level or liquid density measurements,

The Hanford connector shown in Figure 3-3 is a rugged pipe connector that has
demonstrated many years of reliability in the nuclear service., The connector
consists of:

° The tappered male nozzle with flat sealing surface, is part of
the fixed embedded piping in the wall, or stubbed=-off on the
vessel.

°® The female connector block, which is part of the movable piping.
] The guide skirt and gasket subassembly.

° The three-hook screw-puller type clamp mechanism with a 2-in
drive nut,

The female connector block, guide skirt, and clamp are bolted together and
operate as a unit. In operation, a pipe jumper, which is hanging from its
balance point on a crane hook, is placed on the fixed male nozzle with the
clamp hooks open. The loose jumper is held in position by its own weight, by
the guide skirt, and by the stabilizing action of the open clamp hooks. An
impact wrench which is carried by the crane is positioned by the crane on the
clamp drive nut. Positioning is accomplished remotely by the crane operator
viewing the operation through a periscope type optic system on the hot canyon
crane or through the shielding window on the warm canyon crane, Connectors are
designed to be operated by impact wrenches rated for approximately 500 ft=-1b
of torque.

Nozzle ends of embedded pipe are vertical or horizontal and are rigidly held
to closs dimensional tolerance, Process vessels are positioned by equipment
positioning guides, one set for each piece of equipment for a total of four
sets for each section of the canyon. An equipment piece is precisely
positioned by matching the positioning trunions on the bottom of the equipment
piece with the trunion guides mounted in the floor of the canyon. The
locations of all nozzles, cold walls, vessels, and racks are known with close
tolerance, This knowledge is necessary for the design of replacement jumpers,
new jumpers, or modified equipment. In addition, a jumper on one piece of
equipment will f£it on a similar piece of equipment.

There are four basic groupings of pipe wall nozzles in each section: 1) the
cold sidewall nozzles for cold feed, cooling water, electricity, lubrication,
steam, and instrumentation, 2) the horizontal nozzles on the hot side access
cooling water outlet, the waste and vent headers, 3) low vertical connectors
on the hot side that access steam supply from the jet gang valve corridor for
the transfer jet and steam condensate from evaporators, etc, to steam traps,
- and 4) horizontal nozzles on the hot side that provide access to the pipe rack
through the high verticals for transfers between vessels in various sections.

Decontamination cells are located in canyon Sections 3 and 4. Equipment
removed from the canyons can be decontaminated extensively before it is
removed to the hot or warm canyon maintenance shop for repair by maintenance
personnel., .
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3.2.2.1 Receipt and Charging of Irradiated Material

Irradiated materials in the form of Np target tubes or spent reactor fuel
tubes are received in bundles at Building 221=-H in transfer casks mounted on
special railroad cars.

Irradiated fuel 1is self-heating due to the fission products it contains, To
maintain the integrity of the cladding, the bundles and targets are shipped in
water filled cask wells, Bundles and targets received at H-Canyon are
submerged in water in the target and bundle storage section or charged into a
dissolver with sufficient solution to cover the irradiated material preventing
excessive self-heating, Time out of water during transfer of bundles by the
crane, including time to drain, is specified administratively. Fuel is kept
under water at the reactors for a period of time to allow some fission product
decay to prevent melting during the transfer in air from the cask to the
dissolver, ’

Administrative controls are employed to ensure that the irradiated material
received has been out of the reactor for a sufficient period of time to
prevent excessive release of volatile fission products and to limit radiation
exposure to operating personnel (8). Irradiated material is aged or cooled
sufficiently after discharges from the reactor to allow radiocactive 1311, with
a half-life of 8.07 days to decay. A minimum of 45 days is required for Mark
53 neptunium targets, Other irradiated assemblies are required to have a
minimum cooling time specified as a function of assembly exposure and exposure
time, The timing of fuel shipments to H=-Canyon is regulated at the reactor.
Radiation monitors set to alarm upon the detection of abnormal radiation from
short=lived radioisotopes, indicating the presence of fuel insufficiently
aged, are part of the preparation of the irradiated fuel for shipment.

Correct identification of material to be charged is the responsibility of both
the control room supervisor and the crane process operator (CPO). The
supervisor verifies that the serial numbers and the bundle identification
listed in the shipping papers agree with the information listed in the
batching memorandum, The CPO verifies the bundle identification stenciled on
the side of each bundle before he engages the hoist hook in the bundle bail.
- After each dissolver slot is charged, the CPO records the time charged, the
type of fuel, the bundlie identification number, and the storage position from
which the bundle was removed.

A nuclear safety control requirement allows only one bundle be moved at any
given time. All other bundles must be in either a cask car, bundle storage,
or the dissolver, Bundles are carefully engaged, one at a time, and 1ifted
from the cask car water well with a special transport hook.

Fuel requiring dissolution in the electrolytic dissolver because of the
variety has no standard fuel container (bundle) in which these fuels (or
scrap) are shipped to the 221-H Building. The type of shipping container is
dictated by fuel type and dissolver chute geometry. The shipping cask
inventory and container arrangement are dictated by a nuclear safety analysis
for each type of fuel to be processed. Each container must be properly
identified as to number, fuel type (or scrap type), stainless steel or
Zircaloy and aluminum content, total uranium, and 235U content before locading
in the shipping cask. The fuel is transported to 221-H from Receiving Basin
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for Off-Site Fuels (RBOF) and charged directly to the dissolver in a manner
analogous to the charging of uranium-aluminum alloy fuel to the chemical
dissolver (Reference 2, Section 1.4.2,1.1). Fuel types may be mixed in a fuel
shipment or dissolver charge if rules and limits of operation are based on the
type of fuel that is most restrictive,

Double batching a dissolver, an error that compromises critical mass safety,
is avoided by the use of dissolver inserts with space for only one bundle per
compartment and by administrative controls., The two chemical dissolvers are
prepared for receipt of fuel by fitting an insert in the dissolver. The
insert (Figure 3-4) is perforated at the bottom and sides to permit free flow
of solution around the tubes, discharge of foam to the dissolver proper, and
the discharge of off-gas to the column condensers. For nuclear safety, one or
more of the insert compartments may be blocked to limit the number of bundles
that may be loaded for a given charge. Some fuel fragments may remain in the
dissolver insert after the dissolution of all fuel is normally complete.
Before the dissolved fuel is transferred from the dissolver, the crane
operator verifies that an excessive quantity of fuel is absent from the
dissolver insert by probing. The absence of excess metal heel ensures that
the fresh charge can be inserted without mechanical difficulty, and without
exceeding permissible fissile material loading. The fragment height is
measured with a probe (Figure 3-5) before subsequent charging and must not
exceed a predetermined height in any compartment.

The dissolver column insert limits the maximum number of fuel tubes that can
be charged. This fixes the quantity of fissile material present for each
dissolution, and with the minimum possible volume of dissolver solution,
defines the maximum fissile material concentration in the dissolver soclution
The dissolver column insert confines the undissolved fuel tubes to a fixed
configuration.

Fuels containing components that cannot be dissolved chemically in nitric acid
are charged in the electrolytic dissolver (6.3D) shown in Figure 3-6. The
electrolytic dissolver vessel is an 8~ft high by 8-ft in diameter, jacketed

pot.

Since the electrolytic dissolver, like the chemical dissolver, is not
geometrically safe for enriched fuel, rigid administrative controls limit the
mass of fissile material in the dissolver chute and in the dissolver, A
dissolver insert is also used to maintain a safe geometry of whole or
partially dissolved fuel. The electrolytic dissolver has a trash basket to
maintain critically safe geometry throughout dissolution, to retain loose
segments of fuel at the end of dissolution, and to retain insoluble foreign
material present in the fuel.

In addition, a nuclear safety analysis is prepared for every fuel type prior
to dissolving the fuel. Credible accidents that may occur during loading or
unloading operations as well as during shipping, are considered in the nuclear
safety analysis.
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FIGURE 3=~6. 6.3D Electrolytic Dissolver
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3.2.2.2 Dissolution

The enriched fusl elements and aluminum components of a bundle are dissolved
in the chemical dissolvers in a solution of boiling nitric acid, catalyzed by
mercuric nitrate. The two chemical dissolvers are similar in construction
"Currently dissolver 6.1D is 8 ft in diameter by 8 ft high, and dissolver 6.4D
is 11,5 ft in diameter by 8 ft high. Each dissolver is equipped with a
rectangular column and two parallel downdraft condensers, The rectangular
column accepts a perforated insert that has slots or wells into which fuel
bundles are charged. The soclution is heated to the boiling point by applying
steam to the upper coils in the dissolver pot. Mercuric nitrate catalyst is
added and as the dissolution proceeds, the concentration of aluminum nitrate
in solution increases, and the rate of reaction decreases,

Stainless steel, zirconium, and aluminum cladding are dissolved anodically in
the electrolytic dissolver; the core material dissolves chemically, or in the
case of cermet cores, both anodically and chemically., The use of nitric acid
as the electrolyte permits recovery of fissile materials by conventional
solvent extraction flowsheets using existing stainless steel equipament.

Thermodynamically, nitric acid should dissolve many of the candidate fuel
claddings, but in most cases, the metal surface is protscted by oxide films,
When the electrochemical potential at a metal-solution interfaoce is increased
by applying an external source of electrical energy, passive films can be
destroyed, When directly connected to the electrical supply as the anode,
stainless steel electrochemically dissolves in nitric acid at the theoretical
rate of 0.59 g/(amp-hr); ziroconium and aluminum are dissolved at 0.85 and 0.33
g/(amp~-hr), respsctively.

Because direct electrical connmections with the fuel are difficult to maintain
in'a remotely operated production facility, oontact is established through the
electrolyte with the dissolving fuel suspended between two electrodes, The
liquid=contact prineciple is shown schematically in Figure 3-7. As it passes
out of the anode into the electrolyte and enters the adjacent surfaces of the
fuel, the current produces oxygen by oms of two competing cathodic reactions:
either the reduction of nitrate ion, or the formation of hydrogen gas from
water, The surface of the fuel adjacent to the cathode becomes anodic by
association and dissolves as the current passes out of it and back into the
electrolyte. The current is accepted at the cathode, and nitrogen oxides
and/or hydrogen are produced.

Almost all of the power required to operate the cell is diassipated as heat in
the nitric acid electrolyte. If the heat is not removed, the acid will boil
and blanket the electrode with vapor, which causes a rapid increase in
resistance, Also, heating will accelerate corrosion of electrodes.

For criticality control, mechanisms that concentrate the fissile material in
either the chemical or electrolytic dissolver must be precluded, Normally,
all water vapor is condensed and returned to the pot. If the condenser should
fail, the minimum volume is controlled by the design of the heating coil.
Steam is supplied only to the upper pot coils, the lower coil of which 1is 24
in above the bottom of the dissolver pot. The minimum volume of dissolver
solution possible by evaporation with the steam coils is defined by the level
at which the upper coils come out of solution, With a normal dissolver
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charge, it is impossible to reduce the volume of the solution to a point where
the fissile material concentration becomes critical, since the maximum
concentration in this volume is less than the critical concentration (8).
This minimum volume could represent a threefold concentration of the dissolver
solution. In addition, the dissolver column insert (which contains the
undissolved fusl tubes) extends into the dissolver pot to within 24 in of the
bottom of the pot. In the event the dissolver solution was evaporated to its
rinimum volume, the fuel tubes would no longer be submerged in the 1liquid, and
no further dissolving would take place,

For the electrolytic dissolver, the volume of the dissolvent is selected to
limit the final concentration of fissile material in solution.

The other mechanism for concentration is precipitation. Administrative
controls for the dissolution of enriched uranium require that a minimum of
0.3M HNO; be present to avoid hydrolysis and precipitation of fissile
material, Accidental addition of a precipitating chemical such as NaOH is
prevented by a combination of specially designed nuclear safety blanks (NSB)
in procesa lines from certain cold feed tanks and by administrative control.
No NaOH is piped directly to a dissolver.

3.2.2.3 PNeptunium Aluminum Targets

The procedure for charging npoz-n target bundles to the 3-ft 2-in diameter by
15=ft 6=1in tall frame dissolver is similar to the procedure used for charging
uranium fuel. Each bundle contains one to four targets,

The dissolver is supplied with 25 psig steam for heating and with air sparge
for agitating the dissolver contents,

The usual dissolver instrumentation has been provided, including temperature
measurements in the dissolver pot and the condenser off-gas (both of which are
remotely removable), liquid level and specific gravity probes in the dissolver
pot, and condenser pressure drop taps, Off-gases are vented through the
process vessel vent system,

The bundle is dissolved in boiling nitric acid catalyzed by mercuric nitrate
for the dissolution of the aluminum and aided by fluoride for the dissolution
of the actinide oxides,

Off-gases are vented through the process vent systea, Iodine releasesare

limited by cooling the targets a minimum of 45 days which reduces I bY 3
factor of .3 X 10-4,
og "

3.2.2.4 0Off-Gas

Each chemical dissolver is equipped with two parallel downdraft condensers.
Ports are provided in the top of the dissolver insert to allow off-gas to flow
into the rectangular annulus between the insert and the column wall. The off-
gases liberated from dissolution containing NO, Np, NpO and Hpy Pplus the
flasion products lodipe, krypton, and xenon, flow from the column Lnto the two
downdraft condensers operated in parallel. The off-gas and water condensate
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flow downward concurrently, the coolest condensate in contact with the coolest

gas for the most efficient absorption and conversion of NO, to gno3 for
maximum utilization of acid during the dissolution.

The condensate of weak nitric acid is returned to the dissolver pot. The non-
condensable and uncondensable gases, N,, NO, N,O, Hy, and rare gases are
vented.

The temperature of the off-gas leaving the condenser is maintained below 60°C
so tha® all condensable vapors are condensed. Iodine escaping the dissolver
is removed by absorption in the iodine reactor, which contains Berl saddles
coated with silver nitrate. JIodine absorption would be incomplete at
temperatures below 170°9C, and silver nitrate melts at 212°C, so the iodine
reactor is maintained in the temperature range of 170°C to 200°C by heating
with steam at 140 psig (185°C).

A "Fiberglas®™ filter downstream of the silver reactor is designed to collect
any particulate matter. This filter is heated with 15 psig steam to avoid
pluggage of the filter by water condensate.

The off-gas from the electrolytic dissolver is primarily air from the air
spargers that are used for solution agitation and circulation in the electrode
cavity.

The off-gas passes through a single reflux condenser and is vented through one
of the chemical dissoclvers to the heated iodine reactor and "Fiberglas®" filter
of the chemical dissolver off-gas system before discharge to the 291-H stack
The iodine reactor and filter are common to both the chemical dissolver and
the electrolytic dissolver.

In the dissolution of fuel bundles by mercury catalyzed dissolution of uranium

and aluminum at low acid (0.1M HNOy vs. the minimum 1limit of 0.3M) hydrogen
concentration of up to 105 can be pfoduced from the following reaction:

241 + 6“03 ) 2‘1(“03)3 + 3Hp (9)

Hydrogen~air mixtures are flammable in the range of 4.1 to 75 volume percent
in dry air, if an ignition source were present, and can explode at roon
temperature over a more limited concentration range (9). An external source
of ignition is required, such as sparks from electrical equipment, overheated
bearings, or an open flame,

Hydrogen evolution at concentrations in the flammable range could be ignited
in the dissolver or in the silver reactor. The latter incident could release
a large fraction of the 1311 and 1291 absorbed as Agl and AgIO3 (9).
Maintaining sufficient acid above 0.1M and an adequate air purge rate to
dilute the hydrogen prevents this from occurring.

The initial nitric acid concentration specified for the dissolution
corresponds to a specific gravity that is checked by dissolver operator
observing the specific gravity instrumentation on the dissolver as the acid is
added. A minimum acidity of .3M at the end of the dissolution is required
(9)e A minimum air purge rate of 37 cfm is also required to dilute the
hydrogen concentration to the acceptable level (9).
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3.2.2.5 Head End

The head end process clarifies, concentrates, and decontaminates the raw metal
solution from some of the Zr and Nb for subsequent solvent extraction
processing, The head end process may include a concentration step, a "strike"
or precipitation step, and centrifugation to remove the precipitate, cake
washing, and cake disposal. Several types of strikes can be performed:

e Gelatin Strike. Treatment of the solutionwith gelatin to
coagulate and remove silica impurities., Used by itself only
for those cases where the fuel has been aged a long period of
time.

e Lombined Strike. Simul taneous formation of gelatin and MnO2
precipitates for removal of silica and fission products used on
- concentrated dissolver solution with Zr and Nb concentration at
normal level. R
° Double Strike Sequential treatment of dilute dissolver solu-
tion (prior to evaporation in the head end evaporator) with
MnO, to precipitate higher than normal concentration of Zr and
Nb iollovod by the formation of gelatin in the concentrated
solution to remove silica.

° Dilute Combined Strike Simul taneous formation of gelatin and
MnO, precipitates in dilute dissolver solution for removal of
high oconcentration of Zr, Nb, and silica.

3.2.2.5.1 Concentration .

Dissolver solutions from the electrolytic dissolver containing a high
concentration of iron, chromium, and nickel are processed without concentra-
tion since the hexavalent chromium present would cause severe corrosion of
stainless steel evaporatars, Aluminum solutions are normally evaporated to a
concentration of 1.8M in the head end evaporator, which is subsequently
diluted by jet transfers and strike solutions before solvent extraction to
about 1.5M Al.

The concentration of fissile materials to unsafe levels is limited by tempera-
ture controls and by the presence of aluminum nitrate which raises the boiling
point as the solution is concentrated, The mass limit of fissile material in
the head end evaporator and its feed tank are based upon a precipitate
covering but not exceeding the safe floor loading value so that even though
the evaporator was oconcentrated to dryness, a criticality could not occur.

The evaporator instrumentation limits the evaporator temperature to prevent a
possible explosive reaction between solutions possibly contaminated with
solvent recycled from solvent extraction (see Section 3.2.3). Solvent can
undergo vigorous exothermic reaction between nitric acid or heavy metal
nitrates, The explosion or rapid reaction has involved the evolution of
nitrogen oxides, Two incidents occurred only after concentration had
proceeded to the point of incipient calcination of uranyl nitrate (>1359C),
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The amount of entrained solvent in evaporator feeds is limited to 0.5 volume.
In addition, the solution in the evaporator feed tank is agitated while the
evaporator is being fed, and the evaporator feed tank is. emptied periodically
to prevent gradual accumulation of organic material.

3.2.2.5.2 Precipitation

Silicon present in aluminum-clad fuel forms colloidal silica or polymeric
silicic acids that coliect at the phase interface in the mixer-settler causing
emulsion precipitates and lower operating efficiency. Gelatin rescts with the
silica to form large molecules that agglomerate and precipitate from the
solution.

Routinely, the raw metal solution is concentrated and a combined strike of
gelatin to remove the silica and MnOp to remove both silica and fission
products is used in preparation of the dissolver solution for solvent extrac=-
tion.

Freshly precipitated manganese dioxide, by virtue of its large surface area,
sorbs a major portion of the zirconium and niobium radicactivity that is
present, and agglomerates or occludes suspended matter. The precipitate can
then be flocculated by digesation so that it will separate readily from the
solution.

The raw metal solution, along with any cake washes returned from the prcvious
head end batch, is jetted into the strike tank. Manganous nitrate is added as
a 25% solution to a Mn** concentration of about 0.014M, and the solution is
heated to T0°C to 75°C. Next, enough gelatin is added as a 1§ solution to
give 50mg gelatin per liter and then a 3% potassium permanganate solution is
added at a rate of 10 to 15 pounds per minute. The quantity of KMnO; added is
calculated to react with 90% of the manganous ion present. The nitric acid
concentration for this step is in the range of 1.5 to 25M. -

In order to obtain zirconium and niobium decontamination factors up to 16 to
20, a dilute MnOp strike on pre-evaporated dissolver solution and a post-
. evaporation concentrated gelatin strike is used. Manganous nitrate and
potassium permanganate are added to the unevaporated feed as described
previously. The MnO, is removed by centrifugation; and the clarified liquor
is evaporated and gelatin added to effect a second precipitation and a re-
centrifugation, -

Safety considerations, in the operation of the precipitation or strike
processes, include the potential for unsafe concentration of fissile material
by evaporation, the volatilization of ruthenium and an overflow of foam dur:l.ng
the dissolution of the centrifuge cake.

Unsafe concentration during digestion is possible but less likely than during
evaporation because the temperature is below boiling, Instrumentation with
interlocks and alarams prevent excessive concentration from occurring (see
Section 3.2.3).

Ruthenium is highly radicactive and in the volatile tetroxide form will pass
through the filters, To prevent this from occurring manganous nitrate, a
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reductant, is added to the dissolver solution followed by the addition of
potassium permanganate, Adding the reagents in this order avoids oxidizing
the ruthenium to the volatile tetroxide,

The principal zones of evolution of ruthenium are the head end strike tank,
the centrifuge, and the cake disposal tank. The head end strike tank would
evolve relatively large amounts of ruthenium tetroxide if manganous nitrate
was absent, if the rate of addition of potassium permangamte was excessive,
or if the temperature was higher than about 80°C. To minimize such
evolution, the addition of potassium permangamate is made at a controlled rate
with maximun agitation, and the temperature of the precipitation and simmer is
kept at about 70°C, Off-gases from the strike tank are routed through a
ruthenium absorber that typically removes most of the ruthenium before the gas
enters the process vessel vent system. In the main exhaust system, additional
ruthenium may be removed by the vessel vent scrubber.

3.2.2.5.3 Centrifugation

The digested solution containing the suspended manganese dioxide and/or
gelatin is centrifuged to yield clarified liquid and a cake by the operations
described below., Figure 3-8 shows the construction of the centrifuge and
illustrates the various steps, The clarified solution overflows the
centrifuge bowl and flows by gravity to the centrifuge run tank, After all
the feed solution has been fed to the centrifuge, the product is moved fronm
the run tank to the first cycle feed adjustment tank.

The cake 1s washed five times to remove any residual raw metal solution by
successive dilution and skimming; these washes are also sent to the run tank,
Before each wash, the cake is dislodged by high-pressure sprays that inject
about 20 gal of 0.75% nitric acid into the bowl compartments at 600 psig while
the bowl is rotating at 10 rev/min. When the spray cycle is complete, the
slurry is recentrifuged (1740 rev/min), and the wash solution is skimmed (870
rev/min) to the centrifuge run tank.

The washing procedure successively dilutes the uranium solution left with the
cake, and decreases the uranium loss from about 2% to less than 0.1% of the
total amount of uranium fed to the centrifuge, The skim soclution and the cake
washes (in the centrifuge run tank) are normally recycled to the strike tank
to prevent any entrained cake from reaching the solvent extraction process,

After the final wash, the cake is broken up again by spraying with dilute acid
(10 rev/min), the speed is increased to 140 rev/min, the centrifuge is
stopped, and the slurry is jetted from the bowl to the high-activity waste
neutralization tank for disposal. The bowl is rinsed with two additional
washes, which are transferred to the high-activity waste disposal tank for
neutral ization, :

Periodically, the centrifuge cake is dissolved with sodium nitrite and nitriec
acid and sampled for uranium content for accountability purposes, Normally
the cake is slurried directly to Building 241 with the high level waste,

Nitrous acid (formed by the addition of sodium nitrite to dilute nitric acid)
decomposes with evolution of nitrogen oxides, Too rapid an addition of sodium
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nitrite results in excessive gas evolution and foam-over of cake slurry to the
canyon sump. This problem is minimized by maintaining as low a temperature as
possible during dissolution to increase the solubility of nitrous acid and/or
nitrogen oxides, and by adding the sodium nitrite at a low rate

3.2.2.6 Solvent Extraction

The HM Process is used for the recovery of enriched uranium and neptunium or
plutonium from irradiated uranium-aluminum alloys and the Thorex Process is
used for the separation of thorium and 233y from protactinium and other
fission products. The Thorex Process was run only periodically from 1964 to
1970. The primary miasion of the plant is the recovery of enriched uranium
and neptunium with the HM Process and the recovery of 38pu and Np with the
Frame Process, The highly enriched uranium fuel processed in the HM Process
contains insignificant quantities of 239Pu that is routinely discarded.
Significant amounts of Np are present in high enriched uranium and are
recovered. Low enriched uranium contains Z39Pu which is recovered and stared
for later purification.

H=-Canyon is equipped with seven banks of mixer-settlers for the solvent
extraction recovery and separation of the actinides, These seven banks are
divided into first cycle processes consisting of three banks: one bank where
most of the fission products are removed from the actinides of interest; a
second bank where either 239pu or Np is partitioned into an aqueous streanm;
and the third bank where the enriched uranium in the organic is stripped into
the aqueous,

There are two second cycles consisting of two banks each: one set of banks in
the second uranium cycle, for the purification of enriched uranium; and a
second set of dbanks in the second product cycle, for the purification of
neptunium, plutonium, or thorium,

The extractability of the U, Np, and Pu are significantly affected by the
concentration of Al(NOq)y and BN in the agqueous phase, At  higher
concentrations, extracti n into thé organic phase is favored; and at low
- concentration, U, Np, and Pu will strip or back-extract into the aqueous
phase, Valence also affects extractability of Pu and Np. Pu is extractable
in the IV valence state and Np is extractable in the IV and VI valence states.
At a valence III for Pu and valence V for Np, the extractability is very low.
Changing the valence of Pu with reductants is used to effect separation.
Neptunium is maintained at valence IV and separated from uranium by utilizing
the difference in distribution coefficients of U and Np.

A detailed description of the HM Process is found in the H=Canyon Systems
Analysis (2), Figure 3-9 is a schematic of the HM Process and the Thorex
Process and Figure 3-10 is a schematic of the canyon equipment., The
composition and relative process flows are listed in Table 3=-1 for the HM

. Process,
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FIGURE 3-9. HM Process Solvent Extraction Flowsheet
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TABLE 3-1., HM-Process - Compoaition and Relative Process Flow

Stream Relative Flow Composition

1AF 100 1.5M A1(NO3)3, 1.5M HNO3, U, Np
1AX 160 7.5% TBP in n-paraffin hydrocarbon
1AS 21 4M HNO3, 0.12M Fe(NH;SO03),

1AW 116 1.2M Al(N03)3. 1.6M HNO3, 0.00™M Fe(NH2803)2
14D 165 0.2M HNOg, U, Np |

1BF 165 0.2M HNO3, U, Np . ,

1BX 96 1.5M HNO3, 0.08M Fe(NH2803)2

1BS 288 ' 7.5% TBP in n-paraffin hydrocarbon
1BP 97 1.4 HNO;, 0.08M Fe(mi2503)2, Np
1BU 452 0.1M HNO3, U

1CF 452 0.1M BN03, 0

1cx 114 0.01M HNOg

1cW 448 7.5% TBP in n-paraffin hydrocarbon
1CU 118 0.4M HNO3, U

1DF 90 4.1M HNO3, U

1DX 193 7.5% TBP in n-paraffin hydrocarbon
DS 29 0.9M HNOg

1DS! 1 40% FS

1DW 127 3.4M HNO3, 0.006M Fe(NHySO3),

1DU 195 0.03M HNO3, U

1EF 195 0.03M HNOg, U

1EW 193 7.5% TBP in n-paraffin hydrocarbon
1EX 59 0.01M HN03

1EU 59 0.24M HNO3, U

2AF 135 §.8M HNO3

2AS 7 0.9M HNOG3, 0.024 Fe(NH;SO03),

2AX 135 308 TBP in n-paraffin hydrocarbon
24W 198 3.TM HNOg, 0.005M Fe(NHS03);

2A0 137 0.2M HN03, Np

2BF 137 - 0.2M HNO3, Np

2BW 135 308 TBP in n=paraffin hydrocarbon
28X 70 0.01M HNO3

2BP T1 0.36M HNOg, Np
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3.2.2,6 .1 First Cycle Solvent Extraction: Primary Fission Product Separation

The dissolver solution, after clarification, is transferred to the first cycle
feed adjustment tank where the solution is adjusted to the proper nitrate
concentration. A valence adjustment can be made to enhance or inhibit
extractability of radionuclides by adding suitable reagents. This adjusted,
clarified feed (1AF), is pumped to the mixing section of the center stage
(stage 8) of the 1A mixer-settler bank. This is a 16 stage counter-current
liquid-liquid contactor, Each stage consists of a mixing section and a
settling section,

The aqueous and organic phases flow concurrently from the mixing section
through the settling section where the organic and agqueous phases are
disengaged by gravity, and flow counter-currently between adjacent stages
(Figure 3-11).

In the HM process an extractant of 7.5 volume percent tri-n=-butyl phosphate
(TBP) diluted with a hydrocarbon diluent is pumped to stage 16; the aqueous
scrub solution of 4M nitric acid enters at stage 1. In the extraction section
of the 1A bank (stages 8 through 16), the actinides U, and Np are selectively
extracted into the organic phase while the bulk of the fission products and
aluminum remain in the waste and exit the 1A bank as waste, 1AW, from stage
16. In the scrub section (stages 1 through 7), the organic bearing the
actinides is washed by an acidic solution (1AS) to remove additional fission
products entrained or extracted into the organic, The streams coming into the
1A bank (1AF, 1AS, and 1AX) are heated to improve decontaminmation from fission
products, and to improve hydraulic performance, allowing the bank of mixer-
settlers to run efficiently at the highest possible flow rate,

The composition of the process streams changes for the Thorex Process, but the
function of primary decontaminmation of dissolver solution remains unchanged.
The volume percent TBP in the extractant, 14X, is increased to 30 volume
percent and sodium phosphate is included in acid strip 1AS

3.2.2,6.2 Partitioning

The scrubbed organic phase of enriched uranium, 1A0, flows by gravity to the
center, stage 8, of the 16 stage 1B mixer settler, In this liquid-liquid
contactor, the two phases, organic and aqueous, after passing counter-
currently through a paddle agitator, enter a gravity settling chamber where
the phases separate into two distinct phases that are directed into counter-
current direction to the next stage., The nitric acid extractant (1BX)
solution contains a reductant such as ferrous sulfamate, The small quantity
of plutonium is back-extracted, into the agueous phase, where it is reduced to
the near-ipextractable valence III and exits the 1B mixer settler from stage
16. The neptunium remains in the extractable IV valence but the relatively
low concentration of nitric acid in the 1BX results in the transfer of the
neptunium from the organic phase to the aqueous phase, The acid is high
enough to keep the U in the organic. This aqueous product solution is
scrubbed with fresh organic in the scrub section (stages 8 through 16) to
remove residual uranium.
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The scrubbed aqueous, of primary importance for the Np it contains, is sent to
the second product cycle for further fission product decontamination. In the
Thorex Process, the thorium is partitioned from the uranium in the 1B bank
with a dilute nitric acid solution. The thorium, like the Np partitioned in
the HM Process, is sent to the Second Product Cycle for further
decontamination while the uranium is diverted to the Second Uranium Cycle.

The organic from the 1B bank, containing uranium, a small amount of neptunium,
and a trace of Pu flows by gravity to the paddle mixer on stage 12 of the 12
stage 1C mixer settler bank, where it is contacted with weak nitric acid. The
uranium is back-extracted or stripped into a counter-current flowing aqueous
solution that is introduced at stage 1 of the 1C bank. The organic raffinate
from the 1C bank is routed to solvent recovery for washing to remove degraded
organic and is then recycled to the process. The uranium in the 1CU is
evaporated to increase the uranium and nitric acid concentrationa, Increasing
the uranium by evaporation is also routine in the Thorex Process.

The evaporation of an aqueous stream containing gross amounts of organic from
an abnormal mixer-settler bank could create a potential explosion hazard.
Tank-type decanters (Figure 3-12) are used to remove the solvent and the
solvent is periodically transferred to rerun or returned, by means of an air
lirft, to the banks,

3.2.2.6.3 Second Uranium Cycle

The uranium-bearing aqueous solution (1CU) from the 1C contactor is
concentrated in the 1CU evaporator where acid is added and the solution
concentrated to “4.,5M to enhance the extraoctability of the uranium in the
second cycle of solvent extraction., If more acid is needed, it is added to
the 1DF adjustment tank, ‘

The adjusted feed (1DF) is next transferred to the 1DF feed tank from which it
is delivered continuously at a controlled rate to the mixing chamber of the
center stage of the 16 stage 1D contactor. Organic extractant (1DX) is pumped
to the end stage (stage 16). The uranium is extracted into the organic phase;
the fission produots, any plutonium reduced by the FS in the scrub to Pu
(III) and 60 to 95% of any neptunium, remain in the aqueous phase and leave
the contactor at stage 16 in the aqueous waste stream (1DW).

The organic solution of uranium, wvhile flowing toward stage 1, is scrubbed
with a solution of dilute nitric acid containing ferrous sulfamate to strip
any contaminants out of the organic. The nitric acid scrub (1DS) enters stage
1 while the 1DS prime stream containing 40% ferrous sulfamate enters the
contactor in the fourth stage. The ferrous sulfamate is added to stage 4 to
avoid iron contamination in the small amount of entrained aqueous in the
uranium effluent (1DU).

The acidity of the scrub (1DS) and the flow ratios of the extract-to-scrubd
streams are adjusted to reject the Np (IV) to the aqueous waste (1DW) while
retaining extracted uranium in the organic.

The organic product stream (1DU) leaves from the contactor at stage 1 and
flows by gravity to stage 12 of the 1E bank. In the 1E contactor, the uranium
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is stripped from the organic phase into a counter=-current stream of water
slightly acidified with nitric aid (1EX). The 1EU is shipped offsite. The
spent organic stream (1EW) is discharged from stage 1, and pumped to hold
tanks in solvent recovery facilities where it is washed and stored for reuse,
If the uranium product 1EU is low-enriched in 235U, it may be evaporated
before shipment. .

The Second Uranium Cycle process used for the recovery of enriched uranium (HM
Process) is ve? similar to the Second Uranium Cycle process used for the
recovery of 233y, The concentration of TBP in the solvent is 7.5 volume
percent, and the acidity of the feed is adjusted initially. Contamination of
the uranium with plutonium, a concern in the recovery of enriched uranium that
necessitated the addition of ferrous sulfamate in the 1DS, is not a problem in
the Thorex Process. The 233U product from solvent extraction (1EU) is further
purified in the HB-Line,

3.2.2.6.4 Second Product Cycle: Neptunium Purification

The second product cycle provides additional decontamination for the product
being recovered; Np, Pu, or Th, with the purification of Np from the first
cycle being the primary effort. Plutonium accumulated primarily from the
processing of low enriched uranium in the HM Process is processed infrequently
and Th from the Thorex Process is processed even less frequently.

The neptunium partitioned from the uranium in the 1B bank is combined with the
raffinate from the anion exchange column in the HB line and, depending on the
flowsheet, waste from the 1D bank which has been evaporated in 1CU/1DW
evaporator to increase the HNO, acid concentration to 7.6 M HNO3. The Np in
the feed solution is acid adjusted and fed to the center stage of the 16 stage
2A mixer settler bank. The Np is extracted in the solvent phase which
contains the extractant, TBP, at a concentration of 30 volume percent and then
leaves the mixer-settler at stage 1. Fission products and other impurities
are scrubbed from the Np bearing organic into the aqueous phase with 0.9 M
HNO3 and exits the contactor as waste (2AW) from stage 16.

The organic with neptunium (2AP) flows by gravity to the 16th stage of the 2B
contactor, where neptunium is stripped from the organic into a slightly
acidified aqueous stream (2BX) introduces at stage 1. The stripped solvent
(2BW) is discharged to solvent recovery. The aqueous neptunium solution (2BP)
is fed to the neptunium evaporator for concentration and temporary storage.

After the thorium campaigns in the late 1960s, the need for a flowsheet which
could decontaminate Np from Th necessitated a thorium removal flowsheet. The
oxidizing agent, ceric ammonium nitrate, was added to the 2BP evaporator
concentrate to adjust the Np to most extractable VI valence and recycled to
the 2nd cycle. By adjusting the relative flow ratios of feed (2AF) to
extractant and the nitric acid concentration, the Np was extracted leaving the
Th in the aqueous phase where it accumulates in the 2A bank and eventually
leaves in the aqueous waste, 2AW. This flowsheet has not been used in many
years. :
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3.2.2.6.5 Second Product Cycle: Plutonium Purification

The second product cycle is also used to further decontaminate the plutoniume-
bearing solution that has accumulated in previous campaigns or that has been
partitioned in the 1B bank in a current operation while processing low
enriched uranium.

The plutonium solution 4is collected in an accumulation tank, chemically
adjusted by the addition of sodium nitrite to oxidize the plutonium to the
extractable IV valeucs, and diluted, if necessary, to Pu concentration that is
acceptable for processing in the second Pu Cycle, The acidity of each batch
of feed is adjusted for optimum extractability of the Pu,

After adjustment to the proper concentration of nitric acid, the feed solution
(2AF) is jetted at a controlled rate to the center stage of the 2A contactor.
The plutonium and any uranium are extracted into the organic phase (2AX); the
fission products, iron, and other inorganic contaminants remain in the agueous
phase, and leave the process in the agqueous waste streanm.

Control of the 2A bank operation is directed to avoiding high losses and
preventing an accumulation of Pu. The operation is sensitive to acid
concentration and sufficient nitrite to oxidize the Pu to an extractable
valence, Insufficient nitrite would result in incomplete oxidation of the Pu
and high Pu loss, while an excess would enter the 2B bank and upset Pu
stripping, since nitrite is readily extractabale into the organic.

The aqueous waste is combined with other wastes and transferred to the low
activity wvaste evaporator,

The organic solution of plutonium is scrubbed with dilute nitric acid (24S)
for removal of fission products, and the emergent organic stream (2AP) flows
by gravity to the 2B contactor. The 2B mixer-settler bank utilizes a
stripping (2BX) solution consisting of hydroxylamine nitrate in dilute nitric
acid to reduce the Pu to relatively inextractable III valence. The product
streanm (2BP) is to be transferred to the new HB-Line for conversion to the
oxide. The stripped solvent (2BW) is sent to solvent recovery.

3.2.2.6.,6 Thorium Purification

The thorium product stream from the first cycle of the Thorex Process is
concentrated by evaporation and adjusted for extraction by 30 volume percent
TBP in a hydrocarbon diluent. In this cycle, thorium and any uranium
contaminant are extracted while the residual protactinium and fission products
are discharged to the aqueous waste (2AW). The extracted thorium is scrubbed

with HNO; solution containing Na3POy» and is then stripped into acidified
water :I.n3the 2B contactor; the mqaooua thorium solution (2BT) is evaporated

and stored.

3.2.2.6.7 Solvent Extraction: Safety Considerations

Nuclear safety is based on concentration control to maintain the concentration
of fissile material well below the critical concentration (8). The solvent
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extraction equipment is geometrically unfavorable for fissile material
exceeding the minimum safe solution concentration; therefore, safe concentra-
tion must be maintained by: 1) rigid administrative control of the operation
of the process, 2) frequent monitoring, sampling, and material balance checks,
and 3) the use of colorimeters, conductivity probes, and continuous nuclear
monitors (see Section 3.2.3, Inatrumentation and Controls). Concentrations
within the solvent extraction systems in the first cycle and the second
uranium cycle, where an accumulation of enriched uranium is a potential, are
limited by the concentration of uranium in the feed, aqueous and organic flow
ratios, concentration of nitrate in the aqueous streams, and by the extractant
concentration at 7.5 volume percent TBP.

An accumulation of fissile material in the 1A and the 1D banks can occur if
there is insufficient nitric acid or aluminum nitrate in the scrub or when the
flow rates of the various input streams are off-standard (such as low solvent
flow and high feed and scrub flow). However, in a reflux or internal recycle
situation, some product would be lost to the waste raffinate before unsafe
concentrations are exceeded. In the 1C and 1E banks, the concentration of
fissile material in the banks is directly proportional to the flow ratio of
organic to aqueous streanms,

When 239py 1s processed in the Second Product Cycle, there is an initial
accounting of the Pu in the feed batch. This batch of feed is processed
through the 24 and 2B banks and the 2BP is collected and sampled for Pu and an
accounting performed to be sure that the processing has not left Pu
accumulation in a mixer-settler bank. A flush often follows the processing of
a batch of feed to assure that an accumulation in the system has not occurred
and takes the place of the accounting system. Analysis of periodic samples of
the Second Product Cycle, particularly the 2BP product stream, are used to
detect off-standard conditions,

3.2.2.6.8 Solvent Flammability

The HM Process uses organic solvent consisting of 7.5 volume percent or 30
volume percent TBP in normal parafin hydrocarbon (NPH).

The TBP is considerably less volatile (flashpoint 146°C) than NPH (flashpoint
70°C). The properties of the NPH diluent are, therefore, considered to be
controlling with respect to solvent flammability.

The NPH is a mixture of 5 saturated, straight-chain hydrocarbons composed of
from 10 to 14 carbon atoms per molecule, The purchase specifications require

a minimum of 99 volume percent of the to Cqy constituents and a flashpoint
of 70° £ 19C, The range of concentratgon ror flammability of NPH vapor is
from 0.6 to 6.05. The calculated flammable limits for dry diluent, expressed
in terms of temperature, are then 70° to 120°9C. For kerosene-tyre
hydrocarbons, gaseous mixtures containing greater than 33% water vapor are not
flammable under any conditions. When water vapor is present as a separate
phase, dilution to 33% water vapor is reached at 729C; thus, the flammability
region for the NPH-water-air system is from 70° to 72°C

In addition to the potential for vapor flammability, consideration has to be
given to the potential of mist flammability, Solvent mist flammability may
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occur in the oconcentration range from 3 to 60f and at all temperatures up to

90°C, At this temperature, mist flammability is limited by lack of sufficient
oxygen in the mixture,

Air jets are used in the tank sampling system. Studies were conducted to
investigate the characteristics of solvent aerosols resulting from the
sampling syatem. The highest conocentration of aerosol obtained in these
experiments approached 2.0 mg NPH/liter of vapor at 60°C (10). The
equilibrium vapor phase concentration of NPH was calcualted to be 27.25 mg
NPH/liter at 60°C (assuming 1005 NPH and an ideal gas), Therefore, total NPH
concentration in a solvent tank headspace ocould approach 30 mg/liter, which is
"below the lower flammable limit of 46 mg/liter for hydrocarbon chains Cg and
greater. Based on these studies, a flammable concentration safety margin
exists (10).

3.2.2.7 Anion Exchange: H Frames Process .

3’9? "Poz‘% gets are processed through anion exchange for the recovery of

Np and Pu. The targets are dissolved in the frames dissolver, 5.4, in a
solution of nitric acid, mercuric nitrate, and fluoride. There are three
anion exchange columns used in the process: column RC-1 separates the 23TNp
and 38pu from aluminum and fisson products; column RC-2 partitions the 238pu
from the 23TNp and further decontaminates Np; column RC-4 decontaminates the
238pu from iron and from residual fission products (Figure 3-13), Losses in
the waste from the frame operation are recovered by anion exchange column RC~
16 (Figure 3-13),

3.2.2.7.1 Pirst Column, RC-1

In the absorption of Np and Puon RC=1, the nitrate ions are displaced from
the resin by the anionic nitrate complexes of Np (IV) and Pu (IV), The resin
effectively absorbs the Np and Pu only if the feed solution has sufficient
concentration (6 to 9M) of nitrate ion and if the Np and Pu are in the IV
valence,

Dissolver solution is moved to the first anion exchange column feed tank and
adjusted to 8.1 molar total nitrate. The valence state of the dissolver
solution is not uniformly IV for the Pu and Np; the Pu valence is split
between the IV and VI valence states, and the Np is in the VI valence state.
The neptunium is reduced to (IV), and the plutonium to (III) with ferrous
sulfamate, Oxidation of Fe(II) to Fe(III), and Pu(III) to Pu(IV) is made by
heating to 55°C for a controlled period of time. The adjusted feed contains
the anionic nitrate complexes of Np(IV) and Pu(IV) in a solution of optimum
nitrate concentration for absorption, .

The adjusted feed solution downflows through a non-agitated bed (RC-1) of
anion exchange resin, and the complex anions of 238Pu and 23TNp are
selectively absorbed. The rate of flow of the feed and the total quantity of
actinides absorbed are limited to avoid excessive loss of Np and Pu. After
the bed of resin is washed with 8M HNO, and 0.005M fluoride for fission
product removal, Np and Pu are eluted with“a dilute solution of nitric acid.
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The eluate from RC-1 contains Np(IV) and Np(V), and Pu(IV) and Pu(VI) in
approximately 3M HNO3. This solution is adjusted to 8M HNOy) and the Np
reduced to (IV) and t%e Pu to (III) with ferrous sulfamate, ~Oxidation of
Fe(II) to Fe(III), and Pu(III) to-Pu(IV) is done by heating to 55°C.

The adjusted feed solution, containing anionic nitrate complexes of Np(IV) and
Pu(IV), flows downward through a fixed bed (RC=2) of anion exchange resin.
After the absorption is complete, the plutonium is selectively eluted from the
resin bed with a partitioning solution containing 5.7M HNO; -0.05M hydrazine-
- 0.,125M ferrous sulfamate. This solution reduces the Pu(IV) to Pu(III),

causing the breakdown of the absorbed Pu(IV) complex and thus allows the
removal of the less absorbable Pu(III)., Nitrate concentration in the
partition solution must be maintained above S.AM to prevent the simul taneous
elution of neptunium.

When the removal of plutonium is complete, the resin bed is washed with a
solution of 8M HNO,=0.05M fluoride to decontamimate the remaining neptunium.
After the decontamination wash is complete, the Np is eluted with a dilute
solution of nitric acid, and transferred to the HB=-Line where it is comverted
to oxide,

3.2.2.7.3 Third Column, RC-4

The partition effluent from the second anion exchange column contains Pu(III),

Fe(Il) and hydrazine, This solution is adjusted to 8M HNO; and the Pu and Fe
are oxidized to the IV and III valence states, respectively.

The adjusted feed solution containing the anionic nitrate complex of Pu flows
downward through a fixed bed (RC-4) of anion exchange resin. The absorbed Pu
is washed with a strong solution of nitric acid to remove fission products.
The Pu is eluted with a dilute solution of nitric acid (0.35M). The eluate
containing the Pu is transferred to the HB-Line, where the Pu is converted to
oxide.

3.2.2.T.4 Np and Pu Recovery From Anion Raffinates

Waste streams from anion exchange columns RC-1, RC-2, and RC-4, and dissolved
scrap and filtrates from HB-Line are processed through anion exchange column
RC-16 to recover 23TNp and 238Pu in this waste. (See Figure 3-14,) The
acidity and valence of the Np and Pu are adjusted to the RC=1, RC-2 and RC=-4
feed specifications by the addition of HNO, and ferrous sulfamate followed by
heating. The Puand Np in the adjusted fé&ed is absorbed on the RC-16 column

anion exchange bed.

The absorbed Pu and Np are eluted with dilute nitric acid, This eluate is
blended back with normal feeds to the first anion exchange column (RC-1). The
waste raffimate from RC-16 is evaporated in the re~run evaporator (17.2E) to
recover acid, and the concentrate neutralized and transferred to Building 241-
H for underground waste storage.
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3.2.2.7.5 Safety Considerations

The processing of 238py and Np concentrate with anionic resin is cause for
concern because of the explosive and flammable nature of the resin, which is
increased by radiation exposure, The data from closed bomb tests shows that
the dried nitrate form of anion resin is explosive and could be detomated in
the falling hammer test (3). The Operational Safety Requirement (OSR) (8)
specifies that the strong anion exchange resin qualified by laboratory tests
for thermal stability and process operation shall be covered with water or
dilute acid ({1 molar). Keeping the resin wet significantly reduces the
hazard, Under these conditions, the resin did not react to a closed bomb test
temperatures up to 200°C (3). The explosive limit, or ignition point, is
temperature-dependent, Processing conditions never require temperatures near
the ignition temperature; however, process temperatures are limited to 60°C
(8). High concentrations of nitric acid (D9M) and other chemicals that could
react abnormally or react to produce gas mixtures are excluded.

The radiation exposure received by the resin is administratively controlled to
limit the resin service to a period of time that prevents the resin from
becoming hazardous (8), Diminished ion capacity necessitates an earlier resin
replacement than resin replaced simply because of increased resin radiation
damage, The intense alpha radiation from 233!'1; is particularly damaging,
making rigorous accounting of the accumulated exposure from the actinides a
most important control measure,

Design or control for the critical mass for 238Pu and 237Np are unnecessary
because of the large masses required for these isotopes to become
theoretically fissionable.

3.2.2.8 Evaporation
3.2.2.8.1 General
Batch evaporators are ubed in 221-H to:

1. Increase uranium or neptunium concentration available in feed
streams for operational efficiency. The function of the head
end product evaporator, the 1CU/1DW concentrator, and the 2BP
concentrator, have been discussed in the section on head end
and solvent extraction

ZEvaporator Servige Evaporator No,
Head End Product 11.3E
Rerun (Sump Solutions) 17 .2E
1CU/ 1IN Concentrator 17.6E
2BP Concentrator 17.8E

2. Recover acid (primarily from evaporation of Low Activity Waste)
and economize by reducing the waste volume through the
evaporation of excess water,
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Evaporator Service ZEvaporator No.
Low Activity Waste 6.8E, T.6E, T.TE
High Activity Waste (1st Stage) 9.1E
Frame Waste (1st Stage) 17 .2E
HAW, Head End, and Rerun 9.2E

(2nd Stage)

The batch evaporators also decontaminate recoverable acid overheads from
another evaporator, The overheads from the High Activity Waste Evaporator,
9.1E, the Head End Product Evaporator, 11.3E, and occasionally, the Rerun
Evaporator, 17.2E, are re-evaporated in the 2nd stage High Activity Waste
Evaporator 9.2E

The operation of the batch evaporator as described in the following section
and the principal safety consideration of a vigorous exothermic reaction from
entrained organic pertains to all evaporators,

3.2.2.8.,2 Low Acidity Waste Evaporation

The acidic waste from the second product cycle (2AW) (and depending on
flowsheet, 1DW) is mixed with the sodium carbonmate wash solution used to
purify the solvent of degradation products., Carbon dioxide produced from the
controlled addition of sodium carbonmate and the acidic 2AW is vented. If
there is any entrainsd organic in the waste, it is removed in the LAW decanter
(Figure 3-12) where solvent disengages from the aqueous phase and is
periodically transferred to rerun,

The acidic mixed waste is moved to the LAW feed tank where it is combined with
any available decontamimation or tank 805 solutions. Process water is added
to dilute the feed to about 7% nitric acid so that the concentrator does not
exceed 8M HNO.; this minimizes corrosion, The diluted acidic waste is
transferred tS any or all of the three LAW evaporators that are operated in
parallel. The feed is transferred to the evaporator until the ooncentration
reaches about 12§ dissolved solids, then three volumes of stripping water per
volume of concentrate are added and evaporated at a constant specific gravity
to remove additional acid. About one-third of the residual nitric acid is
boiled off as condensate,

The dilute feed is concentrated 40 to 80 times, yielding 15% solids and 27%
nitric acid. At the completion of evaporation, the concentrate is cooled to
60°C and transferred to the concentrate neutralizer tank. Condensate from the
LAW evaporators flows to the low activity condensate tank, transferred to
basin tank B-1-2, and pumped from the basin transfer tank to the acid recovery
unit, ,

3.2.2.8.3 High Activity Waste Evaporation
Aqueous wastes (1AW) from the first extraction cycle, vessel vent scrubber
solutions, and occasionally decontamination and tank 805 solutions are com-

bined in the HAW feed tank and evaporated in the first-stage HAW evaporator
(9.1E). Condensate from 9.1E flows by gravity to the second-stage (9.2E)
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evaporator where it is again evaporated. Condensate from the double evapora-
tion is re-evaporated in the acid recovery unit in Building 211-H. High
activity waste evaporation is essentially a concentration step to reduce waste
volume, Minimal acid is recovered in the overheads,

The rerun evaporator, 17.2E, is used to prepare feeds for batch extraction or
to recover acid and concentrate raffinate from the Frame Waste Recovery System
(FWR). The FWR concentrate is tranaferred to the 16.1 tank, neutralized, and
sent to Building 241-H, The condensate from 17.2E is evaporated in the 9.2E
evaporator if the activity is too high for tranaler to the acid recovery unit.

3.2.2.8.4 Batch Evaporator Operation

All the evaporators in H=Canyon are batch evaporators with a pot, containing
steam coils, and a condenser in a column that can be attached and detached by
the overhead crane (Figure 3-15), Feed solution is transferred to the
evaporator at a controlled rate, by jets controlled by ligquid level control.

Concentrate in the body of the evaporator passes down through a 2=ft 4-in
diameter tube around which the coils are stacked and the solution is heated as
it passes up through the coils, The same coils are supplied with water for
cooling the concentrate. The vapor and entrained droplets bubble through
liquid on three bubble cap trays with 3-in OD bubble caps spaced 18-in apart
in the evaporator column. The trays serve as a de-entrainer for droplets and
scrubbers for particulates, A small portion of ocondensate is diverted to the
top tray, and overflows by gravity through a downcomer to the tray below it,

The vapor leaves the top tray and enters a hollow center section with an
annulus of cooling coils, The vapors are condensed and collect at the bottom
of the annular section, Non-condensable vapors are vented by a 6-1in line
through an overflow line to the process vent aystem; any sudden pressure
within an evaporator is relieved through the overflow line., Part of the
condensate is diverted as reflux water to the bubble cap trays and the
remainder drains to the condensate ocollection tank, When the contents of the
evaporator bottoms reach the desired concentration, the evaporator is shut
down and the bottoms are transferred.

3.2.2.8.5 Safety Considerations - Evaporators

Vigorous exotheraic reactions can occur between nitric acid or heavy metal
nitrates and TBP under conditions that might arise during the concentration of
the waste and product solutions, Violent reactions resulting in equipment
damage were experienced during early development work (11,12).

While the exact reactions have not been determined, certain characteristics
have been observed and the conditions under which reactions can be expected to
occur have been defined, as described belaw.

[ The explosions or rapid reactions have involved the evolution
of nitrogen oxides and two incidents occurred only after
concentration proceeded to the point of incipient calcinmation
of the uranyl nitrate (>1359C),
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° In each incident, solvent was present in the concentrated
product and a dense, second organic phase was present in the
concentrator bottoms liquid. This second organic phase,
commonly called "red oil", is the intermediate product of the
nitration reactions and is a complex mixture of degraded
organic compounds and nitrate complexes,

e In the laboratory studies, the temperature at which the
reactions commenced varied (as evidenced by the evolution of
nitrogen oxides), depending on the nature of the diluent and
whether or not heavy-metal nitrates were present.

The H-Canyon batch evaporator operation is controlled to prevent the
introduction of solvent and to prevent exceeding the safety limits. Entrained
solvent in the evaporator feed is limited to 0.5 vol %. Under normal
operating conditions the reboiler steam pressure.is limited to 25 psig to
limit the miximum temperature attainable, The eévaporator temperature is
generally limited to 118°C although the limit in the OSR is 130°C (8) (see
Section 3.2.3 Instrumentation and Control). Evaporator feeds from solvent
extraction are passed through a decanter prior to introduction into the
evaporator.

Evaporators are geometrically unfavorable for concentrations of fissile
nmaterial in excess of the OSRs (8). Uranium concentration less than the
always safe solution oconcentration is maintained by control of the .endpoint
conoentration (see Section 3.2.3.5). The evaporators are limited to a batch
volume that contains insufficient fissile material to exceed critical mass if
precipitated evenly across the bottom of the evaporator. This is known as the
areal limit,

3.2.3 JInatrumentation and Controls

Each process, dissolution, precipitation, extraction, ion exchange, and waste
evaporation within the 221-H building, has control parameters unique to that
process to maintain the process within a safe regime of operation with respect
to personnel and equipment, and to efficiently produce a satisfactory pro-
duct, The limits of operation are defined in the OSRs and down-graded
appropriately in alarm settings to give appropriate margins of error. The
durability and maintaimability or replacement in a radiation environment are
factors in selection, Redundancy and service by emergency power are used
where controls may be critical to a process operation.

3.2.3.1 Dissolver

After the nitric acid and water are added and the dissolver charged with fuel,
the acid temperature is increased to boiling and Hg(NO3)» catalysts are added
producing a vigorous reaction. The reaction is contrdlled by regulating the
steam flow and the Hg(NO3)2 addition rate. When the reaction subsides the
steam to the coil is incfeased to produce vigorous boiling to provide good
agitation. The vacuum in the dissolver is regulated to sweep off-gas from the
dissolver by maintaining the dissolver vessel under a constant vacuum by a
steam jet. Loss of vacuum is a concern because vessel pressurization could
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spread contamimation outside the confines of the canmyon by way of pneumatic
instruments and service lines,

All coils that are used for both heating and cooling, like the dissolver
coils, are subjected to increased rates of corrosion. The dissolver coils are
pressurized with air by a Cash regulator any time the pressure in the coil
drops to 12 psi. If a coil develops a leak, the air leaks out of the coil,
rather than radiocactive solution leaking into the coil where it would
contamimte the segregated cooling water,

3.2.3.2 Dissolver Off-Gas

1291 and 1311 present in the dissolver off-gas are removed in the H-Canyon by
packed beds of silver=coated berl saddles, The reaction efficiency is
affected by temperature, the primary control parameter,

In mercury catalyzed dissolutdion H; evolution can be a problem under certain
dissolver conditions, To dilute the hydrogen, a controlled air purge is
maintained at a minimum measured flow rate that is calculated to dilute the
Baximum hydrogen evolution rate,

3.2.3.3 Head End

Before solvent extraction, the dissolver solution is clarified with gelatin to
remove impurities that form emulsions that cause upsets in mixer-settler
operation (2). Agglomeration of the silica impurities by gelatin is
temperature sensitive, The temperature of the dissolver solution is
controlled at 70°C during the gelatin addition and digestion period. A safety
interlock prevents Ru volatilization by shutting off the steam to the coil
when the tank temperature exceeds the safe limit, Excessive concentration of
process solution in the strike tank is prevented by an interlock that shuts
off steam to the tank coils if the liquid level is too low or the tank static
pressure is high,

When zirconium and niobium activity are high a MnO, strike is made. The rates
of permanganmate addition and agitation are controlled to avoid evolution of
ruthenium,

When the flocculation is complete, the dissolver solution is clarified by
centrifugation. Feed rate control is important to affecting a good solids-
liquid separation; at rates higher than 20 gal/min, gelatinmous precipitate is
lost to the supermtant liquid. The precipitate is deposited as a cake on the
bowl of the centrifuge. When centrifugation is complete, about 40 gal of
dissolver solution remains in the centrifuge. A skimmer is moved into the
path of the rotating solution and the centrifugal velocity forces solution
through the skimmer pipe to the centrifuge casing Restrictions on controls
for the movement of the skimmer pipe prevent it from entering the cake and
damaging the centrifuge. The dissolution of the centrifuge cake by the
addition of nitric acid and sodium nitrate, which is only done periodically,
can cause foaming and the overflow of the cake slurry to the canyon sump.
This isminimized by maintaining the temperature as low as possible during
dissolution and by adding sodium nitrate at a low rate. The segregated
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eooliné water and the steam condensate are protected from coil failure by the
Cash regulator, The coils are automatically pressurized with air at pressure
in excess of the hydraulic head to prevent solution from leaking into the
coil, )

3.2.3.4 Solvent Extraction

In the mixer-settler banks, 14, 1B, 24, 2B, 1C, 1D, and 1E, the TBP=diluent
extractant is intimately mixed with an aqueous phase, either to affect an
extraction of a valued radionuclide or to back-extract or strip the
radionuclide into an aqueous phase for further processing, After extraction
or stripping, the agqueous and organic phases coalesce into two separate phases
with a common interface. Controlling the aqueous outlet interface directs the
phases, aqueous or organic, in the proper direction. Failure or improper
control can result in the agueous phase following the organic phase or the
organic phase following the aqueous phase. The consequence is both a
processing problem and a safety concern. The organic in the agueous stream is
an explosion hazard in evaporators without the proper controls in effect (see
Evaporation 3.2.3.5). To prevent the temperature of the organic from
exceeding the flash point of the diluent, limiting control settings have been
established for the 1A feed tank and the solvent storage tank (8).

A primary use of instrumentation in solvent extraction is to ensure that
fissile material entering a mixern-settler bank is leaving at the same mass
rate that it is entering

The three mixer-settler banks, 14, 1B, and 1C, in the first cycle, and the 1D
and 1E, are equipped with neutron monitors to detect an accumulation.of
fissile material caused by: 1) circumvention of the process chemistry of
extraction or stripping reandering the operations inefficient or ineffective
or, 2) off-standard flowrates of the various streams entering a bank such as
low solvent flow and high feed and sarub flow, Because of the sensitivity of
the mixer-settler to an internal recycle of fissile material as a result of
imbalanced flow rates, duplicate flow recording devices are used on all
streams except the 1AF, 1DF, 1CX, and 1EX. The flows of 1CX and 1EX are
measured by extra meters on the aqueous discharge (1CU and 1EU) of the banks
in the canyon as well. Offestandard process chemistry can occur as a result
of a significant change in specified values of the acidity or aluminum nitrate
concentration of the stream entering a bank, A specific gravity instrument
indirectly moaitors the HN acid concentration of the 1A bank scrub by
measuring the solution denSity., The same function is performed by a
conductivity probe in the scrub stream to the 1D bank.

Any event causing an increase in the fissile material is detected by neutron
monitors that alert the operators to an off-standard condition, A neutron
monitor is positioned at the second stage of the 1A, 1B, and 1D banks and at
. stage 12 of the 1C and 1E banks.

The 1C bank and 1E bank are equipped with a colorimeter to detect an off-
standard uranium oconcentration in the 1CU and 1EU respectively. Conductivity
probes are also located in the 1CU and 1EU streams to detect any changes in
acidity, High acid or an abnormal ratio of agueous to organic flows will be
manifest as a change in the readings on these instruments,
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Solution temperatures in the mixer-settler banks are important with respect to
highly efficient mass transfer of desired radionuclides, The uranium bearing
organic from the 1B bank, 1BU, is stripped of uranium in the 1C bank. The
effectiveness of this transfer of uranium from the organic phase to the
aqueous phase is enhanced by controlling the scrub solution at 559C. An
uncontrolled scrub temperature causes an alarm before the flash point of the
diluent in the 1BU is reached.

3.2.3.5 Evaporation

Batch level in the evaporator is a primary control parameter. Evaporator
bottoms are monitored for specific gravity, temperature, and liquid level; an
interlock automatically shuts off the flow of steam to the evaporator when the
preset minimum limit is reached. In those batch evaporators where acid
stripping is a primary function, water is continuously added to the pot at a
controlled rate and the operation termimated after a period of time sufficient
for the removal of the HNO, acid. In the other evaporators, the contents are
transferred after solids concentration, as determined by specific gravity, and
when the boiling temperature has reached the desired level.

A primary safety concern in the evaporation process is the prevention of a
violent exploaive reaction of organic that is carried along with the aqueous
stream because of inefficient phase separation in an upstream mixer-settler
bank. This reaction is known as a "red oil®" explosion, Aqueous streams
energing from mixer-settler banks or centrifugal contactor banks are piped to
decanters to remove gross amounts of organie, Interlocks within the control
system prevent temperatures in evaporators in excess of 118°C, which are
necessary for explosive reaction of entrained organic with nitric acid, by
shutting off the steam to the coil, Additional temperature-related safety
interlocks that shut down the batch evaporators preventing the conditions
conducive to a "red oil" explosion are as follows:

) High condenser outlet cooling water temperature,
‘e Righ reboiler steam temperature,

e Low liquid level, and

e High evaporatar bubble cap column differential pressure,

The cooling water supply valve to the condenser must be 1/4 open before the
operation of the evaporator can be initiated.

Another safety concern is a leak of process solution into a failed coil
contaminmating the steam condensate or segregated cooling water, Process air
is piped into the reboiler through a Cash regulator that pressurizes the coil
with air to prevent leaks. A backpressure valve on the steam condensate
discharge closes if coil pressure drops to 14 psi, If the pressure declines
further to 12 psi, the coil is pressurized with air and the coil pressure
maintainsd at 12 psi.

Aip flowing through a leak is detected by a monitor in the prooess air supply
to the coil that reads-out on a data logger system (that is currently being
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installed) and alarms. When an alarm occurs, the printer logs an alarm message
giving date, time of day, point identification alarm setpoint(s), and the
current value of the point.

The data logger also receives data from eight alpha and beta-gamma radiation
monitors in the cooling water discharge lines. A leak from a coil that
introduces radiocactivity into the segregated or circulated cooling water can
be traced and the failure isolated before a large volume of cooling water
becomes contaminated.

43.2.3.6 Anion Exchange

The neptunium and 238py in the dissolved neptunium oxide targets are recovered
in a batch operation of anion exchange equipment in the I-H and II-H frames,
The instrumentation is appropriate to supporting the operations. The anion
Eggin is degraded by the radiation exposure particu&arly from the Np and

Pu. The accountability of the quantity of Np and 238py 1ocaded on the resin
is provided by dip tube bubblers that measure the 1iquid level and specific
gravity of dissolver solution, product solution, and raffinates.

The OSRs for anion exchange limit temperature of the operation to 60°C (8).
The I-H frame has a resistance thermometer in each of three resin columas
individually removable by the canyon crane; the II-H frame has a resistance
thermometer in the one resin column, also removable by the canyon crane.

3.2.3.7 Radiation Monitoring

Health Monitoring (HM) ion chambers are located throughout the 200 Areas where
a potential external radiation hazard exists. These HM chambers record and
alarm in the 221-Building dispatcher's office. Personnel monitoring stations
for the detection of alpha, beta, and gamma radiation are also located
throughout the buildings and at exits from potentially contaminated areas.

 3.,2.3.8 Fire Detection

The fire detection instrumentation is discussed in detail in Section 3.2.5.

3.2.3.9 Nuclear Incident Monitor System

Nuclear Incident Monitor (NIM) system activates an alarm warning to personnel
to evacuate the vicinity because of a criticality incident. This system is
provided wherever fissile materials are stored or processed in a sufficient
quantity for a potential critical configuration. Each nuclear incident alarm
system associated with a potential incident site shall consist of at least two
individual NIMs located no farther than 100 ft from a potential incident
location (13). A steady radiation rate between the limits of 0.5 and 3R/hr
will sound the alarm within five seconds (13). An alarm shall also sound if
the total dose received at the detector within 1 min exceeds 50 mR. However,
for instruments in normally unattended, shielded areas, alarm rates shall be
set well above the prevailing radiation background.
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Each NIM is equipped with a green light to indicate that the NIM is operating
and with an amber light and audible signal to indicate a malfunction
Operating 1ights are located in the control room. During a power failure,
each NIM remains capable of responding for at least 24 hours (13).

3.2.3.10 Data Logger System

A Data Logger System processes the data from: 1) the eight radiation monitor
points on the cooling water discharge headers from the canyon vessels and 211=
Building, 2) the air flow monitor on the Cash system, 3) differential
pressure in the ventilation system, and 4) independent cooling water flow to
vessels not equipped with air pressurization,

Operator interface to the system is through the CRT and keyboard. The CRT
provides the displays required for data monitoring with displays called by
dedicated pushbuttons on the keyboard. A status/menu display is provided for
time of day, locations by page of acknowledged and unacknowledged alarms,
communication status, and a menu of the dedicated function keys.

The computer tests data collected from the remote units, generates alarms as
required, provides an alara acknowledge routine, and provides an alarm log via
the printer, Three gensral types of displays are provided for monitoring each
of the different process systems: system status, system alarms, and data
trends.

A high alarm setpoint is provided for each point, and an additional low alarm
setpoint is provided for each independent cooling water flow, When an alarm
condition occurs, an audible warning is sounded and the lower areas of the
current display indicate an umacknowledged alarm. An alara is acknowledged by
calling the alarm or status display showing the point in alarm.

When an alarm occurs, the printer logs an alarm message giving date, time of
day, point identification, alarm setpoint(s), and current value of the point.
When an alara is acknowledged, the printer logs an "acknowledge message"
giving date, time of day, and point identification, When the point returns to
normal, the printer logs a return message giving date, time of day, and point

. identification,

3.2.4 [Electrical Power Distribution
3.2.4.1 Normal Power

Three phase, 115-kVA, 60 Hz power, 60% generated in-plant and the rest
purchased from South Carolina Electric and Gas Company, is routed through
three interconnscted substations, H-Canyon receives power from two of these
sub-stations (for detailed description see the H-Canyon Systems Analysis (2).
- In the H=-Area, two 7500-kVA transformers reduce the line voltage to 13.8-kVA
and feed the area supply loop. All area supply lines are pole-mounted except
buried lines for emergency use between Building 221-H and an emergency genera-
tor in Building 292-H The 221 building power is taken from the area supply
loop through five secondary feeders., Two secondary feeders are tied into the
north branch of the area loop, designated Process Feeder No, 2; and three
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secondary feeders are tied into the south branch, Process Feeder No. 1. It is
possible to connsct between the two feeders in case either fails

Each secondary feeder is connected to a 750-kVA transformer in the first level
electric control rooms where the voltage is reduced to 440 volts, The 750=kVA
tranaformer in H Area is center-leg grounded on the 460-volt side to the area
grounding loop, All electrical equipment in Building 221-H is connected to
this same grounding loop.

Power from the secondary side of these transformers is distributed by a bus,
through circuit breakers, to feeders that supply motor control center
breakers,

All Building 221-H electrical equipment is supplied power from motor control
center panels except for the instrument air compreasors that receive power
directly from the emergency bus, Some equipaent uses remote-operated magnetic
starters that are housed in the motor control center cubicles along with
associated overload protective features, Actual starting of such equipment is
performed using a pushbutton mounted adjacent to the equipment or provided in
the control room. Whenever the overload feature operates to cut off power to
the equipment, it is necessary to press the manual RESET button on the
appropriate motor control center pansl. When maintemance work is to be done
on electriocally-powered equipment, the motor control center switch is de-
energized and locked out. '

3.2.4.2 Emergency Power

Emergency power is available to critical equipment such as instrument panels,
gang valves, lighting, air compressors, and ventilation equipment in Building
221=H, If normal power to Building 221-H is lost, the emergency systenm
permits an orderly shutdown of the various processes so that the building and
equipment can be maintained in a safe condition, The critical equipment on
emergency power is listed in Appendix A,

Generators, The main emergency power source for Building 221-H is a diesel
generator located on the ] ] This diesel drives a 1000
kw generator to furnish 1600 amps, The diesel is automatically started by
batteries and reaches full load in approximately 15 seconds in the event of a
normal power outage,

Switaehgear. Emergency power for Buil 221=H is distributed by the
emergency bus in electrical Control Room This bus can be connected to
two sources of power:

e Normal Building 221-H supply, and
° Building 221-H diesel generator.

The emergency bus in electrical COntr'ol Roon._‘- is part of the emergency
switchgear, The switchgear with 1600 amp service is electrically interlocked
so that no more than one power source is connected at any one time., Under
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normal conditions, power is supplied to Building 221-H through the 1500-kVA
transformer in electrical Control Room Failure of this source causes

the Building 221-H diesel generator to start automatically, and connect to the
emergency bus. Feeders from the Building 221-H emergency bus are connected
through circuit breakers to various motor control panels. To permit
" maintenance work on the Building 221-H emergency bus, the motor control panels
that receive power from electrical Control Room‘can be supplied from
alternate feedera.

Batteries. Emergency power from batteries is supplied for fire detection
systems, diesel generator starters, lighting, and for certain doorlocks and
communication equipment.

3.25 Auxiliarvy Svstems apnd Support Facilities
3.2,5.1 VWater Systenms

Power Department supplies the 221-H Building with three separate service
systems: cooling water, fire water, and domestic water.

3.2.5.1.1 Cooling Water

Supply. Cooling water from two wells is continuously pumped through heat
exchangers in the waste tank farm and then delivered to 285-H cooling tower
reservoir. About 400,000 gal of water is stored. Excess water received from
the wells is discarded. One of the well pumps can be driven by a diesel motor
if electrical power fails,

From the reservoir at Building 285-H%, cooling water is pumped through the
ares by five pumps in parallel. An auxiliary steam-turbine-driven pump is
alsoc provided that automatically starts if pressure in the main cooling water
header drops below 48 to 52 psig. These pumps discharge to a 36-in main
header., This main header splits into a 30-in normal cooling water header and
a 20-in independent cooling water header. Both headers have branches serving
other facilities in HeArea.

If cooling water pressure fails (such as from electrical power failure,
cooling water line break, etc.), certain key equipment is supplied by the
independent cooling water system. This allows continued operation of
important equipment during a failure of normal cooling water supply of short
duration, or provides for a controlled shutdown of key facilities if a
prolonged cooling water failure is evident, There is an automatic valve in
the 30-in header just downstream of the 20-in independent cooling water
branch. This valve closes and diverts all available cooling water to the 20-
in independent cooling water branch if pressure in the 36~-1in cooling water
header drops below 45 psig and/or in event of low water level at the Building
285-H reservoir,

®HeArea is additionally equipped with a smaller cooling tower, 285-3, to
supply tritium facilities.
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Cooling water leaves the building in three mainstreams: clean cooling
water, circulated cooling water, and segregated cooling water,

The clean cooling water return system has the largest bulk of the three
streams. This water returns only from the non-regulated portions of the B-
Lines and Building 221=-H first level; the refrigeration units associated with
the water chillers contribute the largest single load, This stream returns
through a header in first level where it exits from the building from the west
wall, From this point, it runs underground to the 282-2H pump basin and
returns to the Building 285-H reservoir,

The circulated cooling water return stream accumulates from canyon vessel
colls in two underground headers, one on each side of the building, and flows
through the 281=4H activity monitor, 281=1H delaying basin, and 281-2H pump
basin, and then returns to the Building 285-H reservoir.

The segregated cooling water system accumulates from canyon vessel coils that
are supplied by both cooling water and steam, The segregated water is not
reused; it is discharged to the creek, This return systea is segregated from
the circulated cooling water and the clean cooling water return systems
because of a higher chance of failure of coils that are alternately heated and
cooled. If there is a coil leak inone of these vessels, chances of getting
contamination in the return stream are greater because of the possibility of a
vacuum being formed within the coil that might draw in contamimation through
any coil leak, Segregated cooling water flows from warm canyon vessels to an
underground header west of Building 221-H Segregated water from hot canyon
vessels discharge to a condensate return header in the hot gang valve
corridor. This header leaves the gang valve corridor through the east wall of
Building 221-H, and ties into an underground header, The two underground
segregated cooling water headers join south of Building 221-H, and the water
flows underground to the 281-6H activity monitor. From here, the water flows
through the 281-5H delaying basin and then is discarded to Four Mile Creek if
within discard limits, )

3.2,5.1.2 Fire Water

Fire water is supplied to Building 221-H through three i4-inlines running
parallel, north of the building, and connecting to a 24-in main area fire
water header. Two of these lines go to the gang valve corridors, and reduce
to 12=in lines just before they enter the building. The third line enters
Section 18 in the center section, first level, and splits into two 10-in lines
that go through the ceiling to second level.

On each of the 12-in lines entering the building in the gang valve corridors
and on each of the 10-in lines going to second level, there are electrically
operated isolationvalves operated from the control room., On each of these
electrical valves, there is a STOP button that may be used to prevent
operation of the valve while electrical or mechanical maintenance is in
progress,

There are two strainers in parallel, one of which is a spare, on all four
headers, Strainers are changed by manual valving, and screens are removed
from their chambers for cleaning
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In each section of each canyon there are three deluge valves, one for each set
of spray nozzles, Deluge valves on the second level control flow of water to
the cold=wall fire sprays. The northernmost deluge valve in the hot gang
valve corridor and the southernmost deluge valve in the warm gang valve
corridor, contral flow to the fire sprays on the rack side of the canyon wall
in each section., The other deluge valves in the gang valve corridors control
flow to the rack pan fire sprays. Each deluge valve has a block valve
upstream and a check valve downstream, Valves are opsned by pushbuttons in
the control room,

The gang valve corridor fire water header also suplies water for rack
flushing, The second level warm canyon fire water header sprays in the south
half of the warm canyon decontaminmation cell,

The fire water header serving the hot canyon from second level extends to
Section 3. At Section 4, a branch with a deluge valve supplies embedded
piping and sprays in the south half of the hot canyon decontamination cell.
At Section 3, the main header terminates at the point of a final branch, which
supplies a deluge valve to the north 18 ft of the railroad tunnel.

The deluge valve for the railroad tunnel sprays is operated by a manual

pushbutton in the control room. This is on the same panel as pushbuttons for
" the hot canyon sections., Deluge valves for the south half of the
decontamination cells of both canyons are operated from control button
switches located on the control room console, However, the deluge valves for
the railroad tunnel are blanked on second level, and the deluge valves for the
warm and hot decontamination cells are blanked on second level and in the gang
valve corridors,

3.2.5.1.3 Domestic ﬁater

Domestic water enters Building 221-H in a 6-in header through the west wall of
Section 1, first level, near the point where cooling water and independent
cooling water enter, There is a shut-off valve directly inside the building,

The main supply header runs the length of the building on first level and has
several main branches serving the swimming pool, the warm gang valve corridor,
hot gang valve corridor, warm canyon sample aisle, hot canyon sample aisle,
second level, and BeLine,

3.2.5.2 Steam Supply
3.2.5.2.1 Generation

Steam is generated by three coal-fired, stoker-fed boilers in Building 284-L
Each boiler has a design capacity of 60,000 1b/hr of saturated steam at 325
psig Service water which is treated by anion and cation exchange resins is
fed to the boilers by one electric-motor-driven pump and three steam-driven
pumps. De-aerating heaters preheat boiler feedwater before it goes to the
boiler feed pumps.
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302 e5e2.2 Distt‘ibution

The 325 psig steam is distributed through a 12-in header to pressure reducing
stations for the buildings, For Building 221~H, the reducing station is at
the south end of the building where pressure control and indicating
instruments are provided, From this station, steam at 150 and 15 psig is
supplied. A steam flow recorder and a steam consumption integrator for the
325 psig steam supplied to the station are in the dispatcher's office. 4
pressure gauge and a low pressure alarm for the dissolver off-gas header are
in the hot canyon control room, Pressure gauges and low pressure alarms for
the 150 psig header are also in the canyon control rooms. C-Area, H-Area, and
F=Area are tied together on a common steam header. C-Area and D=Area, in
partiocular, supply steam to H=Area,

Dissolver Qff-Gas Steam Supply. This steam is used only for heating the
dissolver off-gas reactors in Sections 6 and T of the hot canyon. The 325
psig steam is reduced to 140 psig through a pressure regulator valve into a 2-
in header that enters the building and runs along the ceiling of second level
to Section 7. There are cutoff valves at the reducing station and at Sections
6 and 7 where lines to the reactor heaters go through the wall, and there is a
pressure relief valve outside the building at the reducing station.
Condensate from the off=gas reactors leaves the building through the
segregated water header,

150 psig Steam. This steam is the main process steam source and is used for
all vessel soclution transfer jets, second level sump jets, etc. There are two
stations for reducing the 325 psig supply to 150 psig. Normally, one of the
stations is in use, the other on standby. Steam pressure ocan be controlled at
150 paig manually or automatically. Each reducing station is equipped with
cutoff valves and a pressure relief valve, The 150 psig steam enters the
building through a 14=in header that runs on second level to Section 5. The
second level 150 psig header branches into a loop supplying steam to both the
hot and warm canyons, The loops supplying the gang valve corridors branch off
this second level loop.

Condensate from the header traps and branch line traps drains to the cooling
water return header; condensate from the canyon vessels is handled in the
segregated water system; condensate from gang valves drains through seal pots
to the exhaust air tunnel sump; and condensate from the sample aisle branch
drains to Tank 181,

15 _psig Steam. This steam is used primarily in the heating and ventilation
equipment throughout Building 221=-H. Its only use in the canyons is on the
dissolver off-gas filters in Sections 6 and 7 of the hot canyon and on the
heat exchangers for cold feed streams to solvent extraction

The 15 psig steam is reduced from a 150 psig supply at two reducing stations
outside the south end of Building 221-H Normally, one station is in use, the
other on standby., Steam can be controlled at 15 psig manually or
automatically. Each reducing stationis equipped with cutoff valves and a
pressure relief valve. The main distribution header enters the building and

3-50



DPSTSA-200-10, SUP-5

runs along the ceiling of the second level to Section 2, then drops to first
level and continues to Section 11,

Steam condensate from the various heaters is collected in a header that runs
to a collection tank located in the Section 9 personnel tunnel., A pump
actuated by 2 level switch on the tank automatically transfers accumulated
water to the cooling water return header, Condensate can also be directed to
the sanitary sewer outside Bullding 221-H

3.2.5.3 Compressed Air

Four compressed air systems are maintained in the canyon building: instrument
air, plant air, process air, and breathing air, Compressed air systems are
the responsibility of the Power Department with the exception of breathing
air, which is jointly controlled with the Separations Department, For
additional information, see Reference 2, Section 1.3.2.6.

3.2.5.4 Fire Protection Systems

The Savannah River Plant has a Fire Protection Division that inspects and
maintains fire fighting equipment, trains auxiliary fire brigades, and puts
out fires, Every operating facility having Regulated Areas or Radiation
Danger Zopes maintains a separate or joint Fire Wardens Team for each shift,
Each shift has an auxiliary fire brigade to fight all fires, The brigade
consists of a chief, a hose squad, and a service squad. Fire fighting
equipment is located in the F=Area fire station

Temperature measuring instruments, resistance temperature devices (RTD's), and
thermocouples are inserted into the air tunnel and into the pipe rack area of
the hot and warm canyon by thermowells that origimte in the Hot and Warm Gang
Valve Corridor., The pipe rack is located above the Gang Valve Corridor and
the air tunnel is located below the Gang Valve Corridor,

Heat sensed by these detectors will alert operating personnel by an alarm at
the data logger in H-Area., Deluge valves (Figure 3=-16) can be manually opened
in the affected building section, Each deluge valve can be opened by pushing
buttons in the contral room.

3.3 ENGINEERED SAFETY FEATURES

Enginsered safety features associated with the canyon operations include the
ventilation system, diversion of segregated or circulated cooling water, and
secondary confinement, '

3.3.1 Jentllatiopn Svatema

Building 221-H is supplied by three ventilation systems: the canyon air
system, the center section air system (also known as central air), and the
gang valve corridor air system, Air supplied by these systems 1s exhausted by
five separate systems: canyon air exhaust, center section exhaust, B-Line
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exhaust, process vessel and vent system, and recycle vent system, The data
logger indicates pressure differentials in various areas,

The ventilation system in Figure 3=-17 is designed to prevent spread of
airborne contamimation to clean areas, This confinement is accomplished by
maintaining positive static pressure in clean areas, atmospheric pressure in
areas with low contamination potential, and slight vacuum in areas with high
contamination potential, The control room is equipped with gauges that
indicate the pressure differentials in the various areas,

3.3.1.1 Air Supply
3.3.1.1.1 Canyon Air Supply System

Alr for the canyon air supply system enters a plenum chamber in Section i
through fourth level ports in the south and east walls of Building 221-H.
From this chamber, it is fed through a vertical shaft along the south wall of
the building to the second level, where it is conveyed in separate ducts to
the blowers for each canyon. Before entering a blower, the air is filtered
through matted "Fiberglas" filters, heated by 15 psig steam coils, or cooled
by chilled water pumped by a booster pump through separate eoils, to maintain
canyon temperatures between 70 and 105°F.

The four canyon air supply blowers are in Section 1 on the second level, Each
blower is powered by a 40-hp motor, is rated at “56,400 cfm at 425 rpm, and
changes the canyon air twice an hour, There are two blowers for each canyon,
one on standby which will start automatically, An alarm will sound in the
control room in case of mechanical or electrical failure of an on=line blower,
The alarm is reset in the second level fan room. Each of the blowers is
equipped with an automatic damper in the discharge line. If a blower fails,
the damper closes automatically, and the standby blower starts, Thus, the
normal air flow into the canmyon is continued.

None of these blowers is on the emergency power system. In case of a power
failure to Building 221-H, all supply blowers stop, and the dampers for all
blowers automatically open, This allows the Building 292-H exhaust fans to
maintain the normal air flow pattern through the canyons. In case of power
failure to Building 292-H, all canyon supply blowers automatically shut down.

In case of loss of instrument air in Building 221-H, the canyon supply blower
that isonline continues to operate, and all the dampers on all the supply
blowers automatically open, Each blower is equipped with a manually operated
damper that may be used to control the canyon air flow and maintain the
desired air flow pattern. The supply blowers also shut down automatically if
the vacuun created by the exhaust fans in Building 292-H drops to less than a
0.75=in water column.

Canyon air supply ducts extend from Section 2 through Section 18 on the third
level (except for the portion of the warm canyon duct that passes under B-
Line), These ducts are under the hot crane cab runway and the warm crane
walkway., Inlet registers, three per section, pass air into the canyon area,
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Branch streams from the canyon supply systems also feed fresh air to the
fourth level crane maintenance vestibule, storage room, one workshop, the
second level fan room, the swimming pool, both canyon shops, and crane
maintenance areas, Positive air flow from these areas to the canyons is
automatically maintained by motor-operated exhaust dampers, In addition, when
the doors between the canyons and the crane maintenance areas are opened,
electropneumatic operated dampers in the supply ducts to the crane maintenance
areas raise the air flow from 0 to 4700 ofm to the crane maintenance areas,
and maintain 2200 ofm to the receiving room.

Within the canyons, air moves from the supply registers in the crane-ways to
exhaust registers, three per section, located low on the rack side cell wall.
These exhaust registers are equipped with manually adjusted dampers and lead
to large exhaust air ducts that run the length of the building directly under
the gang valve corridors, The damper settings are made from the gang valve
corridors, At Section 3, these ducts connect to the canyon air exhaust system
tunnel. .

3.3.1.1.2 Center Section Air Supply System

Building 221-H has two process sections, the hot canyon on the east side and
the warm canyon on the west side, and the center section comprised of four
levels between the canyons,

Fresh air ventilation for the center section is-drawn in through a filter
house at ground level on the west side of the building and passes through a
filter bank of 100 matted "Piberglas® fil ters,

The air is picked up by a aystem of thres booster fans that are also located
in the filter house, These fans, if set on automatic oontrol, will operate on
emergency power in the event of normal power failure but, if set on hand
control, will not start on emergency power. Failure of any booster fan will
activate an alarm in the dispatcher's office, The failure also closes a
pneumatically operated damper on the fan to maintain operating efficiency of
the other fans. In case of total loss of instrument air, all dampers open so
that air supply is maintained to building supply blowers, EP 47, 48, 49 and
50. If the booster fans fail and the dampers close, the supply fans would be
starved.

Air supply from the booster fans is then routed via an external duct to the
roof of Building 221-H, Section 9, through the Section 9 stairwell to the fan
room on first level to Sections 10 and 11. - A dual=purpose pneumatically-
operated relief damper is installed in the external duct on the Building 221-H
roof, This damper can be operated from controls in Section 9 on the fourth
level to relieve air pressure created by the booster fans outside the
building in order to allow use of the Section 9 stairwell for personnel
movement in emergencies, The other purpose of this damper is for additional
air supply to the building supply blowers in case of total booster fan failure
or during filter changes. A pressure switch inside the plenum senses a
negative pressure and causes the relief damper on the roof to open
automatically.

3=55



DPSTSA-200-10, SUP-5

The fan rocm on first level incorporates three supply blower systems (A,B, and
C). Supply system A consists of two blowers, one of which is a standby.
These blowers are equipped with automatic discharge dampers that close if the
blower fails, but open in the event of power or instrument air failure, These
blowers are on emergency power. The standby blower starts, and an alaram
sounds in the dispatcher's office if the on-line blower fails, Failure of the
center section supply blower automatically shuts down the following auxiliary
fans: head tower, first level change rooam, regulated shop supply, regulated
shop exhaust, regulated shop welding hood, and mask and tool decontamination
exhaust, If the standby blower does not start, the second level supply fan,
the canyon supply fans, and the fourth level B-Line supply fan will stop.
" These fans must be restarted manually., A time-delay relay interlock on supply
system A blowers is provided so that routine changes or automatic operational
checks will not stop the interlocked fans, The capacity of the on=-line blower
is 63,800 cfm,

Supply system B consists of one blower that supplies air to all of the first
level sections except those locations supplied by system A blowers, This
blower is not connected to the emergency power supply and does not incorporate
a backup unit,

Failure of the system B blower actuates an alarm in the control room., The
capacity of the system B blower is 28,760 cfm., Supply system C consists of
one blower that is also not on emergency power, There is no spare blower for
this system. This system exhausts air from first level center Sections 8
through 18 and delivers cooled air to second level. Capacity of this system
is 28,400 cfm.

Maintenance of appropriate differential pressures (Table 3=2) within the 221-H
Building is essential to protect against air reversals and subsequent spread
of contamination, Typical conditions are as follows:

First level = Should be maintained slightly positive with
respect to atmosphere, The gauge and
recorder range is 100% for +0.04=-in WGSP
(water gauge static pressure) with respect
to third level. (No alarm).

Fourth level « Identical to first level except that the
differential pressure is maintained at 0.04-
in WGSP., The sample aisle exhaust dampers
are maintained in fixed positions
approximately 75% open,

Second level - Should maintain essentially atmospheric

. © pressure, ~

Third level « Should maintain slightly below atmospheric

pressure, Approximately 0 to 0.01=-in WGSP.

Sample aisle « Should be negative with respect to third
level.
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TABLE 3-2, Differential Air Pressure

_Between ——.lnches Hater Gauge

High Low Range Operating
Thil'd 1”‘1 Hot c‘won 001 - 0.7 0050
Third level Wara canyon 0.1 = 0.7 0.45
Third level HGVC 0.01 = 0.7 0.20
Third level WGVC 0.01 - 0,18 0.06
First level Third level 0.0 = 0,04 0.04
Fourth level Third level 0.0 - 0.04 0.04
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Electrical control - Should be slightly positive with respect to
rooms and the cold feed preparation area.

compressor rooms

Air from the center section circulates from the fourth level to the third
level, and from the first level to the second level, then to the third level.
From the third level, air flows through the sample aisles into the center
section exhaust systea tunnel.

Ailr from cold locker rooms, toilets, etc. (Zone 1 areas) is exhausted
directly to the atmosphere by auxiliary fans through exhaust ports on the
north and south ends of the building. Air from regulated change rooms and
toilets is exhausted to the center section exhaust system.

Aipr is circulated to the mask and tool decontamination rooms and regulated
shops in Sections 1 and 2 and exhausted by auxiliary fans to the center
section system. Air is supplied directly from the outside at the south
loading dock.

3.3.1.1.3 Gang Valve Corridor Air System

The gang valve corridors are supplied with 10,000 cfm of fresh air directly
from the outside by air oonditioners outside the building Each 10-hp unit in
the warm corridor moves 3330 cfm. Each 15-hp unit in the hot corridor moves
5000 ofm. The air exhausts through air-controlled dampers at Section 4 to the
center section exhaust system tunnel. There are also three packaged air
conditioners in each corridor that recirculate air for additional cooling.
Blowers equipped with heating coils are installed inside the building but have
not been needed because of the amount of heat given off by steam lines.
Modifications are being made to this system to increase cooling capacity and
to provide additional circulation,

3.3.1.2 Air Exhaust

. 3.3.1.2.1 Canyon Air Exhaust

c-hzust routes are shown in Figure J=18:

Sand Filters. These filters, east of Buildings 221-H and 292-H are rectangular

concrete structures 240 x 100 x 16 fhw
et s urplies 12 distribution laterals under original filter and

17 distribution laterals that run under the new filter that was constructed in
1976. The naw filter has a stainless steel grid placed over the laterals to
provide support for the filter media, The first layer of filter bed is coarse
stone; succeeding layers are of decreasing-size gravel and sand, adding up to
a filtering depth of 8-1/2 ft.

Three openings above the bed level on the south wall allow air to pass out
inte "valve" chambers which have removable concrete slabs at top and bottom
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‘When the sumps become filled, as indicated

There are two stainless-steel-lined sump pits that receive any internal
drainage from the filter, One is located at the southwest corner of the
filter, the other at the northeast corner. These sump pits are fed by gravity
stainless steel pipes, running from the low points of the filtered air
respectively.
" local gauges, they can be jetted

or pumped to Transfer Tank 805.° _ P
drains to a sump just outside Building 221-H that has a high-level alarm in
the hot canyon control roon. ’

The filter is equipped with ten sampling points each for radiation monitoring,
pressure tap, and filtered air sampling.

In 1969, some of the internal supports in the 294<H sand filter collapsed.
The collapsed areas were refilled, but the original sand and gravel that fell
into the laterals caused a reduction in total air flow through the sand
filter. The efficiency, however, is not significantly affected because the
face velocity remained essentially constant.

Exhausters. Air is exhausted from the hot and warm canyons and from the B-
Line by four fans located in Building 292-H Each 300-hp fan is rated at
70,000 efm. Two of these units are normally in operation and the other two
are on standby; they come on-line if the vacuum drops to less than 1.0=-in
water column, This also activates an alarm in the dispatchers office and an
alarm in the Building 211-H control room. If the vacuum drops to less than
0.75=1in water column, the canyon supply fans in Building 221=-H are
automatically shut down. '

Emergency power from the 600 kW generator in Buildling 292-E is available to
three of the canyon exhaust fans, In addition, two of the fans are served by
dedicated diesel«driven generators.

- The exhaust stack, located at the south side
of the fan house, is constructed with an acid-resistant brick liner which
rests on a stainless steel drip pan that drains condensate to the 1250=-gal
underground catch Tank 602, The stack is 200 ft high, A high level alarm on
this tank is located in the dispatcher's office. The 100-gal catch Tank 601,
with a high level alarm in the dispatcher's office, receives overflow from the
stack drainage pan if the drain to Tank 602 becomes plugged.

The connecting chamber, or breech, from the fan house is constructed of 3/16-
in stainless steel plate surrounded by a 3/4-in steel plate blast shield. The
condensate from the breech drains to a sump pit which has a high-level alarm
in the dispatcher's office. This alarm can also mean that Tank 602 has
overflowed to its sump.
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A small blower located just south of Building 291-H uses atmospheric air to
maintain & slight positive pressure in the annulus between the acid-resistant
brick and the outer stack structure. This air pressure helps prevent fumes,
which might leak through the brickwork, from attacking the unprotected outer
stack concrete,

3.3.1.2.2 Center Section Exhaust

Air from the center section of Building 221
controlled dampers in the sample aisles

=H is exhausted through air-

_ ] . p ree 40,
exhausters powered by 50=-hp motors are located at Building 292-H and pull air
from the center section Two of these exhausters are

normally in operation, with the third unit on standby. The standby unit
automatically starts if the vacuu T drops to less than
0.35=-in water column, When this occurs, an gla also sounds in the

dispatcher's office. 0Only one of these exhausters is on emergency power
supplied by the Building 292-H emergency generator.

Central exhaust filters in Building 292=H are the "Chemical Warfare Service"
type (CWS) and are installed as three separate units operating in parallel.
This system is designed to operate on two units, which makes it possible to
remove a unit from service to make repairs or change filters without shutting
down the systen. ’

Each bank of filters is equipped with motorized dampers on the inlet and
outlet sides for isolation when changing filters. A differential pressure
manometer is located across filters which indicates a pressure drop across the
unit. Filters are replaced when operating two umits if pressure drop across
filters increases to 2.5-in H,0

3.3.1.2.3 Process Vessel Vent System

Canyon vessels are maintained at a slight vacuum with respect to the canyons
by two exhaust fans with 40-hp motors inatalled in Section 5W of Building 221-
H. One of these fans operates while the other is an installed spare which
comes on=line automatically if the operating fan fails, Each fan has a
capacity of 5,000 cfm of air at a static pressure of 30=1in of water. Normal
air flow is 3000 ofm. Only Section 6H dissolvers and their associated off-gas
reactors and filters are not connected to the process vessel vent systen.

Canyon air flows into process vessels through the overflow lines and then into
one of two vessel vent headers. These 18~in headers are encased in concrete
located along the outside walls of the respective air exhaust tunnels. The
canyon waste headers and the gravity drain header are also connected to these
vent headers, At Section5 of the warm canyon and at Section 7 of the hot
canyon, the vent headers enter the canyons. The warm canyon air is
dehumidified by heating to 50 to 60°C to prevent nitric acid condensation in
the filter, then filtered in Module 5.7. The hot canyon air is scrubbed with
process water in Module 7.3 to partially remove particulates, primarily
apmmonium nitrate. This air is then filtered in Module 7.2. These filters
(Figure 3-19) typically remove 95 to 99% of the radiocactivity present.
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After filtration, the vessel vent air is routed to the vessel vent fans in
Section 5W. These fans obtain suction through an 18=in diameter inlet header
supplied by 12-1in diameter ducts from the warm and hot canyon vessel vent
filters, Each 12-in suction duct has an electrically-operated butterfly
damper valve that can be adjusted to balance the air flow from each canyon as
desired. Each fan discharges into a separate 12-in diameter duct that
protrudes through a core-drilled hole in the west wall of the warm canyon into
the warm canyon exhaust tunnel, where the air is picked up by suction of the
sand fil ter exhaust fans, passed through the sand filter, then discharged to
atmosphere through the stack,. These fans will be run to destruction, then
replaced as necessary; all maintenance work on this system is done remotely
from the warm crane,

Three air sampling stations are located in the warm canyon sample aisle to
obtain filter paper samples of the vessel vent air upstream and downstream of
the warm canyon filter and downstream of the hot canyon filter, These
sampling stations are normally operated continuously with the filter paper
changed and read once per shift, Sampled air is exhausted to Section 5W,

3.3.1.2.4 Recycle Vent Systenm

The recycle vent system services vessels in Building 211=-H, third level of
Building 221=-H and the first level waste tank area of Building 221-H, All
vessels and tanks have trapped overflows to prevent air from being pulled in
through them, .

Third level and cold feed prep tanks connect to the recycle vent header., This
vent header goes out of Bullding 221-H through the center section exhaust air
tunnel and proceeds to exhausters in Building 292-H. The vent header from
Building 211=H area joins the Building 221-H header in the air tunnel,

The vacuum in the individual area headers is automatically coxitrolled by
instruments operating butterfly dampers that bleed air into the header., There
is a draft gauge on the second level of Building 221-H

3.3.2 Diversion of Segregated or Circulated Cooling Water

If radicactive contamination gets into either the segregated or the circulated
cooling water return systems, these streams can be diverted to either a
seepage basin or to retention basin 281-8H (14), For each stream there is a
monitor station that continuously checks for alpha and beta-gamma activity.

Segregated cooling water normally passes through a monitor (281=-6H) to
delaying basin 281-5H, This basin has a capacity of 380,000 gal and is
divided into two sections, 281-5H east and 281-5H west, When one of the
sections fills, it is emptied into Four Mile Creek, if the activity is within
limits, About a S5-hr delay is provided by this basin to allow for
confirmation of monitor results before releasing or diverting the segregated
cooling water,

If either the circulated or segregated system is diverted, retention basin
281~8H is designed to hold all water that may be diverted, However, it is
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possible that if the circulated cooling water return system diverts for 30
min, a low water level will be reached at the 285-H cooling tower reservoir,
In case of low level at 285-H, an automatic valve in the normal cooling water
supply header closes, leaving only the independent cooling water supply
headers throughout the area pressurized,

Segregated water is monitored in 281-6H. If no contamination is being
detected at the water monitor, the valve settings and alarms may be returned
to normal by depressing the reset button,

Circulated cooling water is monitored at Building 281-4H The volume of this
stream is quite large; and, if it were diverted to the retention basin in
error or because of a false instrument alarm, loss of water from the cooling
water system would be substantial. If it were necessary for this stream to be
routed to the retention basin, the contents of the water system would be
depleted in less than 30 min under normal demand, even though supply from the
wells continued. If circulated cooling water is diverted, operations are
immediately shut down to avoid depleting the water supply.

When an alarm for the circulated water system is received in the control roon,
the supervisor and Health Protection representative at Building 211-H are
contacted immediately., The alarm is promptly investigated at Building 281-4H
by the Building 211-H operator. Presence of contamination in the return
stream is either confirmed or the source of trouble is located, An instrument
records the level of ocontamimation If it is necessary to divert the stream to
the retention basin, diversion valves may be operated manually in the Building
221-H control room, 281=-4H monitor building, or at the 281=-1H valve pit, A
few ssconds later, red lights 1llumimate, showing that diversion valves are in
operation. When full movement of the valves has taken place, green lights go
out and red lights remain illumimted,

Retention basin 281-8H is a 1ined excavation which receives aqueous waste
streams for temporary storage and which has a capacity of four million gal.
This is large enough to store the total volume of water from both the canyon
circulated and segregated cooling water systems, as well as a volume of flush
water from radicactivity cleanup. Disposition of water in the retention basin
is to the seepage basin, creek, or waste tank,

3.3.3 Secondary Confinement

The process vessels are located in cells, four to a section, Most sections
are separated from each other by a concrete or stainless steel fire wall, and
the top of each cell is covered by concrete cell covers, 1 ft thick, Three
sections of interlocked cell covers are placed on top of each cell. The
primary function of the cell covers is to control air distribution among the
cells.

The concrete roof and thewalls of the canyon were designed to be radiation
shields as shown in the cross section of the canyon (Figure 3-1), The shield
thickness and closest personnel access corridors are given in Table 3-3.
Secondary confinement for airborne' materials is defined as the ventilation
exhaust system that is described in the H-Canyon Systems Analysis (2).
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TABLE 3-3. Canyon Vessal Radiation Shields

Concrete Shield

Area Thickness, ft Closest Personnel Access

Hot Canvop _

Outer Wall 4 Gang Valve Corridor®

Inner Wall 5=1/2 All Central Section

Roof 3=1/2 Crane#® (40 £t above cell covers

4~3/4 (minimum)

Yarm _Canvon

. Outer Wall 2
Inner Wall h-1/4
Roof 2~=1/2

3=1/2 (minimum)

and offset)
Sample Aisle, ® Cold Feed Gallery®

(20 £t above cell. covers and
offset)

Gang Valve Corridor?®
All Central Section
Crane® (40 ft above cell covers)
Sample Aisle, # Cold Feed Gallery®

(20 ft above cell covers and
offset)

8.imited and COntroLled Access,
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The canyon building was built to contain releases of radicactive liquids, The
floor of the process cells in the canyon is sloped toward collection sumps.
Drips or liquid spills are flushed to the sumps and transferred to appropriate
catch vessels in rerun,

The canyon sumps (2 ft x 2 ft x 1=-1/2 ft) are equipped with liquid-level
detectors and transfer jets. A minimum liquid level is maintained in the
sumps to verify that the detector is working properly. A high-level alarm
sounds if the liquid level reaches the level of the cell floor, minimizing the
possibility of overflowing sumps, Process liquids on the cell floor may cause
corrosion of the floor and buildup of uranium,

Sump solutions are tranaferred through rack piping to a canyon tank for
sampling and further processing.

Additional provisions for confinement of spills is provided by pans under some
of the vessels., The bottom of each frame has been completely enclosed with
stainless steel sheet metal to form a 450-gal sump for the collection of
overflow or spillage from within the frame, thereby protecting other canyon
processes against contaminationwith 238py, Stainless steel pans are al so
installed under the high level waste evaporators to improve the bearing
surface for equipment and protect the floor against corrosive spills and
leaks,

3.4 DECOMMISSIONING CONSIDERATIONS

A decommissioning and decontaminmation plan will be formulated and used prior
to shutdown of these facilities, Design features of 200-Area facilities that
affect decommissioning are briefly discussed in the following paragraphs,

3.4.1 Remote Operatlon

The capability to remove canyon process equipment remotely and place it into a
decontamination area for decommissioning is in place, This is particularly
desirable for equipment that is contaminated with materials which emit highly
penstrating radiation. All types of canyon equipment have been decontaminated
and repaired in this manner,

3.4.2 Partitioning of Process Fungtions

The partitioning of process functions allows highly contaminated areas to have
little effect on low=level contamination areas.

3.4.3 Rrotective Coatings and Liners

Stainliess steel liners for some canyon sumps, and special protective coatings
for materials such as concrete are included to simplify decontamination
procedures, Some sections of the hot canyon in F-Area were decontaminated in
1970-1971 to permit personnel entry for the construction of the Mul ti-Purpose
Processing Facility,
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X.0 DESCRIPTION OF OPERATIONS

The primary administrative control document is the contract (DE-AC09-
76 SRO0001) between Du Pont and the U.S. Department of Energy (DOE). The
contract explicitly describes certain obligations with regard to safety on the
part of both the contractor (Du Pont) and the contracting officer (DOE).
While Savannah River process facilities are operated by Du Pont, DOE is
ultimately responsible for conduct of the program under the law, as expressed
by regulatory requirements of various governmental agencies.

4.1 ORGANIZATIONAL STRUCTURE

The Savannah River Plant is operated by the Atomic Energy Division (AED) of
the Petrochemicals Department of E, I. du Pont de Nemours and Company (1).
The structure of the AED, for purposes of this SAR 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 SRL provides technical support to the Manufacturing Division. The SRP
organization has two major divisions; Operations, and Plant Facilities and
Servicea. The Manager of Operations has custodial and operating
responsibilities for all production facilities. The Manager of Plant
Facilities and Services has responsibilities for nonproduction facilities and
central services.

Primary responsibility for safe operation of the 200-Area facilities lies with
the Separations Department of the Separations Program Mamagement Team (PMT),
with major support from the other PMT departments: Separations Works
Engineering and Separations Technology. These three departments are supported
by other departments such as Projects, Equipment Engineering, Health
Protection, and Personnel. The SRP organization is shown on Figure 4.2,

4,2 OPERATIONAL DESCRIPTION

Nuclear fuel elements, previously irradiated in reactors, are processed in the
H-Canyon facility. Primary operations include chemical and physical separa-
tion and purification of materials. Process operations are diversified,
encompassing three main products.

Objectives of the operations include maintaining and ensuring personnel and
equipment safety and efficient operations, Basic and important operating
decisions are made by management (see Section 4.1) after review throughout the
organization, Decisions which affect safety or operability are reviewed by a
- competent technical organization other than the one with direct responsibility
for operation. Process operations are performed according to approved
detailed written procedures (Section 4.3).
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4,3 PROCEDURES
4,.3.1 Administrative Procedures and Control

- A formal administrative control system ensures that basic and important
decisions affecting safety or operability are adequately reviewed (2). The
system requires the review by a competent technical organization other than
the one charged with direct responsibility for conducting and controlling the
operation of the facility.

The Separations Department operates the 200-Area facilities (Figure 4-2),
Qualified operators who have received rigorous training in operating
procedures and safety systems carry out the separation processes according to
detailed written procedures under the direction of Separations Department.
The Separations Technology Department provides continual independent input
into program planning and implementation and a continual review of operations.
Separations Technology must approve all operating procedures, process changes,
and process equipment changes, Other departments such as Health Protection
and Long Range Planning provide advisory reviews, The Technical Division
provides an independent review of the 200-Area operations,

In addition to its independent reviews, the Technical Division provides basic
technical information for process and equipment design and operation. The
Technical Division prepares Technical Manuals, Systems Analyses, Technical
Standards, and Safety Analysis Reports. This division also reviews and/or
approves Test Authorizations and maintains liaison on technical matters with
other interested parties such as DQE,

4,3.1.1 Notification and Reporting of Occurrences to DOE

A system for notification, investigation, and reporting of occurrences to DOE-
SR is maintained as described in the SRP Procedures Manual Item 201,
Notification and Reporting of Occurrences, An occurrence is defined as any
deviation from the planned or expected behavior or course of events if the
deviation has safety, health, cost, or environmental significance.
Occurrences are classified according to seriousness, and time 1imits and
responsibility for notification for investigation, are as follows:

° Type A: Immediate verbal notification; written followup within
20 hours; investigated by DOE-SR.

e Type B: Verbal notification within 24 hours; written followup
within 72 hours; investigated by DOE-SR, but may be delegated
to Du Pont personnel.

° Type C: Verbal notification as soon as practicable, but no
later than the workday following the end of the quarter;
written information no later than the 8th calendar day
following the end of the quarter; investigated by plant
personnel. :

® Unusual Occurrence: Occurrences that have significant adverse
programmatic effect and involve information that can be used at

-3
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other DOE sites to avoid similar occurrences are reported into
this DOE~wide system, The coordimation of the release of SRP
Unusual Occurrence Reports to DOE=SR and the review of Unusual
Occurrence Reports from other sites will be by the Manager of
Operations or his delegate,

4,3.1.2 Special Incident Reports

Special Incident Reports are formal reports that are prepared when incidents
are of major proportions or are likely to be of interest to outside groups,
They are in addition to and entirely apart from the Notification and Reporting
of Occurrences and the usual "Incident® report prepared by direct supervision
The decision to prepare a Special Incident Report is made by the Plant Manager
or Wilmington mamgement.

4.3.1.3 Process Incident Investigations and Reports

Reports of process incidents are made using a systea that provides a mechanism
for prompt reporting of all incidents and assures that the thoroughness of the
investigation, the followup, and the distribution given the report are
commensurate with the seriousness of the incident. An incident is defined as
any event that is a deviation from the accepted normal operation and appears
to have significant implications relative to safety, equipment performance, or
process operations. These reports are made as described below:

e Separations Incident Reporta, A Separations incident report is
used to describe events that constitute deviations from the
accepted normal operation of the process and associated
equipment. This report is intended to call the Separations
Department's attention to incidents with significant potential
and, through a study of compilations of these reports, to
establish trends in the operation that might not be obvious
over a short period, Separations incident reports are prepared
by the Separations Technology Departaent and reviewed by the
Separations Department.

) Operating Incident Reports, After an incident occurs that
appears to have important significance to safety or operation
of the facility, the Separations Department Area Superintendent
convenes a committee to investigate the incident and issue a
report. A Separations Department supervisor acts as chairman,
and Separations Technology participates on the committee.
Other groups that are involved in the incident, or that may be
concerned with the findings, also participate, This committee
attempts to determine the cause of the incident and to develop
recommendations to prevent recurrence. The committee issues a
report called an Operating Incident Report.

° Spscial Hazards Investigations, Special hazards investigations
are made for unusual incidents involving actual or potential
radiation exposure, radiocactive contaminmation, significant loss
of confinement of radioactive material or if criticality

4-5



DPSTSA-200-10, SUP-5

control limits in Technical Standards, TAs, or OSRs have been
exceeded, Jurisdiction over the investigations is assigned to
the Plant Central Safety Committee, The scope is detailed in
the SRP Safety Manual (3) and in radiation and contamination
contral procedures (4). ' .

® Unusual Incident Reportsa., Unusual Incident reports (UIs) are
prepared to describe situations involving high injury
potential. The involved employee's Department Superintendent
initiates the investigation, Where personnel are not directly
involved, the Superintendent of the department owning the
equipment oconcernsd initiates the investigation, The scope is
detailed in the SRP Safety Manual (3).

° Daily Reports. The Operations-Program Management Team (PMT)
and Plant Facilities and Services organizations issue daily
reports to Wilmington, with copies to: the Savannah River
Laboratory and the Savannah River Office of DOE, These reports
include information about a significant incident shortly after
it has happened.

° Monthly Reports. Activities of all Operations-PMT
organizations and Plant Facilities and Services organizations
are sumnarized in monthly reports, Individual program reports
for Separations, Raw Materials and Tritium Facilities, and
Waste Management describe technical studies of the nuclear
safety and other technical aspects of facility operation,
failure to meet a technical standard and/or an operatioas
safety requirement, the status and efficiency of production,
and design activities, Separate reports are issued to document
the status of the Quality Assurance Program and Environmental
Control. .

The Technical Division, Savannah River Laboratory, issues a
monthly progress report of significant results from studies
relating to nuclear safety, process improvements, and new
processes and products,

° Annual Reports. An annual report of the results of the
auditing and incident investigation system for the separations
areas is made by the Separations Department and the Separations
Technology Department. This report includes statistical
information on the audit results and on the number and kinds of
unusual incidents., It also includes short discussions of the
investigation and action taken on incidents that appear to have
the most safety significance. ,

4.3.2 Qperating and Maintepance Procedures

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 administrative control procedures for
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nonreactor nuclear facilities, The system has the familiar Du Pont operating
objectives:

° Maintain safety of personnel, equipment, and facilities,
° Maintain continuity and increase efficiency of operations.

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

Inherent in the controls system is the precept that all process operations are
performed according to approved written procedures that have been reviewed in
an effort to preclude unsafe consequences, either directly or as a result of a
possible chain of unfavorable events, Audits of procedures are performed and
documented, and periodic reassessments of facilities and processes are
conducted with the objective of identifying any previously unrecognized
hazards that may have been created by changes in process conditions, operating
practices and equipment, or knowledge of the condition and behavior of
construction materials,

4.,3.,2.1 Operational Control Documents

The following is a brief discussion of Du Pont Operational Control Documents.
A more detailed description of each document can be found in Reference 2.

The level of control of each of these documents is shown in Figure 4=3,

Systems Analyses, Systems Analyses are comprehensive reviews of the equipment
and processes of functional systems, The objective of these reports is to
determine the risk of operating each facility. The reports provide technical
bases for determining the interaction of the various systems as presented in
the Safety Analysis Report. Systems analyses are prepared by the Technical
Division, and the reports are reviewed and approved by both the Manufacturing
Division and the Technical Division of AED.

Safetvy Analvsis Reports. A Safety Analysis Report (SAR) is a document that

describes the facilities and processes analyzed, and evaluates the risk of
operation. Included in the risk is the probability of the occurrence of
accident sequences and consequences, Both onsite and offsite risks are
included. The SAR is prepared by the Technical Division and is reviewed by
the Technical and Manufacturing Divisions prior to significant facility
modifications and is updated within a five-year period. New issues and
revisions to SARs are approved by Du Pont AED and DOE at Savannah River.
Approval is also required by the Separations Program Management Team.

Qoerational Safety Reguirements. Operational Safety Requirements (OSRs)

define the envelope of authorized operations of the nonreactor nuclear
facilities and formally document the requirements in the following categories:
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o  Safety Limits and Limiting Control Settings
° Limiting Conditions for Operation

° Surveillance Requirements

® Design Features

° Administrative Controls

OSRs and revision proposals are prepared by consultation of AED and DOE-SR
staffs,

Tachnical Standards. Technical Standards define the process limits within
which the facilities are operated, ensuring the safety of personnel,
permanently installed equipment, and the environment. They specify the
requirements and bases for basic variables within which the process must bve
operated for reasons of safety, quality, and/or limitations of known
technology. These requirements are within the boundaries of safe conditions
reported in the OSRs,

Technical Standards are authorized by the Director of the Technical Division
afcver approval by the Manufacturing Division.

Mechanical Standards. Specifications for the‘phyaical inatallation of
buildings process and service lines and equipment are termed Mechanical
Standards., These standards are maintained in several forms as follows:

[ Du Pont, Subocontractor, and Vendor Drawings, New issues or
‘ changes are approved by Separations Works Engineering,
Separations Department, Separations Technology Department, and
the Departmental Engineer's Offioce in Wilmington if the process
is involved.

° Du Pont Engineering Standards and Specifications, and SRP
Engineering Standards and Specifications, The Du Pont
Engineering Department issues the Du Pont Enginsering Standards
and Specifications and keeps them current, The SRP Engineering
Standards and Specifications are written for local use and
provide uniform requirements for design and specifications.
Additions and revisions are authorized by Separations Works
Engineering or Technology and approved by the program manager.

° SRP Project Specifications, These specifications for the
purpose of material procurement may include requirements for
vendors and for onsite installations, New specifications and
supplements are authorized by the program mamger and issued by
the Du Pont Engineering Department.

JTechnical Manuals. Technical Manuals are issued by the Technical Division.
They may be prepared by either SRL or Separations Works Engineering., These
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manuals contain the basic technical information used for the design of
facilities and for the preparation of Technical Standards, Technical Manuals
are approved by both Technical and Manufacturing Divisions.

Design Reports. There are three different types of design reports: Technical
Data Summaries, which are prepared and issued by SRL for planning projects
that evolve from results of research and process developument activities; Basic
Data Reports, which are prepared and issued by SRP for planning projects for
additions or modifications to plant processes or facilities; and Design Data
Reports, which are issued by the Engineering Department for final project
design.

« A Test Authorization (TA) authorizes temporary
deviations from Technical Standards, Operating Procedures, or Mechanical
Standards, The TA is used to conduct process study trials with plant
equipment, or to authorize nonstandard operations not covered by Technical
Standards or Mechanical Standards, Limits defined by the TA will be at or
within the boundaries of safe conditions specified in the OSRs. TAs are
normally prepared by the Separations Technology Department, They are
authorized by the Manufacturing Division Director after approval by the
Technical Division; an exception is allowed when departures froa Operating
Procedures are within Mechanical Standards and Technical Standards, The TA
may then be authorized by the Plant Manager af'ter approval by the Separations
PMT (al so by Nuclear Engineering and Materials Section of SRL when nuclear
safety is involved).

Nuclear criticality safety controls are

administratively achieved through:

° Systems Analysis Reports

° Safety Analysis Reports

° Operational Safety Requirements

° Technical Standards

° Nuclear Criticality Safety Supplements

° Operating Procedures

Plant Interpretive Doguments. These are interdepartmental memcranda which
document such things as recommendations made by technology groups to operating
. groups regarding changes in processes or procedures, agreements on matters of
departmental interactions, program planning and scheduling, transmittal of
information developed during inplant tests or studies, and actions necessary
to implement any special programs. These memoranda usually are prepared by
staff personnel and approved by the superintendent of the originating
department, or his delegate.
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. QA procedures require that QA
assessments be performed for existing facilities and processes, new designs,
and modifications to existing designs to define the application of a formal QA
program proportional to need. The Savannah River Plant Quality Assurance
Program is discussed in detail in Section 7.0 of this report.

3.3.2.2 Operating Procedures

All process operations and many allied activities such as maintenance
operations are performed according to written procedures (5). A procedure
supplies detailed how=to-do-it directions (usually in a stepwise manner) for a
given process or operation. The intent is to ensure systematic control of
safety, quality, and yield. It is a removable-page document, and routine
practices are established for its continual revision so that directions can be
kept up to date and obsolete copies are not available for inadvertent use. An
explanation of these procedures is given below:

Du _Pont Savannah Operating Procedure (DPSOP), A DPSOP is a book divided into
chapters (I, II, etc.), then into divisions (A, B, etc.), and within these

into sections (1, 2, etc.). A DPSOP may contain one or all three of the
following types of unit-pages.

' A text page contains descriptive information and/or stepwise
directions. :

) A figure page consists of a chart, drawing, process diagram, or
photograph.

) A DPSOL (Du Pont Savannah Operating Log) page is primarily
meant for separate on-the=job use as a logsheet for recording
data, time, and checkoff or initials to show job progress.
Each DPSOL (sometimes multipage) is individually page-numbered
and has its own sequence of revision numbers. There are two
categories of DPSOLs: "Training and Reference® (T&R) and "Use
Every Time" (UET). The T&R serves to standardize instructions
and aid in instructing a person new to a job.

Du Pont Savannah Operatipg Log (DPSOL)., DPSOLs are written or revised by a

Separations Department area supervisor with technical assistance from the
Separations Technology Department. New DPSOLs are usually routed for full
approval to Separations Technology and the Separations Department; however,
Separations Department supervision may select a lower approval level for
revisions that affect only the methods of doing the work and not basic
variables. These may be approved by the Separations Department Area
Supervisors and the Separations Technology Department Area Supervisors,

Apart from DPSOPs, there are several unnumbered manuals that
contain administrative procedures concerned primarily with plantwide policies
applying to personnel. Three examples are: the SRP Procedures Manual, which
contains procedures that involve intergroup rather than intragroup dealings,
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office letters issued by the Plant Manager, and announcements of long-ternm
interest; the Security and Safeguards Manual, which defines minimum security
requirements for the plant based on DOE regulations; and the SRP Safety
Manual, which defines basic plantwide safety policies and minimunm
requirements, These and other manuals are described in Reference 5.

4.3.3 Emergency Procedures and Plana

The SRP ataff has the organizational responsibility 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 is 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 protection of property or personnel. For life-saving acts, an
exposure of 100 rems (whole body) plus 200 rems (lands) is considered as the
guide value,

Both F- and H-Areas have an emergency committee, with the Area Production
Superintendent as chairman. Other members include representatives from each
department resident in the area. This group resolves problems of area-wide
significance, adapts the emergency plans to their particular location, and
initiates and conducts practice drills,

SRP has an Emergency Operating Center (EOC) located in Building 703-A (located
in A-Area). The EOC is equipped with emergency materials such as radio
equipment, telephones, maps, and plotting boards. Food and sleeping gear are
also provided,
There are three basic plans discussed in this report. They are:

1. Shelter or Evacuation Plans

2. Nuclear Incident Plana

3. Offsite Warning Flans
Shelter or Evacuation Plans (6), There are three types of emergencies
considered which involve sheltering or evacuating personnel; all are

practiced. They are:

1. Facility Emergency (where an emergency may exist in only a
single building).

2. Area Eﬁorgency (where all buildings in an area are involved),

3. Plant Emergency (where a local condition, or a condition
created offsite, affects the plantsite).

A Separations Department supervisor is the emergency Facility Coordinator

(FC). Based upon his evaluation of any given situation, the FC determines
whether evacuation or sheltering of personnel in the facility is or is not
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necessary. He announces that the facility emergency exists, provides
instructions on the handling of personnel and facilities, and notifies the
Area Emergency Coordinator., The FC has an announcement made over the area
public addreas (PA) system. The announcement is made at two-min intervals for
a total of four times (7). Evacuating personnel assemble at the appropriate
location as instructed by the Facility Coordinator.

An Area Emergency is declared by the Area Emergency Coordimator, who notifies
the plant EOC He announces the emergency over the area-wide public address
system and sounds the alarm signal (normally a fast warble, but also could be
five short blasts from the powerhouse whistle)., Area emergencies are handled
in the same fashion as Facility Emergencies, All personnel in the area are
evacuated or sheltered, with the exception of a small predesignated crew. If
personnel are sheltered, the Area Emergency Coordimtor may adjust building
ventilation as necessary and will evaluate the need for an area evacuation.
Evacuating personnel will form a caravan at the parking lot and proceed to a
safe location. The normal evacuation route in the H-Area is to the main
parking lot, through the main gate. The Area Emergency Coordinator may
designate an alternate route,

A plant emergency imvolving total plant evacuation or sheltering of facility
personnel is initiated by the Plant Mamager and oonducted in the same fashion
as Ares Emergencies., Personnsl, on the average, can be evacuated or sheltered
in less than 15 min from the time the evacuation is announced. Assuming all
areas are within 15. min of the plant boundary, it is estimated that the entire
plant could be evacuated in about 30 min.

~

Nuclear Incident. When the Nuclear Incident Monitor (NIM) bell alarms, all
personnel hearing the alarm evacuate immediately by predesigmted, well marked
routes and gather at a predesignated rallying point. The alarms are connected
to instruments in the contral rooms of the production facilities, When the
NIM alarm bell rings in the affected area, a light is lit on the annunciator
panel, and an alarm sounds in the control room, Verification of the alarm is
made from the control room. If verified, or if two or more NIM instruments
alarm, or if confirmation is received on other radiation monitoring instru-
ments, the incident is considered real. The facility is shut down and
personnel evacuated or sheltered, and the Facility Coordinmator declares a
Facility Emergency and notifies the Area Coordimator., If other buildings or
areas may be affected, the Area Emergency Coordimator declares an Area
Emergency. He may adjust building ventilation as necessary, and evaluates the
need for an area evacuation. He also initiates action to locate persons not
accounted for, When all personnel have been monitored, the Facility
Coordinmator directs Heal th Protection personnel to survey the area for re-
entry,

All personnel are trained to recognize and use the proper escape routes in
their individual facilities, These routes are well marked with Nuclear
- Incident Evacuation signs. Practice drills are held periodically to keep
personnel familiar with the escape routes,

QOffsite Warning Plan. The Offsite Warning Plan sets farth the conditions for

alerting offsite areas of a hazardous condition origimting at SRP that may
affect them., Following an incident of sufficient severity to threaten offsite
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areas, the EOC Supervisor may elect to dispatch monitor teams, each consisting
of a Health Protection inspector and driver-radio operator, to predesignated
monitor points downwind of the incident, They attempt from ground level to
evaluate the spread of radiocactive contamination, and radio the results back
.to the EOC,

In the EOC, when the source of the release, wind direction veloecity, and
concentration are known, the results are extrapolated to estimate the
potential exposure to offsite areas. The information 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 Supervisor may issue the warning

It is estimated that it would take up to 2 hours to determine the extent of
the accident sufficiently to decide whether or not an offplant warning should
be made,

4.4 TRAINING
The type of equipment and the mature of the work performed at SRP are unusual
and subject to requirements far beyond those of more conventional industries.
Of primary importance are requirements regarding the qualifications and
training of the individuals performing radiation work at SRP, '
Personnel receive training in the safety aspects of new jobs with periodic
retraining in certain areas (e.g., chemical properties, self monitoring,
etc.), and utility scheduled safety meetings to implement plantwide programs.
Personnel also receive training in emergency actions through scheduled drills
and practices under simulated emergency conditions, Training records are kept
for all employees. ’
New employees receive an orientation series on the following subjects:

] Safety rules and requirements

] Security rules and requirements

] Industrial relations, plans, and benefits

e Automobile traffic rules and regulations on plant property

e Equal employment opportunity policy
. The training
progranm for Separations Departament personnel ensures that trained personnel
operate and maintain the equipment and facilities. The objectives of the
program are to:
] Provide qualified personnel for each operating facility.

° Improve productivity.
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® Expand employee knowledge of the processes and equipment
contained in each of the facilities,

° Enhance the safety and security of all personnel.
° Heighten individual responsibility awareness.
e Increase employee flexibility within an assigned facility.

°® Provide a formalized, auditable program that meets the DOE
requirements,

. These objectives are achieved through a comprehensive job-performance-based
training program.

Program Structure. The Separations Department Superintendent has overall
responsibility for the training program. A coordinator of Separations
operator training, a coordinator of Separations Works Engineering mechanic
training and a coordimtor of Separations exempt salary training are
responsible for the development, revision, and delivery of training in their
respective areas. :

An instructional systems specialist and an educational specialist provide
support to the coardimtors, and thée training specialista, The instructional
systems specialist 1s responsible for audio-visual training aids, development
and maintenance of trainee records, and computer assisted instruction
impl ementation, )

The education specialist ia reaponsible for assisting training specialists and
coordinators develop lesson plans, write examination items, and validate
materials, He is also responsible for providing instructor training,
developing new courses, and selecting the best delivery media.

Qualifications. An individual becomes qualified when he or she can
demonstrate adequate knowledge and skills in the areas to which he or she is
assigned. Each knowledge and skills area, as identified by Jjob/task analyses,
is a major subdivision of the knowledge and skills required by the employee to
adequately perform a job asaignament.

Knowledge and skills areas have been identified for each job classification
within the Separations Department, Within each job classification, a core
curriculus..-hBas been identified consisting of the knowledge and skills
associated with the initial duties to which a new trainee would most likely be
assigned.,

Trainses aré glven 120 days (17 weeks) to qualify in their assigned work area
The qualification period begins with the first day of the orientation program.
Qualification procedures are discussed below:

e Orientation: Weeks 1-3. The orientation program is a two-week

session which provides an overview of the various production
groups and their functions and interactions, It includes Du
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Pont orientation, safety, lock-tag and try procedures,
defensive driving, CPR, use of protective equipment, basic
radiological health, and security concerns., At the end of this
two weeks, trainses are sent to their respective departments
and given a one week departmental orientation progranm.
Following this, the trainees are divided into smaller groups by
facility assignment. They are then given an additional three
days of facility general training. Upon completion, the
trainees begin facility specific training,

e Facility Specific: Weeks A=-17., Facility specific training
takes place over a 1li-week period which is divided into three
J-week sessions and a 2-week remediable period (if needed).
Each of the three l-week sessions cover a particular knowledge
and skills area the trainee must understand and be able to
perform. The first week of each 4-week session consists of
classroom and laboratory training, The remaining three weeks
consist of on=-the=-job training on the trainee's shirt
assignment, During the classroom/lab weeks and/or at the end
of the on=-the=job periods, each trainee receives a
‘Qualification evaluation on the particular knowledge and skills
area, These qualification evaluations identify strengths and
weaknesses of the trainse., The trainse becomes qualified after
passing all evaluations, If the trainee fails to pass the
qualification evaluations he/she rematns in a trainee status
during weeks 16-17. During weeks 16-17 the trainee works with
his immediate supervisor and the facility training specialist
'to remedy areas of weakness., At the end of week 17 all
trainees receive qualification evaluations on those areas not
previously canpleted satisfactorily.

e Qualifioation Bvaluation All qualification evaluations are
performance based. A qualification evaluation consists of a -
written evaluation and a job performance evaluation. Written
evaluations are not always required as some knowledge and
skills areas may be more appropriately measured only by a job
performance evaluation. A job performance evaluation is
conducted in all cases., Each evaluation is specifically
designed for each knowledge and skills areas to which the
trainee is to be assigned.

4,5 REVIEN AND AUDIT

Audits to determine if procedures are properly used are carried out by the
Separations Department and by the Separations Technology Department. In
addition to this, special criticality audits are performed as dictated by
proposed equipment or process modifications.

Reviews to determine procedural adequacy are performed at several levels
within AED.
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Separations Department Audits. Separations Department conducts a cross-audit
of each operation by a committee that does not have direct responsibility for
tne operation. In addition, each facility is audited monthly, or at least
quarterly, by a facility audit team to determine compliance with procedures,
Individual audits within facilities by first=line supervision are made monthly
to provide a detailed examination of specific job assignments, Individual
audits are recorded on Job Observation Reporta.

Separations Technology Audits. Auditing functions are performed by the

Technical Assistance groups as part of their routine surveillance, Thease
groups observe operations being carried out, collect and analyze data, and
review operating logs or runbooks, Special surveillance is provided when
chances of error are greater than normal or when consequences of errors would
be hazardous,

Criticality Audits, A committee composed of one qualified member from each of
the Separations Department, the Separations Technology Department, and the
Health Protection Department audits material handling and storage. This audit
occurs once per quarter to determins compliance with procedures, adequacy of
procedures, and the training of personnel. A report on each audit and any
follow=-up action recommended is submitted to Separations Department Management
for implementation, '

4,6 INSPECTION AND TESTING

This section gives a brief description of the inspection and testing of equip-
ment categorized as Engineered Safety Features in Section 3.3.

4.6.1 Yeptilation Svstems

Separations Project Department heating and ventilating engineers provide
services for balancing the ventilation system of 200-Area buildings., Airflow
is measured in hoods and gloveboxes  to establish conformance with standards.
The Health Protection Department routinely inspects and tests the flow of air
in potentially contaminated areas, Fans and blowers are routinely inspected
by operating personnel., Filters such as HEPA types are inspected and tested
for etrficiency and leakage at the Oak Ridge Filter Test Facility before being
sent to SRP. They are again tested in place, after installation by the Health
Protection Department (8). Sand filters are continually monitored and
routinely inspected for degradation of efficiency.

4.6.2 Cooling Water Diversion
The cooling water diversion system is inspected and tested as follows:

Instruments. An alpha- and gamma-response test is made to determine whether
the detectors will respond to a radiation source (9). The gamma device and
alpha device are tested periodically, The alpha detector must be valved out
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and drained during this test. The monitors are calibrated using calibration
solutions of four different levels of activity. The response of the signal
from the monitor is determined on a quarterly basis,

Other Eqguipment. In the process of the instrument-response tests, the alarms
are automatiocally tested, A visual inspection of the equipment is made during
walk-through inspections and during the response testa,

4.6.3 Confinement Barrdera

Inspections and tests on the integrity of confinement barriers are made
routinely and in many instances, continuously. Table 4-1 lists the
confinement barriers (including those given in Section 3.3.3) along with
examples of inspection and/or tests performed on them.

4.6.4 QRadiatlon Shielding

Continuously operating ion chambers with recorders and alarms are located
throughout the facilities mounted outside the canyons, These instruments
continuously test the integrity of the shields, Also, personnel working in
shielded areas wear dosimeters that measure dose., These dose data are
recorded either monthly or quarterly, depending upon the locations. If
shielding had failed, personnel doses would have increased, Frequent
monitoring of penetrations in the canyon walls is conducted by Health
Protection Department surveyors. Any abnormal radiation is carefully
identified by signs or roping off of the area,

4.7 UNIQUE HAZARDS

During this analysis, there was consideration of and a search for conditions
uniquely different from normal industrial practice., Injury statistics for the
past five years were exanmined based on data from the Data Bank and from the
Safety Department computerized listing of first aid cases and OSHA reportable
casea, All of the injuries were first aid or medical treatment cases; no lost
workday cases were reported during the analysis interval (November 1979 to
October 1983, 4 yr). Most of the injuries were to the fingers or hands and
the most frequent type of injury was a laceration.

The most frequent difficulty experienced with protective clothing is failure
to wear the prescribed pieces or failure to adequately don the clothing, This
occurs about twice per year in which contamination of the person occurs,
Specific failures of protective clothing that occur include tears, penetration
by sharp objects, saturation of clothing by liquids, disconnecting of
breathing air hoses, and tape being pulled loose from the clothing.

Although protective clothing is a necessity for contamination control and
injury reduction, several problem areas exist that indirectly affect operator
sarety and performance. One problem is that communication through an air-
supplied plastic hood ar through a respirator is difficult, When air-supplied
hoods or suits are used, mobility is significantly reduced and entanglement of
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TABLE A=1, Inspections and Tests on Confinement Barriers

. Types of Inspection,
Description of Barrier Integrity Qualification, and/or Test

Operating equipment (tanks, Liquid level indicators, sump alarms, visual
valves, sumps, etc.) inspection and radiation detectors ~
Shielding Gamma Monitors

Hoods and gloves cabinet Pressure differential indicators, air

monitoring equipment, personnel hand surveys,
contamination surveys

Waste packages, casks, and Individually surveyed and inspected
load lugger pans

Filtering System Differential pressure instruments, air
samples, DOP tests

Fuel or target cladding Water sampled
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hoses is common when several people are working in close proximity to each
other, Protective clothing creates a high temperature environment and manual
dexterity 1s reduced because several pairs of gloves are usually worn.
Improper removal of protective clothing is one of the leading causes of skin
contamination.

There are no identifiable risks associated with cold feed preparation and
storage 30 long as the chemicals remain within the confines of the intended
vessels and piping. Uncoanfined, the hazards are toxicity, corrosion, and
carcinogenicity. Cold feed operations were analyzed for the mechanisms and
frequency of chemical releases from confinement that could afford a risk to
operating personnel, Methodology used in this analysis and the hazards for
various chemicals are discussed in Sections 5.1.7 and 5.3.7. Consequences are
presented in Section 5.4.7.

In addition, some of the accidents discussed in Section 5 are initiated by
events not directly related to radiologically induced effects (see for example
discussion of "red oil" explosion in Section 3.2.2.8.5), but the resulting
consequences are primarily radiological in nature.

4.8 CONTRQL AND MANAGEMENT OF EFFLUENTS

The basic controls utilized at SRP are the requirements and limits defined in
Technical Standards., Where there are pertinent OSRs, the limits defined in
the Standard must be at or within those of the OSRs. Standards are the
responsibility of the Technical Division of AED and usually origimate there
They are authorized by the Technical Director after approvals by both the
Technical and Manufacturing organizations.

The plant processes may be operated outside Technical Standards (but within
OSRs) for tests or for other short-term special purposes using TAs., The
approval for TAs are similar to those for Standards, but they are authorized
by the Director of Manufacturing, Safety limits and limiting conditions for
the 221=-H Canyon Facility operations are defined in the OSRs and are included
in operating procedures, set well within the limits derived from the
© Standards., Operating Limits are approved by the Separations and Separations
Technology Departments, both of which are intimately familiar with the
processes and equipment.

4.8.1 Effiuent Radioisotopes

The 221-H Canyon Pacility operations include the handling of many radio-
isotopes, Some are natural materials such as 235y or 238y, Others are the
products of nuclear fission or result from the absorption of neutrons. Some
of the radiocactive isotopes occur in liquid, solid, and gaseous phases,

Table 4=2 lists the significant radionuclides that may be present in gases and
vapors for the 200-Area operations, Many of these would be present only if ¢
nuclear criticality accident were to occur. Others such as tritiunm, 35Kr,
1291, 1311, 137xe, and 133Xe are 1sotopes that are present even without the
occurrence of a criticality accident,
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Significant Radionuclides Present in Gases and Vapors from

200-~Area Operations

El. Radicactive
No. Isotope Half-life
1 3g 12.35 yrs
6 4¢ 5.73E3 yrs
35 83pre 2.50 hrs
84pre 31.80 mins
85pre 3.00 mins
86ppe 54.00 secs
87pre 55.00 secs
36 83gre 1.90 hrs
85myre 4,40 hrs
85!1' 10.72 yrs
87xre 76.00 mins
88gre 2.80 hrs
89&" 3.20 mins
Ogre 33.00 secs
53 1291 1.7E7 yrs®
13110 8.10 days
13270 2.38 hrs
1331+ 21.00 hrs
1341 52.00 mins
13510 6.70 hrs
13610 83.00 secs
54 131mye 11.89 days
133nyee 2.30 days
1331¢0 5.30 days
135nyqe 15.00 mins
135340 9.20 hrs
137xee 3.90 mins
138xee 17.00 mins
139%e* 41,00 secs

®May be significant from a criticality accident.

34,7E7 = 1.7 x 107,
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Table 4=3 1ists significant radionuclides that can be released as solids or
liquids. These isotopes may be released to the air in particulate form, or to
the ground in 1iquid form from 200-Area operations (of which H-Canyon is a
part).

The release of radionuclides, as a result of 200-Area operations, is routinely
monitored. In this report, overall radionuclide releases from the 200-Area
operations, via gaseous effluents, have been listed for the years 1983 and
1984, For liquids, direct releases to surface streams from 200-Area
operations have been listed. Ligquid release via retention and seepage basins
for the 200-Area operations are listed in the Seepage and Retention Basins SAR
(11). Combined radionuclide releases for F- and H-Canyon operations via
gaseous streams are listed in Table 44, Releases are via the F- and H-Area
stacks. Liquid releases to streams for 200-Area releases are listed in Table
45, :

4.8.2 Effluent Treatment and Control

Liguid Effluents. There are five normal sources of liquid effluents from 200
B-Area, as shown in Figure 4<i, Generally, liquid effluents except those from
Building 238-H are treated (10) by providing a delay time before they reach
plant surface streams, This is accomplished by using retention and seepage
basins. The earth acts as a soil column for releases through the seepage
process. As vater migrates from the basins by seepage, the movement of
radicactive elements (except tritium) is slowed. Details of this system are
discussed in Section 3.3.2.

The only radioisotopes that so far have moved through the soil to reach a
stream (Four Mile Creek) are 3!1, 9°Sr, 99'rc, and 12971,

Alrborne Effluents. Airborne effluents and their treatment are shown in
Figure 45, HEPA filters are used to collect radiocactive particles from all
highly contaminated air streams. Evaporation from the seepage and retention
basins is included in the Seepage and Retention Basins SAR (11).

4.8.3 Effiyent Mopitoring Program

All effluents from 200 H-Area facilities are monitored for radicactivity. The
concentration of radicactivity dictates the action (if any), to be taken to
reduce a release, Effluent control is discussed in the following sections for
liquid and airborne releases.

Liguid Releases. The H-Area liquid effluents are shown in Figure i-4, Each
‘system 1is separately discussed below:

The 221-H Canyon building has two cooling water systems., The Circulating
Cooling Water is monitored continuously in the 281-4H monitor house to detect
any contamination from leaks in cooling coils of process vessels that contain
activity. A recorder for the monitor is in the 221-H dispatcher's office.
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TAELE 4-3. Significant Radionuclides That May be Released as Particulates
From the 200-Area
El. Radicactive
No. Isotope Half-life

38 895y 52.00 days
90 s 28.10 yrs

39 90y 64.00 hrs
9y 58.80 days

40 Bzr 65.00 days
41 B 35.20 days
4y 103py 39.60 days
106 py 367.00 days

45 106 pyy 30,00 secs
47 110,5g 24,40 secs
50 1235n 42,00 mins
51 125gp 2.70 yrs
52 1271¢ 9.40 hrs
1297, 69.00 mins

55 134¢cq 2.05 yrs
13Tcs 30.20 yrs

58 81¢e 32,50 days
1440 284 .30 days
59 188 pp, 17.28 mins
60 14Txq 11.06 days
61 14T pg 2.50 yrs
148py 5.39 days

63 154g, 16.00 yrs
92 233y 1.62E5 yrad
234y 2.47E5 yrs

235y 7.1E8 yrs

236g 2.39E7 yrs
237y 6.75 days

38y 4.51E9 yrs

93 23TNp 2.14E6 yrs
94 238p, 86.00 yrs
, 239py 2.44EL yrs

- 280py 6 .58E3 yrs

281 py, 13.20 yrs

2h2py, 3.79E5 yrs

a1,62E5 = 1.62 x 165,
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TABLE 8-8. Radiomuclide Releases to the Atmosphere From the 200-Area

Annual Release Activitv, Ci
Isotope 1983 1984 Average
3x - 8,352 5.5E5 4.9E5
BRLY 3.7E 3.4E 3.5E1
85gr 5.7E5 8.4ES 7.0ES
89,90sp 2.7E-38 3.5E-3 3.1E-3
Bzr 1.1E=2 1.4E-2 . 1.3E=2
9B ny 1.8B-2 1.9E=2 1.9E=2
103py 2.0E-2 1.9E=2 2.0E-1
106 gy 8.1E-2 1.5E-1 1.2E-1
1291 §.1E=2 3.5E=2 3.8E-2
131mye 2.0E1 1.8E1 1.981
131 T.1B=2 2.TE-1 1.TE=1
134¢4 5.6E-5 4.0E-5 4.TE-5
137¢s , 9.9E-4 1.9E-3 1.5E-3
141 B.7TE-4 8.4E- 6 .5E-4
188 cq 8.9E-3 1.3E=2 1.1E=2
235,238y 4 4E-3 2.2E-3 3.3E-3
238py  2.6E-3 1.2E-3 1.9E-3
239py 7.2B-4 4 6E-4 5.8E~4
- 211,243 | 2.6E-4 1.4E=4 2.0E-4
242,24l opy 5.1E-4 2.6E-4 ' 3.8E-4

2,355 = 4.3 x 105; 2.7B-3 = 2.7 x 10-3.

Source: Environmental Monitoring at the Savannah River Plant, Annual Report
DPSPU-84-302, June 1985, and Environmental Monitoring in the
Vicinity of the Savannah River Plant, Annual Report for 1984, DPSPU-
85-30-1 (1985).
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TABLE 3-5. Mesasured Liquid Releasss to Surface Streams froa
200=-Area Operations

Anpual Release Activity, Cl
Isotope 1983 1984 Average
3ga 1.582bs € 2.0E2° 1.8E2
89,90gp2 - - -
134,137¢4 1.3E~1 2.2E~1 1.8E~1
Alpha 5.8E-3 - 3.0E=2 ‘ 1.8E=2
Other Beta-Gamma 3.1E-2 8.9E-2 6 .0E~2

3primarily groundwater migration from F- and H-Areas Seepage Basins.
by 582 2 1.5 x 102, |
CSurface transport component.

Source: Envirommental Monitoring at the Savannah River Flant, Annual Report
for 1984, DPSPU=85-302, June 1985, )
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Pumps located in pits outside each monitor house continuously pump water from
the discharge headers at a flow rate of 2 to 3 gpm through the monitors,

The Gamma Monitor (9) is a swirl cell monitor in which a hollow, rotating
cylinder of water surrounds, but does not touch, a 0.016-in steel-encapsulated
sodium iodide detector, The alpha monitor consists of a cell into which water
is continuously pumped to maintain a disk-shaped volume of liquid against a
*Mylar®-covered zinc sulfide scintillation detector.

Alarm lights and audio signals located at the dispatchers office and the 211=-H
control room, alarm if the activity is above a preset alarm point. Water does
not divert to the retention or seepage basins automatically. If activity is
detected that is greater than 1000 d/m/ml (beta-gamma), or greater than 100
d/m/ml (alpha), the process is shut down and the water is diverted to the
retention basin. In addition to the monitors, samples are taken, evaporated
to dryness, and counted for activity. If activity is detected up to 300
d/n/ml (beta=-gamma) or up to 100 d/m/ml (alpha), special sampling procedures
are undertaken to locate the source of activity.

The Segregated Cooling Water system is a once-through system that normally
discharges to Four Mile Creek. It is monitored continuously for radiocactivity
in 281-6H monitor house. A recorder for these monitors is located in 221-H
dispatchers office. The monitors for the segregated system are the same as
those explained previously for the circulating system. A 500 ml sample of
this water is taken once per shift for analysis by Health Protection
personnel. If activity up to 10 d/m/ml (beta-gamma) or 3 d/m/ml (alpha) is
determined, special sampling and surveillance is undertaken to determine
source of release. If activity from 10 to 1000 d/m/ml (beta-gamma) or 3 to
100 d/m/ml (alpha) is determined, the water is diverted to the seepage basins.
If activity greater than 1000 d/m/ml (beta-gamma) or greater than 100 d/m/ml
(alpha) is determined, the water is diverted to the 281-8H retention basin,
and the process is shut down until the leak is isoclated.

All water entering the seepage basin is sadpled by a Trebler sampler.
Analysis of the sample for radionuclides is used to ascertain the quantity of
radiocactivity discharged to the seepage basin.

Airborne Releaszes Gaseous effluent streams from the 200 H-Area are shown in
Figure 4-5. The effluent gas streams from each of the various facilities are
sampled on a routine basis to monitor the process performance of scrubbers,
sorbers, or filters and in addition can be used to estimate the contribution
of each facility to the chemical and radiocactive burden of the stack
discharge.

A system of continuous alpha monitors, iodine monitors, and beta-gamma
monitors is installed on the 291-H stack. Data generated by this system
directly relates the overall conformance of the facility to the guidelines
included in Chapters I and XI of DOE Order 5480.1A. Chemical analyses of
daily samples of the stack gas from the stack samplers generate data from
which estimates of both chemical and radiocactive pollutants can be made.
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4,8.4 Qffsite Copnseqguences of Radionuclides Released During Normal Qperations
(200-Area Operations)

Listed in Tables 4«6 and 4-7 are estimated consequences from radionuclides
released during normal operation. For airborne radionuclides (Table 4=§),
‘consequences are listed in terms of dose to the maximally exposed individual
located at the aite boundary and in terms of annual person-rem exposure to the
surrounding population,

For radionuclides released with liquid effluents, only those radionuclides
released directly to surface streams are considered here, If the activity
from these radionuclides exceeds a specified limit, the effluent is diverted
to the retention basin for decay or clean-up, After the activity is reduced,
the effluent is pumped to the seepage basin. Seepage and retention basin
operations and their consequences are considered in the Seepage and Retention
Basins SAR (11)., Estimated consequences for releases directly to surface
streams for the 200 Separations Area operations are listed in Table 4-7T in
terms of dose to the maximally exposed individual at the site boundary and in
terms of annual person-rem exposure to the surrounding populations,

From the calculated values in the tables, it is apparent that offsite dose
consequences and radiological risk from effluent releases during normal
operation primarily results from the release of gaseous effluents, The
principal radionuclide ocontributing to offsite doses from normal releases is
tritium. For the purposes of comparison with estimates of consequences and
risks resulting from releases associated with accidents, the population dose
of about 75 person-rem/year for normal operational releases comverts to 8.2 x
103 person-rem/hour,

The individual and population dose estimates presented in this section were
calculated with computer programs developed by the Nuclear Regulatory
Commission and modified by SRL (12). The programs used were MAXIGASP for
maximum individual dose from atmospheric releases, POFGASP for population dose
from atmospheric releases, and LADTAP for maximum individual and population
dose from liquid releases.

4,9 SAFETY MANAGEMENT SYSTEMS

It is the policy of SRP that safety and protection of employees comes first
(3), and there are two separate organizations dealing with safety. One
concerns itself with the protection of the individual and his/her enviromnment
from the harmful effects of radiation, and the other deals with the industrial
safety of the worker,

4.9.1 Radiation and Contamination Control
‘The Health Protection Department concerns itself with radiation and
contamination control. The Health Protection Department (Figure 4=6) has many
functions., Some of these functions are listed in Table 4=§,

It is SRP policy to limit the radiation exposure of employees to as low as
reasomably achievable, Le, the ALARA concept (4). Radiation exposure plant
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Annual Doss Dus to Releass of Radionuclides in Gaseous Effluents

Dose to Offsite
Maximum Individual

Offsite

Population Dose

Radionuclide rem/year person~-rem/year
3g 1.6E-3 T.8E+1
14¢ 2.2E-5 4 ,3E=1
8¢ 5.3E~6 3.5E~1
131 xe 6 4E=10 4 ,6E-5
89,90 g5 9 .8E~T 2.1E=2
95zr 8 .2E-9 4 ,.8E-4
95 m 6.2E=9 3.6E-4
103Ru 7.8E~9 §.3E-4
106 py 4§ ,2E-T 1.9E-2
1297 9 28T 8.1B=2
131 3.28-7 1.8E-2
134¢4 2.88-9 1.58=4
137¢cs 1.1E-T 1.2B-2
181¢e 2.8E-11 1.7E-6
14804 5.2E-9 2,.8E-4
235,238y 2.9E-7 2.3B-2
38p, 2.98-7 3.28-2
239py 1.2E~T 1.38=2
241,283 5, 4 ,0E-8 3.8E-3
242,284 ¢y 5.0E-8 3.8E-3
Total 7.5B1
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TABLE ¥-7. Annual Doss Dus to Release of Radionuclides in Liquid Effluents

Dose to Offsite Offsite

Maximum Individual Population Dose
Radionuclide rem/ year person-rem/year
3g 7.1E-7 3.1E-2
134,137cs 3.5E=-4 8.8E=1
Gross Alpha (max) 11.9E=6 1.3E=3
Other Beta-Gamma? 1.4E=-U4 3.5E=1

Total

1.1

3noses assume conversion factor equivalent to 137cs.
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TABLE A~8, Health Protection Department Organizational Responsibilities

Group

Responsibilities

F=- and H=-Area Survey

Dosimetry and Industrial

Hygiene

Envirommental Monitoring

Occupational Heal th
Technol ogy

Radiation and Contamination Surveys
Industrial Rygiene Surveys

Minimize personnel radiation exposures (ALARA)
Minimize skin contamination

Minimize facility contamination

Minimize envirommental releases

Prevent internal assimilations of radiocactive
materials

Train plant personnsl in Health Protection
aspects of jobs

Coordimate Personnel Protective Clothing and
EQuipment Prograas

Audit work and procedures

Distribution, collection, and evaluation of
personnel dosimeters

Maintain bicassay records )

Collection and quantitative amalyais of excreta
for contaminants

Count individuals and estimate body burdens
Maintemance, calibration, and distribution of
survey and monitoring instruments
Quantitative analysis of air, water, milk,
flora, fauna

Evaluation and publication of envirommental
samples

Instrumental analysis of envirommental
monitoring data

Investigation of releases

Technical support for area surveys, dosimetry,
and envirommental monitoring
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guides have been developed and used to help control the exposure of operat;.ing
personnsl in achieving this goal. These values are given Table 4-9, Typical
annual exposures for personnel assigned to the H-Canyon facility are shown in
Table 4-10.

The exposure of whole body to penetrating radiation is estimated by combining:

1. The radiation dose determined from thermoluminescent dosimeter
(TLD) readings; these are worn by all personnel who have
business in areas which are potentially subject to exposure to
ionizing radiation

2. The meutron radiation dose as determined by thermoluminescent
psutron dosimeters (TLND).

3. The dose received from tritium assimilation, determined by
bioassay.

Internal deposition of radionuclides is detected by routine programs for
analysis of urine and by whole body or chest counting (in vivo) techniques.

Locations within the 221-H Canyon Facility are classified into three
categories that depend upon expected levels of radiation or contamimation. A
Clean Area is an area where no radiocactive materials are handled and where the
radiation and contamimation levels are equivalent to natural background. A
Regulated Area (RA) is one in which radicactive materials are handled or where
the radiation level due to beta-gamma is less than 300 mrad/hr (and the gamma
component is less than 50 mrem/hr) and the contamination (surface,
transferable) is low, A Radiation Zone (RZ) is an area where the radiation or
contamination levels exceed the limits for a Regulated Area,

All work within an RA or RZ is controlled by written, approved procedures that
have been developad into the intent to complete tasks with minimum exposure to
radiation, These procedures are prepared and approved prior to entry into a
RZ or prior to starting non-routine work in a regulated area,

All building areas occupied by personnel are surveyed routinely (some
continuously) using portable or permanently installed instruments, Air
samples are taken where the potential for airborne activity exists, When air
activity exceeds the values shown in Table 4-11, respiratory protection
equipment is requind.

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

4.9.2 Qccupational Doses from Normal Operations

‘Whole body exposure to penetrating radiation during normal operations is

monitored by the Savannah River Health Protection Department as indicated
above. Exposure includes both external radiation and exposure from inhalation
or ingestion of radionuclides. Values obtained from Health Protection records
for annual exposure lists for various occupational groups for 1984 are listed
in Table 4-10,
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TABLE A-9. Plant Radiation Dose Guide Values®

—Dose in Rems
Type Exposure, Organ Per Qtr Per Ir
Occupational Exposure:
Whole body, head and trunk, active
blood forming organs, gonads, lens
of eyes, red bons marrow 3 3
Skin, other organs, tissue, and .
organ systems (except bone) 5 15
Bone and forearms 10 30
Hands and feet 25 75

Plant Life
EpergencyP Saving

Emergency Exposure:
Whole Body 25 100

Hands 100¢ 2004

aValues at or less than those given in Department of Energy, Environment,
Safety and Health Manual, Chapters XI, III.

bInvolving protection of property or personnel.
CIncludes whole body exposure.

dIn addition to whole body exposure.
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TABLE 4-10. Average Exposures to Employee Groups Assigned to B-Canyon
Facility During 1988

Annual

Average Annual Total
Employee Number in Exposure Exposure

Group Work Group (rems) person-ren/yr

Separations 134 2.04 x 10=! 27.4
Maintenance 19 1.84 x 101 3.5
Electrical and Instrumentation 18 1.83 x 10-1 3.3
Health Protection 20 4.65 x 10-1 9.3
Separations Technology 27 3.3 x 10-2 0.9
Total 5y .4

Source: Inter-office memorandum to A, G Evans from N. D. Johnson. "Average
Exposures to Employee Groups Assigned to H-Canyon Facility During
1984." October 15, 1985,
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TABLE 3-11. Airborne Radiocactivity Concentrations Requiring Filter or
Air-Supplied Respiratory Protective Equipment

| —Concentration,2 microcuries/cc

Air-Supplied

Element Filter Pac Respirator/Suit
Unidentified

Alpha 2.0BE=12 1.0E=10

Beta-gamma 1.0E-9 . 5.0E-8
Uranium

Natural 6.0E=11 3.0E=9

Enriched 3.0E=11 1.5E=9
Americium 6.0E-12 3.0E=-10
Neptunium ‘ 4.,0E=-12 2.0E-10
Curiumb 2.0E-12 1.0E=10
Californium 2.0E=-12 1.0E=10
Plutonium 2..03-12 1.0E=10
Thorium 2.0E-12 1.0E=10
Tritium NA 5.0E=6
Jodine NA 9.0E-9
Mixed fission product 1.0E=9 5.0E-8

2Based on 40-hr week.

bThe Radiocactivity Concentration Guides (DOE Environment, Safety and Health

Manual, Chapters XI, XII) for the various isotopes of curium ,Froduced during
the transplutonium program at SRP ranged from 9.0E-12 for 288¢cp to 6.0E-13
for 248cp, Because of the low yield of 248¢cp (0.05 weight percent, mass
abundance), the RCG for unidentified alpha isotopes will be followed for all
isotopes of curium.
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The values in Table 4-10 indicate .that exposures to various occupational
groups are being controlled within the dose guidelines presented in Table 4-9.

4.9.3 Industrial Safety

The SRP safety policies are intended to help employees avoid injuries and
provide a safe environment in which to work. Management directs the program
through the Plant and Area Central Safety Committees. The program includes
planned educational activities cn a daily, weekly, a2nd 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 plant-wide procedures, There are ten
permanent subcommittees as shown in Figure 4~7., The primary functions of each
of these subcommittees, are listed in Table 4-12, '

The 200 H-Area Central Safety Committee is composed of a representative from
each of the departments regularly working in the 200-H Area. This committee
is primarily a coordinating group for the departments in the area. The
committee reviews all departmental reports of injuries and accidents within
the area. The collective membership of the committee supplements departmental
responsibility for personnel safety. This committee has three standing
subcommittees: Accident Prevention, Fire Prevention, and Off-the-Job Safety.

4.9.4 Industrial Hvglepe

The purpose of the industrial hygiene program is to protect plant personnel
and plant environs against hazards from nonradioactive materials, This
includes hazard recognition, evaluation, and other environmental control
factors.

The Health Protection Department (Figure 4-6) is responsible for the progranm,
except for noise and ventilation surveys and epidemiological studies. Noise
and ventilation surveys are the responsibility of the Separations Project
Department, and the Medical Department is responsible for epidemiological
studies.

The Industrial Hygiens Group is part of the Dosimetry and Industrial Hygiene
Group (Figure 4-6). This group provides technical expertise, procedural
guidance, and conducts special hygiene surveys. The Health Protection
Department F- and HeAreas Survey Group provides surveys within these areas.

Inspections are. conducted in operating areas, and all newly purchased
. materials used are reviewed for potential hazard., Special procedures are used
when handling potentially carcinogenic materials.

4.9.5 [Eire Protection
A Fire Prevention Subcommittee of the 200-Area Central Safety Committee

devotes itself to fire prevention, and fire fighting capabilities. This
subcommittee works closely with the Fire Protection Group within the Safety
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Subocozmittee Primary Functions

Subcommittee

Primary Functions

Policy Review

Safety Activities

Process Hazards Management

Off=the=Job Safety

Occupational Health

Emergency Preparedness

- Traffic

Housekeeping

Security

Safe Distribution

Reviews and approves changes in Safety Manual.

Reviews and approves injury and unusual incident
investigation reports.

Devotes itself to increasing the involvement
in and expanding efforts in the planning of
onplant safety programs,

Responsible for coordimting and auditing
process hazards manmageament programs.

Reviews off-the=job injuries and develops
programs to improve the performance.

Devotes itself to apecial hazards imnvolving
industrial hygiene, hearing conservation,
handling of radicactive and toxic materials.

Devotes itself to the ability of plant forces to
respond to emergency situations,

Devotes itself to traffic problems, road hazards
and vehicle accidents.

Reviews plant housekeeping standards and
develops programs and procedures to improve
housekeeping performance,

Responsible for directing the security program.

Coordimates and directs the receiving, handling,
and shipment of hazardous materials ("RHYTHM"),
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Department. The Fire Protection Group maintains adequate mobile fire fighting
equipment, trains personnel, and inspects protection equipment. Additional
details on Fire Proteg:tion are given in Section 3.2.5.4.

4.9.6 Criticality Coptrol

There are many places in the 221«H Canyon Facility where fissionable materials
are handled. Detailed procedures developed by criticality specialists are the
primary control used for nuclear criticality control. These procedures are
based on Technical Standard limits and on criticality calculations, which are
the general responsibility of criticality safety specialists in SRL with
support from the Separations Technology Department criticality specialists.
These specialists perform detailed calculations of permissible masses,
concentrations, and dimensions for the process equipment under the guidance
and review of the SRL specialists,

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

Procedural and personnel controls as they relate to criticality control are
discussed below.

Procedural Control. Technical Standards for the 221-H Canyon Facility
Operations represent the highest 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 Nuclear
Safety provide limits or specifications for the following:

1. Handling and storage of fissionable materials

‘2. Maximum permissible amounts of fissionable isotopes and
mixtures of fissionable isotopes

3. Permissible methods for quantity and concentration determina-
tions

The Technical Standards containing criticality control limits for fissionable
isotopes processed in the 200 H-Area Facilities are listed in Table 4-13.

Operating procedures are prepared by Separations Department personnel assigned
to the various facilities. These operating procedures are reviewed by the
Separations Technology Department for their nuclear criticality control
adequacy. If special nuclear criticality control items are considered
necessary, they are prominently included directly in the procedure,

Area Criticality 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 Technology. These committees conduct audits of conditions,
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TABLE A-13, Technical Standards Containing Limits for Isotopes
HBandled in 200 B-Area Facility

Facility and/or

Operation Document No. Title
Gensral DPSTS=-NIM Nuclear Incident Alarm Systems
221-g, 350 - DPSTS=221=H=HM~ Nuclear Safety
0.06

221-H, Pu DPSTS-221~-H-Pu Canyon Nuclear Safety
41=0,06

221-H, Pu DPSTS=221~H=Pu= B-Line Nuclear Safety
41=0,09

221-8, 233g DPSTS-221-H=-INT= Canyon Nuclear Safety
23=0,06

221-H, 233g DPSTS-221=-H=-INT- B-Line Nuclear Safety
23-0.09

221-H, Th DPSTS=221-H=TH= Canyon Nuclear Safety
0.06

221-H, Th DPSTS=221~H=TH~ B=Line Nuclear Safety
0.09

221-H, U, Pu DPSTS-221=H=Pu= Canyon Nuclear Safety
U=0,06

221=H, U, Pu DPSTS~221=H=-Pu- B=Line Nuclear Safety
U=0,09
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practices, and procedures to assess their adequacy for nuclear criticality
control., The committees issue a report of each audit, and the Separations
Department 1issues a followup report stating the action taken on each
deficiency and recommendations.

The Nuclear Safety Review Committee (NSRC) has responsibility for audit of
criticality safety for the entire SRP site. This comnittee reviews methods of
handling and processing fissionable materials to ensure that a critical mass
will never be accidentally accumulated. The NSRC is composed of the Program
Manager for Reactors (Chairman), the General Superintendent of Technical
(Secretary), the Program Managers for Separations and Waste Management, and
the Director of the SRL Nuclear Reactor Technology Section. The committee
meets at least five times per year and its members receive copies of all
criticality audit reports and reports of abnormal coanditions or occurrences
that have criticality implications, At an annual meeting the committee hears
a review of the state of criticality safety by each of the SRP Production
Superintendents, In quarterly meetings with the members of the criticality
Audit Committees, the NSRC hears more detailed reports on the facilities and
operations and inspects facilities of special concern when appropriate,

Criticality training is the responsibility of line supervision, with 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 personnel. The continuing effort is to keep the subject
of criticality safety fresh and alive by presenting it in new forms and with
new aids such as films and booklets, Knowledge of the subject is verified
through questioning by supervision and the audit committee.

Personnel Control, Nuclear incident monitors (NIMS) are provided at strategic
locations throughout 200 Area facilities (13), These monitors are provided
wherever fissionable materials are stored, or processed in sufficient quantity
for a potential critical configuration. The monitors alarm to warn personnel
to exit the area along previously established well marked routes.

Each nuclear incident alarm system associated with a potential incident site
consists of at least two individual NIMS, Each NIM is located within 100 ft
of a potential incident location (14).

NIMs are set to alarm within & sec in a steady radiation field of 0.5 to 3
R/hr or if the total dose received at the monitor within one min exceeds 50
mR. However, for service in unattended, shielded areas such as in the hot
canyons, the instruments are set well above the prevailing gamma radiation
background which may be as high as 100 R/hr.

Remote alarm bells are used in areas where it would otherwise be difficult to
hear the alarm. Personnel are trained to respond to a NIM alarm by
immediately going to a specified location by a previously prescribed route

(7.
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5.0 ACCIDENT ANALYSIS

The H-Canyon operations have been evaluated on the basis of three considera-
tions: 1) potential radiological hazards, 2) potential chemical toxicity
‘hazards, and 3) potential conditions uniquely different from normal industrial
practice. Each accident sequence identified as the result of this analysis
has been evaluated for its effect on personnel at the work site, at other
locations on the plant site, and outside the plant boundary. Routine
conditions were not considered in this section of the analysis other than for
comparative purposes,

The H-Canyon facilities and operations described in Section 3.0 have been
previously analyzed in a comprehensive Systems Analysis (1). This analysis
systematically identified and evaluated the hazards utilizing a probabilistic
methodology based on both actual occurrences and postulated occurrences. Most
initiating events in the H=Canyon operations were identified and quantified
from data in the 200-Area Fault Tree Data Bank (2). Other initiating events
were identified from analysis of other similar facilities (3). Where
sufficient operational data were not available, fault trees were used to
quantify the frequencies of postulated initiating events (4,5). Broad
categories of initiators include process occurrences, natural phenomena and
external events; other occurrences affecting support systems and engineered
safety features can impact process operations. These events are described in
Section 5.1.

Once the initiating events were identified, various analytical techniques were
utilized. These included developing initiator frequencies from the 200=-Area
Data Base, identifying the radionuclides present at any point in the process
in order to calculate dose due to transport of the radiocnuclides to man,
evaluation of accident sequences via event trees, developing frequencies for
events for which no data were available via fault trees, and analyzing on-
plant and off-plant doses using various dose models, These techniques are
described in Section 5.2.

Events subsequent to the initiating event were determined by the systenm
characteristics and engineering data. Event trees were used to describe and
Quantify frequencies for a particular accident sequence from the initiating
event to a final outcome. These release sequences were based on the physical
confinement barriers between the initiating event and the release of activity
at the points of interest. Most of the frequencies used to quantify the event
trees were developed in the H-Canyon Systems Analysis (1) and are summarized
in Section 5.3.

Once the initiating events and subsequent accident sequences were identified
and quantified, the amount of material released outside the primary confine-
ment was determined. This calculation required consideration of the specific
nuclides present in the process, the physical form, the mechanism of release,
and the performance of the engineered safety features designed to prevent
their release. Most factors are specific to the accident being considered,
and the supporting rationale are included with the accident analysis. Some
factors were included with the calculation of the source terms and are dis-
cussed in Appendix A of the H~Canyon Systems Analysis. These source term
calculations are summarized in Section 5.4,
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The quantified source terms were then evaluated for their effects on personnel
at the worksite, at other locations on the plant site, and outside the plant
boundary. Risk in this analysis is defined as the product of the expected
frequency that an event sequence will release radiocactivity and the radio-
logical consequences of that release, These consequences were compared with
those due to normal releases due to H-Canyon operations.

The final considerations in the accident analysis are the design features and
physical and administrative controls which are implemented to reduce accident
risks, These mitigating measures are discussed in Section 5.6.

5.1 INITIATORS AND DESCRIPTION OF ACCIDENTS

Initiating events for accidents were systematically developed in the H-Canyon
Systems Analysis (1) using the SRP Incidents Data Bank (6), facility=-specific
considerations, and the 200-Area Fault Tree Data Bank (2,7).

The results of this systematic determination of potential accidents are
grouped into three categories based on accident initiators: 1) natural
phenomena, 2) external events, and 3) process related events, Other events
due to chemical hazards, support system failures, and engineered safety
feature failures were also considered. The impact of support system and
engineered safety feature failures on process operations was analyzed;
however, these potential common mode failures were not analyzed as independent
accident sequence initiators beyond the extent to which they are intrinsically
a part of the 200-Area data base.

Potential process-related initiating events are defined according to four
categories (8): high energetic events, medium energetic events, low energetic
events, and residual release events. These categories have been selected
because of the increased potential for release outside the primary confinement
as energy of the event increases. Other accidents caused by natural
phenomena, external events, support system faillures, engineered safety feature
failures, and chemical hazards are discussed separately.

5.1.1 Natural Phepomena
Wind, flood, earthquake, snow, rain, and lightning extremes may adversely

affect operations. The following paragraphs discuss these effects with more
detail appearing in Reference 9.

5.1.1.1 Winds
Two types of winds are considered in this section: straight winds (including
_hurricanes) and whirling type winds (including tornadoes).

Straight Winds. Reinforced concrete structures are not expected to be
affected by straight winds even at speeds up to 175 mph. The minimum velocity
of a hurricane is 73 mph. Hurricane Gracie, which passed north of the plant
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site in 1959, was the only storm. in the history of the plant in which
hurricane intensity winds swept SRP (10).

Torpnade, The H-Canyon structure is of Maximum Resistance Construction (MRC)
and is designed to withatand a Design Basis Tormado (DBT) (11,12,13). The DBT
is defined as a tornado having a rotational speed of 230 mph with a radius of
230 ft and a maximum translational speed of 50 mph, and a total pressure drop
of 1.5 psig at a maximum rate of 0.5 psi/sec. The combination of rotational
and translational wind speed is 280 mph, which corresponds to a Fujita
Intensity Five tornado (13,14). :

5.1.1.2 Earthquake

The Savannah River Plant is located in an area where damage from earthquakes
could occur. The Design Basis Earthquake (DBE) (11,12) for MRC structures is
an earthquake with a 0.2 g horizontal ground acceleration. Using the Modified
Mercalli (MM) Intensity Scale, this corresponds approximately toa MM VIII
Earthquake., The MM Scale is shown in Table 5.1,

5.1.1.3 Meteorite Impact

Meteors are extraterrestrial solid matter moving in a closed orbit in the
.solar system, or are debris from comets entering the solar system. When
meteors come under the gravitational pull of the earth, their courses are
altered, and some enter the earth's atmosphere,

The earth's atmosphere has a filtering effect on meteors. Those with an
initial mass of leas than 100 1b (about the size of a football) are usually
vaporized while traveling through the atmosphere (15). A large meteorite
striking the H=-Canyon building may cause some damage; however, this event is
considered hypothetical only.

5.1.1.4 Floods

The probability of release of activity from accidents initiated by large-scale
flooding is negligible, The adjacent streams in broad valleys are more than
100 ft lower in elevation than Building 221-H

5.1.1.5 Other Natural Phenomena Related Events

Extremes in temperature, snow, rain, and lightning, may adversely affect
operations but will not result in accident sequences that lead to direct
releases of radiocactive materials,

Cold weather has little effect on H-Canyon except through its effect on
auxiliary services, Below -8°C (for the services located outside the
building), lines plug, valves and pipes burst, alarms fail to operate,
instrumentation may become ineffective, and equipment with movable parts may
become immobilized, Icing can be a prime cause of common mode failure.
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TABLE 5-1. An Abbreviated Modified Mercalli Scale for Earthquake Description

Modified

Mercalli

Intensity

(MM) Description

‘I Detected only by sensitive instruments.

II Felt by a few persons at rest, especially on upper floors;
delicate suspended objects may swing.

I11 Felt noticeably indoors, but not alwdys recognized as a quake:
standing autos rock slightly, vibration like passing truck.

Iv Felt indoors by axw, outdoors by a few; at night some awaken;
dishes, windows, doors disturbed; motor cars rock noticeably.

v Felt by most people; some breakage of dishes, windows, and
plates; disturbance of tall objects.

VI Felt by all; many frightened and run. outdoors; falling plaster
and chimneys; small damage.

VI Difficult to stand; damage to bulldings varies depending on
quality of comstruction; noticed by drivers of autos.

VIII Panel walls thrown out of frames; fall of wall, monuments,
chimneys; sand and mud ejected; drivers of autos disturbed.

IX Buildings shifted off foundations, cracked, thrown out of
plumb; ground cracked; underground pipes broken.

X Most masonry and frame structures destroyed; ground cracked,
rails bent, landslides.

XI Few structures remain standing, bridges destroyed, fissures in
ground, pipes broken, landslides, rails bent.

XII Damage total; waves seen on ground surface; lines of sight and

level distorted; objects thrown up into air.
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Snow represents an aggravation that can affect normal operations. The largest
recorded snowfall of 18 in fell in February 1973. The average annual snowfall
over the last 45 years has been 0.9 in. Snowfall of 1 in or more has fallen
in 7 of the last 45 years,

Rain can be both an aggravation to a deteriorated situation and a damage-
inflicting condition im itself. Although not directly affecting canyon
operations, damage to excavations, cave-in of drain lines, near overflow of
seepage basins, seepage into sand filters, and spurious annular leak alarms on
waste tanks have occcurred as a direct result of hard rains. It is conceivable
~ that during a prolonged heavy rain, water could enter the building through the

expansion joints; however, no damage or contaminated water runoff is expected
to occur as a result of leakage.

The principal adverse effect of lightning is interruption of normal electrical
power. Lightning can also result in spurious alams being actuated,

5.1.2 [Externally Induced Events

Most safety-related occurrences are the result of failures within the systenm,
or as a result of some action intentionally directed toward the system., It is
possible, however, for damage to be inflicted on a system as a result of some
occurrence originating outside the system or in an apparently separate systen.

5.1.2.1 Aircraft Crash

A large airplane crashing into the wall of the H-Canyon building will cause
damage, It can be expected to completely disrupt the ventilation system and
all external components such as the stack, filters, fans, etc. It is assumed
to cause some damage inside the building, although the 24-in of reinforced
concrete will localize the effect of the crash, The consequence of the crash
may be amplified by fire after the crash, It: is expected that small breaches
in the outer wall would occur.

In addition to the large aircraft, DOE operates helicopters over the SRP site
(16). However, a crash of these lighter aircraft (76,000 1b) would not be
expected to cause a measureable consequence within the facility and,
therefore, this contribution is neglected.

5.1.2.2 Adjacent Explosion
Adjacent explosions are explosions that occur in facilities outside H-Canyon
that might impact H-Canyon operations. In general, however, adjacent

explosions are not expected to result in significant releases from canyon
systems, Thus, they are not considered credible accident initiators.
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5.1.2.3 Adjacent Fire

Fires occurring in facilities adjacent to the H-Canyon building may have
effects outside of the facility in which they occur. In general, however,
adjacent fires are not expected to result in significant releases from canyon
systems, Thus, they are not considered credible accident initiators,

5.1.3 High Epergetic Events

A high energetic event is defined as one that releases sufficient energy to
destroy the first confinement barrier. It will also damage the secondary
confinement barrier, allowing radicactive materials to directly reach rooms
occupied by personnel, or reach the environment outside the facility (8).

The initiator of such an event would need to be an explosion of a magnitude
which could potentially produce severe enough damage to meet the criteria for
a high energetic event, )

5.1.4 Medium Epergetic Events

A medium energetic event is defined as one that will cause penetration of the
primary confinement barrier, and will cause materials to bypass the second
confinement barrier for a short period of time (8). Initiating events which
could lead to medium energetic events are discussed below.

5.1.4.1 Internal Fire

A fire occurring within the E-Canyon process area can lead to a medium
energetic event. Causes of fires with H-Canyon include process heat, welding,
electrical shorts, spontaneous combustion, smoking materials, friction,
lightning, and lighting, Other unknown causes are also responsible for fires.

In solvent extraction, the three constituents necessary to start a fire are
present, but the solvent (fuel) must be heated in air (oxygen) to the auto-
ignition temperature, or to the fire point in the presence of an ignitor. The
primary source of heat in the canyon is steam, which is capable of heating the
solvent to the fire point, but not to the auto-ignition temperature (~230°C).

If a fire should occur in solvent extraction, it would probably occur outside
the mixer-settlers in the canyon sump. In addition, the solvent must be
heated to the fire point (10 to 70°C above the flash point). Once the solvent
has been heated above the fire point, a fire can occur if an ignitor is
available. Examples of ignitors are adjacent fires, electrical short,
friction, and static electricity. Solvent also vaporizes prior to burning,
tending to concentrate nonvolatile components in the unburned residue. This
phenomena has been observed in burning tests with solvents (17,18).

There have been no fires in ion exchange in H=-Canyon since startup.
Therefore, scenarios for this type of fire are based on a similar fire that
~ ocecurred in F=Canyon in 1964 after degraded resin gradually accumulated atop a
tank. This accumulation occurred because of a series of small leaks during
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transfers of either fresh, or spent resin slurries. (Note that the
radiocactive content of such resin is relatively small,) The resin may have
ignited from friction heat around an agitator shaft or from a spark. This
fire lasted for less than five minutes.

In the postulated HE-Canyon fire, resin that is loaded with 238pu accumulates
on a tank or on the canyon floor. Two mechanisms are assumed to contribute to
this accumulation: a leak of resin from the column and an uncontrolled
reaction in the column. The leak pathway is through the resin-retaining
screen at the bottom of the column and then through a failed (leaking)
connection in the elution outlet piping or in the waste outlet piping. The
pathway for release of resin from the column in an uncontrolled reaction is
through the column vent piping and seal pot. Accumulations of resins in
canyon sumps from these release mechanisms are not considered in this
analysis; the fire hazard there is mitigated by the practice of maintaining a
minimum liquid level in each sump. Thus, the resin would not dry out in a
sump, as it could on the canyon floor or on the top of the equipment as a
result of the high heat generation of 238Pu,

The risk of fires inside the columns is conajidered to be much smaller than the
risks of fires outside the columns (discussed above) and, therefore, are not
included. Loaded resin is maintained under liquid at all times to prevent
resin dry-out. A fire in the column would be contained in the column; fumes
would go to the vessel vent systenm.

5.1.4.2 Uncontrolled Reaction

In the canyons, uncontrolled reactions are the most rapid means of losing
control of large volumes of highly contaminated materials, These reactions
can manifest themselves in several forms including an eructation (a sudden
loss of part of the contents of the vessel), foaming, boilover, gassing, or
simply an undesirably high temperature resulting in degradation of materials,
or evolution of excessive contaminated or toxic vapors.

Equipment is not usually damaged directly in an uncontrolled reaction, as it
is in an explosion; contamination, dispersion of radiocactivity and corrosion
are usual byproducts. Such occurrences pressurize the vessel, frequently
foreing 1iquid through instrument lines into areas accessible to personnel.
Contaminated materials can find their way through cracks and expansion joints
into personnel corridors or into the soil beneath the building.

Loss of vessel contents from foaming, boilover, or gassing is not as
spectacular as an eructation, but can cause local recovery and contamination
problems as well as increasing activity in the ventilation system.

Explosions have not occurred in canyon vessels, However, in 1953, a damaging
explosion in an evaporator occurred at TNX as a result of a reaction involving
uranyl nitrate, TBP, and nitric acid., It is concluded that the greatest
likelihood of a canyon explosion will be the result of some unforseen reaction
based on a number of lesser uncontrolled reactions that have occurred but were
not anticipated.
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Explosions of severe magnitude could potentially generate sufficient energy to
allow radiosctive materials to penetrate the secondary confinement., However,
the structural integrity of the canyon vessels and secondary confinement
minimizes the potential to the point that explosions are treated as medium
energetic events,

Dissclver System. One of the principal safety problems encountered in the
dissolver system is rapid pressurization of the dissolver which occurs because
of excessive reaction rates, failure of the off-gas exhausts, or plugging of
the off-gas system, Such occurrences would eject solution from the dissolver
and contaminate the process cell and ventilation system.

Although none have occurred, a second mechanism for the loss of material from
the dissolver via uncontrolled reaction is an explosion. In the HM process,
during the metal dissoclution step, the noncondensible portion of the dissolver
off-gas can contain up to 7% hydrogen by volume (air-free basis). To maintain
the hydrogen content of the off-gas well below the lower explosive limit of
4 vol 3, the off-gas is diluted by a continuous air purge in addition to any
air inleakage.

Hydrogen explosions are also possible in the dissolver as discussed in Section
3.2.2.2. Silver reactor explosions in the off-gas treatment system are dis-
cussed in Section 3.2.2.3.

Head End Svystem. Potential explosive conditions can arise in the head end
system from explosive mixture of gases such as hydrogen gas generated by
radiolysis of process solutions

Rapid pressurization of the slurry tank followed by eructation of the contents
can occur during cake dissolution. Nitrous acid (formed by the addition of
sodium nitrate to dilute nitric acid) decomposes with the evolution of
nitrogen oxides. Too rapid an addition of sodium nitrate results in excessive
gas evolution and foamover of cake slurry to the canyon sump. This problem is
minimized by maintaining as low a temperature as possible during dissolution
., to increase the solubility of nitrous acid and/or nitrogen oxides, and by
adding the sodium nitrate at a low rate.

Solvent Extraction Svstem. The only conceivable mechanism for explosion in
the solvent extraction system is a rapid exothermic reaction from unknown
chemicals added in error, or from the nitration of the solvent with nitric
acid., The probability of this is remote since the nitration of solvent
requires high concentrations of nitric acid and high temperatures.

Evaporators The extensive use of evaporators in feed adjustment and waste
handling processes entails the hazard of rapid pressurization and/or
explosion, This can occur by the rapid reaction of nitric acid with excessive
amounts of entrained solvent. Analysis and administrative controls limit
entrained solvent in evaporator feed to 0.5 vol ¥ by analyses, steam pressure
to 25 psig, and evaporator temperature generally to 118°C (the 1imit in the
Operational Safety Requirement is 130°C; see Section 3.2.2.8.5). Under these
conditions, the probability of excessively rapid reactions is small, Periodic
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cleanout of the evaporator feed tank must be made to prevent gradual
accumulation of organic material.

Ammonium nitrate, when heated with organic matter, is potentially explosive,
However, large amounts of -ammonium nitrate are known to enter the process, and
have had no adverse effects when evaporating acidic solutions using the safe-
controls.

Solutions of hydroxylamine nitrate (HAN) are increasingly unstable at acid
concentrations above 0.1M, Once initiated in boiling acidic solutions, HAN
decomposition proceeds autocatalytically and completely, releasing large
volumes of gas. This reaction can be prevented by destroying the HAN with
sodium nitrite (NaNO,) before evaporation. Alternatively, the decomposition
of HAN can be controlled by feeding the HAN solution to an evaporator
containing boiling high strength acid (>2M) that destroys the HAN as it
enters, Hydrazine nitrate and hydrazoic acid are not normally used in the HM
process, but are sometimes present in the other process wastes that are
blended with HM process wastes. Hydrazoic acid is hazardous in both the
aqueocus solution and the vapor phase, but hazardous concentrations cannot be
reached by evaporating solutions containing less than 0.05M hydrazine,

Concentrated hydrazine nitrate solutions are sensitive to impact; therefore
evaporation of solutions containing hydrazine and nitrate ion must be avoided.
Hazardous conditions are avoided by oxidizing the hydrazine and hydrazoic acid
to N0 and Ny by adding at least two moles of sodium nitrite per mole of
hydrazine to the evaporator feed (19,20).

Hydrazine (N,Hy ) solutions are nonexplosive, and pure liquid hydrazine cannot
be ignited zby a hot wire (21). Aqueous solutions of hydrazine are not
sensitive to impact, friction, or detonation. Hydrazine nitrate solutions
above 50% nitrate are sensitive to impact; therefore, evaporation of solutions
containing hydrazine and nitrite ion must be avoided. In H-Canyon, frame
raffinates with possible hydrazine present are evaporated after adjustment
with sodium nitrate. Alkaline evaporation is not considered hazardous because
the hydrazine ion is unstable and decomposes to N and H Nitrous acid
(HNO,) can react with hydrazine (NoHy) to form hydrazoic aci% (HN3) according
to t%e equation

HNOZ + NZH“ —) HN3 + 2 H2°

The lower explosive limit for aqueous solutions of hydrazoic acid is 17%.
This concentration can be attained only through condensation of vapors that
are formed by the distillation of solutions that contain at least 0.05M HN, at
30°C., Calculated estimates of the lower limit of hazardous concentrations of
HN; show that sufficient NH, cannot evolve into the vapor phase at any
temperature to damage a run tank, even if a spontaneous chemical reaction
should oceur. :

Process solutions may contain mixtures of HN, and mercuric nitrate that yield
mercuric azide. Under certain conditions, mercuric azide is explosive.
Laboratory tests show that spontaneous detonation can occur when the solvent
is water and the concentration of mercuric azide is about 0.023M. Spontaneous
detonation does not occur at concentrations less than 0.02M mercuric azide,
even with water as the solvent. Precipitates formed in acidic solutions could
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not be detonated if they remain covered with solution., Removed and dried, the
precipitates spontaneously detonate,

Jon Exchange Svstem. Standard explosive tests have been conducted on anion
exchange resins by the Carney's Point Laboratory of the Du Pont Company. - The
data from closed bomb tests show that the dried nitrate form of anion resins
is explosive and could be detonated in the falling hammer test. However, wet
samples of resin did not react even at closed bomb test temperatures up to
200°C, Because the wet resin has significantly safer propertiss than dry
materials, every effort is made to keep the resin bed wet at all times. The
latent heat consumed by evaporating the interstitial water limits the
temperature, and therefore the reaction rate, to low values where the
decomposition is not hazardous.

Radioclysis of anion resin in gamma fields degreases the thermal stability of
the resin, After irradiation at levels of 10° and 109 R, dried samples were
ignited at furnace temperatures of 128°C and 880C, respectively. The
unirradiated material did not ignite at a furnace temperature of 140°C.
Safety considerations indicate that the total radiation dose received by anion
exchange resins should be limited to 109 R. However, the loss of exchange
capacity should limit the resin irradiation level to about 3 x 108 R Since
there is no process requirement which necessitates heating the acid form of
the resin above 55°C, limitation of maximum temperature to 60°C covers both
process considerations and safety aspectas.

The neutralization of resin prior to discharge to the waste tanks, or the
digestion of resin in alkaline permanganate, eliminates the hazard of resin-
induced explosion in the waste handling facilities,

The safety of the anion exchange process for the recovery of neptunium and
plutonium, with respect to hydrazoic acid, was determined by analyzing actual
process solutions that were most likely to contain the maximum concentration

of HNa, ‘rhe ost susceptible point occurs when the partitioning solution
cont ni Pu is heat=-killed to prepare feed for the subsequent anion

exchange purification of 238Pu, The analysis showed that all values of HNy
were well below the conservative safe limits.

Yaste Disposal Svystem. All uncontrolled reactions in the waste disposal
system that result in loss of material to the sumps occurred during resin
digestion as a result of inadequate temperature control. In these incidents,
material eructed from the vessels.

Although none have been observed, other incidents that could result in
uncontrolled reactions include excessive caustic addition rate during
neutralization or an accumulation of hydrogen from a plugged vessel vent
systenm,

5.1.4.3 Criticality

Dissolver Svatem. In the HM process, dissolution of enriched uranium requires

a number of controls for the safe handling of 235y, These controls involve

5-10



DPSTSA-200~10, SUP-5

the mass of uranium charged to the dissolver, the volume of dissclvent, and
the heel of undissolved fuel. Administrative controls also avoid conditions
that lead to precipitation of fissile material from sclution. The principal
mechanical control is the dissolver insert, The insert is necessary to
maintain fuel tubes in a row so that any fuel tube fragments created during
. the dissolution are confined in a slot configuration and can be detected..

In addition, the concentration of 235y 1n solution (22) must not exceed 11.5
g/1l. This prevents criticality in the event that the dissolver solutionis
accidentally concentrated in a dissolver by evaporation from the normal volume
to the minimum volume attainable with installed heating coils, The normal
volume of dissolver solution is well in excess of the minimum volume by virtue
of the quantity and concentration of nitric acid sclution needed for complete
charge dissolution.

Nuclear safety in HM dissolution also depends on control of the quantity of
fuel element fragments (23) because fuel fragments may assume a configuration
more reactive than tubes., A maximum height of residual fragments is measured
by mechanically probing each insert compartment before fresh fuel is charged.

Precipitation of uranium from the dissolver solution represents a potential
nuclear safety hazard, Administrative controls require that a minimum of 0.3M
HNO, be present to avoid hydrolysis and precipitation of fissile material,
Accidental addition of a precipitating chemical, such as NaOH, is prevented by
a combination of nuclear safety blanks in process lines from certain cold feed
tanks and by administrative controls. ’

. Head-End Svstem. The only conceivable mechanisms by which fissile materials
could become concentrated to unsafe levels in the head end system are:

(] Sorption on the agent that is added to clarify the raw metal
solution

e Precipitation from solution
) Evaporation

In the EM process, evaporation of uranium solutioans provides a mechanism for
reaching an unsafe 235y concentration in the head end system., To guard
against this, the concentration is limited by temperature controls and by the
presence of aluminum nitrate, which raises the boiling point as the solution
is concentrated. Further, the total quantity of uranium that may be contained
in the head end evaporator and its feed tank is limited to prevent the total
in the evaporator from exceeding the "safe" loading above any bottom surface
on which it might settle if precipitated or overconcentrated. The evaporator
temperature instrumentation is interlocked to cut off the steam supply so the
concentration of fissile material cannot exceed the maximum suberitical
concentration, The specific gravity instrumentation gives an alarm and cuts
off the steam supply if the specific gravity indicates overconcentration. The
possibility of overconcentration in the strike step is even less likely
because of the lower operating temperature, but equivalent safeguards are
still provided.
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Precipitation of 235U in the head end vessel by the accidental addition of a
precipitating chemical is a possible hazard. For the precipitation of uranium
to become a nuclear hazard, at least a critical mass would have to be present,
and enough of the precipitating chemical would have to be added to cause the
fissile material to come out of solution, These two conditions would require,
for example, that caustic be accidentally added to the head end tank normally
containing large quantities of 2357, or that a stream containing uranium be
fed to a tank containing caustic, such as a waste neutralizer. A third
condition requires that the precipitate settle so that it occupies less than
one-half the original volume of solution, since concentration by a factor
greater than two is required to exceed the safe concentration normally
specified, Since the tanks contain agitators, this means that the precipitate
would be kept suspended unless the agitator failed or was turned off,
However, caustic is not normally piped to any tank that may contain unsafe
quantities of uranium,

Solvent Extraction Svstem. Nuclear safety in solvent extraction is based on

concentration control, i.e,, the solvent extraction flowsheet 1is designed to
maintain the concentration of fissile material well below the critical concen-
tration., This is done by limiting the feed concentration, the extractant
concentration, and the ratio of feed to extractant, Other methods used to
maintain safe concentration are 1) rigid administrative control of the
operation of the process, 2) frequent monitoring, sampling, and material
balance checks; and 3) the use of neutron monitors. However, there exists the
potential to accumulate fissile material in unsafe concentrations through
operational error or unforeseen process conditions,

Mixer-settlers, decanters, and surge tanks are areas of potential hazard. The
14, 1B, and 1D banks in the HM process in H-Area (see Figure 3-9), present the
greatest danger of the accumulation of a critical amount of fissile material
because:

) The equipment is not gecmetrically favorable.

e The continuous nature of the solvent extraction process affords
no control of batch size,

° The concentration of fissile material in the individual stages
of the banks is variable and sensitive to process changes.

In the 1A and 1D banks, refluxing can occur when the salting chemicals (such
as nitric acid or aluminum nitrate) are left out of the scrub or when the flow
rates of the various input streams are off-standard (such as low solvent flow
and high feed and scrub flow). However, in each reflux situation, some
product would be lost to the waste raffinate before unsafe concentrations are
exceeded. In the 1C and 1E banks, the concentration of fissile material in
the banks is directly proportional to the flow ratio of organic to aqueous
streams, Because of the sensitivity of refluxing to flows entering the banks,
duplicate flow recording devices are used on all streams except the 1CX and
1EX. The flows of these two streams are measured by extra meters on the
aqueous discharge (1CU and 1EU) of the banks in the canyon as well as by the
flow meters originally installed in the cold feed gallery. In addition, a
specific gravity instrument is used to monitor the salting stream, 1AS, and a
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conductivity meter is used to monitor the 1DS stream. In addition to these
process control items, duplicate instruments (e.g., colorimeters and neutron
monitors) measure the concentration of uranium in specific stages. Many of
these instruments, including the colorimeters and neutron monitors, are
supplied with emergency power in the event of failure of normal power.

Although material balance checks and close adherence to a safe flowsheet are
the primary controls, there are also the neutron monitors, If they show an
immediate change in the level of fissile material in the banks, a signal
alerts the operators to the off-standard conditions and comes in time to allow
corrective measures to be taken. The primary corrective measure is to shut
the process down to determine the cause of the upset. If both neutron
monitors fail, continued operation is not allowed (24). Other instruments
such as conductivity probes and/or colorimeters are also used to determine
unusual conditions within the banks. In addition, end streams are routinely
Sggpled and analyzed to determine if abnormalities exist. The feed rate of
U is also controlled.

In general, the technique to recover from an upset is to restore the normal
flowsheet conditions. However, the extent of the upset is determined before
proceeding. In the 1A and 1D banks, the fissile~bearing solvent is diluted
and removed from the banks by passing only the extractant stream through the
bank.

Evaporation. There are three evaporators in H-Canyon that concentrate
solutions containing fissile material: the 11.3FE head end evaporator, the
17.2E rerun evaporator, and the 17.6E 1CU evaporator. Nuclear safety in these
evaporators is maintained by control of the endpoint concentration and areal
density. Evaporator bottoms are monitored for specific gravity, temperature,
and 1iquid level; an interlock automatically shuts off the flow of steam to
the evaporator when the preset endpoint is reached, -

5.1.5 Low Energetic Events

A low energetic event is defined as an event that will not destroy the primary
confinement barrier (the primary container), but activity may penetrate it.
These events by themselves do not necessarily expose operating personnel to
radicactivity. Low energetic events include transfer errors, overflows,
leaks, chemical addition errors, pluggage, coil and tube failures, and waste
header fallures.

5.1.5.1 Tranafer Error

Transfer errors are defined as the movement of a material to an unintended
location, premature movement, or excessive movement where potential for
chemical reaction is unlikely. These errors are significant operating
mistakes from a risk viewpoint because of the high frequency of occurrence and
the potential consequence of primary confinement of large volumes of liquid
containing concentrated radicactive materials. A secondary effect 1s vessel
overflow as discussed in Section 5.1.5.2. The direct consequence of this is
usually small; however, the vulnerability is increased for a second transfer
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error during attempted recovery from the spill, loss of contaminated liquid
through cracks and expansion joints, increased activity to the canyon
ventilation system, and contamination of the canyon cranes with subsequent
personnel exposure during cleanup. Unexpected transfer to these locations
could result in radiation exposure to personnel, contamination, overflow of
vessels, or uncontrolled chemical or nuclear reactions, Quantities of radio-
activity involved vary widely and are discussed in sections of this report
concerned with the consequences from the systems involved. The specific
effects on the facility receiving the material during a transfer error are
discussed in Systems Analysis for the particular facility with the exception
of a transfer error to the 211«H outside facilities which is included in this
analysis.’

5.1.5.2 Overflow

Overflows occur when the volumetric capacity of a vessel is exceeded. The
usual result is a loss of liquid to the canyon floor, to a sump, to a vent
header, or to another vessel. The consequence outside of the canyon 1is less
than for transfer errors because radiation or contamination as a direct result
is generally avoided. The secondary effects, however, can be significant as a
result of a breakdown in secondary confinement, or the increased chance of a
transfer error during the cleanup process bocause of the frequent circuitous
routes to return the liquid to a vessel.

5.1.5.3 Leak

Leaks permit material to penetrate primary confinements such as vessels,
pipes, and instruments, The consequences of these leaks range from the loss
of a few milliliters of solution to all of the material in holdup. Leaks can
also occur due to failure of valve packings, welds, or instruments.

5.1.5.4 Chemical Addition Error

Chemical addition errors usually involve the transfer of an incorrect quantity
" or unknown material into a known vessel, or the addition of an undesired
quantity of material. The greatest hazard of the chemical addition error is
the initiation of an uncontrolled chemical or nuclear reaction as discussed in
Section 5.1.4.2. Other consequences are associated with product contamination
or material loss.

5.1.5.5 Pluggage

The usual effect of line pluggage is simply to retard the passage for a fluid
or a hydraulic signal through the system. The most common form of pluggage is
‘that of instrument line pluggage. Liquid level and specific gravity instru-
mentation is particularly vulnerable. When this occurs in process vessels, it
is usually necessary to shut the system down long enough to blow the pluggage
from the lines using compressed air or stean.
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Sampler pluggage also occurs. Aside from the delay in analysis of vessel
contents that results, personnel can be exposed to significant radiation
fields while the pluggage is removed. Blow-down, needle replacement, and acid
‘dissolution are commonly used to restore sampler operation.

Jet pluggage and transfer line pluggage result in processing delays as well as
personnel exposure to remove the blockage.

Other miscellaneous pluggage problems include control valves, filters, iodine
reactors, air lines, weirs, and cooling water lines,

5.1.5.6 Siphoning

Siphoning involves the transfer of material from one vessel to another through
primary piping due to pressure differential. The unit operations in which
siphoning is likely to occur are dissolving, head end, solvent extraction,
evaporation, and waste disposal. )

5.1.5.7 Processing Short-Cooled Fuels

Accidental processing of shortecoocled fuels results in a marked increase of
release of radioiodine from the dissolving process (2). During the past 30
year combined operation of F- and H-Canyon, one shipment of 77-day-cooled fuel
was processed in F-Area. Shipment of short-cooled fuel is beyond the control
-of either separations area, however,

5.,1.5.8 Ruthenium Volatilization

Volatile ruthenium is released primarily from solutions or dissolving
processes where there is a strongly oxidizing atmosphere. One case in H-
Canyon occurred during the past ten years that is considered significant.
This occurred during scrap dissolving.

Mechanisms identified as potential contributors to abnormal releases that have
not been previously defined and analyzed are processing of short-cooled fuels
and excessive temperature., Because of the effectivensss of the vessel vent
system and the sand filter, these occurrences would not be expected to appear
as well defined spikes of increased activity release, The activity would be
confined and if significant releases appear later, this would be, in almost
every case, the result of some perturbation to the ventilation system. Such
releases are reported as annual routine releases.

5.1.5.9 Iodine Reactor Failure
The most common form of failure in an iodine reactor is pluggage after

prolonged use, This is reflected in reduced vacuum in the dissolver, but not
in a measurable reduction in iodine removal efficiency. Failure can result in

increased releases.
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If the silver reactor temperature is too low, iodine is inefficiently
adsorbed; and if the temperature is too high ruthenium which has plated out at
a lower temperature on the system piping is re-volatilized because of the
higher vapor line temperature that is caused by the high temperature in the
silver reactor.

5.1.5.10 Coil and Tube Failure

Leaking coils or tubes that either heat or cool canyon vessels provide a route
- for radiocactive material to bypass the primary liquid confinement. The
consequences of these failures are mitigated by the pressure maintained in the
coils and tubes during both operating and shutdown periods, by monitoring
devices on steam condensate, cooling water return streams, and by diversion
and retention basins.

5.1.5.11 Waste Header Failure

Material can bypass the primary liquid confinement via waste header failures.
Loss of material from the headers was examined in four places: at the waste
farm, between the canyon and the waste farm, inside the canyon, and inside the
air tunnel.
[ ]

5.1.6 Residual Release Events

A residual release event 4is similar to the low energetic event except that it
considers anly the residual activity outside the process equipment as being

available for transfer through the confinement barriers. These releases are
primarily due to suckback and air reversals. ‘

5.1.6.1 Suckback

Suckbacks are caused by the cooling of condensible vapors typically in
instrument air lines associated with the gang valvea, The partial vacuum that
results draws highly radicactive ligquids into these lines, The usual result
of a suckback is a localized, but possibly intense radiation field in one of
the personnel areas. The radicactive materials are usually contained; thus,
the most significant potential consequence is the exposure of the operating
personnel to penstrating radiation.

5.1.6.2 Air Reversal

Protection against airborne activity releases to occupied areas is provided by
the multiple-air-zone concept used in the ventilation design of many SRP
facilities. Under this concept, ventilation air flows from occupied areas
through areas of increasing potential for airborne activity. The barriers
between zones are doors, airlocks, walls, or glove cabinets. Pressure
differentials are maintained between zones by controlling the air exhaust and
air supply rates. An air reversal occurs when the pressure differentials are
lost so that air can flow in a reversed direction. This situation could
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potentially be eaused'by pressure surges (explosion, fire, etc,) in a process
area and has been caused by malfunctions of the ventilation system. Often
barrier failures or open doors between zones are a contributing factor.

5.1.7 Chemical Hazards

There are no identifiable hazards associated with cold feed preparation and
storage sO long as the chemicals remain within the confines of the intended
vessels and piping. Unconfined, the hazards are toxicity, corrosion, fire,
and carcinogenicity. Cold feed operations were analyzed for the mechanisms of
chemical releases from confinement, for hazards to operating personnel, and
" for potential releases outside the 221=H building.

Methodology used in this analysis and the hazards for various chemicals are
discussed in detail in Reference 25.

Chemicals handled and stored in the Third Level Cold Feed Preparation (CFP)
and Storage Area are listed in Table 5-2., Chemicals found only in process

off-gases (e.g., Hy and HN3) are not analyzed; chemical fire hazards were
considered earlier (Section 5.1.4.1). Although all metal nitrates (e.g., Al,

Mg, and Na) are somewhat toxic and corrosive under some conditions, their
potential hazard is considered to be relatively small; consequently, only
uranyl nitrate was analyzed. The list of eight hazardous chemicals considered
in this analysis is given in Table 5-3. Four of these chemicals are
nonvolatile salts, three are potentially volatile nitrogen compounds, and one
(Noz) is the product of chemical reactions of other chemicals, They present
an insidious hazard because their odor thresholds provide a poor warning of
hazardous airborne concentrations and because some of them have little odor.

5.1.8 Support Systems

Safety-related occurrences discussed in Sections 5.1.3 - 5.1.6 also apply to
ancillary operations and equipment. These occurrences are analyzed because in
some cases a deteriorating condition in an ancillary facility can have a
significant effect on several primary operations but will not result in a
direct release of material outside the canyon. Except for the decontamination
facilities, the impacts of the support system failures are considered with the
analysis of the individual primary operations; they were not considered as
separate initiating events.

5.1.8.1 Shops and Decontamination Facilities

The primary potential hazards associated with shops and decontamination
facilities are loss of control of decontamination solutions, radiation
exposure to personnel, and spread of airborne activity.

Loss of control of contaminated solutions occurs in the same manner as in the
primary process systems; i.e., by transfer error, overflow, leaks, and coil
failures. These initiators are discussed in Sections S5.1.4 and 5.1.5.
Miscellaneous pathways for escape of liquids include cracking of stainless
steel cell or sump liners, broken viewing windows, and leakage around service
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Chemicals in Cold Feed Preparation and Storage

Name

Storage Solution
Concentration,® §

Potential Hazard

Aluminum nitrate
Boric acid

Ferrous sulfamate
Gelatin

Hydrazine mononitrate
Ion exchange resin
Kerosene

Manganous nitrate
Mercuric nitrate

Nitric acid

Potassium permanganate

Sodium carbonate
Sodium hydroxide
Sodium nitrite

| Tributyl phosphate

3%
2.5
40
1
30
100
50 .

64
6
5
50
30
100

Toxic
Toxic, carcinogen®#

Toxic NO» fumes

Toxie, carcinogen
Fire

Fire

Toxic

Toxic

Toxic, corrosive
Toxic, corrosive
Toxic, corrosive
Toxic, carcinogen®*?®

SLower concentrations may also be handled.

$8Suspect carcinogen.
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Hazardous Chemicals

AEL, ® Odor Threshold,

Name ng/m3 mg/mg
Boric acid 5 None
Hydrazine mononitrate 0.13 4

Mercuric nitrate 0.1 None
Nitric acid 5 9

Nitrogen dioxide. 9 9

Potassium permanganate 5 None
Sodium hydroxide 2 None
Sodium nitrite 0.1 None

SAEL = acceptable exposure limit, milligrams per cubic meter of air,

for 8-hr exposure,
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entries to the cells, Occasionally, pieces of equipment cannot be adequately
drained or decontaminated prior to shipment to the burial ground resulting in
transfer of activity.

‘Overheating of decontamination solutions is the primary cause of airborne
activity to personnel areas in shops and decontamination facilities. When
overheated, the contaminated vapors tend to travel into the railroad tunnel
because the normal air flow pattern is perturbed by the thermal updraft.

5.1.8.2 Cell Covers

Cell covers have a potential for inflicting significant damage to process
equipment if the covers are dropped during movement. Dropping can be caused
by one of the bails in the cover breaking, the crane cable breaking, or the
cover disengaging from the crane hook. In all recorded cases in which the
cover was dropped, the cover itself was damaged.

In other cases, cell cover damage has occurred in which the direct potential
for damage to other equipment was small. Some deterioration to the covers has
occurred from chemical attack but not to an extent sufficient to affect the
integrity. Damage has been inflicted to the dowel pins used to center the
covers over the canyon cells; and, in one case the concrete support structure
beneath the cover collapsed. Damage has also occurred from dropping equipment
onto a cover. In many cases, support concrete pedestals have crumbled and
have been replaced with stainless steel.

Mishandling of cell covers has caused some damage to equipment in which
dropping did not occur. This is most evident when the covers are placed on
top of equipment being stored on other cell covers.

Cell covers become highly contaminated during use. Thus, storage and disposal
of used covers can present radiation exposure problems because of the limited
storage space in the canyon, and the difficulty in decontaminating the
surface.

Care must be exercised in removing covers from process cells., If too many
covers are removed, an air reversal will result as discussed in Section
5.1.6.2.

5.1.8.3 Gang Valve Corridors

Difficulties in the gang valve corridors were analyzed with regard to
equipment malfunction and to potential hazards to operating personnel.
Specific items include: gang valve failures, other valve failures, corrosion,
fire, leaks, surface contamination, airborne radicactivity, and radiation.

Gang valves fail in a number of ways, including: bellows and seat failures,
electrical motor failure, loss of remote operation function, timer failure,
valve lever sticks in one position, valve lever will not travel into a
position, steam trap failure, limit switch failure, pluggage, and valve
corrosion.
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5.1.8.4 Cranes

Functioning of the canyon cranes is essential for operation of the canyons.
Failure or impairment of a crane or its equipment essentially stops all cask
" unloading, fuel charging, equipment changes, and maintenance. Effectiveness
of the cranes was analyzed, therefore, from three points of view: impairment
of crane functions, damage to other equipment, and hazards to operating
personnel.

Items that can impair operability of the crane include: optics, hoists, limit
switches, faillure of wheels, bearings, brakes, cables, communications, remote
tools, electrical systems, and lights,

Damage may be inflicted on other equipment by crane misoperations such as
dropping of loads, handling errors, and other operating errors.

Damage to crane ancillaries includes spalling of concrete beneath the crane
rails; acid fumes causing corrosion to runway emergency doors, shielding
doors, and removable rails; blown fuses; sticking door; lost keys; timer
switches; and bent lifting yokes.,

Hazards to crane operating personnel are radiation, contamination, and
personal injury. Radiation exposure primarily occurs during maintenance to
crane components, This exposure is controlled in part by decontamination
prior to maintenance, shielding, and limiting work intervals.

Airborne contamination in the crane cabs is caused by leaking equipment in the
canyons, inadequate ventilation flow through the canyons, failure of the crane
air conditioner, holes in air conditioner ducts, improperly seated HEPA
filters, and fire in the canyon The warm crane has experienced a number of
problems in recent years with improperly seated HEPA filters. These
deficiencies are detected by DOP testing after installation and corrections
are made prior to crane use. Surface contamination within the crane cabs is
caused primarily by leaks in the air conditioner, gear box, and hydraulic
system.

Personal injury has occurred about once per year according to data bank
records, Generally, these occur during maintenance work,

5.1.8.5 Sample Aisles

Difficulties in the sample aisles were analyzed with regard to equipment
malfunction and to potential hazards to operating personnel. Specific items
in the first category include: inability to sample (especially pluggage),
hoist failures, elevator outages, and instrument malfunction. Items in the
second category are: surface and airborne contamination, radiation, fire,
fumes, and injury.
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5.1.8.6 Steam Distribution

The steam distribution system was analyzed to determine the mechanisms and
frequencies of disabling all or portions of the steam supply, and for
radiation or contamination potential associated with steam. Four sections of
the steam system were examined; the powerhouse, the 325 psi header, the
building supply header, and the condensate headers.

5.1.8.7 Compressed Air

Air compressor failure can occur in any of four independent systems within the
canyons: plant air, instrument air, process air, and breathing air.

5.1.8.8 Electrical Distribution

The electrical distribution system was analyzed to deternihe the expected
frequency of failure to supply power to a piece of vital equipment and the
more vulnerable parts of the systen.

5.1.8.9 Cooling Water Distridbution

The cooling water distribution system was analyzed to determine the expected
frequency of failure to supply cooling water to canyon vessels and the more
vulnerable parts of the system. Nine subsystems or events were identified as
being significant with regard to failure of the cooling water system, Other
highly unlikely occurrences, such as a plane crash or earthquake, could
disable the water supply; however, these are tacitly considered in the
subsystem analyses, and are not considered independently.

5.1.9 Zngineered Safetv Featurea

Engineered safety features provide the secondary confinement for hazardous
materials and include the ventilation systems, c¢oil and tube pressure
regulators, neutron monitors, diversion systems for water return, seepage
basins, and secondary liquid confinement, Safety related occurrences
discussed in Sections 5.1.3 to 5.1.6 also apply to engineered safety features,
These occurrences are analyzed because failures within these systems can
result in failures of secondary confinement which lead to materials being
released outside the canyon.

5.1.9.1 Ventilation System

The ventilation system includes the sand filter (Building 294-H), the fan
house (Building 292-H), and the 200-ft tall stack (Building 291-H). It was
analyzed to determine expected frequencies and consequences of releases of
‘radicactive materials to the atmosphere via the stack and to the operating
areas as a result of upset to the ventilation system. The main contributors
from canyon facilities to the activity in the stack effluent are the canyon
air and the process vessel vent system that collects off-gases from process
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solutions, The radicactive content of the input air to the sand filter comes
about equally from these two ventilation systems., Releases to operating areas
result primarily when the normal direction of air flow within the building
reverses, Air reversals were discussed in Section 5.1.6.2.

A definitive study of activity releases from process systems is difficult due
to the multiplicity of contributors, and the simul taneous operation of process
equipment. Activity released from the stacks has varied widely as methods of
operation have changed.

A number of operational practices are known to elevate the airborne
radiocactivity release rate from certain process vessels in the canyons. These
releases to the process vessel vent system are filtered prior to release to
the environment, Some releases are scrubbed prior to filtering. However,
none of these treatment systems removes all the radicactivity, When large
curie quantities of radiocactivity are involved, the amount of activity
released can be significant. The radicactivity normally in the input air to
the various filters results from entrainment of process solutions while
sparging, neutralizing acidic solutions, transferring by steam jet, or
evaporating. Additionally, ruthenium and iodine may be evolved in varying
amounts as chemical conditions change, e.g., ruthenium tetroxide may be
evolved in large quantities if excess permanganate is added to give strongly
oxidizing conditions. Process deviation and equipment failures also have
given above=normal releases., In the early years of operation, fuel cooling
times after irradiation were short, and radiocactive iodine and other short
lived isotopes were released in substantial quantities during chemical
processing. Over the years, releases have beeh significantly reduced by
requiring longer fuel cooling times.

During 1975, large quantities (2000 1lb) of ammonium nitrate were detected in
" the vessel vent systems of the canyon buildings. The presence of ammonium
nitrate is potential explosive hazard in the vent system. The hazard of
ammonium nitrate arises from its exothermic decomposition to produce gaseous
products, which under certain circumstances can lead to an explosion.

Exploaions of ammonium nitrate can be generated by impact or fires or other
exothermic reactions that generate into an explosion. Ammonium nitrate is not
very sensitive to impact; a large shock wave of 30 kilobars is required to
initiate a detonation, It is unlikely that any impact occurring in the canyon
building (such as dropping a cell cover, etc,) could ever cause ammonium
nitrate to explode. A fire could turn into an explosion if large amounts
(>>100 1b) of ammonium nitrate are present in confined places. Impure
ammonium nitrate is more reactive because of the presence of small amounts of
chloride ion, nitric acid, and heavy metals that catalyze the decomposition.
In addition, if organic matter is present, considerably more energy is evolved
during the decomposition.

In view of the high sensitivity of ammonium nitrate containing impurities and
the fact that impurities are probably present in the vessel vent filter, it
seems likely that fire involving 1000 1b or more of ammonium nitrate would
turn into an explosion. In fact, the material in the filter is confined,
which would also increase the chance of an explosion. However, under normal
operating conditions, air at 50 to 80°C passes through the filter at about
2900 cfm, and as it traverses the filter, it picks up heat from the decom~
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posing ammonium nitrate and removes it from the filter. These temperatures
are considerably lower than those (>170°C) that would lead to thermal
excursions with large quantities of ammonium nitrate present. If the air flow
to the filter were shut off, the ammonium nitrate would begin to self-heat,
but with the amounts of ammonium nitrate that would likely be present in the
dry form, wall temperatures in excess of 70°9C would be required to lead to an
excursion, Therefore, the system is considered to be safe¢ against self-
heating during normal operating conditions and during times of no air flow
provided the canyon ambient temperature does not exceed 70°C,

5.1.9.2 Water Return and Diversion

The water return and diversion systems were analyzed to determine the
mechanisms for movement of radicactive materials into streams leading offplant
and to undesired intermediate locations within the separations areas.
Assuming that activity enters the water streams, .seven mechanisms have been
identified for loss of this activity into the plant stream. Each is discussed
below.

The primary cause of activity in the segregated water is coil or reboiler
failure during operation of a canyon vessel. (Note that less than 1/3 of the
coil failures described in Section 5.1.5.10 result in releases to the
segregated water system.) Other potential causes include residual activity
becoming dislodged, the Cash pressure system being valved off during shutdown
of a vessel with a failed coil, heat exchanger leaks, and unspecified causeas.
Multiple detections and diversions, however, may result from a single failure,

Activity can reach either Upper Three Runs or Four Mile Creek (see Figure 2-1)
from a combination of the following events: activity in either the segregated
or circulated water systems, a small breach in the effluent piping, and
sufficient rain to resuit in runoff.

The third mechanism is similar to the second except it is assumed that a major
breach to the effluent piping occurs, and that rain is unnecessary. Real or
potential causes include minor pipe break coupled with ground settling,
manhole deterioration, overflow of manhole, bypass of delaying basin, delaying
basin overflow, valving error in Building 211-H, or pipe crushed by heavy
equipment.

Activity reaching the cooling tower at the same time the cooling tower excess
is overflowing to Four Mile Creek is another mechanism for release, Activity
can reach the cooling towers by three mechanisms:

e Activity in circulated cooling water and failure to divert the
stream to the retention basin

° Activity being pumped from the waste farm because of a
significant heat exchanger leak

e A leak in the isolation gate valve coupled with activity in the
circulated cooling water system.
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The fifth mechanism is the improper removal of contaminated sludge from the
bottom of a delay basin. This fault has occurred once in 200-Area operations
with a consequence of about one curie of activity being released to the
effluent ditch.

If activity sorbs in the soil of the effluent ditch and is not removed, it may
eventually erode to the creek. One such occurrence is on record.

The final mechanism, although not directly related to canyon operations, can
be the result of malfunctions within the canyon. Overflow of lined basin,
seepage because of damage to the liner from solar radiation, draining valve
error, or pumpout error can occur allowing activity to reach the system.

5.1.9.3 Seepage Basins

The H-Area seepage basin system consists of three earthen basins with a total
capacity of {3-million gal. These basins provide a means for reducing offsite
releases by filtration, soil sorption, and radicactive decay.

The condensate from the various evaporators is a major contributor to the
volume of water going to the seepage basins, The largest volumes come from
the nitric acid recovery unit and the waste storage system evaporator., Lesser
contributors are sumps and drains from many operating areas that contain only
low levels of activity.

There is a continuous sampler on the composite water stream flowing to the
seepage basin. Samples are analyzed daily, and more complete analyses are
obtained on weekly composite samplesa. Selected annual releases were published
in Reference 26, and a complete analysis of the seepage basins is published in
Reference 27.

5.1.9.4 Secondary Confinement for Liquids

Secondary confinement for liquid materials within the canyon building is
provided by the walls, floor, and sumps of the canyon. Secondary confinement
for airborne materials is provided by the engineered safety features of the
ventilation system. An analysis of the ventilation system is presented in
Section 5.1.9.1. This analysis is concerned with the escape of liquid
materials from the canyons into areas normally occupied by personnel, or
outside of the bduilding.

Historically, the most frequent path penetrating the secondary confinement is
through expansion joints between each canyon section. Under most
circumstances, liquids lost from the primary piping system simply drain into a
sump and are returned to the process., Sumps are equipped with liquid-level
detectors, If the sump floods to a level higher than the curbing separating
the canyon sections, liquid seeps into the joints and frequently reappears in
a personnel area. Liquid may also get into the joints as a result of a gasket
or pipe leak directly over the joint, liquid being spilled onto the joint, or
liquid splattering off equipment or walls onto the joint. The conditionis
aggravated by deteriorated packing, much of which cannot be replaced beyond a
few inches from the surface.
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The second most frequent path for activity penetration is around or through
embedded piping. The frequency of the original pipe failing or of liners
failing increased to a high of about 40 im 1976, but has decreased
dramatically.

Other causes of secondary confinement penetration to personnel areas have
included seepage through cracks other than expansion joints, drainage through
test holes in concrete, and drilling through concrete into process piping.

No significant damage to the secondary confinement as a result of an
earthquake would be expected at less thamn MM VIII (28,29). Should damage to
piping and vessels occur alone with shifting at expansion joints, process
liquids initially would be expected to drain to the lower levels of the
building, No mechanisms have been identified for transporting process liquids
outside of the building in such a way that surrace\runoff would occur,

5.1.9.5 Pressure Regulators

Coil and tube leaks in canyon vessels are mitigated by 1) the pressure main-
tained in the coils and tubes during both operating and shutdown periods, 2)
by monitoring devices on the segregated and circulated water systems, and 3)
by use of delaying and retention basins, The engineered safety feature of
principal interest is the coil and tube pressure regulating system, known as
the Cash Regulator System.

In most cases, these leaks release no detectable activity to these water
systems because the coils or tubes are pressurized at all times so that the
direction of any leakage is into the vessel rather than from the vessel into
the coil or tube. Such leaks are detected by increasing liquid levels in the
vessel or by decreasing specific gravity in the solution; the potential for
release can then be reduced by moving the solution to another vessel, ’

5.1.9.6 Neutron Monitors

Neutron monitors are positioned in the canyon to provide early warning of
increasing concentrations of fissile materials in the mixer-settlers used in
solvent extraction operations. These monitors (and other process
instrumentation) alert the control room operators to the reduced margin for
nuclear safety so that prompt corrective measures can be taken.

5.2 ANALYSIS METHODQLOGY

The purpose of the accident analysis is to determine and evaluate the risk of
operating the H-Canyon facilities. The overall approach was to review the
‘facility and equipment design, and the methods for operating and controlling
the procesa, The knowledge obtained from this review was then systematically
analyzed to predict the expected frequency of events, Consequences of events
were calculated from available data or estimated where neceassary.
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Risk in this analysis is defined as the product of the expected frequency of
an event that will release radiocactivity and the radiological consequence,
The characterization of the radiocactivity releases were defined by dividing
the types of initiating events leading to these releases according to their
energetics and the impact of the released energy on the confinement barriers.
Event trees were developed to define the sequences of events subsequent to the
initiating event. These event trees provided a basis for analyzing the
physical processes occurring during operations and for determining confinement
failure modes. These sequence definitions then permitted estimates of the
amount of radicactivity that would be released from the occurrence. .

To obtain the expected frequency for a given event consequence, it was
necessary to determine the expected frequency of the initiating event and the
failure rate per demand for the sequenced conditions. The determinations of
frequencies and consequences was based largely on the extensive data base of
incidents that have occurred in 200-Area operations, For those events where
data were not available, event tree analysis was used supplemented by fault
tree analysis. *

5.2.1 Data Base
5.2.1.1 Information Sources

Initiators were systematically identified by a search of the Incidents Data
Bank (6), the 200-Area Fault Tree Data Bank (2,7), and by Jjudgment of
experienced amalysts., The 200-Area Data Bank includes data from all 200-Area
operations. The data entries range from minor equipment malfunctions to
incidents with potential for injury or contamination of personnsl. Several
types of information have been extracted from these reports including actual
incidents, potential incidents, consequences, and event frequencies.

5.2.1.2 Data Storage and Retrieval

Failure data for Savannah River Operations are stored in several data banks in
a manner suitable for sorting and retrieval of information for risk assess-
ment, The data banks include a generic incident data bank (6) that contains
known potential incidents that could occur in each of the unit operations
associated with fuel reprocessing,

The 200-Area Fault Tree Data Bank (2) contains listings for actual deviations
from normal operation, including dates of occurrence. These incidents are
coded by sité location, facility, unit operation, and keyword so that they can
be retrieved by a variety of specifications, A computer code (7) provides the
capability of seleoting data 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. A review of these data
also provided information on initiating events,
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5.2.2 Radioguclide Distribution

Radionuclide releases are reported in terms of curies of activity released to
the environment. To calculate dose to man resulting from transport of this
material, the individual radionuclides present and their amount must be known
Table 5~ shows the radionuclide distributions for the major process systems.
These distributions on the basis for calculating distributions for materials
released to the environment.

| 5.2.3 Event Treea

The principal means for identifying significant accident sequences uses event
tree methodology. An event tree is a logic diagram for identifying the
possible outcomes of a given initiating event. The number of possible final
outcomes depends upon the release pathways that are applicable following an
initiating event. In this analysis, the initiating event for each tree was
chosen based on its energetics and physical form (i.e., 1iquid or airborne).
Events subsequent to the initiating event are determined by systen
characteristics and engineering data. In these event trees, a particular
sequence from the initiating event to final outcome is termed an accident
sequence,

Release sequences were based on the physical confinement equipment (sometimes
referred to as confinement barriers). When dealing with airborne materials,
the ventilation equipment became the significant confinement barriers. Event
trees provide combined accident sequences from the initiating event to the
release of activity., Release points for liquids are releases to the water
systems that may ultimately reach the outside ground or may be a source of an
airborne release. Release points for airborne materials include releases to
the canyon, ventilation system, and stack.

The starting point for the development of an event tree is the event that
initiates a potential accident situation. These initiating events were
defined in Section 5.1. Confinement barriers are discussed in detail in
Section 3.3.3.

In the preparation of an event tree, the first step is to determine which
systems are designed to mitigate the event. As an example (Figure 5-1), given
the initiating low energetic event, the systems which affect the subsequent
course of events are the vessel, the ventilation system and the sand filter.
Each of these barriers is ordered in its sequence across the top of Figure 5-
1. The upper branch of the tree represents failure of the system to fulfill
its confinement function. In the absence of other constraints, there are 2(n=-
) accident sequences where n is the number of headings (functions or systems)
included on the tree. However, there are known relationships (constraints)
between system functions, For example, if the vessel contains the solution,
then no consequence will occur. Once these relationships are determined, some
of the sequences can be eliminated because they represent success paths.
These reduced event trees are used in the analysis,

If the event sequences are independent, then the expected frequency of

occurrence of a given sequence is the product of the initiating event
frequency and the individual demand probabilities of the individual systems in
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TABLE 5-4, Mix of Radionuclides for Various Process Solutions
JIsotopic Curije Fraction

Raw Metal First Second Second Ion
Nuclide Solution Head End Cycle U Cycle Np Cycle Waste Exchange
89sp 0.71E-01 0.71E-01 0.83E~01 O0.64E~01 0.77E-01 0.83E-01 0.11E-01
90sr 0.49E-02 0.49E-02 0.58E-02 0.45E~02 0.26E-02 0.58E-02 0.23E-02
90y 0.49E-02 0.49E-02 0.58E-02 O0.45E-02 0.26E-02 0.58E-02 0.23E-02
91y 0.11E+00 0.11E+00 0.13E+00 O0.10E+00 0.60E-01 0.13E+00 0.21E-01
BSzp 0.10E+00 0.10E+00 O0.12E+00 0.94E-01 0.54E+00 O0.12E+00 O.41E-01
95Nb 0.29E-01 0.29E-01 0.34E-02 0.26E-01 0.76E-02 0.34E-02 0.37E-01
103 gy 0.24E-01 0.24E-01 0.18E-01 O0.14E-01 O0.14E-01 0,18E-01 0.20E-01
106 gy 0.18E-01 0.18E=-01 0.14E=01 0,.11E-01 0.10E~01 O0.14E-01 0.7TE-01
106 pp 0.18E-01 0.18E-01 0.21E=01 0.16E-01 0,95E-02 0.21E=01 0.7TE-01
110,g 0.43B-03 0.43E-03 0.51E-03 0.39E-03 0.23E-03 0.51E-03 0.26E-02
1238p 0.44E-03 0.44E-03 0.52E-03 0.40E-03 0.23E-03 0.52E-03 O0.443E-04
125gp 0.56E=-03 0.56E-03 0.65E-03 0.50E-03 0.29BE-03 0.65E-03 0.12E-02
1271¢ 0.78E-03 0.78E-03 0.81E=03 0.70E-03 0.41E-03 0.81E-03 0.15E=-02
1297¢ 0.84E-03 0.48E-03 0.52E-03 0.40E-03 0.23E~03 0.52E~03 O0.44E-04
134¢q 0.11E-01 . 0.11E-01 0.13E=-01 0.99E-02 0.5TE-03 0.13E-01 0.16E-02
137cs 0.20E-01 0.20E-01 0.18E-01 0.13E-01 0.78E-02 0.18E-01 0.66E-02
181cq 0.22E-01 0,22E-01 0.26E-01 0.20E-01 0.12E=01 0.26E-01 0.72E-02
144 cq 0.26E+00 0.26E+00 0.30E+00 0.23E+00 O0.13E+00 0.30E+00 0.T8E-01
144 pn 0.26E+00 0.26E+00 0.30E+00 0.23E+00 0.13E+00 0.30E+00 0.T8E-01
147 py 0.28E~01 0.28E-01 0.33E-01 0.26E-01 0,15E=-01 0.33E-01 0.17E=01
148pp 0.29E-01 0.29E-01 0,58E-01 O0.44E-03 0.26E-03 0.58E-01 0.15E-02
155gy 0.46E-03 O0.46E-03 0.58E-03 0.10E-05 0.10E<05 0.54E-03 0.46E-0L
234y 0.12E=-05 0.12E~05 0.13E-05 0.10E+00 0.10E-05 0.12E-09 0.97E-11
235y 0.16E-07 0.16E=07 0.18E-07 0.13E-02 0.10E-05 0.20E-11 0.13E-11
236y 0.13E-06 0.14E~06 O0.1TE-06 0.14E-01 0.10E-05 0.16E-10 0.12E-11
238y 0.40E-09 0.30E-09 O0.4TE~09 0.3TE-O4 0.10E=15 0.40E=13 0.34E=-11
23TnNp 0.73B=07 0.73E~07 0.86E-07 0.27E-03 0.36E~03 0.80E-09 0.44E-O4
238py 0.2TE-03 0.2TE-03 0.31E~03 0.48E-04 0,28E-02 0.31E-03 0.50E+00
239%y 0.23E-05 0.23E-05 0.2TE~05 0.42E-06 O0.24E-04 0.27E-05 0.14E-03
240py, 0.17E-05 0.17E-05 0.20E~05 O0.40E-06 0.18E-04 0.20E-05 0.86E-0U4
24 py 0.77E~03 0.77E-03 0.91E~03 0.14E-03 0.80E~02 0.91E-03 0.95E-02
242py 0.34E-08 0.34E-08 O0.40E~08 0.60E-09 0.10E-05 O0.40E-08 0,10E-08
281 gy - - - - - - 0.95E-05
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VESSEL VENTILATION|  SAND
INITIATING | CONTENTS | SYSTEM FILTER FREQUENCY |CONSEQUENCE | RISK
EVENT LOST FALS FAILS Me ¢ Ci/e
YES
NO
FIGURE 5-1. Example Event Tree for Airborne Releases
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that sequence. DBecause the failure demand probabilities are almost always 0.1
or less, it is common practice to approximate success (1-p) as 1. It should
be noted that as indicated in Figure 5-1, the study developed event trees in
which each branch point provides only two options, system failure or success,
. No consideration is given to the fact that partial system success may occur
within an accident sequence. Thus, an accident sequence is conservatively
assumed to lead to the total release. The effects of partial system failure
are accounted for by adjusting the release (in curies) to compensate for
partial failure,

5.2.4 Fault Trees

The fault tree method was used to estimate expected frequencies for events for
which no data were available. The method 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 various combinations and sequences of
other failures that lead to the given failure,

The fault tree method, illustrated in Figure 5-2, shows a fault tree for a low
energetic liquid and/or finely divided solid release event. The fault trees
developed in the H-Canyon Systems Analysis (1) and utilized in this study
developed downward only to the point where either data bank failure numbers
(Section 5.2.2) or engineering estimates could be made., In developing 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 elements of the tree, and the expected frequencies
of the top event were caloulated.

5.2.5 Doae Models

Significant onplant and offplant doses from the operation of H-Canyon are
considered in this analysis, A description of the dose models used is
included in the following sections.

5.2.5.1 Models for Calculating Doses from Atmospheric Releases for Accidents

The radiological consequences of radionuclides released from H-Canyon during
an accident were evaluated for three populations groups: 1) population dose
to offsite people residing within 50 miles, 2) population dose to onsite
personnel, and 3) dose to the offsite maximum individual.

For each accident scenario postulated, the radiological consequences were
analyzed using the AXAIR code, The AXAIR code performs both environmental
transport and radiation dosimetry calculations for the postulated accidents
involving airborne releases., The environmental transport models used are
based on the U,S. Nuclear Regulatory Commission Regulatory Guide 1.145 (30).
The exposure pathways considered in the AXAIR code include inhalation of
radionuclides and gamma irradiation from the radicactive plume (31).

Radiation doses from inhalation of radionuclides in air depends on the amount
of radionuclides released, the gaseous dispersion factor, the physical,
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Low Energetic
Releass of
Liquid
Spill
Transfer
Qverflow Error

FIGURE 5-2. Example Fault Tree for Low Energetic Event Release of Liquid
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chemical, and radiological nature of the radionuclides, and various biological
parameters such as breathing rate, Standard sets of breathing rates for
different age groups are used in the AXAIR code (31).

Radiation doses from gamma shine result from radiation emanating from the
traveling plume and depends on the spatial distribution of the radionuclides,
the energy of the radiation, and the extent of shielding. In the AXAIR code,
no shielding was assumed in calculating population doses, the gamma~shine
doses were calculated using a non-uniform Gaussian model because of its more
realistic modeling compared to the conventional uniform semi-infinite plume
model (32). _

In addition to the use of the worst sector, 99.5 percentile meteorology, and
conservative breathing rates and shielding factors, the AXAIR code also
provides no credit for the probable plume rise from stack releases. There-
fore, the doses calculated by the AXAIR code should be considered as an upper
bound of radioclogical consequences for the atmospheric releases postulated.
(For population dose calculations, meteorological conditions are weighted by
sector, wind speed, and dispersion class based on actual Savannah River Site
meteorological data.)

5.2.5.2 Models for Calculating Doses from Liquid Releases

The environmental effects of radiocactive materials released in liquid
effluents are evaluated for a variety of pathways: 1) drinking water, 2)
aquatic foods consumption, 3) recreational uses of bodies of water, and 4)
irrigation of food crops.

A review of water utilization from the Savannah River downstream of the
Savannah River Plant site revealed that there is no known use of river water
for irrigation, and therefore, the irrigation of food crops was not considered
as a pathways of radiation exposure. The relative importance of other
pathways generally depends on the radionuclides of concern. However, for SRP
liquid releases to the Savannah River, the exposure pathways of consumption of
drinking water and aquatic foods are deemed the most significant. There are
no available models that will characterize the uptake and retention of
radionuclides by aquatic foods (fish, invertebrates, etc.) under transient
conditions or over shorte-term periods as experienced during accidental
releases. However, rather than omit the aquatic foods pathway, doses are
calculated for steady-state conditions, recognizing that such doses are
conservative and overestimated.

The method of calculating dose-to-man from liquid effluent pathways is that
recommended in the U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide
1,109 (33). The LADTAP II, developed by the NRC and Oak Ridge National
Laboratory (ORNL), is a computer code to perform dose calculations using the
dose models specified in Regulatory Guide 1.109., Although LADTAP was
specifically developed for routine releases, its use for postulated accidental
releases is appropriate because it provides conservative overestimates. The
50-yr age-specific dose commitment factors were used as specified in
Regulatory Guide 1.109, with minor correction by the original author (34).

5-33



DPSTSA-200-10, SUP=-5

5.3 ACCIDENT FREQUENCIES

The expected frequencies for accidents leading to release of radiocactivity
were developed in the H-Canyon Systems Analysis (1) and are summarized in this
section. The event trees for the postulated release sequences are developed
in Appendix B. These release sequences include the expected frequency of the
release initiator, along with failure of the filtration system and secondary
confinement, Frequencies for exhaust system failure and criticality were
calculated by use of fault tree analysis. These fault trees are shown in
Appendices B and C of the H-Canyon Systems Analysis (1),

5.3.1 Natural Phenomena

The frequency of occurrence for each of the natural phenomena considered in
the analysis is discussed in the following sections.

5.3.1.1 Winds

Straight Winds. Straight winds with speeds approaching 175 mph are estimated
to occur on plant at a frequency of less than 1 x 10'6/yr (1.1 x 10=10/np;
Reference 13). Straight winds greater than 175 mph have not been cobserved.

JIornado. The frequency of a tornado strike on a given location (building)
depends on the size of the building with its orientation relative to
prevailing tornado direction as well as in the tornado damage area (13), For
H-Canyon (?5), the probability of a damaging tornado strike is <10-8 year
(<1.2 x 10~12/hour).

5.3.1.2 Earthquake

Earthquake frequencies for SRP are shown in Figure 5-3 (36). The expected
frequency of a MM VIIIis2 x 10""/yr. This would result in some damage to
the structure, Total destruction is not expected unless a level MM XII occurs
(8). These data are consistent with those of Reference 37. The release
sequence for an earthquake is loss of the contents of the vessels to the
secondary confinement with subsequent seepage through cracks in the building
and airborns releases at ground level. Failure of the sand filter would not
be expected to occur for an MM VIII earthquake (28).

5.3.1.3 Meteorite Impact

A meteorite impact is considered to be a hypothetical event due to the small
expected frequency of occurrence. The expected frequency of the hypothetical
accident of a meteorite impact at SRP is calculated from studies of worldwide
meteorite impact by assuming that meteorites are randomly and uniformly
dispersed over the earth's surface. Resultant estimates of the frequency of
this hypothetical event rangs from 10~9 to 10='% impacts per year (38). Based
on the impact of a one ton meteorite at SRP, the estimated frequency of impact
from a meteorite for H-Canyon is 1.5 x 10-15/nr.

5-34



Mean Annusl Rate of Excesdance :

DPSTSA-200-10, SUP=5

Pesk Horizontal Ground Acceleration at the SRP Site (g)

FIGURE 5-3. Earthquake Frequency at the Savannah River Plant
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5.3.1.4 Floods

Flooding was not considered a credible initiator (see Section 5.1.1.4).

5.3.1.5 Other Natural Phenomena Related Events

Extremes in temperature, snow, rain, and lightning may adversely affect
operations, but will not generally result in release of radicactive materials,
The c}‘mulative frequency from all other natural phenomena related events is §

Cold weather has little effect except through its effect on auxiliary
services, Below -89C (for the services located outside the building), lines
plug, valves and pipes burst, alarms fail to operate, instrumentation may
become inoperable, and equipment with moveable parts may become immobilized.
Thus, icing is a prime cause of common mode failure, The frequency of
significant ice damage is 2 x 10~%/hr.

The average annual snowfall over the last 45 years has been about 0.9 in,
Trace amounts or greater can be expected three out of four years, snowfall of
0.1 in or more occurs slightly less than every other year. One inch or more
has fallen in 7 of the past 45 years. The expected frequency of sufficient
snow to aggravate canyon operations is estimated to be 8 x 10=°/hr.

The expected frequency of sufficient rain falling in a 24-hr period to
aggravate a deteriorated situation is estimated to be 8 x 10=-3/hr, and to
cause internal building damage, 1 x 10"‘/hr. No contaminated water runoff is
expected, however.

The principal adverse affect of lightning is interruption of electrical power.
In 1973-74, an improved multidisk ionization-type lightning-arrester system
was installed in the 13.8 kV distributionlines in place of the pellet-type
arresters, These new arresters have reduced the frequency of power failure
due to lightning to an estimated 2 x 10"‘/!::', an improvement by a factor of
about 10.

5.3.2 Exterpally Induced Fallures

Three significant sources of externally induced failure mechanisms were
identified as applicable to canyon operations: adjacent explosions, adjacent
fires, and impact. The overall frequency of occurrence of externally induced
failure is estimated to be 1 x 10~5/hr, primarily due to impact. The release
sequence for an externmally induced failure is shown in Figure B-1,

5.3.2.1 Aiprcraft Crash
Studies related to power reactors based on U.S. Civil Aviation accident data

indicate that -“he expected frequency of aircraft overflights becomes essen~
tially consta..: at distances greater than five miles from an airport runway.
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The expected frequency is about 3 x 10-9/(flight)(mile2) for commercial avia-
tion and about 7 x 10=9/(flight)(mi2) for general aviation (15).

Based on a total estimated frequency of 4000 flights over SRP per year and the .
4 x 10=3 mi2 "target" area of the H-Canyon building, the overall aircraft
crash frequency is calculated to be 1 x 10=11/hr, Since only 30% of the
crashes would be due to aircraft large enough to cause damage, the frequency
for damage due to aircraft crash is 3 x 10=14/nr.

5.3.2.2 Adjacent Explosion

gxplosions are estimated to occur in the canyon with a frequency of 1 x 10-

/hr (1). Adjacent explosions are not expected to occur at a frequency
greater than that experienced in the canyon. However, an adjacent explosion
is not considered a credible initiator (Section 5.1.2.2).

5.3.2.3 Adjacent Fire

Of the 143 fires reported in H-Area, 104 have occurred outside the canyon and
its ventilation system (Table 5-5). The expected frequency of occurrence of
fires in H-Area outside of the canyon building and its ventilation system is
4.4 x 10=%/hr. However, an adjacent fire is not considered a credible
accident initiator (Section 5.1.2.3).

5.3.3 High Energetic Events

Explosions of severe magnitude could potentially produce this event, However,
the structural integrity of the canyon vessels and secondary confinement
minimizes the potential to the point that no high energetic events were
identified. Therefore, explosions are treated in the category of a medium
energetic event and are discussed in Section 5.3.4.

There were no other accident scenarios that meet the descriptions of a high
energetic event for H-Canyon.

5.3.4 Medium Energetic Events

A medium ensrgetic event is defined as an event that will cause penetration of
the primary confinement, and will cause materials to bypass the second
confinement barrier for a short period of time, The initiator frequencies are
discussed below. The event tree for medium energetic accident sequences is
shown in Figure B=2.

5.3.4.1 Fire
There have been 39 fires within the canyon and its ventilation system
(excluding B-Line) (Table 5-5), Of the 39, none involved process materials.

Assuming the frequency is similar to the historical average, the expected
frequency for a fire in H-Canyon from all causes is 1.6 x 10=%/nr, The

5-37



DPSTSA~200-10, SUP=5

TARLE 5-5. Causes of Ignition = 200 B-Area and 221 HB-Canyon Fires®

Total Number

Number Frequency, Only for Frequency,
Cause of Ignition for H-Area Occurrences/hr B-~Canyon Occurrences/hr
Welding - 43 1.8 x 10~4 15 6 x 1¢-5
Electrical short % 1.1 x 10=4 8 3 x 1073
Miscellaneous or 26 1.1 x 10~4 .2 8 x 10-6
unspecified
Spontaneous 16 T x 105 ‘ 8 3 x 10=5
combustion
Process heat 15 6 x 10~5 1 4 x 10-6
Smoking materials 5 2 x 10-5 1 1 x 1078
Sparks (nonwelding) 5 2 x 10=5 2 8 x 106
Explosion 3 1 x 105 ‘ 1 % x 1076
Friction 2 8 x 106 0 -
Lightning 1 8 x 10-6 1 4 x 106
Lighting 1 4 x 10~6 0 -

Total 143 6.0 x 10-% 39 1.6 x 10-4

*Fires in facilitiea adjacent to H-Canyon:

Number = 143 total - 39 (only in H-Canyon)

= 104 fires in adjacent facilities

Frequency = 6.0 x 10~4%/hr - 1.6 x 10~%/nr (only in H-Canyon)

= 4.4 x 10~%/hr for fires in adjacent facilities
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expected frequencies for process related fire initiators are developed in the
event trees in Figures B-3 and B-l4 (7 x 10-8/hr for each cycle of solvent
extraction and 4 x 10°/hr for ion exchange).

5.3.4.2 Uncontrolled Reaction

Uncontrolled reactions occur with an overall frequency of about 2.3 x 10=4/nr.
A typical eructation discharges 1000 1b of materials, but up to 13,000 1b have
spilled to the canyon floor in a single release. The mean release for all
uncontrolled reactions is 2580 1lb.

Explosions have not occurred in canyon vessels, However, in 1953, a damaging
explosion in an evaporator occurred at TNX as a result of a reaction involving
uranyl nitrate, TBP, and nitric acid. It is concluded that the greatest
likelihood of a canyon explosion will be the result of some unforeseen
reaction based on a number of lesser uncontrolled reactions that have occurred
but were not anticipated. An expected frequency of 1 x 10=6/nr for explosions
in H=Canyon was estimated.

The systems in which uncontrolled reactions have occurred are shown in Table
5-6. Evaporation and dissolving operations account for 69% of the
occurrences. Ion exchange, solvent extraction, and waste disposal account for
about 10§ each.

5.3.4.3 Criticality

There have been no criticality accidents experienced either at HeCanyon or at
any other facilities at SRP. Frequencies for criticality in various B-Canyon
systems are therefore calculated by fault tree analysis (39,40). Results are
summarized in Table 5-7., The event tree for a release due to criticality is
shown in Figure B=5,

5.3.5 Low Epergetic Events

A low energetic event is defined as an event that will not destroy the primary
confinement barrier (the primary container), but activity may penetrate it.
Because this event does not affect the secondary confinement, it will not in
itself expose operating personnel to radiocactivity. Event trees for low
energetic accident sequences are shown in Figures B-6 and B-7 (airborne
releases at ground level and airborne releases from the stack).

5.3.5.1 Transfer Error

Within H-Canyon, the frequency of occurrence of transfer errors is 1.2 x 10=3/
hr. About 8% of these transfers result in liquid being discharged directly to
the canyon floor and sumps. A secondary effect is vessel overflow as
discussed in Section 5.3.5.2. About 8% of the transfer errors result in
liquid movement outside of the confines of the shielded canyon; such as to
Building 211-H (4%), 241~K (3.5%) or HB-line (0.5%). Unexpected transfer to
these locations could result in radiation exposure to personnel,
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TABLE 5-6. Frequency and Canyon Systems Affected by Uncontrolled nacuonQ

Number of Frequency,

Systen Occurrences Occurrences/hr
Dissolving 17 9.2 x 10-3
‘Evaporation 12 6.5 x 10=5
Ion exchange B 2.2 x 1075
Solvent extraction 4 2.2 x 1075
Waste disposal 4 ‘ 2.2 x _‘10'5
Rerun 1 5 x 10~6

Head end 0 2 x 10°6 (est)
Tank gallery 0 2 x 106 (est)

52 2.3 x 10~4
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B-Canyon Criticality Potential

S P=5

Unit Operation

Frequency, Occurrences/hr

Dissolving

Head end

- First Cycle

Second U Cycle
Head end Evaporator

Total

1.5 x 10=9
2.2 x 10~10
1.8 x 10~7
1.8 x 107
1.2 x 10-8

3.7 x 10'7
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contamination, overflow of vessels, or uncontrolled chemical or nuclear
reactions. Quantities of radiocactivity involved vary widely and are discussed
in sections of this report concerned with the systems involved. The specific
effects on the facility receiving the material during a transfer error are
discussed in SARs for the particular facility.

As shown in Tables 5«8 and 5-9 virtually every system in the canyons has been
affected by transfer errors. Table 5-8 shows those systems in which the error
was initiated and Table 5=9 shows those systems that were insulted by the
move, About 40% of all transfer errors are initiated in the cold chemical and
water additions systems, followed by ion exchange (20%) and solvent extraction
(10%). Ion exchange is most likely to be affected by the errors (20%),
followed by dissolving (15%), and solvent extraction (15%).

5.3.5.2 Overflow

The overall frequency of occurrence of overflows (755 x 10=4/hr) is less than
that for transfer errors.

As shown in Table 5-10, the chemical feed tanks in the gallery on the third
level are involved in the greatest number of overflows at a frequency of 3.2 x
10~%/nr. Ion exchange, evaporation, solvent extraction, and waste disposal
are in the range of 6 x 10~5/hr to 1 x 10=%/hr.

5.3.5.3 Leak

Leaks in any unit operation fall into three principal categories: cooling
water or steam leaks, cold chemical leaks, and product solution leaks during
transfer to another tank. Only the last category involves significant radio-
active material. Coil leaks are analyzed in Section 5.3.5.10. Leak
frequencies are evaluated separately for each applicable ancillary and primary
operation in Table S~11 and summarized in Table 5=12.

Leaks in the process operations fall into three principal categories: water
leaks in the condenser cooling system, cold chemical leaks into the vessel,
and product solution leaks during transfer to another tank. The first two of
these categories do not involve significant radiocactive material. Two
additional types of leaks are coil leaks and vessel leaks,

5.3.5.4 Chemical Addition Error

The frequency of occurrence of chemical addition errorsis 1 x 10=3/hr. As
shown in Table 5-13, about 90% of all chemical addition errors are initiated
in the cold chemical or water addition facilities. Six percent are from
solvent extraction and solvent recovery operations, while the remainder occur
from miscellaneous operations,

Table 5-14 shows those systems that are insulted by the error, Solvent
extraction and ion exchange errors are usually associated with valence
adjustment. Dissolving operations are impacted mainly by catalyst and acid
concentration errors or by unwanted water additions,

5-42



DPSTSA-200-10, SUP-5

TABLE 5-8. Canyon System in Which Transfer Error was Initiated

Number of Frequency,

System Occurrences Occurrences/hr
Cold chemicals and 86 5.7 x 1074
water additions
Ton exchange 46 2.5 x 10-4
Solvent extraction 25 1.4 x 1074
Evaporation 14 8 x 10-5
Solvent recovery 13 | 7Tx 10~5
Waste disposal 9 5 x 10=5
Dissolving T 4 x 107
Cell flush 7 4 x 105
Head end 5 3 x 107
B-Line 3 2 x 1075
Decontamination cells 2 1 x 103
Vessel vent scrubber 1 _’ 5 x 10-6
Not determined 3 2 x 1075

221 1.2 x 1073
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TABLE 5-9. Canyon Systea iilto Which Erroneous Tranafer wvas Made

Number of Frequency,

Systenm _ Occurrences Occurrences/hr
Ion sxzchange 43 2.3 x 10-4
Dissolving 32 1.7 x 10~4
Solvent extraction 32 1.7 x 10~%
Evaporation 19 ‘ 1.0 x 10-4
Sumps ' 18 1.0 x 10~%
Cold chemicals 13 7 x 105
Solvent recovery 11 6 x 107
Waste disposal 11 6 x 10=5
Outside facilities 9 5 x 10>
Head end 8 4 x 10-5
241-H T 4 x 103
Drain headers “5 3 x 105
Rerun 5 3 x 1073
Sump collection tanks 4 2 x 105

" B-Line 1 5 x 10~
Process vessel vent 1 5 x 10-6
scrubber
Cooling water aystem 1 5 x 10~6
Not determined 1 5x 10-6

221 1.2 x 1073
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Canyon Systems Affected by Overflows

Number of Frequency,

System Occurrences Occurrences/hr
Tank gallery 58 3.2 x 10™%
Ion exchange 18 1.0 x 10-4
Evaporation 17 9 x 10=3
Solvent extraction 15 8 x 1075
Waste disposal 11 6 x 1073
Dissolviﬁg;; 8 4 x 10~5
Sumps 6 3 x 107
Head end ) 2 1 x 10-5
Sample aisle 2 1 x 103
Rerun 2 1 x 1075

139 7.5 x 10=4
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TABLE 5-11, Canyon Systems in Which Leaks Occur
Number of Frequency,
Unit Operation Type of Leak Occurrences Occurrences/hr
Decontamination 411 lseaks - 8 x 10~4
facilities Contaminated solution -— 5 x 104

Uncontaminated - 3x 10'”
solution

Dissolver® Cooling water 1 5 x 10=6
Cold chemicals 15 7 x 10°°
Product solution 13 6 x 10=5

Head end Cooling water/steam 12 3x 10~4
Process solution 21 5§ x 10'”
Cold chemicals 2 5 x 10"

Solvent extraction A1l leaks - 3 x 103
Contaminated waste - 2 x 1073
solution transfer
Uncontaminated waste -— 1 x 10=3
solution transfer

Evaporation All leaks - 7 x 10-3
Contaminated solutior - x 10™3
Uncontaminated - 4 x 103
solution

Ion exchange Cooling water/steam - 6 x 10~4
Process solutions - 1x 10‘3
Cold chemicals - 2 x 10-4

Waste disposal Cooling water/steam 11 3Ix 104
Process solutions 13 7 x 10=5
Cold chemicals 3 3 x 107%

#Average frequency for each of four dissoclvers.
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TABLE 5-12. Frequencies of Contaminated Process Solution Leaks

Leak

Frequency,
Unit Operation Occurrences/hr
Ancillary Operations and Equipment
Shops and decontamination facilities 5 x 10=4
Gang valve corridors 6 x 10-3
Steam distribution
Steam header 2 x 10-4
Condensate header 6 x 10-%
Cbld feed preparation and storage 2 x 10-3 -
Primary Operations and Equipment
Dissolving 6 x 10-5
Head end 5 x 10~
- Solvent extraction 3 x 10-3
Evaporation 7 x 1073
Ion exchange 6 x 104
Waste disposal 3x 10‘“
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TABLE 5-13. Canyon System from Which Chemical Addition Error was Initiated

Number of Frequency,

Systenm Occurrences Occurrences/hr
Cold chemicals and 156 9 x 10-%
water addition
Solvent recovery 5 3 x 105
Solvent extraction 5 3x 105
Dissolving 2 1 x 10-5
Evaporation 2 1 x 10~
Ion exchange 2 1 x 10=5
Crane 1 5 x 106
Head end 1 5 x 10=6
Steam 1 5x 10-6

175 1 x 1073
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TABLE 5-18. Canyon System into Which Chemical Addition Error was Made

Number of Frequency,

Systenm Occurrences Occurrences/hr
Solvent extraction 42 2 x 1074
Ion ?xchanse 33 2 x 10-%
Dissolving 29 2 x 1074
Cold chemicals 27 1 x 10°%
Evaporation 12 T7x 10-°
Head end 1 6 x 10=5
Waste disposal 7 3 x 10~3 :
Solvent recovery 6 3 x 10=5
Rerun 2 1 x 10~
Sump solution hold tank 1 5 x 10=6
Not determined 5 3 x 1075

175 1 x 103
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5.3.5.5 Pluggage

The most common form of pluggage experienced in H-Canyon is instrument line

"pluggage that occurs at a rate of one to two per day (5 x 10=2/hr). Sampler
pluggage occurs about twice per week (1 x 10=2/hr). Jet pluggage and transfer
air pluggage each occurs about once per month (1 x 10~3/hr).

5.3.5.6 Siphoning

Siphoning has not been reported as having occurred in the dissolving, head
end, solvent extraction, or waste disposal operations, It is estimated that
it could occur at an expected frequency of 1 x 10=°/hr,

Siphoning has been reported as having occurred in.the evaporator system at a
frequency of 1 x 10=5/hr. The conditions that lead to the reported cases have
been corrected; however, it is estimated that it could occur at an expected
frequency of 1 x 10=6/hr for new equipment,

5.3.5.7 Processing Short-=Cooled Fuels

Because shipment of the short-cooled fuel is beyond the control of either
reprocessing area, the historical frequency of once per thirty years is
assumed to be applicable to either area., This is equivalent to U x 10-6/nr.
5.3.5.8 Ruthenium Volatilization

No specific occurrences have been reported for solvent extraction operations,
One case in the H-Canyon dissolver system occurred that is considered
significant, This occurred during scrap dissolving, Release to the environ-
ment of 400 mCi of 106Ry occurred. This single event leads to a frequency of
1 x 10~5/hr based on operating history.

One case in the H-Canyon head end system has also occurred. This occurred
when a_ strike tank was decontaminated. Release to the environment of 45 mCi
of 106 Ru occurred. This single event leads to a frequency of 1 x 10=5/hr
based on operating history.

5.3.5.9 JIodine Reactor Failure

No significant releases of iliodine have been reported as a result of failure
in the iodine reactors. :
5.3.5.10 Coil and Tube Failure

As shown in Table 5-15, over 60% of the coil and tube failures occur in waste

evaporation. Failures also occur in dissolver heating coils and in heating or
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TABLE 5-15. Canmyon Systems Affected by Coil and Tube Failures

Number of Frequency,
Systen Occurrences Occurrences/hr
Evaporators
LAH 15
HAW 3
Product/intercycle 5
Rerun ‘ 7
Head end 3
Subtotal 34 1.8 x 10-4
Dissclvers 12 . 6.5 x 10~3
Tanks
Head end 4
Product/intercycle 2
Waste 1
Solvent recovery | 1
Subtotal 8 4.3 x 103
54 2.9 x 108
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cooling coils in various canyon hold tanks. These failures are caused mainly
by corrosion.

During the period studied, a total of 54 coil failures occurred in both F and
H Canyon far an overall frequency of 2.9 x 10=%/hr. The frequency with which
activity is detected in the segregated water is 1 x 10=4%/hr. The primary
cause is coil or reboiler failure during operation of a canyon vessel (1.2 x
10=%/hr). Less than 1/3 of the coll failures result in releases to the
segregated water system. Other potential causes include residual activity
becoming dislodged, the Cash pressure system being valved off during shutdown
of a vessel with a failed coil, heat exchanger leaks, and unspecified causes.
Multiple detections and diversions, however, may result from a single failure,

5.3.5.11 Waste Header Failure

No material has been recorded as having been lost at the waste farm as a
result of an waste header failure, On one occurrence, however, waste was
released from the canyon because of a transfer error, and sent to the waste
farm unknown to personnel at the receiving end, An increase in tank level was
observed before overflow occurred, and the tranafer was stopped. The
estimated frequency for this event is § x 10=°/hr.

Double encasement of the transfer lins from the canyon to 2u41-H has prevented
any recorded losses of activity to the soil between the facilities, It is
estimated that a sudden loss could oceur from internally induced failures such
as an explosion or flaw, or from externally induced failure such as crushing
or ground shifting at a frequency of 1 x 10=7/hr. In addition, slower losses
could occur from corrosion. The frequency is estimated at 1 x 10'6/111-.

Loss of waste from header failure inside the canyon has occurred at a
frequency of 6 x 10"5/hr, primarily because of leaks, In one case, a blank
had been removed from a waste line, .

On two occasions, waste material backed up into an air tunnel through vents
due to pluggage. Partial pluggage of waste headers occurs about once per
month, but is normally cleared before escape of material occurs, Based on the
record, failure to remove a plug before activity escapes occurs at a frequency
of61 x 10-2/demand., The frequency of activity release is therefore 8 x
10=°/hr.

5.3.6 QResidual Activity Release Events
A residual activity release event is one that allows the residual activity

which accumulates in the secondary confinement to reach personnel areas or the
outside., These events include suckback and air reversals,

5.3.6.1 Suckback

Eighteen cases of suckback from hot canyon of gamma intensity at varying
distances were reported. The data from both F- and H-Area were normalized to
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a distance of three inches to yield a calculated mean of 175 R/hr.
Intensities up to 500 R/hr at § in have been reported.

5.3.6.2 Air Reversal

Air reversals result usually from multiple causes that vary somewhat according
to the affected location. Open doors contributed to half of the recorded
occurrences, In three of the ten cases, maintenance operations were being
performed on the ventilation or power systems at the time and procedural
difficulties were involved. Other contributing causes are local power
failures, damper malfunctions, plugged filters, loss of air balance between
supply and exhaust systems, and ventilation air leaks past barriers,

The overall frequency of air reversals somewhere in the canyon is
5.4 x 10~4%/nr.

5.3.7 gChemical Hazards

Historically, the principal initiators for chemical releases are leaks,
overflows, transfer errors, and uncontrolled reactions (Table 5=16). Only one
(uncontrolled reaction) is classed as a medium-energy event; the others are
low=energy events,

Leaks are normally not a major concern., Typically, leaked material is
confined by a curbing around the vessel apron and flows into a drain leading
to a collection sump on first level. Some volatilization may occur, but the
building ventilation system i1s adequate to protect against high
concentrations. More significant hazards to personnel are the spraying leak
and leaks that travel to clean areas of the building through expansion joints
in the building floor. In a few cases, workers have experienced clothing,
skin, or hair contamination by leaking or spraying chemicals. In other cases,
fumes (from leaked chemicals that caused a chemical reaction) have exceeded
the Acceptable Exposure Limit (AEL) for short periods, but in no case has the
Immediate Danger to Life and Health (IDLH) level been reached. The mean mass
of leaked sclutions cannot be calculated accurately; data are not available.

Overflows behave similarly to leaks, except that splashing is more likely.
Most of the material, however, is confined by the curbing, drain, and sump.
The mean mass of overflowed material in the cold feed preparation (CFP) area
was 3570 1b.

Transfer errors in CFP are generally of economic concern, rather than safety,
because of the undesired mixing with other chemicals, Erroneous movement of
chemicals from third level to the canyon usually is more significant as
discussed in the individual process analyses. The mean mass of material
involved in a transfer error in CFP was 14,620 1b.

Uncontrolled reactions are the least frequent, but potentially the most
hazardous of the mechanisms for removal of storage vessel contents. Because
of the energetic manner in which the material is expelled, the consequences
vary widely. Some will, of course, drain to the collection sump, but much of
the material often sprays into the access aisle, creating high airborne
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TABLE 5-16. Frequencies of Chemical Releases from Cold Feed Preparation Area

Outside Release

Initiating Frequency,® Outside Release Frequency, Release
Event Occurrences/hr Probability®® Occurrences/hr Point

Overflow 3.2 x 10~% 0.007 2.2 x 10~6  Seepage basin

Leak 5.6 x 10-3 0.003 1.7 x 105  Undesignated

Transfer error 5.8 x 10~% 0.03 1.6 x 10=5 211-R

Uncontrolled 3.8 x 10~5 0.026 1.0 x 10  Undesignated
reaction ’ —

Total 3.6 x 107

SData from 200-Area Data bank,

83Data from 200-Area Data bank. Some data includes F-Area data also.
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concentrations. Large ventilation openings provide ample passageway for
airborne movement to the second level where unprotected equipment and
personnel are subject to exposure. The mean mass involved in uncontrolled
reactions in CFP was 2580 1b, However, this value is dominated by
uncontrolled reactions of cold chemicals in canyon processing, rather than in
CFP itself.

5.3.7.1 Frequency of Releases to Outside Areas

The frequency of each initiating event was obtained from Table 5-16. Source
data from the data bank were used to determine the probability that an event
resulted in a release either outside the building or inside the building.
Examples of nonrelease events are overflows or leaks from one tank to another.
The intent in calculating release probabilities is to be sufficiently
conservative so as to allow for those releases of unknown origin that are
detected outside the building, but which may originate in the facility being
analyzed, :

The product of the initiating event frequency and the subsequent probability
of outside release is the frequency of release from CFP to a location outside
221-H (Table 5-16)., The overall frequency is 3.6 x 10=5/hr. Release sites
outside the building are indicated in Table 5-16. S e

5.3.7.2 Frequency of Releases to Occupied Areas

The frequency of releases inside the CFP area was calculated in a similar
manner to that for releases to outside areas above, Results are shown in
Table 5-17. Figure B-8 shows the logic and the frequency values used in this
calculation.

5.3.8 Support Systems

The frequencies of occurrence of failures of ancillary operations and
equipment are discussed in the following sections.

5.3.8.1 Shops and Decontamination Facilities

Frequencies of loss of control of contaminated solutions were discussed in
Sections 5.3.4 and 5.3.5.

Exposure of personnel is under administrative control for radiation and
contamination protection, which is only as effective as the personnel at the
work site, Failure to follow the procedures occurs with a frequency of 10-3
to 10-%/demand. Serious contamination and exposure cases in the canyons
indicate that failure to comply is on the low end of the spectrum, or about
10-4/demand.

Release of airborne activity to personnel areas is estimated to occur at a

frequency of 1 x 10=4/nr., Very limited quantitative data indicate activity
levels in the order of 1 x 103 x RCG.
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TABLE 5-17. Frequencies of Chemical Releases to Occupied Areas

Frequency?,
Type of Incident Occurrences/hr
Hazardous liquids
Overflow 3.3 x 106
Leak 2.4 x 10~%
Transfer error 75 x 10=7
Uncontrolled reaction 1.7 x 10‘6
Total 2.4 x 104
Hazardous vapors
Overflow 3.1 x 10°7
Leak 9.3 x 10~
Transfer error 7.8 x 108
Uncontrolled reaction 2.9 x 10'6
Total 9.6 x 107

#Frequencies were calculated from data in Table 5-16 and Figure B-8.
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5.3.8.2 Cell Covers

The historical frequency of dropping a cell cover has been 2 x 10=5/hr;
however, none have caused significant damage to equipment.

5.3.8.3 Gang Valve Corridors

Frequency data for gang valve failures indicate a mean time between
occurrences of 2,5 days (2 x 10=2/hr), Leaks are reported about once per week
(6 x 10=3/hr). Significant cases of surface contamination are reported about
once per month

5.3.8.4 Cranes

Failure or impairment of é crane or its equipment occurs at a frequency of
once per day. Dominant causes and frequencies are shown in Table 5-18.

The average rate of dropping of loads is about three per year; however, no
major damage has resulted from the dropping incidents.

Damage to crane ancillaries has also occurred. Spalling of concrete beneath
the crane rails occurred in 1979 and required 18 days to complete repairs.
Failures with shielding doors and removable rails occur about three times per
month, primarily with the rail. Thirty to fifty lifting yokes must be
straightened each year.

Hazards to personnel are radiation, contamination, and personal injury.
Radiation exposure occurs primarily during maintenance. Airbdborne
contamination in the crane cabs, primarily from air conditioner failure,
occurs about four times per year on the hot crane and twice per year on the
warm crane, Surface contamination also occurs within the crane cabs,
primarily due to leaks in the air conditioner, gear box, and hydraulic system.
These occur about four times per year in the hot crane and twice a year in the
warm crane. Two personnel injuries have occurred in the past five years.

5.3.8.5 Sample Aisles

Causes and frequencies of equipment malfunctions in the sample aisles are
shown in Table 5=-19, Significant surface or airborne contamination cases
occur about once per week, Radiation fields at the open door to samples occur
at a rate of about once every two weeks, Two fires have been recorded for the
aisle, Fumes have migrated into the sample aisle from the cold chemical
storage area. Two injuries have been recorded.

5.3.8.6 Steam Distribution

Complete area-wide steam outages occur at a rate of 2.7 x 10~3/hr and last an
average of about nine hours. About 25% of these outages are due to failures
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TABLE 5-18. Cause and Frequencies of Crane Malfunctions

Hot Crane Warm Crane
Cause Frequency Frequency
Wheel and bearing failure Infrequent Infrequent
Major brake repair or adjustment Every 2 weeks Once per quarter

Cable replacement
Breakdown of communications
Impact wrenches

Electrical failure

Relamping

Once per month
Once per year
Once per week
1=2 per month

Once per quarter

Every 2 months
Every 3 years
Once per week
1=2 per month

Once per quarter
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TABLE 5-19. Causes and Frequencies of Equipment Malfunotions
in Sample Aisles

Cause Frequency
Failure to sample (all causes) 2 x 10=2/hr
Failure to sample due to plugged sample jet 1 x 10=2/nr
Hoist failure 1/3 weeks
Elevator failure “2/year
Radiation and contamination detection instruments 1/3 weeks
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in the powerhouse, and 75§ are due i:.o failures in the main high-pressure (325
psi) header system.

Reduced steam supply, affecting one or more unit operations for short periods,
-occur with a frequency of 1 x 10=3/hr and is usually due to problems at the
powerhouse (9 x 10=4/nr), 'l'he remainder is caused by failures in the 325 psi
distribution system (2 x 10-%/hr).

Severe condensate header leaks occur at a frequency of 6 x 10-%/nr, In
general these leaks are a nuisance rather than a hazard, aund are tolerated
until a sufficient number occur to justify isolation of the headers. Usually,
they are repaired during scheduled process shutdowns.

Contagimtion spread due to leakage or maintenance occurs at a frequency of 2
x 10%2/hr,

5.3.8.7 Compressed Air

The expected frequency of compressor failure in the plant air, instrument, and
process air systems is 2 x 10=5/hr, and 8 x 10=6/hr for the breathing air
system. Coupled with the probability of electrical failure external to the
compressor motors, the overall expected frequencies of compressed air failure
are 3 x 10~5/hr and 2 x 10~5/hr, respectively.

5.3.8.8 Electrical Distribution

The hierarchy and failure frequencies of the electrical distribution system
were analyzed as part of the ventilation system fault tree in Appendix B of
the H=-Canyon Systems Analysis (1). The expected frequency for failure of a
givgn piece of vital equipment for reason of electrical malfunctionis 2 x
102/ hr,

5.3.8.9 Cooling Water Distribution

Based on the E-Canyon Systems Analysis (1) the expected frequency for failure
to supply cooling water :I.n a normal manner to equipment is calculated to be 4
x 10=2/hr,

5.3.9 Engineered Safetv Features

The frequencies of occurrence of failures of engineered safety features are
discussed in the following sections.

5.3.9.1 Ventilation System

Performance of the sand filter is of prime importance in limiting the amount
of particulate activity released to the atmosphere from operations in the

canyons. No single number can be given for filtration efficiency, but under
routine operating conditions, efficiencies of 99.8% to 99.99% for beta-gamma,
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and 99.5% to 99.9% for alpha activity are normal. However, analysis of stack
emissions, as a function of input activity to the sand filter, shows that at
high input (burst release) the sand filter efficiency is 99.98% (41). The
sand filter units have served well to retain activity and reduce atmospheric
releases except in two specific cases, when failure of a support tile in the
bottom air distribution system lets the gravel and sand fall into the bottom .
supply air tunnel. In general, increased releases are experienced even during
minor disruptions of the sand bed. The bed becomes less effective and
releases sorbed radiocactive material such as 106Ru and 95Zr, The sand bed
becomes less effective if the air flow through the bed is perturbed. These
perturbations may occur in either the process vessel vent system or in the
canyon exhaust air system,

For analysis purposes, the efficiency of the sand filter for all particulates
is assumed to be 99.51%, which corresponds to the worst 97th percentile of the
measured efficiencies (42).

Complete failure of either of these exhaust fan systems could cause an air
reversal, Such complete failure has not occurred to the 221-H exhaust system,
although only one of the fans has been operable on several occasions. Also,
the central air supply fans have all been out at the same time: in 1975 when
a breaker was shorted in Motor Control Center 3, in 1978 and 1979 when the
fans were erroneously shut down for maintenance operations, and in 1979 and
1980 during diesel load tests as shown in Appendix B of the H-Canyon Systems
Analysis (1). '

The dominant contributors to the ventilation system failure are the one
component cut sets that include a major earthquake, exhaust air tunnel
collapse, and stack collapse. Expected frequencies of major earthquakes were
calculated using the "conservative® value of an MM=VIII earthquake, Stack
collapse was based on the frequency of being struck by a tornmado (43). Tunnel
collapse from causes other than earthquake was based on judgement. The
failure frequency of the canyon fans would be most affected by uncertainties
in the above values, The e cted frequency for failure of the entire system
was calculated to be 1 x 10=//hr.

Frequencies of local air reversals are summarized in Table 5-20.

History indicates that the frequency of losing all stack sampling and
monitoring is about 1 x 10=5/hr.

Other ventilation system éingle-component failure rates are shown in Table 5~
21 (44),

5.3.9.2 Water Return and Diversion

The frequencies for the seven mechanisms identified for loss of activity into
plant streams are shown in Table 5-22,

5.3.9.3 Seepage Basins

A complete analysis of the seepage basins is provided in Reference 27.
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TABLE 5-20. FPrequencies of Local Air Reversals

Frequency,
Location Occurrences/hr
Center section 2.2 x 105
Regulated maintenance area 1.1 x 105
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Ventilation System Single Blower Failure Rates

Failure Rate, Occurrences/hr/fan

Ventilation System Air Supply Air Exhaust
Canyon air 7.5 x 10=5 1.2 x 10°%
Central air 1.9 x 10~4 5.0 x 10=5
Process vessel vent - 2.7 x 10'“
Recycle vent - 6.0 x 10=5
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TABLE 5-22. [Frequencies for Release of Activity into Plant Streams
Mechani sm Causes Frequency
Activity in segregated 1 x 10~8%/nr

water

Activity in either
Upper Three Runs or
Four Mile Creek

Major break in effluent
piping

Activity reaching cooling
tower at same time
cooling tower excess is
overflowing to Four Mile
Creek

Improper removal of
contaminated sludge from

delaying basin

Activity sorbs in soil
of effluent ditch

Malfunctions within
canyon

Diversion valve failure
Monitor failure

Personnel error

Activity in segregated or
circulated water systeas

Small break in effluent
piping

Sufficient rain to result
in runoff

Activity in circulated
cooling water and failure

to divert to retention basin

Activity from waste tank

due to heat exchanger leak

Leak in isolation gate
valve and activity in
circulated cooling water

1.5 x 10~4/demand
1 x 10°2/demand
3 x 10~2/demand
8 x 10~T/nr

1.4 x 10~%hr

3 x 10~2/demand
0.2/demand

3x 10=8/demand

1.4 x 10=6/nhr

1 x 10=6/hr

4 x 10~T/nr

1 x 10=10/np

1 x 10~6/nr

2 x 10~6/hr

4 x 10~6/hr
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5.3.9.4 Secondary Confinement for Liquids

The frequency of reported leakage from expansion joints is slightly over once
per month,

Liquids in canyon sumps are monitored by sump liquid-level detectors. The
mean failure frequency is 3.6 x 10=4/hr,

5.3.9.5 Pressure Regulators

A study of the maintenance and repair of Cash regulators shows that some
failures have occurred. However, these failures are infrequent because of
preventive maintenance on these regulators, Some regulators have been
routinely replaced at 6-month intervals, thereby reducing their failure rate
in operation. Cash regulator failures are mechanical in nature (45). The
mean failure rate for each Cash regulator is about one failure every two years
(6 x 10=5/hr).

5.3.9.6 Neutron Monitors

The overall frequency of neutron monitor failures is 4,0 x 10-4/hr for each
monitor unit, :

5.3 ACCIDENT CONSEQUENCES

The source term calculations were performed using the methodology documented
in Appendix A of the H-Canyon Systems Analysis (1). The batch sizes and
isotopic content used as the basis for consequence calculation varied for each
unit operation. These source term calculations are included in Appendix C of
this document.

The techniques used to estimate the amount of activity released to various
locations are described in detail below. In general, the release mechanism is
a liquid release to the canyon floor by whatever initiator is postulated
followed by transport to the stack via evaporation. Assumptions used in these
calculations are documented in Appendix A of the H-Canyon Systems Analysis
(1.

5.4.1 Natural Phepomena

Extremes in winds, earthquakes, and other natural phenomena may adversely
affect operations, The following paragraphs discuss these events.

5-65



DPSTSA-200-10, SUP-5

5.4.1.1 Winds

Two types of winds are considered in this section: straight winds (including
hurricanes) and whirling type winds (including tornadoes). No radionuclide
releases are postulated as the result of winds,

Reinforced concrete buildings are not expected to be affected
by straight winds, even at speeds of up to 175 mph.

. The H-Canyon building is designed to withstand a Design Basis
Tornado (DBT). No release of activity in liquid or finely divided solid form
is expected due to this event,

The canyon building has been analyzed with regard to tormado resistance and
the outer walls would remain intact (28) during a DBT. Uncontained equipment
such as ventilation ducts, electrical services, and exposed pipelines are,
however, vulnerable to missiles., The resistance of truckwell and railroad
airlock doors is questionable, but loss of these doors would not be
significant unless the inner shielding doors were open.

5.4.1.2 Earthquake

The canyon buildings were designed to resist a horizontal force equal to 10%
of the total dead load (including the operating weight of equipment) plus 50%
of the live locad. The canyon building is expected to remain standing and the
outer walls would not be significantly damaged by an earthquake of less than
an intenaity MM VIII (28,29)

The results of the analyses indicate, however, that some of the internal
sections of the buildings marginally meet the no overall collapse criteria,
but local overstressing is possible. Types of possible local failures
include: 1) local crushing failure under combined bending and axial
compression; 2) local failure under combined bending and axial tension; 3)
formation of three hinge failure mechanism in a floor slab; and 4) lateral
instability of a local frame, The building could have possible local failures
as follows:

Building 221-H Section 2 (Typical)

° Floor slabs at levels 3 and 4 along wall A, and at level 4
along column E and wall F - local failure under combined
bending and tension.

° Base of column E a level {1 = local crushing under combined
compression and bending moment with ductility ratio of 1.46 and
ratio of axial load to capacity of 0.48.

® Frame between column E and wall F above level 3 - lateral
instability due to formation of local failure mechanisms.
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Buildipg 221-H Section 6 (Typical)

° Floor slab between column lines D and E, at 2nd floor level =
instability in vertical direction due to formation of three
hinge failure mechanism.

° Base of column D at 1st floor level - local crushing failure
under combined axial compression and bending with ductility
ratio of 1.39 and ratio of axial load to capacity of 0.47.

] Base of column D at 2nd floor level -~ local crushing failure
with ductility ratio of 1.03 and ratio of axial load to
capacity of 0.40.

. Base of column E at 1st floor level ~ local crushing failure
with ductility ratio of 1.13 and ratio of axial load to
capacity of 0.69. )

Closer examination of the above possible fallures indicate the following:

° Floors with the three hinge mechanism could exhibit appreciable
sag, but total collapse is not probable,

° Collapse of columns is not probable due to the redistridution
of lateral load to nearby members and the extra capacity
provided by the dowels for a portion of the height above the
base.

The expected frequency of an MM VIII earthquake is used as the basis for
assuming loss of one~half of the contents of a system to the secondary
confinement with subsequent seepage through cracks into the soil beneath the
canyon. Based on the source term calculations in Appendix A of the H-Canyon
Systems Analysis (1), one half of the contents of a system would be released
to the secondary confinement with subsequent seepage through cracks to the
ground. The consequences for this event would be 0.005% released to the
ground and 5 x 10-5¢ to the atmosphere (8). The source terms for airborne
releases at ground level are shown in detail in Table C-1,

S.4.1.3 Meteorite Impact

For this study, it was assumed that no significant release of activity would
be caused by small meteorites, Damage due to large meteorites is not included
in this analysis due to the low probability of occurrence. This event is
considered to be hypothetical.

5.4.1.4 Other Natural Phenomena Related Events
Cold weather has little effect within H-Canyon except through its effect on
auxiliary services, This results in pluggage of lines and valves that are

located outside of the building. Pipes may burst and instrumentation may
become inoperative., Icing is a prime cause of common mode failure,
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In addition to canyon services being impaired, activity release can occur
through broken lines, Release to controlled storm sewers of 4.8 dis/min-ml
and to the ground of 1 x 105 dis/min have been measured. Releases to the
storm sewer are included in the overall risk due to releases to the seepage
and retention basins, Trebler monitors in lines to the seepage basin have
become inoperative due to freezing, thus reducing the effectiveness for
detecting contaminated line breaks.

There have been no known adverse effects on equipment due to hot weather.

Snow represents an aggravation that can affect normal operations and
maintenance. The largest snowfall recorded (18 in. in February 1973) resulted
in shutdown of canyon operations, primarily due to immobilization of
transportation equipment., Although some damage resulted, it was attributed to
the 14°F minimum temperature following the snowfall,

Occasionally rain has been both an aggravation to a deteriorated situation,
and a damage-inflicting condition in itself, Five cases are recorded of
contamination being spread as a consequence of rain, four of these to outaside
the area perimeter. Although not directly affecting canyon operations, damage
to excavations, cave-in of drain lines, near overflow of seepage basins,
seepage into sand filters, and spurious annular leak alarms on waste tanks
have occurred as a direct result of hard rains,

Leaks within the canyon building have also caused some spread of contamination
and electrical shorting. The parapet walls on the roof have been penetrated
to permit better drainage, but some leakage still occuras,

As in the case of very cold weather, the effectiveness of personnel is reduced
during rain. Routine inapection and maintenance may be limited to essential
equipment, Personnel are less likely to follow detailed procedural steps
during rain than when it is not raining as indicated by recorded general
untoward occurrences. '

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

Lightning has resulted in several spurious alarms being actuated. Alarm
modifications have reduced the incidence but have not completely eliminated
false alarms, Personnel confidence in, and consequence response to, alarms
that have a history of spuriously sounding may be severely reduced.

One electrical power pole fire and one grass fire were attribdbuted to
lightning Also some minor damage has occurred to ocutside equipment on 440 V
systems, These lower voltage systems generally are not protected by lightning
arresters, No radioclogical releases are attributed to lightning.

5.4.2 Externallv Induced Failures
Three significant sources of externally induced failure mechanisms were
identified as possibly significant for canyon operations: adjacent

explosions, adjacent fire, and impact, which includes incidents such as a cell
cover being dropped on a vessel. The overall expected frequency of occurrence
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is calculated to be 1 x 10-5/hr; however, it is estimated that damage
sufficient to cause large losses of vessel contents would occur only 10% of
the time to any specific system.

The contents of a vessel in the canyon could be lost to the canyon sumps as a
result of system failure due to external causes, It is assumed that half of
the vessel conteats would be deposited in a canyon sump. The event tree for
releases from the stack due to externally induced failures is shown in Figure
B=1, The calculation of radionuclide release from the stack is documented in
Appendix A of the H=-Canyon Systems Analysis (1). The results are shown in
detail in Table C=2 of this document,

5.4,2.1 Aircraft Crash

It is expected that an airplane crashing into the wall of a reinforced,
concrete, blasteresistant structure will cause some damage inside the
building. The damage, however, 1s expected to be slight for the size of
aircraft normally flown in this area, and the crash is not expected to lead to
release of activity. Large aircraft with heavy fuel loads that might
penetrate the roof and the cell covers and then explode and burn is assumed to
release 1§ of the total amount of activity being processed at the time of the
accident, This event is assumed to be a ground level release. The overall
frequency of occurrence is 1.4 x 10~11/hr, however, and thus the consequences
of this event were not analyzed separately.

5.4.2.2 Adjacent Explosion
Damage is not expected in HB=-Canyon systems as the result of explosions in an
adjacent facvility (Section 5.1.2.2).

5.4.2.3 Adjacent Fire

Damage is not expected in H~Canyon systems as the result of fires in an
adjacent facility (Section 5.1.2.3).

5.4.3 High Epergetic Events

The consequences associated with an event of this energy could severely
contaminate personnel areas. 0Only an explosion of severe magnitude could
potentially produce this result. Potential explosions in H=Canyon are not
expected to produce consequences this severe, Explosions, therefore, are
treated as medium energetic events,

5.4.4 Medium Epergetic Events

Medium energetic events can contaminate the canyon operating area and some
personnel areas. Examples of medium energetic events include fires,
criticality, and uncontrolled reactions,
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The event tree for medium energetic "event releases from the sta'ck is shown in
Figure B-2. Assumptions used in the source term calculations are discussed in
the following sections,

' 5.4,4.1 Process Fire

No fires have occurred involving process materials, Thus, the fires that were
analyzed are postulated fires in solvent extraction and in ion exchange.

For the postulated fire in solvent extraction, the solvent must be available
outside the contactors, Solvent vaporizes prior to burning, tending to
concentrate nonvolatile components in the unburned residue, Less than 1% of
the radionuclides are expected to become airborne, For analytical purposes, a
partition factor of 1 x 102 was used, For the postulated fire in ion
exchange, resin loaded with 238py accumulates outside the vessel. The event
trees for the two postulated fires in the canyon are shown in Figures B-3 and
B-Y§, The initiator frequencies for these fires were based on the frequency
that materials are available outside the canyon vessels. The radionuclide
releases from the stack for a fire involving 263 1b from a process leak are
shown in detail in Table C.3,

5.4.4.2 Uncontrolled Reaction

The consequences of uncontrolled reactions that resulted in releases of
liquids were quantified in the same manner as that for transfer errors,
described in Section 5.4.5.1. Of the incidents studied for both F- and H-
Canyons, 45% did not result in any liquid release, 42% were spills to the
floor or sump, and 13% sent process material to another vessel., Quantitative
data were not available for 17% of the incidents. The mean mass of material
released from uncontrolled reactions was 2580 1b, No distinction was made
between ion exchange materials and canyon process materials, because only 7%
of the incidents involved ion exchange materials,

Where no liquid release occurred, the consequences were typically a
pressurized vessel, high temperatures, and foaming solution. One incident
resulted in a resin fire on an ion exchange column. Another incident resulted
in a release of airborne ruthenium from the stack,

An uncontrolled reaction that expels liquid from openings in the system or an
explosion of sufficient intensity to rupture a vessel would create an aerosol
of the tank contents which, in the worst case, would f£ill the entire cell
(46). The median size is assumed to be 30 microns (about the maximum size that
could be suspended in the ventilation air)., The upper-limit concentrations
would be 100 mg/m3 for aerosols of liquids, The upper-limit concentration of
100 mg/ m3 for liquids appears reasonable, as it approximates the concentration
of water in a rain or drizzle (47).

Consequences of uncontrolled reactions are based on a mean value of 2580 1b
ejected from the vessel. A postulated explosion in ion exchange is also
considered. Sequence frequencies are based on the frequency that uncontrolled
reaction results in material released to the canyon floor from the individual
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process operations and is released via the ventilation system.  Source: term
calculations are shown in detail in Table C-i.

5.4.,4.,3 Criticality

Prior to 1967, no less than 37 events were experienced throughout the world in
which the power level of fissile systems became uncontrollable because of
unplanned or unexpected changes in system reactivity (48-50). No excursions
of this type have occurred at the Savannah River Plant. The consequences of
the criticality events have varied widely, ranging from minor contamination to
death and significant localized property damage. '

Radioclogical significance of criticality can generally be related to the total
number of fissions occurring during the accidents, coupled with a knowledge of
the physical layout of the facility. Although it is possible to calculate the
maximum number of fissions occurring during a particular accident in a given
system in which the accident is terminated by either scram or disassembly
(50), the cumulative distribution functions for the spectrum of possible
conditions is infeasible to determine. A generic estimate made, however, by
using the information from recorded accidents.

Data from 22 events were selected as a basis for quantification of the
consequences of a possible excursion within the canyoms (48). Three
statistical functions were calculated for both criticality accidents in
solutions, and for criticality accidents in solid systems, The mean number of
fissions for accidents in solutions is2 x 1018, and in solid systems is5 x
1017, The density function and cumulative distribution function are shown in
Table 5-23. Data for consequence calculations used in this analysis are given
in Table 5-24, The event tree for airborne releases due to criticality and
the detailed radionuclide source terms are shown in Figure B=5 and Table C-5,

The cumulative distribution functions are plotted on a log probability graph
as shown in Figure S-4, From this graph, given that a criticality accident
occurs, the probability of the accident involving a total number of fissions
equal to or greater than the value shown may be determined, Application of
this information is made for each operation within the canyons in which a
criticality aceident could occur,

Results of radiation dose calculations from a postulated nuclear incident of
1018 fissions show that the most exposed areas are the warm canyon gang valve
corridor, the warm canyon crane, and the maintenance bridge. The radiation
dose in the gang valve corridor directly opposite the mixer-settlers is 75
rem but less than 0.1 rem if the radiation beam reaching the receptor would
subtend a 30° angle with the 2-ft concrete wall, Radiation doses in the warm
canyon crane cab and the maintenance bridge are 4.5 rem directly above the
incident and only 0.02 rem at 60° from the vertical. These doses are
significantly lower than doses that result in early fatalities

%0.S. Nuclear Regulatory Commission Regulatory Guide 3.34 specifies 1 x 1019
fissions which is in the upper tenth of incident experience. SRP analyses
are based on mean values, to the extent possible, for all incidents.
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TABLE 5-23. Density Functions for Criticality in Canyon Operations

—Solution Svstems - Solid Svstems
Total Cumulative Total Cumulative

Fissions Frequency Distribution Fissions Frequency Distribution
1 x 1019 0.06 0.06 5 x 1018 0.06 0.06

2 x 1018 0.12 0.18 1 x 1018 0.12 0.18

5 x 1017 0.19 0.37 b x 1017 0.19 0.37
121017 0.25 0.62 121017  o0.25 0.62

5 x 1016 0.19 0.81 3 x 1016 0.19 ©0.81

2 x 1016 0.12 0.93 1 x 1016 0.12 '0.93

1 x 1016 0.06 1.00 3 x 1015 0.06 1.00
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TABLE 5-28, Curies of Volatile Pission Products Available
Following 2 x 1018 Pissions in Solution

Nueclide Curies Produced®
83pp 9.2 x 100
84pn 7.0 x 101
85Br 2.6 x 102
131 1.7 x 100
132y 1.4 x 10!
133 3.0 x 101
134 3.8 x 102
135; 1.0 x 102
1367 2.3 x 10%
83my,. 5.1 x 100
85myp 1.2 x 101
87¢r 7.6 x 101
88xp 2.2 x 102
89gp 2.0 x 103
90gp 1.5 x 104
1334, 1.8 x 100
:ggﬂxe 1.1 x 102
Xe 3.2 x 101
137ye 5.9 x 103
138¢e 1.4 x 103
Total 3.8 x 10%

#Includes maximum quantity of significant isotopes (>1 Ci produced) which
occur between 1 minute and 8 hrs after fission,
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5.4.5 Low Epergetic Events

A low energetic event will not destroy the primary confinement barrier (the
canyon vessel) but activity may be released from it. These events by them-
selves do not necessarily expose personnel to radicactivity. Examples of low
energetic events are transfer errors, overflows, leaks, chemical addition
errors, and pluggage.

Rel ease sequences and source terms were developed for airborne releases at
ground level due to transfer errors to 211-H (Figure B-6 and Table C-6) and
for airborne releases from the stack due to transfer errors, overflows, and
leaks to the sump (Figure B-~7 and Tables C-7 = C=9). The fault tree for
releases tc Four Mile Creek from coil failures is shown in Figure B-9; the
source terms developed in Tables C-10 and C-11., Assumptions and data used in
developing the event trees and fault tree are documented in the H-Canyon
Systems Analysis (1) In addition, liquid releases to 211=-H due to transfer
errors are also discussed.

5.4.,5.1 Transfer Error

The course of a transfer error is virtually impossible to predict. Of 221
cases examined, 184 unique errors occurred, Seventeen occurred twice, four
occurred three times, one occurred four times, and two occcurred five times,
For the two cases that occurred five times, one involved adding water to the
6.1D dissolver that was intended for the 6.4D dissolver, and the other
involved adding water to 6.4D that was intended for 6.1

Amounts of material range from a few pounds to more than 400 toms, and
activity levels range from nil to that contained in HAW concentrate, Usually
the larger masses are nonradiocactive chemicals or water.

Direct consequences also vary widely, In most cases, the material is simply
recycled with resulting production delays. In other cases, nonradiocactive
chemicals are discharged irrecoverably to seepags basins where some must be
neutralized. Corrosion of equipment, contamination, radiation, and product
degradation are the most significant consequences, however,

In order to quantify the risk of a failure or error, it is necessary to defire
not only the probability of the occurrence of such a failure or error, but the
consequence. The prima facie consequence of a transfer error is the loss of
control of a liquid containing radiocactive materials. In general, transfer
errors are reported as involving a certain mass of material rather thana
certain number of curies of radiocactivity. Therefore, it was necessary to
quantify the error in terms of mass, and then superimpose radinlogical
considerations by selecting an appropriate process stream.

Masses of materials involved in specific transfer errors were determined from
the data bank and applied categorically to the error as a whole rather than by
attempting to apply the data to the particular operation in which the error
occurred. About U45% of the transfer error reports were explicit with regard
to the mass of materials, The values were grouped primarily according to
activity level; that is, canyon process material, cold chemicals, and water.
A fourth group, ion exchange materials, was also used because the masses
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1nvblved were generally an order of magnitude less than other canyon transfer
errors,

Three statistical functions were calculated for each group of transfer errors;
the mean and median mass of material transferred, and the 90% bounds, The
results are shown in Table 5-25, Consequence data for both F- and H-Canyon
have been combined because of the small difference between measured conse=-
qQuences foar the two areaa,

Airborne Releases. Detailed breakdowns of the quantities of radionuclides
that would be released to the atmosphere due to transfer errors to an outside
facility (211-H) and to the sump are presented in Tables C=§ and C-7, Details
of the source term calculations are documented in Appendix A of the H-Canyon
Systems Analysis (1).

In estimating release due to the airborne risk for a transfer error to the
outside facilities, it was assumed that the probability is 10=2 that the
receiving vessel will fail to contain the material that is erroneously
transferred. Loss of confinement of liquids in the ocutside facilities are
analyzed in Reference 51, based on 634 curies available.

Liquid Releases. Only two plausible mechanisms exist for the release of
liquid materials from the canyon to the environment: a transfer error and a
coil failure. In each case, additional failures of confinement outside the
canyon would have to occur befare such a release frog the canyon would result
in a release to the environment. Consequences of coil failures are discussed
in Section 5.4.5.10.

For a liquid release, the mean loss due to transfer errors is 3170 1lb of
process materials containing 0.048 Ci/1b of actinides and 45 Ci/1bd of fission
products., The radionuclides transferred to 211-H are obtained from the
isotopic fraction as described in Appendix A of Reference 1. These
consequences are summarized in Table 5-26 for various unit operations.

 5.5.5.2 Overflow

Quantification of the consequences of an overflow was done in the same manner
as that for transfer errors, as described in the previous section. The
results are given in Table 5-27 for combined data from F- and H-Canyons.

A detailed breakdown of the radionuclides that would be released to the
atmosphere due to process solution overflows to the sump is presented in Table
C-8, Details of the source term calculations are documented in Appendix A of
the H-Canyon Systems Analysis (1).

5.4.5.3 Leak
Leak data are seldom reported in a manner that allows the mass of material

involved to be determined. For instance, leak rates are often reported, but
not the duration or volume, Therefore, it is assumed for the purpose of
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TABLE 5-25. Masses of Materials Involved in Transfer Errors

System Mean, 1b Median, 1lb 90% Bounds, 1lb
Canyon process 3,170 2,460 434 - 9,000
material

Chemicals 14,620 2,865 133 - 72,250
Water 36,290 2,920 252 - 290,000
Ion exchange 280 94 16 - 2,720
material
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TABLE 5-26.

Liquid Releases to 211-H Due to Transfer Errors

Ci/1b
Frequency, Ci/1b Fission Release rate,
Unit Operation Ocourrences/hr 1b Actinides Products ci Ci/hr
Dissolving 1 x 10-6 3170 0.048 15 1.4 x10°% 1.4 x 107!
Head end 1 x 10-6 3170 0.048 55 1.4 x10° 1.4 x 10!
Solvent Extraction
First Cycle 1 x 10-6 3170 0.047 39 1t.2x10° 1.2 x 16}
Second U Cycle 5 x 1077 3170 - 8.3 x 10°% 2.6 x 109 1.1 x 10°6
?, Second Np Cycle 1t x 10"6 3170 - 3.6 x 10-2 1.1 x 102 1.1 x 10~}
® Total 2.4 x 10-6 - - - - 1.2 x 10~}
Evaporation
HAN 1.5 x 1075 3170 0.0A7 39 . 1.2x10% 1.8 x 10™!
LAW 1.5 x 106 3170 0.011 1.1 x 1074 3.5 x10!' 5.3 x 105
Ion exchange 5 X 10-6 280 7.5 7.3 N.1 x 103 2.1 x 10~2
Waste disposal 2 x 10-6 3170 0.047 39 1.2x10°% 2.5 x 107!
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TABLE 5-27. Masses of Materials Involved in Overflows
System Mean, 1lb Median, 1lb 90% Bounds, 1lb
Canyon process 1,860 575 43 - 7,770
material
Water 2,280 2,700 300 - 5,000
Jon exchange 550 300 15 - 2,000
material :
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conservative analysis that the mean consequence of a leak in ancillary
operations is the release of one sump-full, or 623 1b of solution, calculated
from standard canyon sump dimensions (10 £t3) and.a solution density of 8.33
'1b/gal (1). For process operations, when sump liquid levels are monitored and
controlled more closely, the mean consequence is 263 lb of process material.
The basis is 40% of the sump volume (the difference between the alarm point
for the sump liquid-level detector and the normal sump heel level) and a
solution specific gravity of 1.05.

A detailed breakdown of the radionuclides that would be released to the
atmosphere due to process solution leaks to the sump is presented in Table C-
9. Details of the source term calculations are documented in Appendix A of
the H=-Canyon Systems Analysis (1).

5.4.5.4 Chemical Addition Error

The greatest hazard of the chemical addition error is the initiation of an
uncontrolled chemical or nuclear reaction as discussed in Section 5.4.4.2 or
5.4.4.3. Other consequences are associated with product contamination or
material loss,

5.4.5.5 Pluggage

When pluggage occurs, the usual consequence is process delay. However, in
some cases, the pluggage will result in a backup of materials to the extent
that an overflow results. Loss of materials in the liquid-bearing systems
that could result from pluggage are accounted for in the section on Overflow
(Section 5.4.5.2). Pluggage in the off gas system is discussed in Section
50“.5090 *

A more significant consequence is radiation exposure to personnel during
remcval of the pluggage. Forty-eight reports of high radiation resulting from
pluggage of hot canyon samplers were statistically analyzed.

Mean open door exposure rate 3590/235 mrad/mr/hr
Median open door exposure rate 2000/ 15 mrad/mr/hr
90% range 20,500/1265 to 16/4 mrad/mr/hr

The listed numbers indicate open window (beta-gamma)/closed window (gamma)
readings.

Much lower values are recorded for the warm canyon sample aisle for a mean
value of 16/6 mrad/mr/hr.

5.4.5.6 Siphoning
The likely consequence of siphoning would be to transfer liquid from one

vessel to another with no loss of radicactive material outside the primary
piping and vessel system. The risk is concluded to be nil.
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5.4.5.7 Processing Short-Cooled Fuels

Accidental processing of shortecooled fuels will result in a release of about
0.5% of the iodine charged to the dissolver. This resulted in a release of
1.65 Ci of the 530 Ci of 13'I that was charged. The 1,65 Ci that was released
from F-Area is assumed to be applicable to any potential errors; thus the
release rate is T x 10~0 Ci/hr.

5.4.5.8 Ruthenium'v'alatilization

About 400 mCi of 106Ru were released from the dissolver and 45 mCi were
released from head end. Such releases are generally reported as annual
routine releases due to the effectiveness of the vessel vent system and the
sand filter. .

5.4,5.9 Iodine Reactor Failure

No significant releases of iodine have been reported as a result of failures
in the iodine reactors. During changeout of the Berl saddles from the
cartridges, a radiation field of 4000 mrad/%00 mrem/hr at 30 cm 1is typical.

5.4,5.10 Coil and Tube Failure

In most cases, these failures release no detectable activity to the water
return systems, because the leaking tubes or coils were pressurized so that
water (or steam) leaked into the vessel. The failures were detected by
increasing liquid levels in the vessels or by decreasing specific gravities in
the solutions. '

About once per year, greater than 300 d/m/ml of beta-gamma or greater than 10
d/n/ml of alpha activity is detected by a monitor, and the water is diverted
to a rentention basin with no detectable release to Four Mile Creek, Circu-
lated water is diverted about once every four years (0.25/yr). Segregated
water is diverted about 0.8/yr. The median activity (Table 5-28) is about 0.2
Ci{ per event and the mean value is 17 Ci (26,45,51,52).

In two cases, tank cooling coil leaks resulted in detectable beta-gamma
activity in Four -Mile Creek. In 1966, 30 mCi were released to the creek from
a leak in the 10.2 tank coil. In 1978, 11.5 mCi were released in the creek
from a cooling coil leak in the 8.4 waste neutralization tank. In the latter
case, about five million gallons of water containing about 40 C1 of fission
product activity were diverted to retention basin 281-8H Ninety percent of
this activity was released in the first 180,000 gal (45).

Releases in excess of 40 Ci to a water system are expected to occur at a
frequency no more 3.4 x 10-6/hr (26,52).

As discussed in Section 5.1.5.10, coil failures can allow process materials to
escape the confines of the canyon via the segregated water system or the
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TABLE 5-28. Total Activity Release per Coil Leak (FP- and H-Canyons)

Activity ‘ Cumulative
Released, Ci Frequency Distribution
300 0.02 0.02
2 0.04 | 0.06
1.2 0.06 0.12
0.8 0.08 ©0.20
0.5 : 0.10 0.3
0.3 0.12 0.43
0.2 : 0.14 0.57
0.16 0.12 0.69
0.13 0.10 0.80
0.10 0.08 0.88
0.08 0.06 0.94
0.07 , 0.04 0.98

0.007 0.02 1.00
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circulated cooling water system. The mean frequency for all releases from the
canyon process operations due to coil failures is 1.2 x 10=4/hr; the mean
release is 17 Ci. Radionuclide releases to the reteantion basin from coil
failures in various unit operations are shown in Table C=10.

- Activity in either of these water systems does not constitute a release to the
environment. The circulated cooling water system is normally monitored and
returned to the cooling tower for reuse, The segregated water system 1is
normally monitored and sent via a discharge ditch to Four Mile Creek.
Radicactive contamination in either system is diverted to the retention basin,
either automatically or manually,

As discussed above, failure of the monitoring or diversion system is necessary
to release radicactive material to the cooling tower or to the environment via
Four Mile Creek. The overall release rate is 3.2 x 10=5 Ci/hr, practically
all of which is associated with Four Mile Creek (1). The fault tree for
release of activity to Four Mile Creek is shown in Figure B-9. Radionuclide
releases to Four Mile Creek from coil failures in various unit operations are
based on the release to the retention basin and the probability that the water
is not diverted (0.04) as shown in Table C=11,

Liquid releases to the retention basin and Four Mile Creek are summarized in
Table 5-29.
5.4.5.11 Waste Header Failure

Analysis of the consequences of a waste header failure in the tank farm is be
presented in the revision of Reference 53.

For a sudden release between the canyon and the waste farm, radionuclide
release is assumed to be 150 gal of fresh waste at a concentration of 140
Ci/gal, or 21,000 Ci, For a slow release, the mean leak release is assumed to
be 7 Ci (52). The release Four Mile Creek is 3 x 10=5 Ci/hr.

The consequences of failures of waste headers inside the canyon are included
in Section 5.4.5.3.

The consequences of partial pluggage of waste headers are included in Section
5.“ 05 .2.

5.4.6 Reaidual Release Events

Residual release events may release the residual radiocactivity outside the
process equipment through the confinement barriers, The most significant
consequence is the exposure of operating personnel,

5.4.6.1 Suckback

Eighteen cases from the hot canyon of gamma intensity at varying distances
were reported. The data from both F- and H-Areas were normalized to a
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TABLE 5-29. Liquid Releases to Retention Basin and Four Mile Creek
-~ Due to Coil and Tube Failure

§ Cotl and e e iLe
Operation Tube Failures® Frequency/hr Release, Ci Basin Creek##
Decontamination - 1.5x10~6 0.2 3.0x10=7 1.2x10-8
Dissolving 22 2.6x105 17.2 8.5x10-% 1.8x10°5
Head End 13 1.6x10"5 17.2 2.7x10-4% 1,1x10-5
Solvent Extraction 6 7.2x10~6 19.~6 1.4x10-4 5.6x10~%
Evaporation 57 6.8x10"5 19.6 1.3x10=3 5.43x10-5
Waste Disposal 2 2.4x10-6 19.6 5.7x10-5 1.9x106

8See Table 5-15, Mean frequency for all canyon releases is 1.2x10~%/np,
8%Based on the frequency of release to the retention basin times the

probability that the water is not diverted (0.08) and distribution of coil
and tube failures due to various unit operations,
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distance of 3 in to yield a calculated mean of 175 R/hr. Intensities up to
500 R/hr at 5 in have been reported.

Most suckbacks have been controlled by the installation of an automatically
timed air blow sequence on gang valves; however, at least two have occurred in
H-canyon since 1975.

5.4.6.2 Air Reversal

Air reversals represent a loss of a confinement barrier, Where previous
incidents have left contaminated particulates in a zone, air reversals can
result in airborne activity migration, potentially to occupied areas. The
most undesirable consequence is an uptake by a worker. No uptakes have
occurred as a consequence of an air reversal in B-Canyon. Skin contaminations
or contamination of a work area are less severe consequences, usually
resulting only in lost work time during cleanup., In the ten recorded cases,
nine air reversals resulted in no detectable airborne activity; in one case,
the airborne activity was less than the Radiation Control Guide (RCG). Air
reversal data are given in Table 5=30.

5.4.7 Chemical Hazards

Leaks are the largest contributer to outside releases of hazardous chemicals
(3.6 x 10=5/nr) and of hazardous 1iquid (2.4 x 10=%/hr) or vapor (9.6 x 10=5/
hr) releases to occupied areas (see Tables 5-16 and 5-17). Because of
uncertainty in quantifying the consequences of leaks, it is conservatively
assumed that each release to an occupied area constitutes a potential exposure
of a worker to a hazardous material at or above the acceptable limit:

° The frequency for potential chemical contamination of personnel
due to liquids is 2.4 x 10~%/hr, These incidents may include
effects extending from loss of outer clothing only, to burns to
the skin, or to absorption through the skin with medical
effects depending on the protective clothing in use, the
duration of the exposure, and the mitigating actions taken
afterwvards.,

The SRP minor injury and unusual incident records were compared
to the CFP data from the 200-Area data bank, The probability
that (given a potential exposure to CFP hazardous liquids) an
injury will occur is calculated to be 0.067 for leaks and 0.62
for the other three initiating events (overflow, transfer
error, and uncontrolled reaction). The frequency for hazardous
liquid injury 1is therefore:

(2.4 x 10=4%/hr) (0.067) = 1.6 x 10=5/hr

(5.8 x 10~6/hr) (0.62) = 33.6 x 10~6/nr

TOTAL 2.0 x 10=5/nr

The most likely injury is an acid burn to the skin
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TABLE 5-30. Conséquences of Air Reversals

Airborne activity data reported, cases 10

No measureable airborne activity, cases 21

Inadequate data reported, cases i
Number of air reversals, total cases 35

Mean airborne activity, RCG 31

Median airborne activity, RCG . <0.1

90% bounds, RCG <0.1-132

RCG = Radiation Control Guide:
1 x 109 ,Ci B-v/co air

2 x 1012 uci a/ce air
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® The frequency for potential exposure to hazardous vapors in an
occupied area is 9.6 x 10=5/hr at or above the AEL for that
vapor. The potential for chemical uptakes and for illness
depends on the safety measures taken before the exposure, the
duration of the exposure, and the mitigating actions taken
afterwards,

Neither the SRP records nor the data bank contains a case of
injury from hazardous vapor uptake from any initiating event in
CFP. Therefore, given a potential exposure to hazardous
vapors, the probability that a hazardous vapor uptake occurs in
CFP is assued to be less than 0.15, and the frequency for
hazardous vapor injury in CFP is <1.4 x 10-5/hr. The most
likely event is inhalation of hazardous vapor above the AEL
released either by an uncontrolled reaction or by leaks during
maintenance operations,

5.4.8 Support Svstems

Consequences of failure of ancillary operations and equipment are discussed in
the following sections. Support system failures are considered with the
analysis of the process operations and are not analyzed as separate individual
accident initiators.

5.4.8.1 Shop and Decontamination Facilities

Consequences associated with operation of shop and decontamination facilities
are included in Sections 5.4.4, 5.4.5, and 5.4.7.

5.4.,8.2 Cell Covers

The consequences of dropping a cell cover include damage to the cover itself
and damage to other equipment. Cell covers can also become highly
contaminated during use and present radiation exposure problems, Air
reversals can also result if too many covers are removed.

5.4.8.3 Gang Valve Corridors

The consequences of gang valve failure are failure to transfer process
materials, excessive transfer, local contamination, and suckback.

Valves other than gang valves that have failed in the corridors include steam
block valves, condensate header valves, relief valves, instrument air valves,
and deluge valves. The most common are the steam valves., Inability to
isolate sections of lines or leaks in the corridor are the usual consequence.

Corrosion of concrete around embedded pipe has occurred to some extent as a

result of leaks in the piping. Some embedded piping has been abandoned as 2
result of loss of the structural integrity.
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Fires are relatively rare in the gang valve corridors, 0Only one is recorded
and this occurred in 1956, This involved sparks from welding operations,

Leaks include steam, condensate, and cooling water from the gang valves,
ceiling nozzles, steam headers, and condensate headers. Many of these are
multiple leaks in a single system; especially those involving the steam and
condensate headers. Consequences are contamination, airborne activity,
corrosion, and personnel injury potential.

Significant cases of surface contamination up to 1 x 106 dis/min alpha and
80,000 counts/min beta-gamma have been measured. The usual sources include
seepage through ceiling cracks, pipe leaks, nozzle leaks, maintenance
operations, and during embedded pipe liner installationa,

Normally, admission to the gang valve corridors does not require the use of
respiratory protection. Occasionally, however, airborne aotivity does occur
following leaks or maintenance work, Levels to about 100 RCG have been
recorded but the usual level is much lower.

Significant radiation exposure can occur as a result of spills, suckback,
seepage through conduit in the abandoned "fireye" system, or from coil leaks
into the condensate header. The calculated mean gamma radiation intensity as
a result of suckback is 175 R/hr at 3 in, Seepage through the "fireye"
conduit produces the same order of magnitude field; however, coil failure
radiation intensities are about three orders of magnitude less.

5.4.8.4 Cranes

Consequences of crane failures include impairment of crane functions, damage
to other equipment, and hazards to operating personnel.

Impairment of crane functions essentially stops all cask unloading, fuel
charging, equipment changes, and maintenance. Wheel bearing failures result
in repair times of 1 to 21 days for wheel replacement, Misalignment of wheels
results in excessive wear to the rails, rail supports, and wheels. Brake
malfunction results in the inability to control drift in the hoists or the
potential for not being able to control crane travel. Cables are routinely
inspected for fraying or kinking; however, breaking under load occasionally
occurs. Breakdown of communications problems with the hot cranes are not
significant; warm crane communications continue to be a problem, Impact
wrenches, which are the most used remote tool, are high maintenance items.
Electrical equipment has experienced one fire in the equipment.

Damage may be inflicted on other equipment by crane misoperations. No major
damage has resulted from dropping incidents. Handling errors have resulted in
damage to "fireyes®, limit switches, jumpers, yokes, air conditioners, and
radiation monitors. Other operating errors that can result in damage include
incorrect piping or jumper installation, failure to check clearances, failure
to apply brakes, improperly positioned equipment, and bumping fixed equipment.
Damage to crane ancillaries has also occurred on several occasions., Shielding
doors and removable rails, especially the rails, require frequent maintenance.
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Other failures include blown fuses, sticking doors, lost keys, timer switches,
and bent lifting yokes,

Hazards to personnel include radiation, contamination, and perscnal injury.
Radiation exposure and personal injury occur primarily during maintenance.
Airborne and surface contamination in the crane cabs are caused primarily by
leaks. Typical contamination levels are 1000 counts/min.

5.4.8.5 Sample Aisles

The most significant of the causes of failure to sample is pluggage.
" Normally, pluggage is removed by attaching compressed air fittings from the
blow=down cart or by changing the sampler needles. If these measures fail to
relieve the pluggage, nitric acid is poured through the system. Occasionally,
however, the sampler and/or the jet must be removed from the system and
rodded.

About 5% of the failures of the sample aisle hoists result inall or part c¢f
the hoist falling to the aisle floor, which could result in personnel injury.
The sample aisle elevator also fails, Although this does not present any
hazard to operating personnel, it does disable the normal route for removing
samples from the aiasle,

Significant surface or airborne contamination cases also occur. Normally
respirator protection is not required to enter the aisle, but is required
during sampling, maintenance, or when contamination is present, Nasal
contamination cases, however, occur about every other year.

Radiation fields at the open door to samplers in excess of 1 R/h occur at a
rate of about once every three weeks, These usually are the result of sampler
pluggage, leaks, or broken sample vials,

Two fires have been recorded for the aisle. Both were the result of welding
operations and both occurred during the early years of canyon operation.

One incident of fumes from leaks in the cold chemical storage area migrating
into the sample aisle is recorded.

Two injuries as a result of nitric acid burns are recorded. No contamination
resul ted,

5.4.8.,6 Steam Distribution

Malfunctions in the powerhouse do not necessarily reduce the steam supply to
less than the demand because peak requirements are not continuous, Failure of
the 325 psi header has resulted in steam outages or reduced steam supply for
short periods, No failures in the 221-H supply header were severe enough to
hamper steam supply significantly, nor to present a safety hazard to
personnel. Severe condensate header leaks are considered a nuisance rather
than a hazard.
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It is possible to cause severe radiation or contamination through the steam
system. Suckbacks and coil leaks are the most common, Isolated cases of
process vessel overflow have occurred as a result of an accumulation of steanm
condensate: one as a result of a valving error, and another due to a valve
‘leak, A severe steam leak -through a gang valve caused liquid in one process
vessel to be accidentally Jjetted to another vessel,

5.4.8.,7 Compressed Air

Several significant difficulties couid arise from compressor failure, Should
a canyon vessel coil leak develop, the likelihood of getting activity into the
segregated cooling water is high if the plant air system fails, because the
Cash air controller is on this system, Instrument air failure negates the
effectiveness of many instruments but does not in itself cause a release of
activity, nor does it prevent emergency shutdown of operations. Failure of
the process air system can result in suckback as discussed in Section 5.4.6.1.

Failure of the breathing air compressors does not present a direct hazard to
personnel because a back-up system is available from cylinders connected to a
manifold. Contents of breathing air cylinders are analyzed before
disbursement from Stores, and samples from the manifold system at the 400=-Area
are analyzed weekly; however, it is possible to introduce several undesirable
gases into the system prior to analysis., Compressed Gas Association (CGA)
connections for nitrous oxide, helium, carbon dioxide, argon with 20% oxygen,
and nitrogen with 18.65% oxygen will mate with the breathing air connection,
even though some leakage would be likely. It is also possible for an
incorrect gas to be charged to a breathing air cylinder. No probabilities
have been determined for these occurrences.

5.4.8.8 Electrical Distribution

Failure of the electrical distribution system does not present a direct hazard
to personnel. Consequences of failure to supply power to a piece of equipment
are considered with each unit operation,

5.4.8.9 Cooling Water Distribution

Failure of the cooling water system should- not imply that the contents of
process vessels will immediately boil away. Under most circumstances,

adequate time is available to make necessary repairs, Consequences of failure
to supply cooling water are considered with the appropriate unit operation.

5.4.9 Engineered Safetv Features

Consequences of failures of engineered safety features are discussed in the
following sections.
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5.4.9.1 Ventilation System JELETED VERSION"

Analyses of stack releases were made on the basis of perturbations in canyon
processes, It is concluded that the loss of radicactive material because of
nonenergetic occurrences, such as leaks, do not significantly affect stack
releases. The medium energetic occurrences, such as boiloff, boil over, and
eructation, release less than one-=half of one percent of the vessel contents
to the sand filter intake. Because safety-related occurrences in canyon
proceases do not contribute significantly to above-normal releases, no attempt
is made to correlate events with stack releases. Recognized process events
that can cause small stack releases are criticality, processing short-cooled
materials, and abnormally high temperatureas.

Significant measurable releases to the atmosphere from the stack are caused by
perturbations in the process vessel vent system that ventilates the process
vessels, and the canyon exhaust system that exhausts air from regions over and
around equipment in the warm and hot canyons. These two streams combine
before passing through the sand filter. Each of these systems contributes
about 50% of the radicactivity in the input air to the sand filter.

Perturbations in the canyon ventilation system or in the control air system
can result in air reversals, Consequences of air reversals were discussed in
Section 5.4.6.2. Median airborne activity levels due to local air reversals
are less than 0.1 RCG in the railroad tunnel, center section, or crane
maintenance area,

5.4.9.2 Water Return and Diversion

Consequences associated with the seven mechanisms identified for loss of
liquid borne activity into plant streams are shown in Figure B-9.

Overall, the rate of having activity escape to plant streams through the
cooling water system is 3.2 x 10-5 Ci/hr, about 95% of which is associated
with release to Four Mile Creek.

5.4.9.3 Seepage Basins .

A complete analysis of the seepage basins is provided in Reference 27.

5.4.9,4 Secondary Confinement for Liquids

Gamma radiation intensities in personnel areas due to escape of liquids
through expansion joints generally are about 10§ of that caused by- suckbacks
in the hot gang valve corridor and second level. However, liquid emanating
from the joints is unconfirmed except in specific locations known to be
especially vulnerable, such as in th”personml tunnel. Radiation
levels from negligible to 80 R/h at 3 in have been recorded. Alpha
contamination to 4 x 105 dis/min has been reported.

[ ]
DELETED VERSK Wy~
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No information is curreantly available regarding activity seepage through the
expansion joints into the soil beneath the H-Canyon. Although test drilling
around the periphery of the building are planned (54).

Activity migration through failed embedded instrument conduit running beneath
the cell floors is causing radiation levels in the first level and in the gang
valve corridor in the same range as for expansion joints. Lead shielding has
been required in some cases.

5.4.9.5 'Pressure Regulators

The scenario for a large (>40 Ci) release to the segregated water system
requires that a coil or tube leak occurs at the same time as the Cash
regulator failure (26). That is, the release is initiated by the leak, and
the regulator failure enables this incident to result in measurable
consequences. ‘

5.4.9.6 Neutron Monitors

Consequences of neutron monitor failures are included in the fault tree
analysis of the solvent extraction operations (Section 5.4.4.2).

5.5 RADIOLOGICAL RISKS

The radiological coansequences and risk due to accidents for H-Canyon
operations have been separated into three categories:

° Natural phenomena (Section 5.5.1)
Y Externally induced failures (Section 5.5.2)
o Process related occurrences (Section 5.5.3)

Risk is defined as the product of the radiological consequence of an event and
the expected frequency of the event., The event frequencies were derived in
Section 5.3 for the various aocidents. Radiological consequences are
calculated for three types of effects: 1) overall offsite 50-year dose
commitment for people within 50 miles, 2) onsite 50-year dose commitment to
exposed employees, and 3) dose to the maximally exposed individual at the site
boundary (a child). These radiological consequences were calculated utilizing
the methods described in Section 5.2.5.1 (atmospheric releases) and Section
5.2.5.2 (1iquid releases).

Doses to various body organs for the offsite population, onsite population,
and maximally exposed individual as a result of radionuclide inhalation are
presented in Appendix D. The organs considered besides the total body dose
are the G.I. tract, bone, liver, kidney, thyroid, and lung. These dose
calculations were based on the source terms developed in Section 5.4 and
presented in detail in Appendix C.
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5.5.1 JRisks Due %o Natural Phepomena

For natural phenomena, the type of event leading to significant release is a
seismic event (earthquake). Earthquake frequency and radionuclide release to
the environment are summarized in Table 5-31, As discussed in Section
.5.4.,1.2, the release path is via leakage through cracks (probably at joints)
to the ground and subsequent release to the atmosphere. With respect to
radionuclide distribution for consequence calculations, a distribution
equivalent to that for externally induced failures was used. Calculated risks
for the various unit operations via ground airborne release shown in Table 5-
31. Detailed dose calculations are shown in Tables D=1 to D=3,

5.5.2 Risks Due to Externally Induced Fajlures

For externally induced failures, the type of event leading to significant
release is an impact. Impact frequency and radionuclide release to the
environment are summarized in Table 5-32., As discussed in Section 5.4.2.1,
the release path is via liquid release to the sump and subsequent airborne
release from the 200~ft stack., Calculated risks for the varjious unit
operations are shown in Table 5-32., Detailed dose calculations are shown in
Tables D=4 to D-6.

5.5.3 QRisks Due to Process-Related Qccurrences

For process-related occurrences, various events can lead to airborne releases
at ground level, airborns releases from the stack, and liquid releases to Four
Mile Creek. Accident frequency and radionuclide release to the environment
are summarized in Table 5-33, As discussed in Sections 5.4.3 to 5.4.6, the
releases can be grouped into categories that relate the release energy and the
potential for release outside the confinement barrier., The categories which
include significant releases are medium and low energetic events, . Calculated
risks for the various unit operations are shown in Table 5-33, Detailed
results for dose calculations are shown in Tables D=7 to D-15 for medium
energetic events and Tables D=-16 to D=30 for low energetic events.

5.5.4 Summary of Risks from Accidents

Risks are summarized in Table 5=34 for all accidents and in Table 5-35 for all
unit operations. Table 5«34 shows the total risk for each accident from all
unit operations, Table 5-35 shows the total risk for each unit operation from
all accidents. The risk in terms of whole body dose is 3.8 person-rem/yr for
the offsite population and is 0.71 person=rem/yr for the onsite population,
The maximum calculated risk to an offsite individual at the site boundary is
4.0 x 10-4 rem/yr., Radiological risks from accidents are summarized in Table

5-360
5.5.5 JAisks %o Operating Personnel

Operating personnel in H-Canyon are normally exposed to certain radiological
and nonradiological risks both from normal operations and as a result of
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TABLE 5=-31. Risks Due to Natural Phenomena for H-Canyon Unit Operations'

Risk

Offsite Onsite Offsite
Population, Population, Maximum
Frequency, Release, person-rem/ person-rem/ Individual,

Unit Operation /yr Ci yr yr rem/yr
Dissolver 2.0E=-04 3.4E=02 6.0E=06 2.2E=06 1.3E=-09
Head End 2.0E=04 3.1E=02 5.3E=06 2.0E-06 1.2E=-09
First Cycle 2.0E=04 2.6E=02 4 ,5E-06 1.6E=06 1.0E=09
2nd U Cycle 2.0E-04 5.8E=12 4 4E=-15 1.4E=15 1.3E-18
2nd Np Cycle | 2.0E=-04 4 ,6E-09 6.1E=12 2.3E-12 1.1E=15
HAW Evaporator 2.0E=04 2.9E=02 ) 5.0E-06 1.8E=06 1.1E=09
LAW Evaporator 2.0E=04 1.4E-09 3.1E=-13 1.1E=13 6.5E-17
Ion Exchange 2.0E-04 4.5E-05 9.9E-06 3.8E-06 1.8E-09
High Heat Waste 2.63-0& 2.9E=-02 5.0E=-06 1.8E=06 1.1E=09

Total for all
Unit Operations 3.6E-05 1.3E-05 7.5E~09

®Event leading to significant release is an MM VIII earthquake.
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TABLE 5-32. Risks Due to Externally Induced Failures for H-Canyon Unit Operations#®

Risk

Offsite Onsite Offsite
Population, Population, Maximum
Frequency, Release, person-rem/ person-rem/ Individual,

Unit Operation /yr Ci yr : yr rem/yr
Dissolver 8.8E-03 1.7E+00 2.1E=03 3.TE=04 2.8E-07
Head End 8.8E~03  1.6E+00  1.9E-03  3.3E-04  2.5E-07
First Cycle 8.8E=03 9.6E-01 1.6E=03 2.TE=QU 2.0E-07
2nd U Cycle 8.8E-03 2.0E=10 1.4E=12 2.2E=13 2.5E-16
2nd Np Cycle 8.8E-03 1.5E=07 2.0E=09 3.TE=10 2.1E=13
HAW Evaporator 8.8E-03 1.1E+00 1.7TE=03 3.0E~Q4 _2.33—07
LAW Evaporator 8.8E-03 4 ,4E-08 1;08-10 1.8E=-11 1.3E=-14
Ion Exchange 8.8E=03 4 ,9E-04 3.2E=03 6 .0E=0U 3.3E=07
High Heat Waste 8.8E-03 1.1E+00 1.TE=03 3.0E=-04 2.3E=-07
Total for all _ |
Unit Operations 1.2E=02 2.2E-03 1.5E=-06

SEvent leading to significant release is impact.
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TABLE 5-33.

Risks Due to Process Related Occurrences for H-Canyon Unit Operations

Risk

Offaite Onsite Offsaite

Population, Population, Maximum
Frequency, Release, person-rea/ person-rea/ Individual,

Unit Operation Aocident Category Accident /yr (41 [ d b L rea/yr
Decontamination Low Energetic Tranafer Error to 211-H 1.8E-05 1.5E-08 2.28-09 8.1E-10 §.92-13
(Adrborne) Transfer Brror to Sump 3.58-03 7.0BE-07 1.7E-09 2.92-90 2.18-13
Overflow to Sump 8.48-03 §.2E-07 1.2B-09 2.1E-10 1.5E-13
Leak to Sump N.2E:00 1.8E-07 3.98-07 6 .82-08 8.9E-11
Total (Airborne) 3.98-07 6.98-08 5.0B-11
Coil Fatilure (Liquid) 5.3E-0M 2.0E-01 1.98-05 1.6E-09
Total (Airborns) 3.98-07 6.98-08 5.0E-11
Dissolver Medium Energetic Uncontrolled Reaction T.92-01 1.6E-01 1.3E-02 2.1E-03 2.0E-06
(Airborne) Criticality 1.38-05 §.8E.0N 1.9E-05 4.38-05 1.7E-08
Total (Airborne) ' 1.38-02  2.1B-03  2.0E-06
Low Energetic Tranafer Error to 211-H 7.0B-05 3.1E+00 3.1E-08 1.2B-04 5.6E-08
(Afirborme) Tranafer Error to Sump 1.8E-02 1.7E-01 3.3E-0M 5.8E-05 §.4E-08
Overflow to Sump 3.58-01 9.9E-02 N.9E-03 8.5E-04 6 .0ME-07
Leak to Sump 5.8E-01 1.8E-02 1.18-03 1.8E-00 1.0E-07
Processing Short-Cooled Fuels 3.5E-02 1.7E+00 3.6B-03 6.1E-04 5.5E-07
Ruthenium Volatilisation 8.8E-02 §.0E-01 1.1E-03 1.5E-08 2.0E-07
Total (Airborne) 1.18-02 2.0E-03 1.6E-06
Coil Failure (Liquid) 9.1E-03 2.5E-01 2.2B-02 1.9E-06
Total (Airborne) 2.4E-02 §.1E-03 3.7E-06
Head End Medium Energetio Unocontrolled Resction 1.8E-02 1.5E-01 5.6 E~0h 9.8E-05 7.2E-08
(Atirborne) Criticality 1.1E-08 §.BB+0N 1.6E-08 3.5E-08 1.0E-07
Total (Airborne) 7.2B-0% §.5B-0A 2.1E-07
Low Energetic Tranafer Error to 211-H 1.1E-0% 2.2E+01 7.0E-0M 2.TE-0N 1.8E-07
(Atirborne) Tranafer Error to Sump 2.1E-02 1.5E-01 4.5E-0% 7.8E-05 5.9E-08
Overflow to Sump 8.0E-02 8.9E-02 1.1E-03 1.9E-04 1.4E-07
Leak to Sump i.nzo_oo 1.3B-02 7.6E-03 1.3E-03 1.0E-06
Ruthenium Volatilization 8.88-02 §.5E-02 1.2E-08 1.7E-05 2.3E-08
Total (Airborne) 1.0E-02 1.9E-03 1.0E-06
Coil Failure (Liquid) 5.6E-03 1.7E+01% 1.4E-02 1.1E-06
Total (Airborne) 1.1E-02 z.3E-03 1.6E-06
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TABLE 5-33.

Risks Due to Procesa Related Occurrences for B-Canyon Unit Operations (Continued)

Risk

Offaite Onsite Offsite

Population, Population, Maximum
Frequency, BReleass, person-rema/ person-rem/ Individusl,

Unit Operation Accident Category Acoident /yr ci yr yr rea/yr
First Cycle Medium Ensrgetio Fire 6.1E-04 5.8E-01 2.3E-08 8, 1E-05 2.98-08
(Airborme) Uncontrolled Reaction 8.88-02 9.8E-02 1.2B-03 1.9E-0% 1.02-07
Criticality 1.68-03 §.0B+:00 2.38-03 5.18-03 2.1E-06
Total (Atrborme) 3.78-03 5.0E-03 2.3B-06
Low Energetic Tranafer Error to 211-H 1.1E-08 1.98+.01 5.40E-08 1.98-04 1.28-07
(Airborns) Transfer Error to Sump 2.2E-02 9.38-02 3.88-04 6.72-05 5.08-00
Overflow to Sump 3.35-01 5.5B-02 3.0R-03 5.98-04 8 .NE-07
Leak to Sump 6.38+00 71.6E-03 9.1E-03 1.6E-03 1.2B-06
Total (Atirborme) 1.38-02 2.42-03 1.8E-06
Coil Feilure (Liquid) 8.4E-04 2.0B+01 2.1B-03 1.8E-07
Total (Airborne) 1.7TE-02 7.8E-03 §.1B-06
2nd U Cyclas Medium Energetio Mre 6.1E-08 9.4R-06 1.6E-08 2.58-09 2.9E-12
(Airborne) Uncontrolled Reaction 8.8E-02 3.9E-07 9.2E-08 1.8E-08 1.6E-11
Criticality 1.6E-03 N.8E+0N 2.3E-03 5.1E-03 2.1E-06
Total (Airborne) 2.38-03 5.18-03 2.VE-06
Low Energetio Transfer Error to 211-H 3.78-05 6.7E-09 3.6E-13 1.28-13 9.7TE~17
(Airborns) Transfer Brror to Sump 7.88-03 3.3E-11 2.0E-13 3.0E-1% 3.0E-17
Overflow to Sump 3.0E-02 1.9E-11 8. TE-13 7.0E-14 8.1E-17
Leak to Sump 3.2E+00 2.78-32 7.0E-12 1.0B-12 1.2E-15
Total (Airborne) 8.1E-12 1.38-12 1.8E-15
Coil Fsilure (Liquid) 8.4K-08 6.9E-09 7.48-13 6.3E-17
Totsl (Airborns) 2.3E-03 5.1E-03 2.1E-06
2nd Mp Cycla Medium Energetic Pire 6.1E-04 5.1E-08 1.3E-06 2.88-07 1.4E-10
(Airborne) Uncontrolled Reaction 8.8E-02 1.88-05 7.8E-06 1.0E-06 8.3BE-10
Total (Airborne) 9.1E-06 1.78-06 9.7E~10
Low Energetic Trensfer Error to 211-H 9.6B-05 1.2E-05 2.3BE-09 9.0E-10 N AE-13
(Airdorne) Transfer Error to Sump 1.9E-02 5.9E-08 1.7E-09 3.2E-10 1.9E-10
Overflow to Sump 5.8E-02 3.5E-08 2.9E-09 5.3E-10 3.1E-10
Leak to Sump 1.12+01 4.9E-09 7.8E-08 1.8B-08 8.3E-09
Total (Airborne) 8.5E-08 1.6E-08 8.8E~09
Coil I’-';;lure {Liquid) 8.4E-0N 9.3E-02 1.0E-09 1.2E-13

Total (Alrborne) 9.2E-06  1.7E-06

9.8E-09
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Risks Due to Process Related Oocurrences for H-Canyon Unit Operations (Continued)

Risk

R Offsaite Onsite Offaite

Popul ation, Population, Maximum
Frequency, Release, person-res/ person-rea/ Individual,

Unit Operation Aooident Category Acoident /yr C yr yr rea/yr
HAN Evaporator Medium Bnergetio Uncontrolled Reaction 3.0B-01 1.1E-01 1.08-02 1.08-03 1.38-06

(Airborne)
Low Energetio Transfer Error to 211-H 1.4B-00 2.1E+01 7.48-08 ‘2.6E-08 1.7E-07
(Atrdborns) Transfer Error to Sump 2.08-02 1.0B-01 5.58-08 9.58-05 7.1E-08
Overflow to Sump 3.98-01 6.18-02 4,.5K-03 7.0B-08 5.88-07
Leak to Sump 1.6E+01 8.68-03 2.08-02 3.78-03 2.3B-06
Total (Airborne) 2.6B-02 5.02-03 3.1E-06
Coil Faflure (Ligquid) 1.28-02 2.0E+01 3.0B-02 2.5E-06
Total (Airborme) 3.6E-02 6.68-03 N.NE-06
LA Bvaporstor Medium Energetioc Uncontrolled Resction 2.32-01 §.58-06 8.7E-07 1.58-07 1.4E-10
(Adrborne)

Low Energetic Transfer Error to 211-H 1.0E-08 8.8E-07 N.AE-11 1.6B-11 9.6E-15
(Atrdorne) Tranafer Error to Sump 2.8B-02 §.3E-09 3.3E-1% 5.88-12 N, 1E-15
Overflow to Sump 3.98-01 2.58-09 2.TE-10 §.0B-11 3.3E-10
Leak to Sump 1.6E+01 3.6E-10 2.1E-04 2.98-05 §.0E-08
Total (Airborne) 2.1E-0M 2.95-05 §.0E-08
Coil PFailurs (Liquid) 1.2B-02 8.2B-07 1.32-09 1.1E-13
Total (Airborns) 2.18-08 2.98-05 4.0E-08
Ion Bxchangs Modium Ensrgetioc Fire 3.68-02 2.9E-02 7.78-01 1.0E-01 8.0E-05
(Airborne) Uncontrolled Reaction 1.9E-02 1.5E-03 N .AE-01 8.28-02 §.6E-05
Explosion .AB-0N 2.5E-02 8.2E-03 1.58-03 8.5E-07
Total (Airborne) 1.2E+00 2.3E-01 1.3E-00
Low Energetic Transfer Error to 211-H §.0K-00 5.6E~02 2.2E-02 8.6E-03 §.0B-06
(Adrborne) Transfer Error to Sump 8.1E-02 2.8E-04 1.6E-02 3.1E-03 1.7E-06
Overflow to Sump 8.8E-01 5.8E-08 3.5B-01 6.6B-02 3.7TE-05
Leak to Sump 1.1E+01 2.6E-04 2.0B«00 3.8E-01 2.1E-04
Total (Airborme) 2.0E4+00 §.6E-01 2.5E-0N
Total (Airborne) 3.6E+00 6.8E-01 3.8E-04
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‘Risks Due to Process Related Occurrences for H-Canyon Unit Operations (Continued)

Riak

Offaite . Onsits Offeite

Population, Population, Haxisums
. Prequency, Release, person-rea/ person-rea/ Individual,

Unit Operation Aoccident Category Accident /yr Cc1 yr yr remw/yr
High Heat Waste Medium Ensrgetic Uncontrolled Reaction 1.0B-01 1.1E-01 5.38-03 9.3E-0M 6.8B-07

(Adirborns)

Low Ensrgetio Trensfer Error to 211-H 1.8E-04 2.1B:01 9.2B-08 3.3E-08 2.1E-07
(Adrborns) Transfer Error to Sump 3.58-02 1.0E-01 6.0K-08 1.2E-08 8.9E-08
Overflow to Sump 5.38-01 6.1B-02 6.02-03 1.08-03 1.8E-07
Leak to Sump 6.1B-01 8.6E-03 7.0E-00 1.4B-08 6.82-008
Total (Adrborne) 8.4E-03 1.68-03 1.2E-06
Cofl Paglure (Liquid) ' 8.AB-ON  2.8E-01  2.1E-03 1.08-07
Total (Airborme) 1.0E-02 2.6E-03 1.8E-06
Totsl for all Medium Energetio Fire T.TE-01 1.4E-01 8.0E-05
Unit Operations (Adirborne) Uncontrolled Reaction §.7E-01 8.7E-02 5.0E-05
Explosion 8.2E-03 1.5E-03 8.5E-07
Criticality §.8E-03 1.1E-02 N.3E-06
Totsl (Airborns) 1.3E+00 2.0E-01 1.3E-0N8
Low Energetic Transfer Error to 211-H 2.5B-02 9.8E-03 8. 7E-06
(Airborne) Transfer Error to Sump 1.98-02 3.5B-03 2.0E-06
Overflow to Sump 3.7E-01 6.9E-02 3.9E-05
Leak to Sump . 2.1E+00 3.9E-01 2.1E-0%
Proceasing Short-Cooled Fuels 3.6E-03 6.1E-0M 5.5E-07
Ruthenium Volatilization 1.2E-03 1.7E-0M 2.3E-07
Total (Airborns) 2.5E+00 8. 7TE-01 2.6E-00
Coil Faillure (Liquid) 7.0BE-02 5.9E-06
Total (Airborne) 3.7E+00 7.1E-01 §.0E-0h
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FIGURE 5-38. Summary of Risks for B-Canyon Accidents for All Unit Operations
Risk
Offsite Onsite Offsite
Population, Populaticn, Maximum
person-res/ person-rea/ Individual,
Acoident yr yr rem/yr
Natural Phencmena 3.6E=05 1.38-05 7.5E=09
Extermally Induced Failures 1.2B=02 2.28-03 1.5E=-06
Process Related Ocourrences ‘
Medium Energetic Fire T.TE=01 1.4E=01 8. .0E~05
(Airborne) Uncontrolled Reaction 4. TE=-01 8.TE=02 5.0E=05
Explosion 8 .2E=03 1.58=-03 8.5E=07
Criticality 44,8803 1.1E=02 §.3E=-06
Total (Airborns) 1.3E+:00 2.4E=-01 1.3E-08
Low Energetic Tranafer Error to 211-H 2.6B=02 9.8B-03 8, TE=06
(Airborne) Tranafer Error to Sump 1.9E=02 3.5B=03 2.0E=-06
Overflow to Sump 3.7TE=01 6 .9E-02 3.9E=05
Leak to Sump 2.1E+00 3.8B=-01 2.1E=-04
Processing Short-Cooled Fuels 3.6E=03 6.1E-04 5.5E-07
Ruthenium Volatilization 1.2E=-03 1.TE=04 2.3E=07
Total (Airborne) 2.5E+00 & .6B=01 2.6E-08
Coil Failure (Liquid) 7.0B=02 5.9E-06
Total (Airborns) 3.7E+00 T.1E=01 4 .0E=-04
Total (Process Occurrences) 3.8E+00 7.1E-01 4.0E-04
Total for all accidents Airborne 3.TE+00 T.1E=01 4.0E-04
Liquid 7.0E-02 5.9E-06
Total 3.8B+00 7.1E=01 4,.0E=-04
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Susmary of Risks for B-Canyon Unit Operations for All Accidents

Risk

Offsite Onsite Offsite

Population, Population, Maximum
person-rem/ person-rem/ Individual,

Unit Operation Accident Category v yr rea/yr
Decontamination Process Ocourrences (Airborns) 3.9E=07 6.9E=-08 5.0E-11
Process Occurrences (Coil Failure) 1.9E=05 1.6E=09
Total (Airborns) 3.9E=07 6.9E-08 5.0E=11
Total (Liquid) 1.9B=05 1.6E-09
Total .1 «9E=05 6.9E-08 1.6E=09
Dissolver Natural Phencmema 6 .0E=-06 2.2E=-06 1.3E=09
Externally Induced Failures 2.1E=03 3.TE=03 2.8E=07
Process Ococurrences (Airborns) 2.5E-02 3.1E=03 3.7E-06
Process Ocourrences (Coil Failure) 2.2B=-02 1.9E=06
Total (Airborns) 2.TE=02 4 ,5E-03 4 .0E~06
Total (Liquid) 2.2E=02 1.9E=-06
Total §.9B~02 4 .5E=03 5.8E=06
Head End Natural Phencmena '8 .4E=-06 2.0E-06 1.2E~09
- Externally Induced Failures 1.9E=03 3.4E=04 2.5E-07
Process Occurrences (Airborne) 1.1E=02 2.3E=03 1.6E=06
Process Ococurrences (Coil Failure) 1.3E=02 1.2E=06
Total (Airborne) 1.3B=02 2.6B-03 1.8E-06
Total (Liquid). 1.4E=02 1.2E-06
Total 2.6E-02 2.6E=03 3.0E-06
First Cycle Natural Phencmena § .5E-06 1.7E=06 1.0E-09
. Extermally Induced Failures 1.6E~03 2.7E=-04 2.0E-07
Process Ocourrences (Airborne) 1.7E=02 7.8E=03 §.1E-06
| Process Ocourrences (Coil Failure) 2.1E=03 1.8E=07
Total (Airborns) 1.9B=~02 8.1E-03 4 ,3E-06
Total (Liquid) 2.1E=03 1.8E-07
Total 2.1E=Q2 8.1E=-03 4 ,5E-06
2nd U Cycle = - Ratural Phencmena R,4E~15 1.3E=-15 1.3E=-18
L Extermally Induced Failures 1.5B=12 2.2E=13 2.5E=16
Process Occurrences (Airborns) 2.3E~03 5.2E-03 2.1E=06
Process Occurrences (Coil Failure) T.4E~13 6.3E-17
Total (Airborne) 2.3E~03 5.2E=-03 2.1E=-06
Total (Liquid) 7.8E=-13 6.3E-17
Total 2.3E=03 5.2E-03 2.1E=06
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Summary of Risks for B-Canyon Unit Operations for All Accidents

({Continued)

Risk

Offaite Onsite Offsite

Population, Population, Maximum
person-rem/ person-rem/ Individual,

Unit Operation Accident Category yr yr rea/ yr
2nd Np Cycle Natural Phenomena 6.1E=12 2.3E=12 1.1E=15
Externally Induced Failures 2.0E=09 3.7TE=10 2.1E=13
Process Occurrences (Airborne) 9.1E-06 1.6E=06 9.7E=-10
Process Ocourrences (Coil Failure) 1.4E=09 1.2E=13
Total (Airborne) 9.1E=06 1.6 E~06 9.7E=10
Total (Liquid) 1.0E=09 1.2E=13
Total 9.1E=06 1.6E=-06 9.7E=-10
HAW Evaporator Ratural Phenomena 5.08=06 1.8E-06 1.1E~09
Externally Induced Failures 1.7E=03 3.0E=04 2.3E=07
Process Occurrences (Airborns) 3.6E=02 6 .6E=03 3.3E-06
Process Occurrences (Coil Failure) 3.0E-02 2.6E=06
Total (Airborns) 3.8B=02 6 .9E=03 ~ B.6E=-06
Total (Liquid) 3.0B-02 2.6E=06
Total 6.8E-02 6.9E-03 7T.2E=-06
LAW Evaporator Natural Phencaena 3.1E=13 1.1E=13 6 .5E=-17
Externmally Induced Failures 1.0E=10 1.8E=11 1.3E=14
Process Occurrences (Airborns) 2.1E=04 3.0E-05 5 ,0E=-08
Proceas Occurrences (Coil Fa;luro) 1.3E-09 1.1E=13
Total (Airborne) 2.1E=08 3.0E=05 4.0E-08
Total (Liquid) 1.3E=09 . 1.1E=13
Total 2.1E=04 3.0E=05 4.0E-08
"Ion Exchange Natural Phenomena 9.9E-06 3.8E-06 1.8E=~09
Externally Induced Failures 3.2E=-03 6 .0E=-08% 3.3E-07
Process Occurrences (Airborns) 3.6E+00 6 .8E-01 3.8E-04
Total (Airborns) 3.6E+00 6 .8E=01 3.8E-04
Total 3.6E+00 6 .8E=-01 3.8E-004
High Heat Waste Natural Phenocmena 5.0E=06 1.8E=06 1.1E=09
Externally Induced Failures 1.7E=03 3.0E=04 2.3E=07
Proceas Ocourrences (Airborns) 1.4E=02 . 2.6B=03 1.9E=06
Process Occurrences (Coil Failure) 2.2E=03 1.8E=-07
Total (Airborne) 1.5BE=02 2.9E-03 2.1E=06
Total (Liquid) 2.2E=03 1.8E=07
Total 1.8E=02 2.9B-03 2.3E=06
Total for all Airborne 3.TE+00 7T.1E=01 4 ,0E-04
Unit Operations Liquid 7.0E=02 5.9E=06
Total 3.8E+00 T.1E=01 4.0E-04
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TABLE 5-36, Summary of Risk for Accidents

Risks Due to Accidents

Externally

Natural Induced Process
Pathways Phenomena Failures Operations Total
Airborns Release to 3.6x10"5 1.2x10"2 3.7x100 3.7x10°
Offsite Population,
Person-rem/yr
Airborne Release to 1.3x10=5 2.2x10"3 7.1x10~1 7.1x10"1
Onsite Population
Person-rem/yr
Airborne Release to 7.5x10=9 1.5x10-6 4,0x10~4 4,0x10-4
Offsite Maximum , ‘
Individual, ream/yr
Liquid Releases to -— - . 7.0x10=2 7.0x10-2
Offsite Population,
Person-rem/yr®
Liquid Releases to - - 5.9x10~6 5.9x10-6

Offsite Maximum
Individual, rem/yr#®

irect release to Four Mile Creek.
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potential accidents, A concerted effort is made to maintain these risks to as
low as reasonably achievable as discussed in Section 4.9. Radioclogical risks
include direct exposures to penetrating radiation and assimilation of
radicactive materials, Exposure of operating personnel to radiological risks
due to potential conditions uniquely different from normal industrial practice
also occurs. Nonradiological risks include chemical exposure and toxicity
from normal industrial hazards such as improper handling of tools and
equipment. The hazards and risks associated with normal operation are
discussed in Section 4.9. There are several safety related occurrences which
can result in the potential radiological expcsure of operating rersonnel in
addition to the normal exposures. Thess occurrences are discussed in detail
in Section 5.4 and Reference 1, and summarized below. '

Radiation dose calculations from a postulated nuclear incident of 1018
fissions show that the most exposed areas are the warm canyon gang valve
corridor, the warm canyon crane, and the maintenance bridge. The radiation
dose in the gang valve corridor directly opposite the miver-settlers is 75
rem, but less than 0.1 rem if the radiation beam reaching - 2 receptor would
subtend a 30° angle with a 2-ft concrete wall. Radiation .>ses in the warm
canyon crane cab and the maintenance bridge are 4.5 rem if the occurrence is
directly below the crane or bridge and 0.02 rem at 60° from the vertical.

A significant consequence of pluggage in sample lines is radiation exposure to
personnel during removal of the pluggage. Radiation resulting from pluggage
of hot canyon samplers has been estimated to be:

Mean open door exposure rate 3590/235 mrad/mr/hr
Median open door exposure rate 2000/15 mrad/mr/hr
90% range 20,500/ 1265 to 16/4 mrad/mr/hr

The first of the listed dose values is the open window or beta-éamma dose
while the second is the closed window or gamma dose.

Other exposures in the sample aisles include radiation fields at the open door
to samplers in excess of 1 R/hr which occur at a rate of about once every two
- weeks, These usually are the result of sampler pluggage, leaks, or broken
sample vials,

No significant releases of iodine have been reported as a result of failures
in the iodine reactors, However, during changeout of the Berl saddles fronm
the cartridges, a radiation field of 4000 mrad/300 mrem/hr at 1 ft is typical.

Air reversals represent a loss of ventilation system function and its
capability to control the spread of airborne radicactive material. While
previous incidents have left contaminated particulates in a zone, air
reversals can result in airborne activity migration, potentially to occupied
areas. The most undesirable consequence is an uptake by a worker. Uptakes
were experienced in 5% of the air-reversal cases, Skin'contamination or
contamination of a work area are less severe, usually resulting only in lost
work time during cleanup. Many air reversals result in no detectable airborne
activity or contamination spread. Air reversal data were given in Table 5-30.
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Significant cases of surface contamination to 1 x 106 dis/min alpha and 80,000
counts/min beta=gamma have been measured in the gang valve corridors. The
usual sources include seepage through ceiling cracks, pipe leaks, nozzle
leaks, maintenance operations, and leakage during embedded pipe liner
installations.

Significant radiation exposure can occur as a result of spills, suckback, or
seepage through conduit in the abandonsd "fireye" system, or from coil leaks
into the condensate header. The calculated mean gamma radiation intensity as
a result of suckback is 175 R/hr at 3 in. Seepage through the "fireye"
conduit produces the same order of magnitude field; however, coil failure
radiation intensities are about the three orders of magnitude less.

Gamma radiation intensities in personnel areas due to escape of liquids
through expansion joints generally are about 10% of that caused by suckbacks
in the hot gang valve corridor and second level, However, liquid emanating
from the joints is uncontained except in specific locations known to be
especially vulnerable, such as in the! ersonnel tunnel,
Instensities range from a few thousand counts per minute to 500 R/hr at 3 in.
Alpha contamination to 6 x 105 counts/min has been reported

Activity migration through failed embedded instrument condulit running beneath
the cell floors is causing radiation intensities in the first level and in the
gang valve corridor in the same range as for expansion joints, Lead shielding
has been required in some ocases,

Personnel may be exposed to high radiation fields during equipment handling in
the railroad tunnel, either as a result of some action on the part of the
recipient, or as a result of some situation beyond his control, Generally,
about 5% of the cases of radiation exposure were the result of carelessness on
the part of the recipient, Contrarily, situations in which the recipient
could not have exercised reasonable control inocluded high radiation fron
equipment being handled, shielding door being opened with personnel in the
airlock, and radiation from fuel that was dropped earlier and not immediately
recovered from atop cell covers. Radiation fields of up to 25 R/hr at 10 £t
have been experienced in the railroad tunnel.

5.6 ACCIDENT MITIGATION

This section summarizes the design features and the physical and administra-
tive controls which can be implemented to reduce accident risks that have been
identified. Section 6 further describes the safety related systems and
administrative controls that are available to reduce the occurrence of safety-
related inoidents,

5.6.1 Natural Phepomena

5.6.1.1 Winds and Tornadoes
Building 221-H is designed as a "™last resistant structure” to withstand 1000

lb/sq ft pressure, The design basis tornado corresponds to an Intensity 5 on
the Fujita scale (261-318 mph) with a probability of striking the SRP site of

sDELETED VERSIGN 5-105



DPSTSA-200-10, SUPR-5

8 x 10-8/yr. Even through a tornado of this intenmsity might cause damage to
outside ductwork (e.g., the air supply), the truckwell or the tunnel airlock,
the radiological hazard would not be affected beyond a possible air reversal
of a few seconds duration in the event the eye of the tornado moved directly
over the building, The low frequency of occurrence makes further
consideration unproductive., Although winds up to 175 mph are more frequent (1
x 10=5/yr) the expected velocity is less than in the design basis tornado and
further consideration of the consequences was not taken.

545.1.2 Earthquake

The canyon building is designed to resist an MM VIII earthquake that has an
expected frequency of 2 x 10"“/yr.

5.6.1.3 Meteorite

The estimated frequency of a meteorite impact is so low (1 x 10=15/hr) that
this event is considered hypothetical,

5.6.1.4 Floods

The elevation of the H-Canyon facility of 100=-ft above the floor of any nearby
valley precludes a flood engulfing the area.

5.6.1.5 Other Natural Fhencmena

Extremes in temperatures, rain, snow or lightning are not expected to result
in increased releases of radiocactive material from F=Canyon, even though some
operations may be halted. The effect of heavy rain and of lightning that
frequently accompanies the rain, aggravates operations (false alarms, loss of
normal power) but does not result in an abnormal release of radiocactive
materials from the systems,

The occurrence of frozen lines and degraded performance of instruments and
valve-operation during periods of low temperature snow and ice retards the
progress of operations but has no effect on radiological releases from the
facility.

5.6.2 Externallv Induced Failures

The consequences of fires and/or explosions in adjacent facilities are
included in the events considered under impact. The releases assumed to occur
from the stack are low. Emergency evacuation procedures would limit the
exposure of operating personnel. The remote location of the facilities from
the public at large limits the number of individuals involved in any
evacuation, In addition, site emergency plans include procedures for the
evacuation of potentially exposed populations located in the down wind sector.
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The frequency of an aircraft impacting the H-Canyon building is estimated at

14 x 10=11/nr.  When considered with the low damage associated with the small

planes normally flown in the area, the consequences of the event fall to a
very low level, Only the consequences of a large aircraft with a full fuel
load is considered. The expected frequency of occurrence is so low, however,
that this event was not analyzed separately.

5.6.3 High Epnergetic Events

Only an explosion of severe magnitude could potentially cause damage
sufficient to Qqualify as a high energy event. None were found in this
analysis, :

5.6.4 Medium Epnergetic Events
5.6.4.1 Fire

The likelihood of fires occurring in the H-Canyon is limited by rigid
procedural control of ignition sources present in the systems and control of
the inventory of combustibles. Similiarly, resin-fires are minimized by the
design of the columns that ensures that the resin beds remain submerged at all
times. Fire detection and control equipment in the canyon reduce consequences
of any fire that might occur. Similarly, the canyon ventilation air is
filtered to remove airborne particulates before being released to the environ-
ment from the stack.

5.6.4.2 Uncontrolled Reaction

The likelihood of an uncontrolled reaction occurring in a canyon system is
limited through rigid administrative controls. These ensure continuous
surveillance and control the rate of reagent additions to a reactive system
where an acoumulation of excess reagent may ocour.

The confinement system of the H-Canyon is designed to limit the release of any
material that might be forced from process vessels to the canyon floor by a.
runaway reaction, and remove any airborne particulate matter from the canyon
ventilation air that occurred before discharging it to the environment via the
200=-ft stack,

Regularly programmed reviews of the individual unit processes and operational
procedures by the Separations Technology Group for performance and safety
ensures that potential sources of uncontrolled reactions are identified.
Appropriate measures are developed and included in the operational procedures.

5.6.4.3 Criticality
The 1ikelihood of a criticality event occurring in the H=Canyon processing
system (excluding the HB~Line) is reduced through a system of rigid admini-

strative and procedural controls that act to limit and monitor the quantities
and the concentrations of fissile materials in process solutions to safe
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levels, Similiarly, procedures developed for nuclear safety control ensure
that process conditions are monitored and maintained that prevent precipita-
tion fissile materials in process equipment. In addition, the location of
neutron monitoring instruments at strategic points in the 1B and the 2A banks
of the solvent extraction system detect abnormal accumulations of fissile
material,

Frequent sampling and continuing monitoring of process conditions, reagent
solution composition, and fissile material balances act to minimize the
protabllity of a criticality event occurring

In the unlikely event that a nuclear incident should occur in the process
equipment, the massive concrete walls of the canyon building serve as a
radiation shield to protect operating personnel. Only the crane operator in
the warm canyon and some specific locations as the maintenance bridge and the
gang valve corridor have no benefit from this shield,

The canyon areas are limited access areas, Large numbers of personnel are rot
permitted in the zones and these areas are completely vacated during times of
suspected process upsets, The following additional precautions are taken:

1. The warm canyon process will normally be shut down whenever
meintenance requires that some cell covers be removed. It is
improbable that a criticality incident would occur with the
process in a shutdown condition, _

2. A second layer of cell covers is placed over the mixer-settler
section,

5.6.5 Low Energetic Events

The dominant mitigating circumstance in the canyon facilities in relation to
low energetic events is the design and construction of the canyon building.
The massive walls and roof of the system will alternmate beta-gamma radiation
of any material released to the canyon. Released liquids will collect and
remain in the sumps; dispersed materials that survive deposition in the cell
(and ductwork) will be effectively removed from the spent canyon ventilation
air by the system filters,

An effective system of instrumentation, designed to detect abnormal conditions
and alert operating personnel, provides for quick response to halt operations
and take corrective action to halt or prevent the release of hazardous
material to the enviromment.

In addition to the design of the confinement and instrumentation systems, two
others also merit consideration, The first is the design of the segregated
cooling water system which operates in conjunction with the cooling water
diversion system., Each provides for monitoring the water for contamination
before discharging it to the seepage basins, The other is the installation of
cash regulators on the heating/cooling coils of process vessels which act to
minimize the consequence of leaks in those items,
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5.6.6 QReaidual Release Events
5.6.6.1 Suckback

The primary mitigation measure is the automatic air blow timer on the gang
valves. Radiation monitors are also set to detect abnormally high levels and
sound an alarm (locally and in the control room) that alerts operating
personnel to the hazardous condition. Training requires evacuation from the
affected area via previously identified routes.

5.6.6.2 Air Reversal

Because the usual course of an air reversal is an unexpected compromise of
some confinement barrier, the training and experience of operating personnel
are important to minimizing consequences. Administrative controls require
that operating personnel be qualified to perform tasks aasigned to them, and
detailed reviews of planned abnormal operation, act to minimize the occurrence
of these events, Pressure drop instrumentation is also available to indicate
air reversals.

5.6.7 Chemical Hazarda

Training qualifies the operating personnel to handle hazardous cold chemicals
used in preparing process reagent streams, Protective equipment is provided.
High ventilation system air flow rates also pravents the accumulation of
hazardous chemical fume in occupied areas.

5.6.8 Support Svatems
5.6.8.1 Shops and Decontamination Facilities

The training and qualification of personnel acts to minimize the frequency of
unanticipated and unprepared for occurrences., Continuous surveillance by
Health Protection Department personnel, who also review all procedures, acts
to minimize the hazards to personnel by providing guidance to their
preparation and providing personnel safety equipment. Radiation monitors are
also provided.

5.6.8.2 Cell Covers

Administrative controls require continuous review of potentially hazardous
conditions and procedures by qualified Separations and Health Protection
personnel. Consequences of an event involving dropping of cell covers in the
canyon are limited by the canyon confinement systenms,

5.6.8.3 Gang Valve Corridors

Consequences of events in this area are minimized by the radiation detectors,
located strategically, that signal abnormal radiation levels. Fire detectors
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and protection systems are designed to detect and limit the spread of fire if
it occurs. Cleanup and maintenance procedures have been, and continue to be,
developed to maximize the safety of personnel. Design of the confinement
system reduces the likelihood of exposure of the remaining operating personnel
“and the public at large,

5.6.8.4 Cranes

Crane operators are qualified by training and demonstrated performance, so
that misoperations are limited. Exposure of facility personnel is limited to
personnel of the operator/maintenance group that functions under rigid
procedural controls, augmented by safety requirements and procedures developed
by the Health Protection Department. Radiation monitors are also provided in
the crane cabs. Canyon confinement systems limit exposure to the public at
large.

5.6.8.5 Sample Aisles

Administrative controls require trained and qualified operator personnel, as
well as Health Protection surveillance. Radiation alarms alert operator
personnel to abnormal radiation levels. The confinement system is designed to
limit release of contaminants to the enviromment.

5.6.8.6 Steam Distribution

Disabling the steam distribution systeh results in a shutdown of the system
because of the lack of process heat and, in many cases, the capability to
transfer process solutions, No hazard to operating personnel or to the public
is anticipated as a result.

5.6.8.7 Compressed Air

Loss of instrument and process air results in automatic shutdown because the
system instrumentation and controls are designed to progress to a safe mode.
Three of the four compressed air systems must fail simultaneously to achieve
total air supply failure because the systems are cross connected by piping.
The compressors of at least one of these systems is supplied with emergency
power, Loss of breathing air interferes with maintenance or other work that
requires the worker to wear a mask; however, an emergency supply of breathing
air in cylinders provides sufficient time for such workers to halt the work in
progress and leave the contaminated area.

5.6.8.8 Electrical Distribution

Power is received from an area loop. Critical equipment is automatically
connected to an emergency power supply sufficient to achieve an orderly shut-
down of the process. The emergency diesel generator and the automatic
switching gear are maintained in an immediately available status, ensured by
routinely scheduled preventive maintenance and an inspection/test program.
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5.6.8.9 Cooling Water Distribution

‘Cooling water is assured by two supply sources powered by redundant
electrically-driven pumps, backed by ons steam~turbine-driven pump., Each of
the supply systems is independently piped and provided with control
inatrumentation that automatically starts the independent backup system if the
pressure in the main system drops to a preset value,

'5.6.9 Engineered Safetv Features
5.6.9.1 Ventilation System

The design basis of the ventilation system includes housing in blast resistant
structures that resist failures due to high winds and earthquake., The filters
are designed to reduce the airborne particulate content of the ventilation air
by factars of 103 to 10Y before discharge, The exhausters are redundant and
normal power is supplemented by emergency power, automatically switched on in
the event of a failure in the normal supply. There are also dedicated diesels
for two of the four main exhausters,

Administrative controls are in place that act to bring extra exhausterson
line, adjust dampers to regulate and control air flow direction in emergency
or abnormal conditions, and prevent air reversals, Similarly, equipment
failures (fans, dampers, etc.) result in operator response (to alarms) to
bring standby equipment on-line,

5.6.9.2 Water Return and Diversion

Alarms stemming from radiation monitors in the water return line signal a
failure of a system upstream in the canyon equipment. The segregated cooling
water system is designed to contain leakage from leaking coils and signal
operating personnel of the existence of abnormal conditions, Failure - -of the
segregated cooling water system results in contamination of the system but
prevents its discharge to the seepage basins becauss operational procedures,
in this case, call for a hold up until the nmature of the contamination can be
examined and its magnitude established, Normally, if verified, the contami-
nated cooling water is returned to an appropriate waste evaporator. The
monitors are also supplied with emergency power,

5.6.9.3 Seepage Basins
The seepage basins are designed as the last line of defense against release of

hazardous materials to offsite areas by seepage into the soil for a sufficient
length of time to allow their decay to tolerable levels,
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5.6.9.4 Secondary Confinement

The secondary confinement system (canyon and the air filtering systems) is

-designed to restrict and control the flow of hazardous materials from the
canyon process systems to the environment. The ventilation system and main-
tenance of a strict surveillance program to detect and repair flaws or
penetrations in the confinement structures ensures early detection of releases
and the initiation of corrective measures, thereby limiting the consequences
to tolerable levela.
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6.0 SAFETY-RELATED ITEMS

The H-Canyon, 221=-H Building is equipped with a number of physical and
administrative features to prevent, detect, or mitigate accidents. Many of
these features are described in Sections 3, 4, and 5. The safety=-related
systems, structures, and items are listed in this section

6.1 SAFETY-RELATED SYSTEMS, STRUCTURES, AND ITEMS

Safety-related systems, structures, and items are listed in Table 6=1, Safety
instrumentation, monitors, and controls required for operation within safety
limits and the surveillance requirements for these instruments and controls
are listed in Table 6-2. Operational Safety Requirements for these systems
are provided in Reference 1, Safety-related items required for each system in
which a QA criterion involving safety can be exceeded are discussed in the
following sections. Quality Assurance Assessment Reports which 1limit the
potential for exceeding a QA criteria are referenced in Section 7.

The formal administrative control system discussed in Section 4.3 ensures that
all process operations and many allied activities such as maintenance
operations are performed according to written procedures. The intent of these
procedures is to ensure systematic control of safety, quality, and yield by
adherence to approved Technical Standards that define the process limits
within which the facilities are operated These standards ensure the safety
of personnel, permanently installed equipment, and the environment. Thus, the
procedures and standards that are required for the safe operation of the
facilities are included as safety-related items, These procedures are also
discussed in the following sections,

6.1.1 Fuel Receipt and Storage

Uranium and uranium oxide fuels containing 235y at enrichments from 1.1% to
93.5% are routinely received at Building 221=H in transfer casks mounted on
special railroad cars. The cars are pushed into a tunnel at the south end of
the Building 221-H hot canyon by a battery-powered, electric locomotive, The
cover is removed from the top of the cask by the hot canyon crane. The
irradiated material, normally bundled tubes, may be charged directly to a
dissolver from the cask car, or may be stored under water in the fuel storage
cell, Offsite fuels, except High Flux Isotope Reactor (HFIR) and a Reacteur a
Haut Flux (RHF) fuels, are not stored, but are charged directly to the
dissolvers when removed from cask cars.

If storage is required, the bundles are stored in racks under water: SRP
fuels in bundle storage, neptunium targets in neptunium storage, and HFIR and
RHF fuels in HFIR storage.

Intermediate storage of materials is restricted to storage racks and the
shipping casks because only these pieces of equipment are designed to maintain
nuclear safety by providing adequate spacing, and to provide adequate
shielding and decay heat removal,
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TABLE 6-1. s-foty-ldatod Systeams, Structures, and Items

Safety Features Systeas

Enginsered Safety Features Ventilation System

Cooling Water Return and Seepage Basins
Structures Secondary Confinement for Ligquids
Safety-related items Cash Pressure Regulators
Support Systems Emergency Electr;c?ower
Administrative Controls Fuel Receipt and~ Storage

Dissolving

Head End

Solvent Extraction

Frames

Evaporation

Rerun

Waste Disposal
Chemical Handling and Storage
Cooling Water
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TABLE 6-2. Safety Instrumentation, Momitors, and Controls

Surveillance
and/or
Item Test Interval

Sand Filter

Atmospheric release 1 week

Efficiency 18 months
Emergency Power

Electrical interlock . 12 months

Diesel auxiliary 4 months
NIM 18 months
Segregated and Recirculating Water System 3 months
Neutron Monitors 3 months
Evaporator and Dissolver Temperature Instruments 18 months
Solvent Storage and Solvent Extraction Feed Tank

Temperature Instruments 18 months
Accountability Tank Liquid Level and
Specific Gravity 3 months
Accountability Tank Temperature Instruments 18 months
Hydrogen Dilution Controls 6 months
Ion Exchange Column Temperature Instruments 18 months
AgNO; Reactor Temperature Instruments v 18 months
Colorimeters 6 months

Conductivity Meters 6 months
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The following requirements and limitations from Technical Standards
administratively control the unloading, charging, and storage of fuel elements
to prevent fuel from being assembled in a supercritical array:

1. Materials that are readily identifiable may be handled
according to rules specific to their own characteristics.
Materials that 1ook alike are handled according to the rules
for the most reactive material having similar external
appearance.

2. Materials received in Building 221-H are packaged in bundles or
other suitable containers that can be handled remotely with the
‘canyon crane, Quantities in a container shall be less than the
minimum number that can be made critical if arranged in the
most reactive configuration and submerged in water.

3. No more than one container of material shall be outside of the
shipping cask, dissolvers, or the approved intermediate storage
places at any given time.

4, Material awaiting processing is stored either in the shipping
cask or in an approved storage location,

5. Individual tubes, if separated from their fuel assemblies,
are considered as complete assemblies for the purpose of
determining the permissible number of assemblies in a bundle,

To prevent a criticality accident resulting from overheating and melting fuel
tubes, SRP assemblies are cooled the minimum time necessary to ensure that the
inner tube does not exceed 385°C in air prior to receipt in 221-H Canyon.
This is verified by reference to the Reactor Department batching memorandum
for the specific fuel being received,

The pre-irradiation value for 235U content shall be used in all nuclear safety
calculations becauss unirradiated fuel cannot be distinguished from irradiated
fuel.

' 6.1.2 Dissolving

Two chemical dissolvers, 6.1D and 6.4D, and one electrolytic dissolver, 6.3D,
are used in Building 221-H to dissolve uranium and uranium oxide fuels
containing 235y at enrichments from 1.1% to 93.5%. Reactor fuels containing
components that cannot be dissolved chemically in nitric acid are dissolved

, electrolytically. Materials dissolved include irradiated or nonirradiated

enriched uranium fuel elements (including uranium oxide elements) or uranium
scrap, all of which are called fuels,

A number of controls are necessary for the safe handling of 235y, These
‘controls involve the mass of uranium charged to the dissolver, the volume of
dissolvent, and the heel of undissolved fuel. The principal mechanical
control is the dissolver insert, The insert is necessary to maintain fuel
tubes in a row so that any fusl tube fragments created during dissoclution are
confined in a slot configuration and can be detected.
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' The frame dissolver, 5.4D, used for dissolving neptunium target assemblies, is
discussed under the Frame and Frame Waste Recovery Section 6.1.7.

A maximum of 7§ hydrogen on an air-free basis is generated during the first
hour of chemical dissolution, decreasing to an average of about 3%. The lower
-flammability limit for hydrogen in air is 4%. An air purge reduces the
concentration of hydrogen in the off-gas to well below the flammability limit,

Bydrogen-air mixtures are flammable in the range of 4,1 to 75 volume percent
in dry air and will explode at room temperature if any external source of
ignition occurs such as sparks from electrical equipment, overheated bearings,
or any open flame.

Hydrogen evolution at concentrations in the flammable range could be ignited
in the dissolver or in the silver reactor. The latter incident could release
a large fraction of the 131I and 1291 absorbed as AgI and AgIO3. Maintaining
sufficient acid in the dissolver and a minimum air purge rate prevents
hydrogen from reaching concentrations sufficient to explode.

Nitric acid concentration is checked by the control room operator by noting
the solution specific gravity before the bundles are charged to ensure that
sufficient acid is present before dissolution is initiated.

The concentration of 235U is maintained within maximum safe limits specified
in the Nuclear Safety ‘rechn.ical Standard (1):

o Maximum concentration in aqueous solution: 11.5 grams/liter.

This is accomplished through administrative controls and process instru-
mentation so that only through multiple failurea or errors can an unplanned
criticality occur,

1. The necessary nuclear safety data for each dissolver batch is
conveyed to the operating group by means of a technical data
sheet prepared by Separations Technology and approved by area
supervisors of the Separations and Separations Technology
Departments,

2. The following specific provisions apply to the operation of the
dissolver.

(a) Nuclear safety control steps are highlighted where
they appear in dissolver operating procedures,

(b) Each fuel component or bundle charged to a dissolver
is identified by means of a unique number readable
from the hot canyon crane or, if radiation levels
permit, by personnel handling the fuel before its
entry into the canyon. If positive visual identifi-
cation cannot be made, the fuel remains outside the
dissolver until positive identification can be made
by reference to fuel loading or shipping data.
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(¢c) The total quantity of 235U permitted in a dissolver
at any one time islimited to prevent exceeding the
maximum safe solution concentration (11.5g 235U/1),
in the event that the dissolver solution is concen-
trated by evaporation to the minimum volume, which is
at the level of the bottom of the top (steam) coil.

(d) Fuels charged to a dissolver are packaged so as to be
dimensionally compatible with the column insert
compartments, or wells, and to ensure against
imdvertent double~charging of a compartment.

(e) Insert compartments left vacant are blocked to
prevent unintentional charging of fuel when such
action could cause the 235U concentration limit to be
exceeded,

(f) The fragment height in each compartment is measured
- with a probe upon completion of each dissolution to
preclude the possibility of charging fuel into an
insert compartment that already contains an excessive
quantity of fuel fragments.,

The following provisions prevent the imadvertent addition of a
precipitant to a vessel which contains fissile material,

(a) All installations of in-canyon piping are reviewed
and authorized by approved procedures,

(b) Any addition of a chemical to the dissolving system
by other than permansntly installed piping (e.g., the
pump cart) is reviewed and authorized by an approved
procedure,

(c) Separations Technology reviews indirect work requests
and procedures, and verifies before approving them
that the work will not allow a precipitant to be
added to a vessel that may contain fissile material.

Inadvertent concentration of fissile material by evaporation
is prevented or detected and corrected.

(a) Pricr to the start of each campaign, it is confirmed
by visual inspection that nuclear safety blanks are
installed in the steam lines to the lower coils in
dissolvers 6.1D and 6.4D, and in the steam line to
dissolver 6.3D. '

(b) All installations and removal of nuclear safety
blanks will be according to approved procedures,

(e) If any dissolver (6.iD, 6.3D, or 6.4D) or head-end

tank contain fissile material during a period of
extended process outage, when slow evaporation may

6-6
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not be apparent, a special logsheet is used for
surveillance, The logsheet specifies the action to
be taken if a specified minimum level is reached.
The weight factor and specific gravity instrumenta-
tion is scheduled for calibration and testing at the
beginning of the outage and at 6-mo intervals until
the end of the outage (1).

5. Dissolver 6.4D normally contains a Mark XII column insert.
Mark XII-A spacers are installed before charging any fuel if
the dissolver nuclear safety study shows the spacers are needed
to provide maximum separation between fuel bundles in adjacent
quadrants., Spacers, when required, will be specified.

6. The following provisions apply to the operation of electrolytic
dissolver 6,3D:

(a) Before each electrolytic dissolver campaign, a Test
Authorization (TA) specifying the necessary condi-
tions and limitations for dissolving the proposed
fuels shall be written and approved.

(b) Dissolver 6.,3D has the required concentration of
boric acid in each dissolution as a secondary nuclear
safety control.

(¢) The boron detector instrumentation and interlock are
calibrated and tested before each electrolytic
dissolver campaign and at 6-month intervals during
operation (1).

(d) Before the start of each electrolytic dissolver
campaign, it is confirmed by visual inspection that
the proper nuclear safety blanks are installed to
prevent dilution or diversion of boric acid poison
solution during fuel dissolution in 6.3D.

6.1.3 Head End

The head end process decontaminates and clarifies the raw metal solution for
subsequent solvent extraction processing, The head end cycle may include a
concentration step, a "strike" or precipitation step, centrifugation to remove
the precipitate, cake washing, and cake disposal (See Section 3.2.2.5).

A nuclear criticality caused by exceeding the critical concentration of 235y
in the head end evaporator or strike tank or by precipitation of excess
uranium in a centrifuge cake is excluded by the following administrative
controls:

1. The concentration of fissile material is maintained at less
than the critical concentration through administrative controls
and process instrumentation, so that only through multiple
failures or errors can an unplanned criticality occur. This is
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accomplished through appropriate nuclear safety control steps
in head end procedures.

2. The necessary nuclear safety data for each fusl is conveyed to
the operating group by means of Technical Data Sheet prepared
by Separations Technology and approved by area supervisors of
both Separations and Separations Technology Departments,

3. Inadvertent addition of a precipitant to a vessel that oontains
fissile material is prevented by the following contrals:

(a) Nuclear safety blanks are installed at specific
locations to prevent addition of a precipitant to any
head end vessel that might contain fissile material.
These blanks are installed and inspected to verify
that all nuclear safety blanks are in place prior to
starting a campaign and routine intervals thereafter.

(b) All installations of in-canyon piping and any
addition of a chemical to the head end system by
other than permanently installed piping is reviewed
and authorized by approved procedures.

6.1.4 Eirat Solvent Extraction Cvgle

First solvent extraction cycle in Building 221~H has two functions: 1) to
provide decontamination of the Np and U from fission products and chemical
impurities, and 2) to separate Np and U into individual streams for further
processing, First cycle consists of the 1A, 1B, and 1C mixer settler banks,
decanters and process tanks,

A nuclear criticality can occur if the critical concentration of 2357 ina
vessel or mixer settler is exceeded in this cycle. Concentration and
inventories of fissile material below the critical limits are maintained
through administrative control and process control instrumentation as
described below:

1. Procedures for operating the first solvent extraction cycle
comply with the procedural control system and all the limits
specified in 221~H Building Technical Standards, The limit for
maximum 2350 ooncentrations is 10.8 g/1 (1) Nuclear safety
controls shall be highlighted where they appear,

2. All installation of new or revised cold chemical piping is
reviewed and authorized by an approved indirect repair order,

3. All installations of in-canyon piping or any addition of a
chemical to a first cycle system other than permanently
installed piping is reviewed and authorized., Separations
Technology reviews indirect repair orders and procedures, and
verifies before approving them that the work will rnot allow a
precipitant to be added to a vessel that may contain fissile
material.
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Prior to the start of each campaign, it is confirmed that a
nuclear safety blank (NSB) is installed according to
requirements in the steam line to 1AF adjustment tank coil.

Removal of the NSB from the steam line to a tank coil requires
an indirect repair order approved by the superintendents of the
Separations and Separations Technology Departments.

If the NSB has been removed from the steam line to 1AF
adjustment tank coil, and 1AF adjustment tank will contain
fissile material, the tank wt ftr and sp gr instrumentation is
placed on the nuclear safety - priority work - preventive
maintenance schedule for calibration and testing at routine
intervals.

Surveillance of 1AF adjustment tank wt ftr and temperature is
conducted during periods of normal process outages. Any
decrease in liquid level that may have been caused by
evaporation is investigated and corrected.

Special logsheets are used for surveillance for 1AF adjustment
and 1AF feed when they contain fissile material during period
of extended process outage. Slow evaporation may occur that
requires corrective action. The logsheet specifies the action
to be taken if a specified minimum level is reached. The
tank(s) wt f£tr and sp gr ianstrumentation is placed on the
nuclear safety priority work and preventive maintenance,

The flow measuring instrumentation is included on the nuclear
safety priority work preventative maintenance schedule for
calibration and testing at routine intervala,

In addition, the alarms are also be included on the same
nuclear safety priority work maintenance schedule,

The following provisions apply to the operation of mixer-
settler 1A:

(a) A high flow alarm is installed in the 1AF flow
measuring instrument.

(b) The 1AF high flow alarm is set to alarm when the 1AF
flow increases above a preset percentage of the
specified flow rate,

(c) The cycle does not operate unless the 1AF flow
instrument is functioning

(d) The cycle must be shut down if the undesired increase
in 1AF flow is not corrected within a specified
procedural time limit,
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(e) 1AX low flow alarms are set to alarm when flow

decreases below a preset percentage of the specified
flow rate.

(f) At least one of the two 1AX flow measuring instru-
ments must be functioning while first cycle is
operating.

(g) The cycle must be shut down if the undesired
reduction of 1AX flow is &zct corrected within a
specified procedural time limit,

(h) The 1AS heat exchanger is pressure tested routinely
and verified to be free of internal leakage that
could dilute the 1AS-acid with steam. The completed
pressure test procedure is filed in the facility QA
file. )

(1) Prior to the start of each campaign, it is confirmed
that NSBs are installed at the proper locations to
preclude inadvertant additions of process water and
solutions to the 1A mixer-settler.

(J) Dilutent is not added to a first cycle solvent unless
authorized by a PCN (process change notice), which is
prepared by Separations Technology and approved by
the Separations and Separations Technology area
supervisors., .

(k) The cycle is not operated when the TBP analysis of
" the solvent is less than the minimum operating limit.

If the neutron count exceeds the limit established for any
mixer settler, corrective actions must return the neutron count
to normal or the cycle is shut down

The following provisions apply to the operation of mixer-
settler 1B:

(a) The specific gravity instrumentation and low specific
gravity alarms for 1BX head tanks are included on the
nuclear safety priority work preventative maintenance
schedule for calibration and testing at routine
intervals.

(b) Prior to the start of each campaign, it is confirmed
that NSBs are installed at the proper locations to
preclude inadvertant additions of process water and
solutions to the 1B mixer-settler.

(¢) First cycle does not operate if the NSBs are removed.

6=10
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(d) 1BX solutions are sampled and the acidity determined
to be within specifications before any of the
solution is transferred to hqad tanks,

(e) The cycle is shut down if the acidity instrumentation
in 1B head tanks indicates the acidity of the 1BX is
less than the minimum limit,

(f) The 1BX heat exchanger is pressure tested routinely
and verified to be free of an internal leak that
could dilute the 1BX with steam. The completed pres-
sure test procedure shall be filed in the facility QA
file.

(g) High flow alarms are installed on the two 1BX flow
measuring instruments.,

(h) 1BX high flow alarms are set to alarm when the 1BX
flow increases to a preset level above of the
specified flow rate.

(1) At least one of the two 1BX flow measuring instru-
ments must be functioning while the first cycle is
operating. _

(J) The cycle must be shut down if an increase in 1BX
flow of more than the preset alarm level is not
corrected within the set procedural time limit.

(k) A high temperature alarm is installed for the 1BX
strean.

(1) The temperature measuring instrumentation and high
temperature alarms for specified streams and vessels
are included on the nuclear safety priority work
preventive maintenance schedule for routine calibra-
tion and testing at 6-mo intervals,

(m) The cycle must be shut down if the 1BX, 1BS, or 1AX
temperature exceeds the operating limit by more than
50C and is not corrected within the specified
procedural time limit (1).

The following provisions apply to the operation of mixer-
settler 1C:

(a) The 1CX and 1CU low flow alarms are set to alarm at
the low flow rate specified in their respective
operational procedures,

(b) The cycle does not operate unless at least one flow
instrument (1CX or 1CU) is functioning.
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(e) The cycle must be shut down if a decrease in 1CX or
1CU flow is more than specified and is not corrected
within the specified procedural time limit,

(d) The 1CU colorimeter and 1CU conductivity instrumenta-
tion is included on the nuclear safety priority work
preventive maintenance schedule for calibration and
testing at 6-mo intervals,

(e) If the 1CU colorimeter or 1CU conductivity meter
reading exceeds the limit established for normal
cycle operation, action is taken so that the colori-
meter or conductivity reading is either returned to
normal, or the cycle is shut down.

6.1.5 Second Uranium Solvent Extraction Cvcle

The second uranium cycle of solvent extraction provides additional decontami-
nation for the enriched uranium that is recovered from spent reactor fuel by
the first cycle. Second cycle consists of the 1D and 1E mixer settlers banks,
decanters, and process tanks.

A nuclear criticality can occur in this cycle if the critical concentration
of 235U in a vessel or mixer settler is exceeded in this cycle. Concentration
and inventories of fissile material below the critical limits are maintained
through administrative control and process control instrumentation as
described below.

1. Procedures for operating the second uranium solvent extraction
cycle comply with procedural control system and all the limits
specified in 221-H Building Technical Standards. The limits
for maximum 235U concentration are 11.5 g/1 (1).

2. All installation of new or revised cold chemical piping is
. authorized by an approved indirect repair order.

3. All installations of in-canyon piping or any addition of a
chemical to a second uranium cycle system other than
permanently installed piping must be authorized, Separations
Technology reviews indirect repair orders and procedures, and
verifies before approving them that the work will not allow a
precipitant to be added to a vessel that may contain fissile
material.

§, Prior to the start of each campaign, ‘it is confirmed that a NSB
is installed according to requirements in the steam line to 1DF
adjustment tank coil.

5. Removal of the NSB from the steam line to 1DF adjustment tank
coil requires an indirect repair order approved by the
superintendents of the Separations and Separations Technology
Departments.
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If the NSB has been removed from the steam line to 1DF
adjustment tank coil, and 1DF adjustment tank will contain
fissile material, the tank wt ftr and sp gr instrumentation are
placed on the nuclear safety priority work preventive
maintenance schedule for calibration and testing at routine
intervals.

Surveillance of 1DF adjustment and 1DF tank(s) and wt ftr and
temperature is conducted during periods of normal process
outages. Any decrease in liquid level which may have been
caused by evaporation shall be investigated and corrected.

If 1DF tank will contain fissile material during a period of
extended process outage, when slow evaporation may not be
apparent, a special logsheet is used for surveillance, The
logsheet specifies the action to be taken if a specified
minimum level is reached. The 1DF tank wt ftr and sp gr instru-
mentation are placed on the nuclear 3afety priority work
preventive maintenance schedule for calibration and testing at
routine intervals,

The following instrumentation, alarms and automatic cutoffs
are included on the nuclear safety priority work preventive
maintenance schedule.,

° 1DF tank temperature is tested on 18-mo intervals.

° 1DF high temperature alarm and automatic high temper-
ature cutoff are tested routinely.

° 1DS conductivity meter and low acidity alarm is
tested on 6-mo intervals.

° 1DS flow neasuriné instrumentation and low flow
alarm are tested routinely.

) 1DS « FS flow measuring instrumentation and high flow
alarm are tested routinely.

° 1EU and 1EX flow measuring instrumentation and low
flow alarm are tested routinely.

The following provisions apply to the operation of mixer-
settler 1D:

(a) The 1DF flow measuring instrumentation and high flow
alarm are included on the nuclear safety priority
work preventive maintenance schedule for calibration
and testing at routine intervals.

(b) The 1DF high flow alarm is set to alarm when the 1DF
flow increases to a preset percentage above the
specified flow rate.
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(o) The cycle does not operate unless the 1DF flow
instrument is functioning,

(d) The cycle must be shut down if an increase in 1DF
flow is more than specified and is not corrected
within the specified procedural time limit.

(e) Dilutent is not added to a second uranium cycle
solvent unless authorized by a PCN (process change
notice), which is prepared by Separations Technology
and approved by the Separations and Separations
Technology area supervisors.

(f) The cycle is not operated when the TBP analysis of
the solvent is less than the minimum operating limit.

(g) Erior to the start of each campaign, it is confirmed
that a NSB is installed in the process water line to
1DS head tanks.

(h) Second uranium cycle does not operate if the nuclear
safety blank listed above is removed.

(1) The 1DS made up in cold feed preparation is sampled
and the acidity determined to be within specifica-
tions before any of the solution is transferred to
the head tanks.

(J) The cycle is shut down if the 1DS conductivity meter
indicates the acidity of the 1DS is less than the
minimum limit,

(k) The low flow alarms for the 1DS stream are set to
alarm when flow decreases below a preset percentage
of the specified flow rate,

(1) At least one of the two 1DS flow instruments must be
functioning while the cycle is operating

(m) The cycle must be shut down if a reduction of 1DS
flow is more than specified and is not corrected
within the time limit specified in the procedures.

(n) The high flow alarm for the 1DS-FS stream is set to
alarm when flow increases a preset percentage above
the specified flow rate.

(o) If the 1DS-FS flow measuring instrument is not
functioning, the 1DS-FS second level rotometer must
be read as specified in the procedures to verify that
the flow rate is within specifications.
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(p) The cycle must be shut down if an increase in 1DS=FS
flow is more than specified and is not corrected
within the time limit specified in the procedures.

(q) The 1DS heat exchanger is pressure tested routinely
. and verified to be free of an internal leak which
could dilute the 1DS with steanm. The
completed pressure test procedure is filed in the
facility QA file,

11. If the neutron count exceeds the limit-established for any
mixer settler corrective actions must return the neutron count
to normal or the cycle is shut down.

12. The following provisions apply to the operation of mixer-
settler 1E:

(a) The 1EX and 1EU low flow alarms are set to alarm at a
preset percentage of their respective flow rates,

(b) The cycle does not operate unless at least one flow
instrument (1EX or 1EU) is functioning.

(¢) The cycle must be shut down if the 1EX or 1EU flow
decreases more than specified and is not corrected
within the time limit specified in the procedures.,

(d) The 1EU colorimeter and 1EU conductivity instrumenta-
tion are included on the nuclear safety priority work
preventive maintenance schedule for calibration and
testing at 6-mo intervals,

(e) If the 1EU colorimeter or the 1EU conductivity
reading exceeds the limit established for normal
cycle operation, action is taken so that the
colorimeter or conductivity reading is either
returned to normal, or the cycle is shut down.

6.1.6 Second Neptunium Solvent Extraction Cvecle

Procedural and administrative controls preclude a nuclear criticality
resulting from a reflux of a critical mass of uranium in the 2B mixer settler
by limiting the amount of material fed to second neptunium cycle, The
inventory of fissile material is controlled to assure that the equivalent 235U
will always be less than the mass limit,

The second neptunium cycle inventory of 235y is calculated routinely
during normal operations. The cycle will not be operated if the calculated
inventory is greater than the operating limit for 2350, except to flush
uranium from the 2B mixer-settler.

Criticality during concentration of 2BP is prevented by limiting the concen-
tration of 235U to less than 11.5 g/1. This is accomplished by 1imiting the
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amount of 235U in the 2BP system inventory and by setting critically safe
lower limits on evaporator endpoint levels.

6.1.7 Eramea and Frames Waste Recovery

In the H-Area frames operation, irradiated neptunium targets are dissolved and
238py is separated from unconverted 237Np. The raw metal solution is
processed through a series of anion exchange columns to separate and
decontaminate neptuniuzm and plutonium for transfer to HB-Line, Raffinate
solutions from the frames containing small amounts of actinides are collected
in the frame waste recovery system and processed through an additional anion
exchange column to recover and concentrate the neptunium and plutonium for
recycle to the frames.

The receipt or processing of scrap plutonium from HB~Line is restricted to
more than 67 wt § 238pu,

A nuclear criticality could theoretically occur if enough 238Pu were allowed
to concentrate in a frame unit to form a critical mass. The probability of
criticality in a frame vessel is very small, however, because of the large
amount of 238Pu required (8.15 kg) and the large amount of heat that would be
generated before it reached criticality.

Because of their size and location in the process, the B=Line Solution Receipt
tank, Frame Dissolver and Waste Hold tank, and FWR Raffinate tank/Feed.tank
are the only tanks where such an event is credible. In Frame I, Frame II, and
the frame waste recovery vessels, physical size and process limitations of
t.:.mze3 aancl sequencing preclude the possibility of accunulating a critical mass
of Pu.

Procedures for the receipt of solution in the above mentioned tanks involve
nuclear safety control steps.

6.1.8 Evaporation

Batch evaporators are used in Buildings 221-H and 211=-H to reduce the volume
of feed to solvent extraction cycles for operating efficiency, and to remove
excess water and acid for economy in waste storage. Except for the general
purpose evaporator, all are acidic evaporations so that nitric acid can be
recovered from the overheads,

A nuclear criticality could be caused by exceeding the critical concentration
of fissile material in an evaporator. The head end, 1CU, rerun, HAW, and LAW
evaporations are where a criticality could occur. There is no credible
mechanism for a criticality incident in the general purpose evaporator.
Unplanned nuclear criticalities are prevented by administrative controls that
limit areal density and concentration of 235pu,

(a) The concentration of 235U is maintained within the maximum safe
limits of 11.5 g/1 (1).
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Procedures for evaporation processes involving solution
containing fissile material implement the applicable conditions
and limitations of the Nuclear Safety Technical Standards.

(b) Inadvertant addition of a precipitant to a solution that
contains fissile material that is to be concentrated by
evaporation (except for caustic evaporation) is prevented.

° To prevent the addition of sodium hydroxide to the
high activity waste system, a NSB 1is installed in the
line from chemical make-up tank to HAW evaporator
feed tank.

e Separations Technology reviews indirect repair orders
and procedures and verifies before approving them
that the work will not allow a precipitant to be
added to an evaporator or evaporator feed tank
containing fissile materials, )

Canyon cell covers are designed to provide adequate shielding for personnel in
the areas that would be affected by a nuclear criticality. Also, nuclear
incident monitors located in the warm canyon will alert personnel to the
danger and cause them to evacuate,

Vigorous exothermic reactions can occur between nitric acid or heavy metal
nitrates and some TBP=diluent mixtures under conditions that might arise
during concentration of waste and product solutions, The evaporator operation
is controlled to prevent exceeding the safe temperature limit of 130°C (1).

e The amount of entrained solvent is limited 0.5 volume percent.

° The evaporator temperature is limited by restricting the steam
colil pressure to 25 psig. )

6.1.9 Rerun

The rerun system in H-Canyon converts off-standard process streams and sump
materials into solutions suitable for introduction into the HM process. The
system is also used to concentrate and dispose of aqueocus waste streams, as
well as to treat and dispose of spent solvent.

A nuclear criticality could occur in the rerun system through accumulation of
fissile material if a precipitant (e.g., a caustic sump solution) was
inadvertently added to either of the two sump collection tanks and, the sump
solution hold tank, the rerun hold tank, or the batch extraction tank. During
batch extraction, if an insufficient quantity of soclvent or aqueous strip
solution is used when enough fissile material is present, a nuclear
criticality could result. Unplanned nuclear criticalities are prevented by
administrative controls., The limits for mass, areal density, and
concentration of equivalent 235U are implemented for rerun processing by
imposing operating limits chosen to ensure remaining well within the
applicable Technical Standard limits.
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Before any new material can be transferred into a sump
collection tank, the contents of the tank must be acidic and the tank must
contain less than Technical Standard limit of equivalent 235U, The solution
in the tank must be acidic to assure that no precipitate has formed. A
representative sample must be obtained. Laboratory analyses of duplicate
samples must agree within the limits specified to assure that the samples are
representative of the tank contents, The limit on fissile material content of
the tank prior to receiving another sump solution assures that initially the
tank will only contain a small amount of uranium should the sump solution bs a

precipitant. -~

Sump Collection Tank procedures for the receipt and transfer comply with these
standards,

Sump Solution Hold Tank. The maximum amount of equivalent 235U in the Sump
Solution Hold tank must be less than the Technical Standard areal density

limit,

BRerun Hold Tapk. The maximum amount of equivaleat 235U in the rerun hold tank
must be less than the Technical Standard areal density limit. Each receipt of
sump solution must be analyzed by the laboratory from duplicate samples taken
in sump collection tanks and the results must agree with the specified limits.
Before receiving any solution to be processed by batch extraction, the
equivalent 2357 inventory is calculated and verified to be below the operating
limit. As an added precaution, the final concentration of solution in the
Rerun Hold tank is calculated and verified to be below the Technical Standard
nuclear safety concentration limit of 9.6 grams of equivalent 235U per liter
before any receipt (1).

Batch Extraction Tank. For batch extraction, areal density limit prevents a
criticality., As an additional precaution, the soclution volumes during batch
extraction are specified to assure that the nuclear safety concentration limit
will not be exceeded, either in the solvent or the strip solution. The batch
extraction procedure requires verification that the batch extraction tank must
contain at least the minimum specific amount of solvent, and that each aqueous
strip must contain more than the minimum specified amount of process water.
Batch extraction procedures are followed that contain nuclear safety controls
and operating limits necessary to prevent a criticality.

LErevention of Precipitant Additionps.

® A NSB is installed in the chemical addition line from chemical
make-up tank to Rerun Hold tank to prevent addition of sodium
hydroxide to the rerun systen.

° Separations Technology reviews indirect work requests and
procedures, and verifies before approving them that the work
will not allow a precipitant to be added to a vessel that might
contain fissile material.
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6.1.10 Maste Disposal

In the waste disposal systems of Building 221-H, acidic waste concentrates
from solvent extraction, solvent washes, decontamination solutions, frame
waste recovery (FWR), resin digestion, and sumps are neutralized and
transferred to Building 241-H waste storage tanks via the waste headers,

A nuclear criticality could only occur during neutralization by exceeding the
critical mass limit of fissile material. The HAW, LAW, and FWR/Rerun
neutralization tanks are the tanks where there is a credible mechanism for
this to occur. There is no credible mechanism for this to occur in the resin
digestion tank, the general purpose bottoms tank, or the waste headers.

The amount of fissile material in a tank during neutralization is maintained
at less than the critical mass limit through administrative controls and
process instrumentation, so that only through multiple failures or errors
could criticality occur. Appropriate nuclear safety controls are included in
all procedures for waste disposal of uranium-bearing solutions. In the event
of a criticality in the LAW neutralization tank, personnel working on the warm
canyon crane or the maintenance bridge directly over the incident could be
subjected to a lethal dose of radiation if the cell covers were off,

A criticality in the unoccupied, shielded, hot canyon would present no hazard
to personnel.

Cell covers provide adequate shielding for personnel working on the warm crane
or in the canyon proper., Verification that the proper cell covers are in
place, and all personnel are evacuated from Sections 7 through 9 of the warm
gang valve corridor while the LAW concentrate neutralization tank is being
neutralized. The cell covers over warm canyon modules 7.8, 8.5, 8.6, 8.7, and
8.8 are painted red to facilitate verification that they are in place.

If any red cell cover is off, the warm canyon, warm canyon access walkway, and
truckwell must be evacuated during neutralization of LAW concentrate neutrali-
zation tank contents,

6.1.11 Chemical Handling and Storage

The primary operations in the chemical storage area of Building 211=-H are the
receipt, storage, and distribution of new chemical supplies for H-Area
processes. Tributyl phosphate, n-paraffin, and sodium hydroxide in solution
are received in tank cars. Aluminum nitrate solution is also received in tank
cars, but only rarely, as usage is very small. Concentrated nitric acidis
received in tank trailers, The chemical handling and storage facilities in E-
Area include unloading, storage, solution makeup, and pumping of new chemicals
in Building 211=-H, the 221-H southwest loading dock, 221-H cold feed prepara-
tion area, 221-H north loading dock, and third level chemical storage area.

There are two types of incidents which could cause death or permanent dis-

ability to personnel. These are explosion or fire from a chemical spill, and
exposure to toxic chemicals. These hazards were discussed in Section 5.1.7.
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In the event of a chemical leak or overflow where personnel exposure to
hazardous chemicals is required, exposure is limited by procedural control and
protective equipment as follows:

° Safety Manual Items 85 and 86 define the Minimum Protective
Equipment for Handling Hazardous Materials and Toxic Materials.

° Employee exposure to any of the hazardous materials listed in
OSEA Regulations, Title 29 Code of Federal Regulations, Part
1000, are limited as specified. Controls of exposure are based
on the most restrictive threshold limit value (TLV). Employee
exposure is monitored and maintained below the TLV by the
Health Protection Departament (2).

) New employees receive occupational health training as part of
the new employee orientation. Retraining is conducted at least
annually as discussed in Section 4.

6.1.12 JYentilation Svatem

Three ventilation systeamas supply air to Building 221=H: The canyon air
system; the center section air system; and the gang valve corridor air system.
Air is exhausted by five ssparate systems: the canyon air exhaust; the center
section exhaust; the B-line exhaust; the process vessel vent system; and the
recycle vessel vent systen.

The ventilation system is designed to prevent spread of airborne contamination
to clean areas. This containment is accomplished through the use of a
multiple air zone concept, maintaining positive static pressure in clean
areas, essentially atmospheric pressure in areas with low contamination
potential, and slight vacuum in area with high contamination potential.

The quantities of ammonium nitrate that have accumulated periodically in the
process vessel vent filters are large enough to produce pressurization and
serious damage to the canyon if such an accumulation should explode, This
event was discussed in Section 5.1.9.1 and is analyzed in detail in Reference
3.

6.1.13 Cooling Water Svatem

In F- and H-Canyons and Outside Facilities, the coils of vessels containing
process solutions are kept under ‘pressure to prevent radicactive solution from
entering the cooling water system through a failed coil and contaminating the
environment. In vessels served by steam and cooling water to common c¢oils,
this is accomplished with automatic air pressurization systems utilizing Cash
air pressure regulators on the coil inlets, and back=pressure valves in the
coil outlets. In vessels having only cooling water to their coils, there is a
continuous supply of water which is never completely valved off. This
together with the elevated inlet and outlet nozzles of the cooling water
Jumpers, maintains a hydrostatic pressure sufficient to overcome any opposing
static head of process solution in the vessels,
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To provide a continuous flow of water for coil pressurization and assure a
supply of water for cooling condensers, and certain key vessels in an
emergency, two cooling water supply systems are used. They are designated the
"normal® and "independent" cooling water supply systems. The important
difference between the two systems is that the independent cooling water
header remains pressurized by a steam turbine pump in the event of a power
failure, while the normal cooling water header does not.

The normal cooling water header supplies cooling water to the coils of all
canyon vessels except those which might require continuous cooling if the
normal cooling water pressure should fail. The pot coils in the dissclvers
and all dissolver and evaporator condensers are supplied from the independent
header.

Each vessel coil which does not have an air pressurization system is connected
to the independent cooling water supply by a 3/U~in line with a manual block
valve at the cooling water inlet nozzle on the second level of Building 221-H
The block valves remain cracked open, providing a small amount of cooling
water to maintain positive coil pressure.

Cooling water leaves the building in three streams: clean cooling water;
circulated cooling water; and segregated cooling water,

® The clean cooling water returns only from nonregulated parts of
the building, It comprises clean normal cooling water from air
conditioning units and air compressors and steam condensate
from the center section of the building. It returns under-
ground directly to the 281-2H pump basin from where it is
returned to the Building 285 reservoir without monitoring.
Although the clean water return cannot be contaminated by the
equipment from which it discharges, it can contain activity
which is present in the cooling water supply.

) The circulated cooling water return stream accumulates from
Building 211/A~Line and canyon vessel coils which are supplied
only with cooling water. It is monitored continuously for
alpha and beta/gamma contamination at the 281-4H monitor, then
flows through the 281-1H delaying basin to the 281-2H pump
basin, from where it is returned to the Building 285-H
reservoir,

) The segregated cooling water accumulates from canyon vessel
coils which are supplied with both cooling water and steam. It
flows underground to the 281-6H monitor, into the 281-5H
delaying basin, then is discarded to Four Mile Creek if within
discard limits. In H-Area there are two basins which can be
filled and drained alternately, allowing time for sample
analysis before each basin is drained to the creek.

If either monitor detects activity in the cooling water and the presence of
contamination is confirmed, that stream is diverted to the lined Retention
Basin 281-8H by pressing the diversion button in the control room or at the
delaying basin for the affected stream. The retention basin can hold all the
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water that might be diverted for a major release of activity., However, if the
circulated water is diverted for more than 30 min, a low water level may be
reached in the Building 285-H reservoir, causing the segregating valve to
close and leaving only the independent cooling water supply headers
pressurized.

Action plans for minimizing the release of radicactive materials include:

1) Pressure in the coils of vessels containing radioactive
materials must be maintained, to prevent or minimize contamina-
tion of the segregated cooling water with process solutions.
This is accomplished by a combination of administrative
controls and design features, In vessels discharging cooling
water to the segregated system, the automatic air pressurizae-
tion provided by the Cash regulators and back pressure valves
prevents loss of coil pressure, Positive operation of the air
pressurization systems must be assured by monthly testing and
calibration of the Cash regulators according to procedures,

2) The activity monitor at Building 281-6H must provide reliable
and continuous monitoring of the segregated cooling water
discharges. If a monitor malfunctions, manual samples must be
taken and checked by Health Protection at routine intervals
until monitor operation is restored., A trouble alarm in the
control room signals electronic malfunction or low flow through
the monitor,

3) When an activity release is detected and confirmed in the
segregated cooling water system, the contaminsted stream must
be diverted to the 281-8H retention basin before any major
release of activity to the environment has occurred. Proce-
dural control of this action is provided.

4) A functional check of the segregated cooling water monitor is
performed daily by Health Protection personnel. :

, 6.1.14 Epergenqy Power Distribution

Emergency power is available to critical equipment such as gang valves,
lighting, air compressors, ventilation equipment, and the public address
system in Building 221-H. If normal power to Building 221-H is lost, the
emergency system permits an orderly shutdown of the various processes so the
building and equipment can be maintained in a safe condition.

The main emergency power source for Building 221-H is a 1080-hp diesel engine,
I . This diesel drives a 1000~kw, 460~
volt generator to furnish 1600 amps, e diesel is automatically started by
batteries and reaches full load in approximately 15 seconds in the event of a
normal power outage. A similar emergency diesel and generator are located in
Building 292-H Details of the emergency power distribution system are
included in Section 3.2.4. Critical equipment that is supplied with emergency
power 1is listed in Appendix A.

p— L
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6.2 SURVEILLANCE REQUIREMENTS

A detailed description of surveillance requirements for the 200-Area including
B-Canyon is presented in Reference 1. The objective of the requirements is to
ensure the operability of systems, equipment, and components important to
safety during H-Canyon operations. The requirements include:

® Surveillance and testing of the safety systems as specified in
procedures shall be performed at intervals no greater than
those shown in Table 6-2.

] Auditable.records of the surveilllance and testing shall be
maintained,

° Substandard equipment performance noted shall be corrected
promptly. . .

6.3 REFERENCES

Te Dpers s)el: atety Reg nen Q 00-F and 8DATrS on Area
{Excluding Tritium and Waste Management), Internal Report DPW-85-101, E.
1. du Pont de Nemours and Co., Savannah River Laboratory, Aiken, SC, July
198s5.

‘2. Savannah River Plant Safetv Mapual. Internal Report, E. I. du Pont de
Nemours and Co., Savannah River Plant, Aiken, SC, (1984).

3. Ireatment of Process Vessel Vent Gases. Internal Report DPSOP-77-272-
271, E. 1. du Pont de Nemours and Co., Savannah River Plant, Aiken, SC,
October 26, 1977.
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7.0 QUALIYY ASSURANCE

7.1 QUALITY ASSURANCE PLAN AND MANUAL

A Quality Assurance Plan, Reference 1, and Manual, Reference 2, provide
general procedures for implementing the QA policy principles, The manual
establishes methods, practices, and requirements for the Savannah River
Quality Assurance Program. Although the QA requirements in the manual are
specific, additional instructions and procedures in lower level documents are
normally required in order to perform the QA functions. The particular
organization performing the quality assurance function provides for compliance
with its organization procedures and instructions,

T.2 PROCESS HAZARDS

SRP facilities, processes, projects, and equipment are assessed in accordance
with Reference 3.

7.3 REFERENCES

1. Savannah River Quality Assurance Plan. DPSPM-SITE-1, March 4, 1987.
2. Savannah River Quality Assurance Mapual DPF-83-111-3, April 1984,
3. SRP Process Hazards Review Mapual. DPSPM-GEN-13, June 1987.
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Activity
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8.0 GLOSSARY OF TERMS

The amount of energy absorbed per unit of mass of
irradiated material, Measured in rads,

The number of spontaneous nuclear disintegrations
occurring in a given quantity of material during a
suitadbly small interval of time, divided by that
interval of time,

Radiocactive chemical elements with atomic numbers
greater than that of actinium (i.e., >88).

Radicactive materials whiéh are present-in-air.

Radiocactive decay in which an alpha particle is
emitted, (This lowers the atomic number of the

nucleus by two and its mass number by four.)

‘An emission of particles (helium nuclei) from a

material undergoing nuclear transformation,

A unit of matter consisting of a single nucleus
surrounded by a number of electrons equal to the
number of protons in the nucleus,

The reduction of a radiation quantity upon passage of
radiation through matter resulting from all types of
interaction with that matter,

Ionizing radiation present in the region of interest
and coming from sources other than that of primary
concern.

Radiocactive decay in which a beta particle is emitted
or in which orbital electron capture occurs,

An electron, of either positive or negative charge,
that has been emitted by an atomic nucleus or neutron
in a nuclear transformation,



Beta Radiation

Body Burden

Body Burden, maximum
pernissable (MPBB)

Bone Seeker

x/Q

Contamimmtion

Controlled Area

Cooling (Radioactive)

Critical Mass

Critical Organ
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Electrons and positrons emitted from the nucleus of
an atom undergoing nuclear transformation,

The total quantity of radionuclide present in the
body.

That body burden of a radionuclide that, if
maintained at a constant leveil, would produce the
maximum permissable dose equivalent in the critical
organ.

Any substance which migrates, ip vivo, preferentially

Chi/Q is the calculated air concentration due to a
specific air release, Its units are (Ci/m3/Ci/sec),

or (sec/m3),

Radiocactive materials iocated where it is undesirable
(outaide its normal location),

A specified area in which exposure of personnel to
radiation or radicactive material is controlled and
that is under the supervision of a person who has
knowledge of the appropriate radiation protection
practices. These practices include pertinent
regulations, and who has responsibility for applying
thea.

The reduction of radiocactivity of a material by
radicactive decay.

The minimum mass of fissionable material that can be
made critical with a specified geometrical
arrangement and material composition,

That organ (or tissue) in which the dose equivalent
would be most significant due to a combination of the
organic radiosensitivity and a particular dose
pattern through the body.

A unit of radioactivity equal to 3.7 X 1010
disintegrations per second,
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Disintegration of the nucleus of an unstable nuclide
by the spontaneous emission of charged particles
and/or photons.

The removal of radiocactivity material from a surface
or from within,

The ratio of the amount of undesired radioactive
material initially present to the amount remaining
after a process step,

The measures taken at the end of the faczilities
operating lifetime,

The energy imparted to matter in a volume element by
ionizing radiation, divided by the mass of irradiated
material in that volume element.

A nuclide, capable of undergoing fission by
interaction with slow neutrons,

Nuclides produced either by fission or by the
subsequent radiocactive decay of the nuclides thus
formed.,

A nuclide capable- of undergoing fission by any
process, _

Fissionable material placed in a specific form for
use as the source of power in a nuclear reactor.

The time required for the amount of a particular
substance in a bioclogical system to be reduced to
one-half of its original value by biological
processes when the rate of removal is approximately
exponential,

The dose to a hypothetical individual located at the
point of interest,
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Ionization

Map-rem Doss
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Neutrons

Neutron Radiation

Nuclear Materials

Nuclear Reactor

Buclide

Offsite

Onsite

Quality Assurance
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Process for selective removal of a constituent from a
particular solution. The process reversibly
transfers ions between an insoluble solid and the
fluid stream.

Any process by which an atom, molecule, or ion gains
or loses electrons.

A measure of population dose. It is calculated by
summing the dose received by each person in the
population discussed,

An elementary particle having no electric charge, a
rest mass of 1.67 x 10~27 kg, and a mean life of 1000
seconds. '

Emission of a neutron from a material during a
nuclear transition.

Materials produced as a result of a nuclear reaction
such as those produced in a nuclear reactor.

Equipment in which a chain reaction of fissionable
material is initiated and controlled,

A species of atom having a specific mass, atomic
anumber, and nuclear energy state,

Beyond the boundary line marking the limits of the
plant property.

Within the boundary line marking the limits of the
plant property.

The systematic actions to provide adequate confidence
that a material, component system, process, or
facility performs satisfactorily or as planned in
service.

The energy imparted to matter by ilonizing radiation,
One rad is the absorption of 100 ergs/gram of
absorbing material, )
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Radiocactive A Radiocactive nuclide.

Safety Related Item An item providing information that may prevent or
mitigate the frequency or consequence of accidents,

Transuranics Nuclides having an atomic number greater than uranium
( io eo, >92)o
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Atomic Energy Division
Acceptable Exposure Level
Curie

Cold Feed Preparation
Cathode Ray Tube
Chemical Warfare Service
Design Basis Earthquake
Design Basis Tornado
Decontamination Factor
Department of Energy

Disintegrations per Minut

SYMBALS AND ABBREVIATIONS

Disintegrations per Minute per Milliliter

Di=Octylphthalate

Du Pont Savannah Operatio

ns Log

Du Pont Savannah River Operations Procedure

Defense Waste Processing

Facllity

Emergency Operating Coordimator

Equipment Plece
Facility Coordinmator
Frame Waste Recovery
Hydroxylamine Nitrate
High Activity Waste

High Efficiency Particulate Air

High Flux Isotope Reactor
Health Monitoring

Heal th Protection
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AED

AEL

CFP
CRT
ais

DBE

"DBT

DF
DOE

d/m

d/m/ml

DoP
DPSQL
DPSOP
IDWPF
EOC
EP

FWR
HAN
HAW
HEPA
HFIR
HM

HP



Immediate Danger to Life and Health
Low Activity Waste

Motor Control Center

Materials Test Facllity

Maximum Resistance Construction
Nuclear Incident Monitor

Normal Paraffin Hydrocarbon
Nuclear Safety Blanks

Nuclear Safety Review Committee
Oak Ridge National Laboratoery
Operational Safety Requirement
Public Address

Process Control Center

Program Management Teanm
Products of Combustion

Primary Recovery Column
Process Vessel Vent

Quality Assurance

Roentgen per hour

Regulated Area

Roentgen Absorbed Dose
Receiving Basin for Offsite Fuels
Radiation Control Guide
Roentgen Equivalent Man

Rocky Flats Scrub Alloy
Reactuer a Haut Flux

Resistance Temperature Device
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IILH
LAW
MCC
MTF
MRC
NIM
NPH

NSB

_NSRC

ORNL
OSR
PA

pcC

POC

PRC

QA
R/hr
RA
rad
RBOF
RCG
rem
RFSA
RHF

RTD



Radiation Zone

Silica Gel

Savannah River Laboratory
Savannah River Plant
Test Authorization

Tributyl Phosphate or
Tri-n=-butyl Phosphate

Thermol uminescent Dosimeter

Tnermol uminescent Neutron Dosimeter
Threshold Limit Value

Transuranic

Use Every Time

Unusual Incident

Water Gage Static Pressure

8 R

SRL
SRP
TA

TBP

D
TLND

i A

TRU
UET
Ul

wGSp
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APPENDIX A o

B-CANYON EMERGENCY POWER TO CRITICAL EQUIPMENT
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. ERSION"
JELETED V EMERGENCY POVER

There are four motor control centers on the first level of Building 221-H, in
sectionsq In each motor control center, there are a number
of panelboards from which power is supplied to equipment throughout the
building, including Be-Area B-line and the Building 211-H facility.

Emergency power is provided for Building 221-H and H-Area B-line by a 1,080-hp
diesel located 1nb Emergency power is available to critical equipment
such as gang valves, lighting, air compréssors, and ventilation equipment.
Selected motor control center panelboards are tied into the emergency power
system. In case normal power is lost, the emergency diesel generator starts
automatically, to provide power to these control center panels. An emergency
power supply is provided so that a safe and orderly shutdown of the various
canyon processes can be made; normal processing operations are suspended
whenever normal power is lost.

The emergency power to critical equipment is listed in Table A=-1.

AELETED VERSION®
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TABLE A-1. Emergency Power to Critical Equipment

‘Emergency Power Feeder Wb Alternate Power Feeder QiR

Warm Canyon Shielding Door

Warm Canyon Crane .
Hot Canyon Shielding Door

Instrument Air Dryer
Battery Charger for Emergency Diesel Batteries
Cooling System for Emergency Diesel

Panels, Breathing Air Relay Cabinet

Emergency Light Panels --- Bell phones, “truckwell lights
Emergency Light Panels. == Shielding doors control, "Halon"

Locker Room Exhaust Fan
Plant Air Compressor No, 2

Cooling Water Pump No. 1 - For Air Compressors

Cooling Water Pump No. 2 - For Air Compressors

Lighting PaneldSect. 2, Lev. 1 \

(The alternate power supply for panel AA is fron(NENED .

N orgency Powver Feeder -Alternate Power Feeder —

Emergency Feeder'. for Building 284-H and 241 Cooling Pump
Hot Canyon Crane

Locker Room Exhauster, Sect. 4, Lev. 1 -- Interlocked with switch
No. 5 on panel )

Plant Air Compressor No, 1

NOTE:
- Instrument Air Compressor No. 1 is supplied by emergency power feeden-

or alternate power feeder QNN

- Instrument Air Compressor No. 2 is supplied only by emergency power feeder

- Instrument Air Compressor No. 3 is supplied by emergency power feeder -
or alternate power feeder

L psem o T 3T N
SDEE Tl irrfing”
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TABLE A-1. Emergency Power to Critical Equipment (Continued)

@ Exergency Pover Feeder il r1ternate Power Feeder ﬁ

Gang Valve Motor; Aqueous tolN
Gang Valve Motor;

s

Gang Valve Motor;{JlFto NoZgilf for jet flush (Also to Noz W' spare)
SPAR! - Gang Valve oD s reaoved

Gang Valve Motor; i

Gang Valve Motor; . .

Emergency Light Panel . _ N

Gang Valve Motor; j Spray
Gang Valve Motor; .

Gang Valve Motor;

N
Gang Valve Motor; -

Instrument Power Panel AC - Power to 221-H PA System & PAX Phone System

Emergency Feeder for T704-H

Gang Valve Motor; Solvent to Center Sect.
Gang Valve Motor; (i} Center Sect. to il
Gang Valve Motor; Spray ’

-mergency Power Feeder- Alternate Power Feederi
Gang Valve

- Gang Valve Hotor;romine

Gang Valve Motor;
Gang Valve Motor; to Waste Hir. QNN
Gang Valve Motor; Spray

Gang Valve Motor; 4

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;{

1]
A«
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&

Gang Valve Motor; £
Gang Valve Motor; Spray

& e
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TABLE A-1.

Emergency Power to Critical Equipment

DPSTSA-200-10, SUP-5

(Continued)

‘ Emergency Power Feeder{jjjjjj Alternate Power Feeder—

Gang Valve Motor; Gl
Gang Valve Motor; ump
*‘Ilisumay
Gang Valve Motor;
Gang Valve Motor;

.

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

SPARE (5-1)
Gang Valve Motor;

Gang Valve Motor; Spray

Gang Valve Motor;

SPARE (7=1)
SPARE - Gang Valve removed (7-2)

@ inergency Power Feeder-utermte Power Feeder-

Gang Valve Motor; Spray
Gang Valve Motor;

v -

Gang Valve Motor;
Gang Valve Motor;
Pump "A" on vessel

Gang Valve Motor;
Gang Valve Motor;
Pump "B" on vessel

Gang Valve Motor;
Gang Valve Motor;

Gang Valve otor; (Y

Gang Valve Motor;
Gang Valve Motor;

"DELETED yipgyom

Gang Valve Motor; -Cent. sect. to W Aqueous Sect.

Gang Valve Motor;

A-5
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'TABLE A-1. Emergency Power.to Critical Equipment (Continued)

\ g3
| ‘wergency Power Feeder [Jjjjj} A1ternate Power Feeder\-"

Gang Valve Motor;_
SPARE; -‘)No motor

" Gang Valve Motor;

Gang Valve Motor; NN '
Gang Valve Motor;
Gang Valve Motor;ﬂdge Transfer

Gang Valve Motor; Wl

Gang Valve Motor; ’
Gang Valve Motor; W

Motor-operated valve in
Motor-operated valve in

Gang Valve Motor; )
Gang Valve Motor; )

—

'normal cooling water header; Sect. 4, Lev. 2
normal cooling water header; Sect. 4, Lev. 2

-”“ Blllnergency Power Feederi Alternate Power F““_

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

' Gang Valve Motor;
Gang Valve Motor;

_— )
-
-

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

“GELETIR ViRm0
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TABLE A-1. iEIcrgeicy Power to Critical Equipment (Continued)

-‘Energency Power Feeder{iii} Alternate Power Feeder_

oseee— =i

SPARE; Used to

Gang Valve

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Gang

Valve

Gang Valve

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Motor;
Motor;‘

Motor;
Motor;

Motor;
Motor;

Motor;
Motor;

Motor;

power

1‘

—

l
//.

S

-

-

Motor; . | Spray '

Motor;
Motor;

"

) position
Motor;

.to Waste Hdr 2
P to Waste Hdr 1

P

- T - -
— Emergency Power Feeder {JJJl/Alternate Power Feeder—

Gang
Gang

Gang
Gang

Gang
Gang

Gang
Gang

Gang
Gang

Gang
Gang

Gang
Gang

Valve
Valve

Valve
Valve

Valve
Valve

Valve
Valve

Valve
Valve

Valve
Valve

Valve
Valve

Motor;
Motor;

Motor;
Motor;

Motor;
Motor;

Motor;
Motor;

Motor;
Motor;

Motor;
Motor;

Motor;
Motor;

o P

\

~ .

}’

I ,

‘|||:

J

r”

Sum

Spray N
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TABLE A-1. Emergency Power to Critical Equipment (Continued)

e — e

- )( Receives Power rrom-/

Breaker on north wall. Alternate power supply to ' which supplies
power to Instrument Power Panels

-Emergency Power Feeder*-utermte Power Feeder‘-\_

Gang Valve Motor; _ '
Gang Valve Motor; Spray

Gang Valve Motor;

Gang Valve Motor; Spray
Emergency Light Panel EMB, Sect. 14, Lev,., 1, N. Freight
Elevator Lights

Gang Valve Motor; ‘
Gang Valve Motor; J
Emergency Light Panel Sect. 12, Lev. 3 -~ Red Phone and Bell Phones in

221=H control room

Gang Valve Motor;(\ :
Gang Valve Motor;!

Gang Valve Motor;
Gang Valve Motor;

@ 2over Seosly fron NN

e WC Control Rm. Instruments
«« Dispatch Office and HC Control Rm

Instrument Power Panel
Instrument Power Panel
Instruments

Instrument Power Panel ~~ Bldg. H & V controls

- K A. 8
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TABLE A-1. Emergency Power tical Equipment (Continued)

N
SR Crersency Pover Feeder S} Alternate Power Feecer (R

'IIIISpray -

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

Center Section Supply Air Blower

Gang Valve Motor;

1

Gang Valve Motor;  Spray
N
Emergency Power Feeder Alternate Power Feeder.-
—_—

Gang Valve Motor; spray
Gang Valve Motor;

[

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

"y
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TAEBLE A-1. Emelgendy Fower to Critical Equipment (Continued)

Qmergency Power Feedeﬁutermte Power Feeder(.

Gang Valve Motor; 6 Spray N

Gang Valve Motor; § ‘
Gang Valve Motor;

~
—

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor; ' ""
Gang Valve Motor; Spray

F T T ‘. .
@Y Ecercency Power Feeder B r1ternate Pover Feecer QNN

—

Gang Valve Motor OSpny

Gang Valve Motor; Spray
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

I

Gang Valve Motor; (i spray

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor; -

Gang Valve Motor;Qfont. Sect. to Aqueous Sect.

Gang Valve Motor; )
Gang Valve Motor; (Y

Gang Valve Motor ,—

{
~

-
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TABLE i-1. Emergency Power to Critical Equipment (Continued)

G =cercency Power Feederi‘uternate Power Feeder (NN

- —_

Gang Valve Motor;
Gang Valve Motor;

Motor;
Motor;

Gang Valve
Gang Valve

Motor;
Motor;

Gang Valve
Gang Valve

Motor;
Motor;

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Motor;
Motor;

. Spray

)

Gang Valve'uotor;

Gang Valve Motor;

Motor;
Motor;

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Motor;
Motor;

Gang Valve
Gang Valve

Motor;
Motor;

Gang Valve
Gang Valve

Motor;
Motor;

Gang Valve Motor;
Gang Valve Motor; pray
- e

s

—_
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TABLE A-1.

l DPSTSA=-200-10, SUP-5

DELETED VERSION"

Emergency Power to Critical Equipment

(Continued)

—

__ﬁergency Power Feeder-) Alternate Power Feeder-

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Gang Valve
Gang Valve
Sect.

P

Motor;[ - .
Motor;
‘IIII Spray

Motor;
Motor;

Motor;
Motor;

Motor;
Motor;

'. ] . SPp.y
Spray

SPARE (5-1)

Motor;
Motor;

Motor;
Motor;

m“ Cent. Secf--ac‘“' Sect. to Aqueous

—

Q Emergency Power Feeder'{J#Alternate Power Feeder (NNNNNEND

— -

-~ - -

Gang Valve Hotor; (NN
SPARE (1-2)
’_/_~\
Gang Valve Motor;
Gang Valve Motor; B
Inst. Power Panel & Sect. 18, Lev. 1
Gang Valve Motor;
Gang Valve Motor;
Power to 251=-H Control House -- Alternate power supply
Gang Valve Motor; Spra
Gang Valve Motor;

Power to 211=H Control House & Outside Facility NIM System

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Gang Valve
Gang Valve

Motor;'
Motor; "

Motor;
Motor;

Motor;
Motor;'

y A=12
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 TABLE A-1. Emergency Power to Critical Equipment (Continued)

DPSTSA-200-~10, SUP=-5

_ amergency Power Feeder_— Alternate Power Feeder‘

A

"Cent. Sect. to -Aqueous Sect.

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor; W Seray -
ot e o~ W ——

Gang Valve Motor; @} Spray
Gang Valve Motor;
]

WC Fire Water System, Motorized Valve in WGVC; Panel’ -
WC Fire Water System, Motorized Valve in Sect. 18, Lev, 1; Panel -

Gang Valve Motor;
Gang Valve Motor;

Yo T e mm—

[N P N

“DELETED VERSiCrs-
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~ ELETED VERSION"

TABLE A-1, hergoncy Power to Critiocal Equipment (Continued)

/’ . . — —
é&lergency Power Feeder- Alternate Power Feeder_

Gang Valve Motor;( \
Gang Valve Motor; |
Gang Valve Motor; /Sl .
Gang Valve Motor; /
Emergency Domestic Water p for Process Air Compressors (POWER)
Gang Valve Motor;

Gang Valve Motor; A

Gang Valve Motor; Spray
Gang Valve Motor;

Gang Valve Motor; ;
Gang Valve Motor; ( Spray
Gang Valve Motor; .

Gang Valve Motor; /

Gang Valve Motor;

Gang Valve Motor;

Gang Valve Motor;
Gang Valve Motor;

Gang Valve Motor; _

Gang Valve Motor; §
Gang Valve Motor;

————m

‘“LEI'E@ W:RSEGN'

.--—'-"

- ——
P
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DELETED VERSION’
TABLE A-1. Emergency Power to CritIcal Equlpment (Continued)

-)Emergency Power Feeder-. Alternate Power Feeder—

Gang Valve Motor;F
Gang Valve Motor; Dual Purpose Gang Valve -—

spray = No jet
Gang Valve Motor; h

Gang Valve Motor;

Gang Valve Motor; —

Gang Valve Motor; ,
Gang Valve Motor;

Gang Valve Motor; Dual Purpose Gang Valve = 7
!ang Valve Motor;—Sparge

Gang Valve Motor;
Hot Canyon Fire Water System, Motorized Valve in HGVC, Sect. 18; Panelﬁ

~ -~ T N
-,Emergency Power Feeder i1 ternate Power Feeder (NN

———

Gang Valve Motor;

Gang Valve Motor; Spray

Gang Valve Motor,_\
Gang Valve Motor; Dual Purpose Gang Valve -—
Valve Motor'-Spray

Gang Valve Motor; QD ,_ P
Gang Valve Motor; Dual Purpose Gang Valve - )

Gang Valve Motor; ] T
Gang Valve Motor; '

HC Fire Water System, Motorized Valve Sect. _

Gang Valve Motor;

ED VERS IO




J)O’%ED VERSION' ] DPSTSA=200-10, SUP=5

TABLE A-1. Emergency Power to Critical Equipment (Continued)

~—~——

ﬁmurgency Power Feeder@} Alternate Power reeder (D

Gang Valve Motor; —

Spray
Gang Valve Motor; )
Valve Hotor; Dusl Purpose Cang Valve - NN
Gang Valve Motor; (NN -

Gang Valve Motor; Spray
Gang Valve Motor; )
Gang Valve Motor;/ .

Gang Valve Motor; )
Gang Valve Motor;

Gang Valve Motor;

G

Gang Valve Motor; \

? .
Gang Valve Hotor;_’

Can be Supplied Emergency Power from N
or Can be Supplied Normal Power from Feeder

On West Side of Panel - Process Air Dryer
On East Side of Panel -~ Process Air Compressor No. 1, 50 HP RIX Unit

. PpCan be Supplied Emergency Power fr '
or Can be Supplied Normal Power from Feede

Process Air Compressor No. 2, 25 HP Gardener Denver Unit

[NOTE: Power to{NP and QP Ls via transfer switches. When emergency
power is provided to one of these MCC panels, the other panel is on normal
power.]

——— ™
pap— L ad
© e + ¢

chyZAETED VERSION
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APPENDIX B

B=CANYON EVENT TREES AND FAULT TREE
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EXTERNALLY | VESSEL VENTILATION] SAND SEQUENCE RELEASE
INDUCED CONTENTS SYSTEM FILTER FREQUENCY | CONSEQUENCE RATE
FAILURE LOST FAILS FAILS /hr ci Cishr®
INITIATOR
YES
<0.01/d -8
1.0X 10 0 0
0.1/d
~0
NO 0 TABLE C-2 0
-5
1.0X 10 /hr 0.99/d -6,
- 10X 10 TABLE C-2 ol
NA 0 0
0.9/d
. NA 0 0
* SEQUENCE FROUENCY IS 1 X 16% FOR EACH UNIT OPERATION

» % RELEASE RATE = SEQUENCE FREQUENCY (/hr) X RELEASE (Ci)

FIGURE B- |

Event Tree For Externally Induced Failure Releases to the Stack.
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MEDIUM
SEQUENCE RELEASE
ENERGETIC | VENTILATION| SAND FREQUENCY RELEASE RATE
EVENT SYSTEM FILTER e Ci Ci/hr®
INITIATOR FAILS FAILS
YES
NO <0.01/d — 0 0
TABLE B-1 -0
o TABLE C-3, 0
c-4,C-5
0.99/d TABLEB-1 | TABLEC3.
= C-4, C-5 "
NA 0 0

* RELEASE RATE = SEQUENCE FREQUENCY (/hr) X RELEASE (Ci)

FIGURE B-2 Event Tree for Medium Energetic Release from the Stack

§=-4as ‘0L-002-v¥Slsdd
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TABLE B-1, Data for Quantification of Medium Energetic Release fi'om the Stack Event Tree

Initiator Hedium Energetic Sequence Release, Release Rate,
Location Event Initiator - Frequency, /hr Ci Ci/hr

Dissolver Uncontrolled Reaction 9. 0E-05 1.6E-01 1.4E-05

Head End Uncontrolled Reaction 2. 0E-0o 1.5E-0% 3.0E-07

First Cycle Firve 7. 0E-08 5. 8E-01 4.1E- 08

Uncontrolled Reaction 1.0E-05 9. 8E-02 9. BE-07

2nd U Cycle Fire 7. 0E-08 9. 4E-06 6. 6E-13

Uncontrolled Reaction 1. 0E-05 3.9E-07 3. 9E-12

2nd Np Cycle Fire 7.0E-08 5.1E-04 3.6E-11

Uncontrolled Reaction 1.0E-0S 1. 7E-05 1.7E-10

HANWN Evaporator Uncontrolled Reaction 3. 9E-0S 1.1E-01% 4. 3E-06

LAN Evaporator Uncontrolled Reaction 2. 6E-05 4. 5E-06 1.2E-10

Ion Exchange Fire 4.1E-06 2. 9E-02 1.2E-07

Uncontrolled Reaction 9. 0E-06 7.5E-03 6. 8E-08

Explosion 5. 0E-08 2.5E-02 1.3E-09

High Heat Haste Uncontrolled Reaction 2. 0E-05 1.1E-01% 2. 2E-06

§-das ‘01-002-YSlSdd
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HEAT SOLVENT SOLVENT IGNITION SEQUENCE RELEASE
SOURCE . QUTSIDE HEATED SOURCE FREQUENCY | RELEASE RATE
AVAILABLE | conTACTORs| ABOVE PRESENT e o -
' FIRE POINT
YES 0.1/d _7%
2.1% 10 TABLE C-3 "
t 0.1/d
NO 0.07/d NA 0 0
0.9/d
-4
3X 10 /he NA 0 0
0.9/d
NA 0 0
0.93/d
NA 0 0

-8
» Each cycle assumed to have equal probability of fire (7 x 10 /hr)
= » RELEASE RATE = SEQUENCE FREQUENCY (/hr) X RELEASE (Ci)

FIGURE B-3 Event Tree for Fire in Solvent Extraction
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»un DELEASE RATE = SEQUENCE FREQUENCY (/hr) X RELEASE (Ci)
FIGURE B-4 Event Tree for Fire in lon Exchange

MATERIAL MATERIAL RESIN DRIES | SEQUENCE RELEASE
OUTSIDE OUTSIDE OUT AND FREQUENCY | RELEASE RATE
COLUMN COLUMN IGNITES P Ci Cishrnnw
IS RESIN
YES
0.1/d -6
41x 10 TABLE C-3 unn
NO .
. NA 0 0
0.9/d
NA 0 0
NA 0 0
NITIATOR MATERIAL RESIN DRIES SEQUENCE
MECHANISM FOR OR  , OQUTSIDE COLUMN OUT AND FREQUENCY, /hr
MATERIAL QUTSIDE  FFEQUENCY. /br ISRESIN, /d "  IGNITES, /d
COLUMN
LEAK 12% 10 0.03 0.1 36x 10
UNCONTROLLED 5 3
REACTION 22x 10 0.21 0.1 46x 10
 TOTAL a.1x10°

§-das ‘01-002-¥sisdd
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SEQUENCE RELEASE
CRITICALITY VENTILATION] SAND FREQUENCY RELEASE RATE
SYSTEM FILTER N i .
FAILS FAILS r Ci/hr
YES
I <0.01/d -9 0 0
: 37X 10
NO 3.7 (;7
7X10 /he -
: 0 0 TABLE C-5 0
0.99/d -7
5 37X 10 TABLE C-5 "
NA 0 0

* RELEASE RATE = SEQUENCE FREQUENCY (/hr) X RELEASE (Ci)

SEQUENCE
SYSTEN FREQUENCY. /hr
DISSOLVING 15X 1072
HEAD END 22%10710
HEAD END EVAPORATOR 12% 108
FIRST CYCLE 18%x10°7
2MD U CYCLE 1ax107’
FOTAL 37 T

FIGURE B -5 [vent Tres i Criticality Release trom the Slack:

g=das ‘o t=00c-VS1Sda
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TRANSFER  [EVENT MATERIAL MATERIAL | SEQUENCE RELEASE
ERROR NVOLVES TRANSFERRED| RELEASED | FReQUENCY | RELEASE RATE
INITIATOR  [CONTAMINATED| OUTSIDE OUTSIDE /he Ci Ci/hr®
JIATERIAL CANYON VESSEL
YES 0.01/d
TABLEB-2 | TABLE C-6 "
t TABLE B-2
NO TABLE B-2 NA 0 0
TABLE B-2 NA 0 0
NA 0 0
NA 0 0

» RELEASE RATE = SEQUEMCE FREQUENCY (/hr) X RELEASE (Ci)

FIGURE B-6& Everd Tree for Airbor ne Release al Ground Level due to 1ranster Error

S=dns ‘01-002-YS1Sdd



6-¢

TABLE 8-2. OData for Queatificatioa of dirborne Release at Ground Leval Event Tree

Initiator
Location

Decontamimation
Dissolver

Nead End

First Cycle

2ad 8 Cycle

2ad Mp Cycle
sl Evaporator
LA® Evaporator
foa Eachange
figh Reat Raste

Fraoction

- OO0 = ==

Ianitiator Eveat lavolves
Contaainated

frequency,

4]

PRI e o= s =

o

Naterial, /0

- iham s iR NN e P

Haterial
Traasferred MNaterisl Released

Outsgide, /4

PO OOOLOOLS

0E-02

.0E-Q2

0E-02
0£-02

Outside Vessel, /0

o T )

.0E-02
.0E-02
.0E-02
.0E-02
.0E-02
. 0E-02
.0E-02
.0E-02
.0E-02
.02-02

Sequeace
Frequency,
/ar

.0E-09
.0E-09
.2E-08

Release,

Ci

.S5E-G4

1E£+00

Release Rate,
Ci/’ar

R mIIN NN W

OE-13

.5E-08

6E-07
4E-07
8E-17
3E-13
4E-07

.4E-14
.6E-09
.2€-07

¢=~ds ‘0L=-002-v¥SISdd



ol-g

LOW VENT MATERIAL VENTILATION| SAND SEQUENCE RELEASE
ENERGETIC  INVOLVES RELEASED SYSTEM FILTER FREQUENCY RELEASE RATE
EVENT ONTAMINATED] TO SumMP FAILS FARLS /hr Ci Ci/hr®
INITIATOR TERIAL :
YES <001/ 0 0
TABLES B-3,
t B-4, B-5 0
NO 0 TABLES C-7. 0
TABLES B-3, ¢-8.C-9
-4 B- 0.99/d
B4.8% _ TABLES B-3, | TABLES C-7, .
! B-4, B-5 c-8, C-9
TABLES B-3,
B-4, B-5 NA 0 Y
NA o 0
NA . 0 0

* RELEASE RATE = SEQUENCE FREQUENCY (/hr) X RELEASE (C)

FIGURE B-7 Event Tree for Low Energetic Release from the Stack
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TABLE 8-3.

Instiator
Location

Decontamination
Dissolver

Nead End

First Cycle

2nd 0 Cycle

2nd Np Cycle
WAN Evaporatur
LAN Evaporator
Ion Exchenge
Righ Heat Raste

Fraction

P Y- 11 1 L

Inmtiator
Frequeacy,

/hr

W EDC = ot ws () d» =

.0E-0%
.0E-05
.0E-05

Event Imvolves
Contasinated
Naterial, /¢

Haterial
Released
to Suep, /4

0E-02
0E-02
0E-02
0E-02
0E-02
0E-02
0E-02
0E-02
0E-02

Seque
Freque

nce
ncy,

/he

SOWWNEBNN=A

0E-Q7
6E-06

Data for Quaatification of dirborne Release froa the Stack due to Tramsfer Ervor Event Tree

Release,
ci

- s AW D ey

0E-07
7E-01
SE-01
3JE-02

Release

Rate,

Ci/hr

. 8E-13

7€-07

.6E-07
.JE-07

8E-17
3E-1)
IE-07
4E-14

.SE-09
. 2E-07

S=d0S ‘0L~002+~¥S1Sdd
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TABLE &-4.

Initistor
Location

Decoatamimation
Dissol ver

lead Ead

First Cycle

2nd ¥ Cycle

2nd Wp Cycle
a8 Evaporator
LAY Evaporator
fon Exchange
i1gh fleat Waste

fraction

- 0O0O00w ==

Inati

ator

Frequeacy,
/he

[ L L X X X X ¥

0E-06
.0E-08
.0E-05
.0E-08

Event Involves
Contasinated
Material, /d

L Y Y Y TR X}

Natevial
Relessed
to Suasp, /4

Seque

ace

Frequency,
/he

[ X X ¥ Y"I" B 4 NTJ]

Data for Quastification of sirborne Rclease (rom the Steck dus to Overflos Event Tree

Release,

Ci

NV AB O

.2E-07

9E-02

.9E-02

SE-02

Relcase Rate,
Ci/mr

vAENRONSe N

S§=dns ‘01-002-vSLSdd



Ei-g

TABLE 0-5. Data for Quaatificatioa of sirboras Relsase fros the Stach due to Leek Eveat Tree

Imitistor
Locetion

Decontasimation
Dissolver

Nead End

First Cycle

2ad § Cycle

2ad Np Cycle
#a8 Evaporstor
Lak Evaporastor
Ton Elehanze
High Heat Raste

Fraction

OO0 es

Imiti
Fregque
h

ator
ney,

/ar

e ol )i b NN D

.0E-04
.28-0%
.08-04
0E-03

Evaat Iavolves
Oontasinated
Naterisl, /d

bt ok abuds B Sutbush il

.0E-01
.0E+00

Naterial
felsased
to Suap, /4

1.0£+00
1.0E+00
1.05+00
1.08+00
1. 0E+00
1.0E2+00
1.0E¢00
1. 0E+00
1.0E+00
1.0E:00

Sequence
Frequeacy,
/he

N ety YOS

Release,
[

)
)
1
7
2.
4
[J
3
2
8.

. 4E-07
. 4E-02
. 3E-02
.6E-0)

Release

Ci/h
L7E-11

PWOASNONO® O

Rate,
r

7€-07
JE-06
SE-06
QE-16
7€-12
SE-05
JE-V3
1E£-07
0E-07

g=d0ns ‘04-002-VS1Sdd
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INITIATING PRIMARY | TRANSPORT | HAZARDOUS | HAZARDOUS CONSEQUENCES SEQUENCE
"~ EVENT RELEASE TO FUMES LIQUID FREQUENCY
OCCUPIED RELEASED | RELEASED %
AREA
HAZARDOUS VAPORS 5
YES IN OCCUPIED AREA (A)| 3.7X 10
‘ HAZARDOUS LIQUID N -4
NO OCCUPIED AREA (B) 1.3X10
NONHAZARDOUS LIQUID
IN OCCUPIED AREA -
CHEMICALS TO
WASTE HEADER -
CHEMICALS TO -
WRONG VESSEL
NONE NA
SEQUENCE
INITIATING INITIATOR FREQUENCY, /hr
EVENT FREGUENCY, /hr FREQUENCY FOR SUBSEQUENT EVENTS, /d A B
-4 -6 -5
OVERFLOW 14X 10 0.46 0.33 0.07 0.8S 1SX10 1.27X10
- -5 -5
LEAK 22X 103 0.75 0.089 0.22 0.70 32X10 80X10
-4 -7 -6
TRANSFER ERROR 24X%X10 0.15 0.33 0.07 0.85 83X10 94X 10
UNCONTROLLED -5 -6 -6
REACTION 38x10 0.42 0.29 057 0.86 26X10 1.7%X10
B -5 _4
37X10 1.1X10

TOTAL

FIGURE B-8. Internal Release Event Tree for Chemical Hazards
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ACTIVITY
IN FOUR MILE
CREEK
5
ﬂl 32X 10 Ci/r
AN
SEG. WATER ACTIVITY
NOT DUE TO
DIVERTED RUNOFF
-6 =7
4X10 /he CJ 8x 10/
25x 10 Ci/he 1.4x 10 Ci/hr
ACTIVITY FAILURE SUFFICIENT ACTIVITY SMALL
IN SEG. TODIVERT —A RAIN FOR IN SEG. OR BREACH IN
WATER RUNOFF CIRC. WATER PIPING
-4 2 -4 -2
1x10 /he g_l 4x 10 /d 0.2/d LS 14x10/he 3x10/d
‘ 0.17 Ci
DIVERSION . ACTIVITY ACTIVITY
VALVE MONITOR PERSONNEL IN SEG. IN CIRC.
FAILS FAILS ERROR WATER WATER
~4 -2 -2 -4 -5
19x10/d 1% 10 /d Ixi10/d 1 x10 /he Ix 10 /hr
17Ci 17 Ci 1.7 Ci

FIGURE B-9 Fault Tree for Liquid Releases to Four Mile Creek
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ACTIVITY ACTIVITY DUE TO IMPROPER MALFUNCTIONS ‘|
DUE TO COOLING TOWER REMOVAL IN CANYON
MAJOR BREAK OVERFLOW OF SLUDGE
-8 -7
42X 10 /hr 4x 10 /hr -6
7.1 x 10’ Ci/he 57 Hx If)6”". 4% 10/n
‘ . 68x 10 Ci/hr 1X 10 Ci/hr -6
4x 10 (
ACTIVITY
ACTIVITY LARGE ACTIVITY TO SORBS IN
IN SEG. OR PIPE COOLING COOLING SOIL
CIRC. WATER BREAK TOWER TOWER
OVERFLOW 5
-4 -4 2x 10 /br
14x10/hr 3x10/d ﬂ'l"b x 109he 0.25/d 7
176 L7 ci 6.0 x 10 Ci/hr
FAILURE TO ACTIVITY ISOL. GATE
DIVERT CIRC. PUMPED FROM| VALVE RELEASES
COOLING WATER WASTE FARM | ACTIVITY -~
-6 -7 -10
12x 10 /hr 4x 10 /hr 1% 10 /hr

_ACTIVITY IN
CIRC. WATER

-5
3x 10 /hr

FAILURE
TO
DIVERT

é 4x 104

FIGURE B-9 Fault Tree for Liquid Releases to Four Mile Creek (continued)

B=16



DPSTSA=200-10, SUP-5

APPENDIX C
B-CANYON SOURCE TERM CALCULATIORS
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Nuclaide

895r
903r
90Y
91Y
9Sir
951%b
1030
106
106RR
110Ag
1238n
1255b
127Te
1297e
134Cs
137Cs
141Ce
144Ce
1440Pr
147Pa
1480n
154€u
23490
2358
2360
2300
237%p
238Pu
239Pu
24000
241P0
242P0

Total

Frequeacy,
/e

TABLE C-1.

Dissolver

41E-0)

668-04
73E-03
39E-0)
83E-04
14E-04
10E-04
10E-04
46E-05
49E-05
90E-0S
64E-0S
49E-05
73E-04
78E-04
46E-04
82€-01
02E-0)
49E-04
87E-04
56E-05
07E-08
43E£-20
75E-09
36E-21
48E-09
16E-06
S0E-08
76E-08
61E-05
15€-20

2. 28E-08

Curies of Specific Nuclides Released at Ground Level due to Earthquake (N-Caayon)

lead Ead

10£-03
S1E-04
SI1E-04

W SRNANENSLAWSTERO NSNS NS RANES W en
P e e e e e e e e e e e e e e e e e e e e e e e e e e

-

il

-

1)

[-d

-

First
Cycle

N ONOAON S WANSS YO NNt d@d DN o o

.87E-03
.318-04
. 31E-04
.93E-03

718-0)
678-0%

. 742-04

158-05
17£-05

. 47E-0S

83E-0%
178-05
93E-04
06E-04
87E-04
77E-0)
77€-03
44E-04
31£-0)
22E£-0%
93E-08
068-20
83E-09
06€-29
S4E-09
99E-06
09E-08
S1E-08

. 60E-02

2nd ¥
Cycle

.018-1)
.608-14

68E-14

.95E-1)

60E-13
SSE-1)
34E-14
SSE-14
978-14
328-15
308-18
90L-15
178-15

. J0E-18
LA9E-14

T4E-14
19€-1)

. 378-12

378-12
55E-13
628-15

. 00E+00
. 958-1)

34E-16

. 348-14¢

20€-16
578-18

.068-16

$0€E-10

. J0E-10

ME-16

.S78-1
.05E-12

. 28E-08

2ad %p
Cycle

3.

41E-10

t.16E-11

LA6E-11

Evaporator

2.06E-03
. 44E-04
. 448-04
.238-03
.9608-03
. 458-08
.478-04
. 40R-04

bt ol L ol L o f fdad

9. 94E-1Y
2. 87E-02

LaR

Evaporator

-

. 32E-1

P T e Y Y L R T IV E TP R Y F YWyt

68E-1
68E-1
46E-1

I6E-

S.

® SGONNNSRRNGRN NGO WWRWBN VRN W )

$SE-07

Bigh Heat

Naste

2.
1.
1.

.

.

N SNe NS SUEN RSB NNAS LI SR e BN

06£-0)
44E-04
445-04
2)8-03
298-03

. 452-05

478-04
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TASLE C-2., “Curies of Specific Nuclides Released froas 200-ft 3tack dus to Externally Induced Failures (f-Canyon)

. First 2nd ® 2nd Mp (1] LAl Iom High Nest
WNuclide Dissolver Nead End Cycle Cycle Cycle Evaporator Evaporator Exchange Naste
89Sr 2. 36E-02 2.94E-02 1.84E-02 3. 74E-12 3, 36€-09 2. 02E-02 5.21E£-10 5. 44B-06 2. 02E-02
90Sr 1.63E-0)3 1. 48E-0) 1.2608-0) 2. 63E-1) 1.148-10 1. 41E-0) 3.61E-11 1. 14E-06 1. 41E-0)
90Y 1. 63E-03 1. 48E-0) 1.280E-03 2. 63E-1) 1.14E-10 V. 412-03 3. 61E-11 1.148-06 1. 41E-03
Ny 3. 66E-02 3.328-02 2.87€-02 5. 04E-32 2.62E-09 3. 17g-02 8. 29E-10 1. 04E-05 3. 178-02
952¢c 3.32E-02 3. 028-02 2. 65E-02 5.49E-12 2. 36E-08 2.92E-02 6.95E-09 2. 03)E-05 2. 92E-02
95ub 9. 64E-01 - 8.75£-03 7.52E-04 1.52€-12 3, 328-10 8. 282-04 1. 15E-10 1.83E-05 8. 282-0¢
103Ru 7.98E-01 7. 24€-01 3. 98£-01 8. 178-11 6. t1E-08 4. 39E-01 t. 74E-08 9. 90E-06 4. 39E-01
106Ru $.90E-01 S. 43E-01 3.108-01 6. 42E-11 4.36E-08 3. 41E-01 1. 34E-00 3. 81E-05 3. Q1E-01
106Rh 5.98E-0) 5. 43E-03 4. 64€E-0) 9.77E-13 4. 1SE-10 5.128-03 1. 1E-10 3. 81E-05 5. 12E-0)
11049 1. 43E-04 1. 30E-04¢ 1.13E-04¢ 2. 208-14¢ 1. 00811 1.248-04 3. 21E-12 1. 29E-06 1. 24E-04
1233n 1. 46E-04 1.33E-04 1. 158-04¢ 2.33E-14 1.008-11 1.27E-04 3, 21E-12 2. V6E-00 1.27E-04
12550 1.086E-0¢ 1.69E-04 1. 44E-04 2.928-14 1.27E-11 1.S0E-04 4. 01E-12 5. 94E-07 1.58E-0¢
12°Ta Z.54E-01 2. 35€-04 1.79E-014 4.09E-14¢ 1.79E-11 1.97E-04 5.61E-12 7. 42E-07 1.97E8-04
129Te 1.46E-04 1. 33E-04 1. 1%E-04 2. 33E-14 1. GOE-1Y 1.27E-04 J.2VE-V2 2. 16E-08 V.27E-04
114Cs 3.66E-03 3.32E-03 2.07E-03 5. 78E-13 2. 49E-11 3.17E-03 7.89E-12 7.92E-07 3.17E-0)
137Cs 6.65E-0) 6. 03E-03 3. 98E-0) 7.59E-1) 3. 40E-10 4. 39E-03 1. 08E-10 3.27E-06 4.39€-01
141Ce 7.31E-0) 6. 64E-03 5. 75€-03 1.17B-12 5. 24E-10 6. 33E-0) 1. 60E-10 3.56E-06 6. 33E-0)
t144Ce §. 64E-02 7.828-02 6.63E-02 t. 34E-18 5.67E-09 7. 3tg-02 1.878-09 3. 062-05 7. 31E-02
184PTF 8. 64E-02 7. 828-02 6. 63E-02 1. 34E-1¢ 5.678-09 7. 318-02 1.87E-09 3. 86E-05 7. 1E-02
147Pa 9. 31E-0) 8. 45E-0) 7. 30E-0) 1.52E-12 6. SSE-10 8. 04E-03 2. 14E-10 3. 41E-06 9. 04E-0)
140Pn 9.67E-03 8. 75£-0) 1. 20E-02 2.578-14 1. 14E-1% 1. 41E-02 1. 34E-11 7. 42E-07 1. 41E-02
154Eu 1. 53E-04 1.39E-04 1. 198-04 0. 00E+00 0. 00E+00 1.32E-0¢ 0. 00E+00 2. 20E-08 V.32E-04
2340 3. 99E-07 3.628-07 2.87E-07 5.840-12 4. 36E-14 2. 92E-11 6.68E-15 4. 80E-15 2. 92E-11
2359 $.32E-19 4.038-09 3. 96E-19 0.178-1¢ 4. IGE-14 4.078-1) 1. J4E-16 6. 4IE-16 4.87E-1)
2360 4. 65E-00 4.22€E-00 3. 76E-08 8.17E-1) 4. 36E-14 3.90E-12 9.36E-16 5. 94E-16 3.90E-12
2380 1.33E-20 1. 29E-10 1.04E-20 2. 16E-1S 4.36E-14 9. 74E-18 2.67E-1D 1. 60E-15 9. 74E-15
2370p 2. 43E-00 2. 20E-09 1.90E-08 1. 54E-v4 1. 57611 1.95¢2-10 4. 54E-14 2.10E-00 1.95E-10
238Pu 8.97E-05 6. 14E-0% 6. 85E-05 2. 80E-1S 3. 22E-10 7.55E-05% 3.61E-12 2. 47E-04 7.55€-05
239Pu 7.64E-07 6. 94£-07 5.97¢-07 2. 4SE-17 1. 058-12 6. S8E-07 3. 21E-1) 6. 93E-08 6. S8E-07
24000 5. 65E-07 5. 13E-07 4. 42E-07 2.33E-1? 7.86E-1) 4.87E-07 2.27€-1) 4. 26E-00 4.87E-07
241Pu 2.56E-04 2.32E-04 2.01E-04 8.17E-13 3. 94E-10 2. 22E-04 1.02E-10 4. 70E-06 2. 22E-04
242Pu 1.193E-19 1.03E-09 8. 04E-10 3. S0E-20 4. 36E-14 9. 74E-10 4. 01E-16 4. 70E-09 9.74E-10
Total 1.72E+00 1.56E+00 9. 56E-01 2.02E-10 1. 49E-07 1.05E+00 4. 37E-08 4.92E-04 1.05E+00
Frequency, )
/he 1. 00E-06 1. 00E-06 1. 00E-06 1.00E-06 1.00E-06 1.00E-06 t.00E-06 1. 00E-06 1. 00E-06

§=~df1S ‘0i-002-¥S1Sdd
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Nuclide

898
90Sr
90Y
Ny
951r
95hb
1038
106Ru
10680
110Ag
1238a
12538b
127%7e
1297e
134Cs
137Cs
141Ce
144Ce
14400
1470
148Pn
154Ee
2340
2350
2368
2380
2170p
238Pu
239Pu
240Pu
241Pu
242Pu
241Am

Total

Frrequency,
/hr

Asjeighted by frequency of occurreace

TABLE C-3.

First
Cycle

.1SE-02
. 908-03

90€-03
$0£-02
00E-02
75E-03
00E-03
00E-03
0SE-02

.SSE-04¢

60E-04
25E-04
0SE-04
60E-04
S0E-0)

. 00€E-0)
.30E-02

S0E-0f
SO0E-01
6SE-02

. 90£-02

70E-04

. S0E-07

. SCE-08

. 30E-08

SSE-04
3SE-06

SSE-04

. G0E-09
. 00E+00

.77E-00

Curies of Specific Wuclides Relesased from 200-ft Stack due to Firs (M-Canyon)

92E-07
21E-06
21E-06

. 508-07

23£-09
00E+00
628-07
Ise-09
3Sg-07
S6E-10
60R-09
62E€-10
048-12
858-12
3ISE-09
77E-15

. 00E+00
. 42E-06

. 00E-08

Resin fRelesse in Joa Exchaamge

204 Np Evaporetion Leak Both
Cycle fRelease fRelesse Nechanisas*
3.53E-05 3, 236E-06 2. 06£-06 3.218-04
1.198-06 6. 028-07 5. 908-07 6.728-05
1.196-06 6.828-07 5. 99R-07 6.72E-0S
2.758-05 6. 22E-06 5. 462-06 6. 142-04
2.472-04 1.22E-05 1.078-05 1.206-0)
3. 408-06 1. 10E-0S 9. 618-06 1.08E-0) ¢
6. 81E-06 5. 93E-06 S, 20K-06 S. 04E-04
4.508-0% 2. 28E-0S 2.00E-05 2.25¢-0) \
4. 35E-06 2. 28E-0%5 2. 002-05 2. 258-03
1.05£-07 7.718-07 6. 75E-07 7. 60E-05
1.05E-07 1.30E-08 1. 148-08 1.29£-06
1.328-07 3. 568-07 3. 128-07 3.518-0%
1.88£-07 4. 45€-07 3.908-07 4.308-05
4. 0SE-07 1. 30E-08 1.142-08 1.29E-06
2.61E-07 4. 74E-07 4.168-07 4. 68E-05
3.57€-06 1.96£-06 1. 71E-06 1.93E-04
5. SO0E-06 2.13E-06 t.07R-06 2. 10E-0¢
S. 95E-05 2. 318-0% 2.0318-05 2.28K-0)
$. 95£-0% 2.318-05 2.03E-05 2. 28E-03
6.07E-06 $5.04K-06 4. 428-06 4.97E-04
1. 19€-07 4. 45€-07 3, 908-07 4.38E-05
0. 00E+00 1.36K-08 1.20E-08 1. 34€-06
4.588-08 0. 00E+00 2. 608-16 2. 94E-1S
4.50B-10 0.00E+00 2.608-16 2. 94E-15
4. 58E-20 0. 00E+00 2.608-16 2. 94E-15
4.58E-10 0. 00E+00 2. 60E-16 2. 94E-15
1.65E-17 1. 30E-08 1. 14E-00 1. 29E-06.
1. 28E-06 1.48E-04 1. 30E-04 1.46E-02
1.09E-08 4. 15E-08 3. 64E-08 4.09E-06
8. 24£-09 2. 55E-08 2. 238-08 2.51E-06
3. 668-06 2.028-06 2. 47E-06 2. 78E-04
4. 580E-10 0. 00E+00 0. 00E+00 0.00E+00
0. 00E+00 2.02E-09 2.478-09 2.78E-07 4
S. 13E-04 2.95E-04 2. 50E-04 2.90E-02
7. 00E-08 3. 60E-06 4. 60£-07 4.06E-06

ANeighted average release from both mechanismes z 100
to account for higher pavtition factor for fires

S=dns ‘01-002=¥YSlsdd



§-0

Nuclide

895r
90Sr
90Y
Ny
95Ir
95Nb
103Re
106Ru
106Rh
11049
1238n
1255b
1277e
1297e
134Cs
1372Cs
141Ce
144Ce
144Pr
147Pa
148Pm
154Eu
2348
2350
2368
2389
2370p
238P¢
219%u
240P0
241P0
242Pu

Total

Fregquency,
/he

TABLE C-4. Curias of Specific Nuclides Released froa 200-ft Steck dus to ¥ncontrolled Raactions { N-Caayon)

Diasolver

-

S W DD P WBSANNNS S s DN WRNNNDIOO2RINNN W

. 45E-02

38E-04

. 30E-04
. 3SE-0)
. 86£-0)

41E-0)
446-02
93E-02

. 75E-0¢

09£-0S
14E-05
72E-05
BOE-0S
14E-05
ISE-04
73E-0¢
07E-03
26E-02
26E-02
36E-03

. 41E-0)

23E-05
83E-08
76E-10
81E-09
94E-11
SSE-09
I1E-06
12E-07
27E-08

. 74E-05
.6SE~10

. 60E~0Y

. 00E~05

Nead End

3.
2.

25£-03
25E-04

2. 25E-04

-

BWNS B SANANS S0t RRARWRN=DER=S0 N

.05E-03
. 59E-02

First
Cycle

“UNI“U‘OQ.‘N--‘-Wﬂ.-ﬂﬁ--.\lﬁﬁﬁ‘.ﬂﬂﬂ

2nd §
Cycle

W NN et AN YR BV NN el

. 60E-08
. 93809
. 831E-09
.07€-00

83E-00

2nd Np
Cycle

1. ME-06

L4
[
™
1
(-
[}

-
.
-
© o
- ™
] [
O -
" -

[T}
Evaporator

3.

208-03

. 23E-04
. 23EB-04
. 418-03
.82E-03

04E-07
70E-08

.S0E-05
.54E-10

.07€-01

Lan

Evaporator

nusj‘d‘@“.na.Qﬁ'lﬂa”“-‘-"..wuyﬂ-_‘

.752-07
. 21E-08
.21E-08
. 79E-07

34E-06
97E€-08
99E-08
61E-08
41E-08
08E-09
0BE-09

. ISE-09
.89E-09

.66E-09
.64E-08
. 40E-08

30E-07
3J0E-07

. 20E-08
.SO0E-09

00E+00

. 25E-12
.S0E-14

1SE-1)

.00E~16
.S3E-11
.21E-09
.08E-10

65E-11
42€-08

.3SE-13
. 48E-06

. 60E-05

N ONO2WwWOOOOWS 2RV NSW= YWl AA= LW

Ion
change

. 33E-08
. 77E-08
. 778-0§
.56E-04
. 12E-04

008+00
33E-07
77€-03
04E-06
46E-07
18E-05
. 00E+00

. S4E-03

. 00E-06

Exzplosiona is
fon

2.
S.
S.

~ CNNW=OO OO0 W wah e (Wiw— e

78E-04
09E-05%
098-05

. 00E+00

11E-06
26E-02
47E-06
15E-06
J9E-04

. 00E*00
. S1E-02

High Neat
flaste’

U NPT VW WNNN S 2o 2 RARNWNN=DNW S AN

. 20E-0)
. 2IE-04

23E-04
01E-0)3
62E€-0)
ME-04
SSE-02
76E-02
09E-04
96E-05
00E-05
SOE-0S
12€-05
00E-0S
01E-04
93E-04
00E-0)
16E-02
16E-02

. 27€-03
. 23E-03

08E-05
36E-13

.94E-14
.1SE-1)

08E-16
S8E-11

.19E-05
. 04E-07
. 70E-08
. S50E-05
.S4E-VO

. 06E-0%

. Q0E-0%

§=-dns ‘01-002-¥SlSdd



TABLE C-5.

DPSTSA-~200-10, SUP=5

Curies of Specific Nuclides Rsleased

from 200-ft Stack due to Criticality ( E-Canyon)

Nuclide

83Br
84Br
8Shr
83mkr
8S5aker
87k
88kr
89kr
90kr
1311
1321
1331
1341
1351
1361
133Xe
135ale
1351e¢
1371
1381

Total

Frequency,
/hp

Volatile Fission
Products

9. 20E+00
7. 00R+01
2. 60E+02
5. 108400
1.20E+01
7. 60E+01
2. 208+02
2. 00E+03
1. S0E+04
1.70R+00
1. 40E+01
3. 00E+01
3. 808+02
1. 00B+02
2. 30E+04
1. 80E+00
1. 10E+02
3. 208+01
4. 90E+03
1.40E+03

4. 768+04

3.70E~-07
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Nuclide

893r
905r
90Y

91y

95ir
95M8b
1038
106
106 Rk
110Ag
123Sa
1258b
127Te
129Te
134Ca
137Cs
141Ce
144Ce
144Pr
147Pm
1400
254Eu
234V
2350
2360
2384
237Mp
2)6fu
2)9Pu
240Pu
24Py
242P0

Total

Frequency,
/hr

TABLE C-6.

Decon-
tamination

NERNWWmORNRNSANG W W WNSTO=DAANS G = w g =

.0SE-08%
. J1E-07

ME-07

.640E-05

SI1E-0%
29E-07
27E-06
77E-06
6SE-06
43E-08
SSE-08

.19E€-08
.02E-07
.SSE-00

64E-06
27E-06

. 20E-06
. 78E-05
. 70E-05

16E-06
JIE-06
81E-08
S1E-14

02E-15
18E-18
01E-13
S1E-08
40E-10

.S2E-10
.1S8E-07
.04E-13

. 4SE-04¢

2. 00E-09

Curies of Specific Nuclides Relesased st Ground Level due to Traasfer Evrvor to 211-4 (d-Canyon)

Dissolver

- NP BN NS DRt YRR WRNN oo Ao

. 74E-0V
.27E-02
.278-02
.3eE-01
. 68E-01
. 94E-01
.60E-0)
. 20E-0)
. 20E-01

87E-03
94E-03
74E-0)3
21E-03
94E-01)
J4E-02
JE-00
47€E-01
74E-02
74£-02

.Q7E-0%
. 94E-01

07€-0)
01E-06
07E-07
00E-06
67E-19
87€-07
§0E-03
S4E-08
14E-05

.21E-0)

27E-08

.05E+00

. 80E-09

flead End

~» NS St NOO NNttt WD

. 26E-01
. 94E-02
. 94E-02
. 60E-01
. 60E-01
. 74E-01
. 44Ee0Y
. 08E-01

08E-0)
S8E-03
64E-03
JGE-03
68E-0)
64E-02
608-01
20E-01

. 32E+00
. 56E+00

S6E+00

74E-01
76E-03
20E-06
60E-08
00E-07
40E-09
3GE-07
62E-0)
JRE-05
02E-05

. 68E-0)
.04E-08

. 29E+01

. 20E-08

First
Cycle

PEBAS S WNNNANNS =D YARNWRNONORNSAANNW

. 90E+01

. 30E-08

2nd 0
Cycle

1.

24E-
ME-
7

-
-
mEmmEOmAammame
L}
P Y Y- T Y
WNWWWLPO=DODNND

2ad Np
Cycle

.

. 73E-07

. 228-09
. 13E-07
. 91E-06

Evs

SRR ABURNNOINNA e aDANWWRN2RhB=RANNe

Ay
porstor

. 06E-0%
.84E-02
84E-02
JSE-0!
87E-01
66E-02
81E+00
§5E+00
. 03E-01
SO0E-0)
$SE-03
18€-03
. 96E-03
.5SE-0)
36E-02
81E-02
27E-01
47E+00
.47E+00
62E-01
04E-01
G64E£-03
.87E-10
. 79E-12
83E-11¢
40E-1)

$2E-03
J2E-05
79E-06
- 45€-02
96E-08

. 11E0Y

. 60E-08

92E-09 .

Eva

® DNAONOVAN=ONAWWWNLA2BARNNWN == I~

LAR
porator

.05E-08
25E-10
25€-10
67R-08
40E-07
318-09
49E-07
. 698-07
.638-09
. 44E-1Y
44E-1Y
.06E-11
.13E-10
. 44E-1
S8E-10
. 18E-09
. 22E-09
. 76E-08
. 76E-08
30€-09
.69E-10
. 00E+00
. ME-V)
.69E-1S
.88E-14
37€-17
. 13E-1)
25E-11
. 44E-12
$7£-12
04E-09
.06E-1S

. 79E-07

. 60E-08

Toa

Exchange

. 21E-04
. 306-04
. 308-04

High Neat
Raste

[B
2

h

SO B W VNOARNNS et BANWWRN>RE=ARN

06E-01
G4E-02

. 84E-02

36E-01

.87E-0
.66E-02
. 81E+00
. 8SE+00
.03E-01

50E-0)
SSE-0)
18E-0)

. 96E-0)

SSE-03

. 36E-02
.81E-02
. 27E-0%
. 47E+00

47E+00
62E-01
84E-01
64E-0)
87€-10
79E~12
23E-11?
40E-13
92€E-09
52€-0)

. 32E-05
. 79E-06
. 45€E-03
. 96E-08

C11ETOY

. 00E-08

§=das ‘0L=-002-vS1Sdd
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Nuclide

89Sr
90Sr
20Y
9Ny
952r
95¥b
1030w
106Rv
106N
110ag
123San
1258b
1277e
129Te
134Cs
137Cs
141Ce
144Ce
144Pr
1470
148Pn
254Eu
2340
2350
2368
2300
237Mp
238Pu
239Pu
240Pu
24100
24200

Total

Frequency,
/he

TABLE C-7.

Decom-
tasinetion

. 13E-00
. 508-09
. 508-09
.038-00

Curies of Specific Wuclides Released froa 200-ft Stack due to Tremsfer Error to Suaps (R-Caayon)

Dissolver

1.
1.

h

HSRNANONS AW OOED VNOWSINS SRRV

328-0)
608-04
608-04
608-0)

93£-08
23E~10
S8E-09
ME~-11
39E-09
8IE-06

S6E-00

. $2£-05
.11E-10

. 60E-06

2.098-03
1. 448-04
1. 448-04
3.248-03

718-10

10E-11
15£-09
94E-06
76E-08
. 00E-08
27E-05
.00E-10

.52E-0V

SNAONN LMW BBINANW NN
[
"
L]
1
[
-

2. 40E-06

First
Cycle

.62E-11
. 32€-02

. S50E-06

2nd 8
Cycle

W VNS WwWwaNwSSOOARNNNSESwRS W

2ad Wp
Cycle

1. 348-09

4.828-1%
4. 528-11
.

1. 74814
$.92E-08

2. 20E-06

NAN
Evaporator

1,
1.
1.

3.

. .

99E-03
39E-04
39E8-04
128-03

w
(3.3
mem
(O]
[-3-1-]
N

N

3.
3

Lan
porator

3. 048-06
6.368-07

»
»
L.}
[]
[
L)

P
w
-
»n
)
[-d
[

2. 63E- 06
2.638-19

2. 75E-04

9. 20E-06

Nigh Neat
Rastas

1. 99£-0)

.
-
-
~
)
[
L

et e T e R St d
- -
L X
mRm
] ]
[-1-1-]
(> X J

-
[-J
-
"
|
o
-

§-dos ‘01-002-VS1Sdd
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Nuclide

29S¢
903r
90Y
My
952
95Nb
1030u
106Ru
106Rh
11049
$2)5n
1255b
1277e
129Te
134Cs
137Cs
141Ce
t4dCe
144Pr
147Pm
148b=
254Eu -
2340
23540
2368
2380
237Np
236Pu
239P0
240Pu
24P
242Pu

Total

Frequency,
/e

TABLE C-8.

Decon-
tamination

-

OtE-08

2. 10K-09

BN BB A YD SNt DA ANNS D JRNLd N

. 10E-09
.71E-08

3SE-00

. 23£-09
.S52E-09
.07€-09
.61E-09
.8S€-10
.88E-10
. 36E-10

94E-10
8QE-10
71E-09
$2E-09
42E-09
09E-07
09E-07
20E-08
10E-08

. 96E-10
. ISE-17

25E-19
S0E-18
78E-20
S0E-16
12E6-10

. 78E-1)

25E-1)

. 30€E-10
. 45E-1§

. 18E-07

. 00E-07

Curies of Specific Nuclides Released from 200-ft Stack due to Overflow to Suaps (N-Canyon)

Dissolver

[7-Y PR WB N IUNWNOIROGOGWNE 2RO W WSRO

. 36E-03
- 41E-05
. 41E-05
.118-03

92E£-03
S7€-04

- 612-02

46E-02
46E-04
26E-06
4SE-06
08E-0S
SOE-05
4SE-06
11E-04
04E-04
23E-04
99E-03
99E-03
38E-04
S7E-04
04E-06
31E-08
07E-10
69E-09

.68E-12
. 40E-09

19E-06

.42E-08
. 27E-08
. 4BE-0S

S3IE-1

.93E-02

. 00E-05

Nead End

[ ] NaRNWOLEEANNON YOOGS WWS VSO YNt oD

. 22E-0)
. 43E-0S8
. 43E-05

§9E-03

. 72E-03

. 10E-02
.10E-04

.57E-06
.63E-06

J4E-05
S7E-06
89E-04
44E-04
78R-04
47E-03
47E-03
82E-04
99E-04¢
S$1E-06
O6E-08
7SE-10
41E-09
88E-12
26E-09
64E-06
96E-08
92E-00
32E-05
05E-11

. 00E-05

First
Cycle

w NN WWLSANNNSANG W WWNSOASB AN SIG = o )

.05E-02
. JE-05

31K-08

.648-0)

S1£-03
29E-05
278-02
778-02
6SE-04
43E-06
S6E-06
20E-06
028-05
S6E-06
64E-04
27E-04
28£-04
78E-03
78€-03
16E-04
31£-04
81E-06

.64E-08
. 27E-10

.93E-12
. 08E-09
.91£-06
. 40E-08
. 52E-00
.1SE-08
. 04E-11

. 4SE-02

. 80E-05

2ud 8
Cycle

.56E-1)

SOE-14

.SO0E-14

S6E-13
22E-1)
45E-1)
78E-12
11€-12
89E-14
17€-15
22E-15
78E-1S

. B9E-1S

22E-15
SOE-14

. 23E-14

11E-13
28E-12
28E-12
45E-V)

. 45E-15
. 00E+00

S6E-13
70E-15

.78E-14
.06E-16

SOE-15
87E-16

. JIE-18
. 22€-18
. 78E-16

33E-21

. 92E-11

. 40E-06

2nd Mp
Cycle

2.
2.

4E-10
65E-11

W SO RNNWTRrRdOND BBt YRANBNNNDa YOO

.11E-10

O VaNWweEdtONNS U BAGOWNS VNSO UNNSOG =B~

.

Evaporator

.17E-0)
.17E-05
.17€-05
. 83E-03

69E-03

. 79£-05
. $3E-02
.87E-02
.96E-04
. 18E-06

32E-06

.15E-06

14E-05
32E-06
83E-04
SIE-04
66E-04
22E-0)
22£-03
65E-04
17E-04
60E-06
69E-12
82E-14
25€-1)
63E-16
13£-1)
36E-06

. 80E-08
. 82E-08
. 28E-05
.63E-11

.08E-02

. SO0E-05

N NP PSRN IOV s DA WNeEa Y YR a DN W

LAN
Evaporator

LOVE-Y1Y
.09K-12
.09E-42
L79E-11

P Ve NNNOOOONBVLEAWWBNBAN=GOLENN ==

Ioa
Exchange

. 99E-D6
. 35E-06
. 25E-06
.14R-08

23E-05
01E-08

19£-05
19E-0S

. 42E-06
. 40E-08
.S3E-07

t78-07
40E-08
71€-07
S9E-06
92E-06
25£-05
25§-05
26E-06
17€-07
SO0E-08
00E+00
00E+00
00E+00
00E+00
40E-08
72E-04
62K-08
68E-08
17E-06
176-19

. 00E-04

High Heat
Naate

[ NSRS ARNNS VNGOG WNS Yl B USROG ®

.17E-0)
.17E-05

176-08

.93E-0)

69E-0)
79E-0S

.53E-02

97E-02

.96E-04
.18E-06
. 32E-06

1SE-06
14E-0S8
32E-06
81E-04

. 83E-04
.66E-04

22E-0)

. 22E-0)
.6SE-04
.V7E-04
.60E-06
.69E-12
.82E-14
. 25E-13
.63E-16
. 13E-11
. J6E-06
. B0E-08
.82E-08
. 20E-08

S3IE-11

.08E-02

. Q0E-05

g=das ‘0L-002-¥S1lSdd
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Nuclida

893r
90Sr

154w
2340
2356
2368
2380
237Mp
¢ tifu
239Pu
24004
2410w
24200

Total

Frequeacy,
/he

TABLE C-9.

Decoa-
tasination

GBORNG e VPSRN LOANSCWWENSRONORNSNG = -

46E-00
122-10
18E-09
708-09

Curias of Specific Nuclides Released fros 200-ft Stack due to Leaks to Sumps (H-Ceayon)

Dissolver

e et A W S NN N NARN R

L 2 X -3

238-0¢

078-04
07E-04
628-~08
99E8-0S
25E-06
26E-09
33E8~11
01E-10
09E-12
99E-10

. ME-07

20E-09

.02E8-09

. 25E~12
.41E-02

. 20E-05

PO AN B PWWNCORROI VANt ® ARNDS e

-

. 718-04

798-83

. 346-03

348-08

065£-06
358-06
08L-06

. 06E-06
. 68K-0%
. 82£-05
. 308-08

27£-04
27E-04
756-0%

06E-11
3sE-10

. 648-13
. 76E-10

LIE-07

. 45E-0%

t10E-09

. 25E-02

First
Cycle

478-04
03E-08
018-0%

. 308-04

2nd 0
Cycle

2nd ¥Wp
Cycle

.. h
OONS
-9
L1 1.1,
[ ) ]
[-X 3 -
Y T

RO wwaae YO W
b mre
wwe
ONw
ne®
[0
- o O
w9

B NSLOAONSVNWWNS 2R NRWN SRt ad® D WRNN

[ 1]
Evaporator

. 66K-04
.168-0%
. 16£-0%
.59£-04
. 39E-04
. 70E-06
.59E-03
. 792-03

Lan
Evaporator

4.278-12

-
-
-3
-
]
(-]
-

Sigh Nest
aste

1.

® NS WNRSNWWN =R RNWNs et WONN

LIE-N)

99E-198

.19E-14
. 96E-17
.60E-12

18E-07

. JBE-0v
. 99E-09
. 81E-06
.98E-12

.62E-0)

. 00E-05

S=dns ‘0L-002~v¥S1Sdd
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Wuclide

898r
90Sr
90V
9ty
952Lr
95%b
103Ru
106Ru
106N
110Ag
123Sn
125S8b
1277e
1297e
134Cs
137Cs
141Ce
144Ce
184Pr
147Pa
148Pn
154Eu
2349
2350
2360
2388
2)7Np
2368Pv
239Pu
240P0
241Pu
242Pu

Total

Frequency,
/he

TABLE C-10.

Decos-
tamination

. 20E-02
.602-03
. 00E+00

00E-02
40E-0)
028-02
S0E-03
80E€-03
00E+00
00E+00
00E+00
00E*00
00E£+00
00E+00
40E-03
00E-0)
00E+00
40E-02
00E+00
20E-0)
00E+00
00E+00
O0E-11
00E-13
00E-12
00E-14
00E+00
62E-04
74E-06
40E-06
20E-07

. 00E+00
. 00E-01

. 50£-06

Curies of Specific Nuclides Released to Retentiom Dasim due to Coil Failures (E-Canyon)

Dissolver

1.

- PN WeELCRANMNNYGSOAOOWWSIYAONNWEES

29E+00

42E+00

. 76E-01

93E-01
02£-0)
04E-06

.728-07
. 38E-06
. 00E-09
. 24E-06
.S9E-03
. 91E-05
.09E-05
. 31E8-02
. 70E-00

. 72E+01

.60E-05

VL RNWSLORNUNNGAGAWWSNODINWWEEA=eDD =

.21E+00
. 30E-02

30£-02
378+00

67€-01
40E-01
74E-01
42E+00
428000
76E-01
93E-0%

. 82E8-03

. 72E-07

38E-06

24E-06

.S9E-03

91E-05

ME-02

. 70E-08
. 72E+01

.60E-05

First
Cycle

. 412+00
. 86K-02

. 318¢00

06E-07
89E-06
99E-09
46E£-06
27E-0)
S9E-05
40E-05

.SSE-02
. B0E-08

. 96E+0"

. 40E-06

2nd ¥
Cycle

N NN AN S S YW dd e YRR WWwS B =N wwd

. 94E-10

. 4SE-11Y
.4SE-1Y
. 74E-10

14E-10
02E-11
07E-10
3IE-1
25E-10
03E-12
09E-12
87E-12
69E-12
09E-12
74E-11

.07€-10

SSE-10
79E-09
79€-09
96E-10

and Mp
Cycle

9. 03E-07
6.316-08

6.31E-08
1.618-06

4. 3SE-14
1.26E-05

2. 40E-06

(71

Evapotator

-

. 41E+00
.06E-02
.06E-02
21E+00
04E+00

. 86E-01
18E-0)
04E-09
. 40E-11
.72E-10
. 80E-13
. 36E-09
27E-03
53E-05
40E-05
.55E-02
SO0E-08

. 96E+01

. 40E-DS

LAl
Evaporator

. 93E-08

.14E-09
. 288-08

S7£-08
4IE-09

figh Neat
flaste

O WANSONWNO NN IS WNB»=DBWNWANNEY =

41500

.06E-02

86E-02
21E+00
04E+00
70£-02
06E-01
3eg-0v
$7£-01
67€-03
84E-0)3

.11E-02
. 34E-02
. 84E-03
L218-01
. 06K-01

428-01

.10£+00

10£+00

.61E-01

068-01

.18E-0)
.04E-09

40E-11

. 72E-10

80E-13

. 36E-09

27€-0)
59E-05
40E-0%
SSE-02
S0E-08

.96E+01

. 40E-06

§=-d0s ‘0L=-002-¥S1Sda
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Nuclide
898r

Frequency,
/e

Curies of Specific Muclides Released to Four Nile Creek dus to Coil Failures { B-Caayon)

TADLE C-11.
Descon-

taminatios Dissolver
2. 208-02 1.218+00
4. 608-0) 8. J0k-02
0. 00E+00 8. 30R-02
4.00E-02 1. 07R+00
S. 40E-0) 1.708+00
1.028-02 4.938-01
7.808-03 4. 08R-01
$. 80K-0) 3. 068-01
0. 00E+00 3. 062-01
0. 00E+00 7. 312-0)
0. 00E+00 7. 40R-0)
0. 00E+00 9. 528-0)
0. 00E+00 4.766-0)
0. 00£+00 7. 40R-0)
6. 40K-0) 1.878-01
5. 00E-0) 3. 402-01
0. 00E+00 3. 748-09
6. 402-02 4. 42E+00
0. 00E+00 4. 42E+00
8. 20E-03 4. 76E-01
0. 00E+00 4. 93L-01
0. 00E+00 7.82E6-0)3
6. 00E-11 2.048-06
6. 00E-1)3" 2.728-07
0.00E-12 2. 30E-06
2. 00K-14 6. 80K-09
0. 00E+00 1. 24E-06
1. 62E-04 4. 598-03
1. 74E-06 3.91E-05
1. 40E-06 2.09E-05
3. 20E-07 1. 318-02
0. 00K+00 5. 78E-08
2. 00E-01 1. 72E+0%
6. 00E-08 1.04E-06

Read Ead
1. 218+00

82E£-0)
04E-06
728-07
30E-06
00E-09

§9E-03
91E-05

. 09E-05
. 318-02
.702-08

. 728+01

. 40E-07

First
Cycle

1. 418000
265-02
86E-02
21K+00
048+00
708-02
06.-0:

..
[ 114
g
b
o
-

OONPL-
L4 1. 2.1 ]
S>® t 44
[ 3 $.3.-3.1 3]
[ 2 - Aol )

.

S R s
Pttt 4. X 104

6. 80R-01
1.968+01

and ¥
Cycle

.

. 458-11
. 4SB-11

74K-10
148-10
028-11
078-10
33E-11

03E-12
09k-12
87E-12
69€-12

7248-11
078-10
s58-10
798-09
79£-09

.96K-10

4SE-10

L2E-42
. 748-15
.078-16
. 01K-1S

80E-18
118-16
atL-12
S1E-14
198-14
438-12

. 30Kk-17
. 86E-09

aad Np
Cycle

9. 03E-07
6. 318-00

1.96E-07

S.l"’
. §68-09
1. 418-07
1. 96K-07
2. 83E-07

Qﬂ.\ll’lﬂﬂr

3.37E-09
2. 948-11

4. 358-14
1.268-05

9. 60E-08

[ 71
Evaporator

1. 41E+00

1'553-02
6. 80K-08

1.96E+01

1. 36E-06

Lan
Evaporator

$.938-00
4. 140-09
4. 148-09
9. 208-00
8.57E-00

.

llgh fleat
aste

1. 418¢00
9. 86K-02
9. 86K-02
2.218+00
3, 048+00
5. 788-02
3. 068-01
2. 308-01
3. 37E-0%
0. $57£8-03
8. M4E-03
1. 118-02

-
»
»
[ §
®
-

3. 40E-0S
1.558-02
6. 00£-08

1.96E+01

=408 ‘01-002-¥S1Sdd
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APPENDIX D
B-CANYON DOSE CALCULATIONS

D=1



-

TAOLE D-1. Dose aad Risk to the Offsite Population froa Ground Level Aelesase dus to Earthquake

UNIT OPERATION - TOTAL FREQEENCY, RISK TOTAL GI-TRACT BONE LIVER KIDNEY TRYROID LUNG
Ci RELEASED /1R BODY

9{‘??!15_!9!!53!!?. PERSOM- REN/ YR DOSE, PERSON-REN

DISSOLVER T 30802 2.008-00 5.966-06 2.988-02 3.726-02 9.048-01 1.44E-01 1. 15E-01 3.76E-05 4.75E-01
sepgm0 30E-02 2.008-04 5.408-06 2.70E-02 3,376-02 ®.49E-01 1.318-0% 1.048-01 3.012-05 4.308-01
FIesT cvete 2.608-02 200800 4.S4E-06  2.278-02 2,878-02 6.926-01 1.108-01 8. 75£-02 2.708-05 3. S8E-D1_
awp wcvete s.eag1z 2.006-08 . 40E-15 2.20E-41 6 19E-12 3.90E-10 1.65E-11 8.708-11 5.318-15 1.34E-09
a0 wp CYCLE i« see-0s 2.008-00 6.08E-12 3.04E-08 3.65C-09 1 O08E-06 1. 28€-07 1.36€-07 137611 1. 30E-07
uin Evaromaton 2.068-02 2.008-00 5.028-06 2.518-02 3.198-02 7.63E-01 1.228-01 9.65K-02 3. 40£-05 3 96E-01
Lan EvaromaTon 136800 2.00e-04 3.06E-13 1.53E-09 1.13E-09 5. 496-08 6 10E-09 6.20E-09 4 0GE-12 1. 64E-08
low excaamee 1. s28-05 2.008-00 9.08E-06 4.948-02 4. 4SE-05 1.83E+00 2.208-01 2.06E-01 2.42E-08 1. 64E-01
Moy meaT waste 2 868-02 2.008-00 5.02E-06 2.51£-02 3.158-02 7.63E-01 1.228-01 9. 6S8-02 3.408-05 3. 96E-01
voau T v.see-0s T

§=-dns ‘01-002-¥YSLSdQ
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TABLE D-2.

Dose and Riask to the Maszinum Individual from Ground Level Release due to Earthyuake

LIVER KIDMEY THYROID LUNG
3.08€-02 2.20E-02 7.18€-06 1. 30E-01
2.79€-02 1.99E-02 6.52E-06 3.17E-0V
2. 356-02 1.60E-02 S5.19E-06 9.79E-02
3. 74E-12 2.02E-%3 1.01E-15 3. 66E-10
2.25K-08 2.22E-00 2.57£-12 3.52E-08
2.59E-02 1.0SE-02 6.52E-06 1.08E-0O%
1.20E-09 1.93E£-09 7.63E-1) 4.35E-09
3.95E-02 3,32£-02 4.59E-09 4.51E-02
2.59E-02 1.85E-02 6.52E-06 1.08E-0Y

UNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACT BONE
Ci RELEA3ED YR BODY
WAXINUN IMDIVIDUAL (CRILD) HREN/YR DOSE, MREN
missoven st alasrar | iieee 6.578-03 43B-0r 134801
S sieier T aakies i isies .366-03 393803 1.766-01 3. 796-0 1 998-0 6.538-05 11701
Finst crveie 2 woior | aostces | iateies 503603 336503 1 49i01 23980 1 6e6-ea 51950 8 79507
o v oreis e Taaacien et eereiea 7 aekina 1 ieii0 3 oeEiia 3 0311 1 01645 360810
2w wp evers T eseo T Tagercar T hviEnia heances 4 13m0 30307 226508 23608 287647 353608
wn evromron T 2 aeiar T Taosccar T iiieies 5 sseiey 37303 1 eei-at 259803 1 #sE-02 642606 100501
L evaroman T Vienles T Taloweiar T elsemiie 3a78ii0 1 a9Eiie 1 i4i08 120609 113609 763613 435508
ion eronanes Carees T Talaeccar | i.aomos 8.seR-0r 5 176-06 3 37801 3.986-02 3.336-02 459609 4 41603
s wmar mste aeeior T aeenter T iiielas s 456 03 373603 1 64501 259502 1 3603 683606 108501
T mses T

g=das ‘01=-002-¥S1lSdad
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TABLE D-3. Dose and Risk to the o»qu Population froa Cround Lavel Release due to Earthquake

UNIT OPERATION T07AL FREQUENCY, RISK TOTAL  GI-TRACT BONE LIVER BIONEY  TRYROID LWENG
Ci RELEASED R R0DY

OASITE POPULATION PERSON-REN/ YR OOSE, PERSON-REM

"""""""""""" 3.43E-02  2.008-04  2.16E-06 1.08E-02 1.59£-02 3.32E-01 S.26E-02 4.328-02 6.31E-06 1. 4BE-O1
eso €N0 3.uE-e2 2.008-00 1.97E-06 9.838-03 1.44E-02 3.01E-01 4.77E-02 3.92E-62 5.72E-06 1.34E-01
"""""""""""""""" 2.60E-02  2.008-08  1.65€-06 8.248-03 1.23E-02 2.54E-01 4.01£-02 3.30E-02 4. 57E-06 1. 11E-01
""""""""""""""" S 0UE-12  2.00E-08  1.36E-18 €.79K-12 2.64E-12 1.22E-10 5.86E-12 3.03E-11 8. 90E-16 4.13E-10
""""""""""""" S9E-09  2.008-08  2.34E-12 1.176-08 1.S7E-05 4.14E-07 4.97E-08 5.39E-08 2.226-12 4. 0GE-08
"""""""""""""" 2.068-02  2.008-04  1.828-06 9.08£-03 1.376-02 2.80E-01 4. 43E-02 3. 64E-02 §.726-06 1.23E-01
""""""""""""" 1.36E-08  2.008-08  1.138-13 5 63E-18 4.88E-10 2.04E-08 2.29E-09 32.39E-09 6. S8E-13 5. 21E-09
""""""""""""""""" 1. 52E-05  2.006-04  3.84E-06 1.928-02 1.89E-05 7.05E-01 6.96E-02 @.220-02 4.00E-09 5.05E-02
"""""""""""""" 2. 86E-02  2.008-08  1.828-06 9.08E-03 1.378-02 2.80E-01 4.438-02 3. 64€-02 5. 726-06 1.23E-0

&=dns ‘01-002-¥S1SdQ
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TABLE D-4. Dose and Risk to the Offsite Population from Stack Releese due to Externally Induced Failures

UNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRaCT SONE LIVER KIDNEY THYROID LUNG
Ci RELEASED AL BODY

OFFSITE POPULATION PERSON-REN/YR DOSE, PERSON-REM

oissoLven 1728000 0.76e-03 2.93E-03 2.438-01 1. W1E+00 6.84E+00 1.07E+100 1. V1E+00 2.49£-03 2. 34E+01
weao g0 1.56cv00 o« 768-03 1.93E-03 2 20E-01 1.64E+00 6.215+00 9 718-01 1.0VE+00 2.26€-03 2. 12E+01
Finst ceee s 56601 s.768-03 1.58E-03 1.80E-01 1.00€+00 5 20E/00 © 18E-01 7.86E-01 1. 30E-03 1.29€+01
awp v cvere 2 02c-10 .. 76603 1745€-12 1. 65€-10 2.09E-10 2 99E-09 122610 6.73E-10 2.66E-13 1.21E-08
2uD Wp cYCLE v eoe0r s.768-03 1.96E-09 2.266-07 1.39E-07 7.87E-06 9 41E-07 1.026-06 2.71E-10 2 41E-06
Wik EvaOmaTOR 1 0s£e00 o 768-03 1.738-03 1.98E-01 1.10E+00 5.74E+00 9. 01E-01 8 66E-01 1. 44E-03 1.42Ee01
LiN EVePORATOR s eoe 6 70E-03  1.04E-10 1. 19E-08 4.22E-06 4.10E-07 4 SiE-08 5 20E-08 7 84E-11 5 uGE-07
fow EXCHANGE  4.926-08 8 76€-03  3.218-03 3. G6E-G1 & 17€-04 1.355+01 1. 69E+00 1. 526400 2 0RE-07 1.22E+00
NIGE REAT MASTE 1. 05£00  8.76€-03 1.738-03 1.98E-01 1.10£+00 5 74E+00 9 O1E-01 & 66E-01 1. 445-03 1. 42E+01
s a2 T
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TABLE D-5. Dose and Risk to the Maximum Individual from Stack Relsase due to Externally Induced Failures

WNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACT BONE LIVER K1DNEY THYROLID LUNG
€1 RELEASED /YR , 80DY
HAXINUN 1MDIVIDUAL (CHNILD) MREM/ YR DOSE, MREN

.63E+00
HEAD END . 86£+00 2.528-04 2.88E-02 . JO0E+00

FIRST CYCLE 9.56K-01 0.76E-0) 2. 04E-0 2.33E-02 .01E+00

280 Np CYCLE

HAN EVAPORATOR . 0SE+00 2.25€-04 2.57€-02 . 08E-01

- i = . = - = P = P - - - -

LAN EVAPORATOR 1.298-1% .74E-09 4. 91E-08 S, 10E-09 5. 66E-09
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TABLE D-6. Dose amd Risk to the Onsite Population Crom Stack Relesse due to Externally Induced Failures

UNIT OPERATION T0TAL FREQUENCY, RISK TOTAL GI-TRACT BONE LIVER KIDNEY TAYROID LUNG
Ci1 RELEASED /YR . BoDY

ONSITE POPSLATION PERSON-REN/ YR DOSE, PERSON-REM

prssoLven 1728000 0.768-03 3.70E-04 4.226-02 3.71E-01 1.20E+00 1. GBE-01 1.97E-01 6.95E-04 3.50E+00
weapewo 1.56E000 o.768-03 3.35E-04 3.82E-02 3.378-01 1.09E+00 1.79E-01 1.79E-01 6.315-04 3 18E+0D
FIRST CveLe 9. 56E-01 o.76c03 2.73E-00 3.12E-02 2.06E-01 9.17E-01 1 44E-01 1.40E-01 3 64E-04 1.94E+00
200 v cveLe 2.026-10 o.76-03 2.156-03 2 46E-11 4, 30E-11 4.39E-10 2. 10E-11 1. 13E-10 7.42E-14 1.80E-09
0 np cYcLe 1 a9E-07 s 7eE-01 367610 4.19E-08 2.87E-08 1. 47E-06 1.77E-07 1.9SE-07 7.S4E-11 3. 62E-07_
WAW EVAPORSTOR v.0sEe00 §.76E-03  3.01E-08 3 44E-02 2.276-01 1.01E+00 1.SE-01 1.S4E-01 4.02E-04 2.13E+00
LAN EVAPORATOR «eon o.768-03 1.83E-11 2.09E-09 @ 69E-09 7.33E-08 6. 19£-09 9.50E-09 2. 18E-11 § SIE-08
low EXCRAWGE veze-00 0. 76£-03 5.99E-04 6.84E-02 8.53E-05 2.52£+00 3.20E-01 2 93E-01 5.79E-08 1.B1E-01
Wicw REAT WASTE 1 0sEv00 o 76803 3.01E-04 3. 44E-02 2.276-01 1.01E+00 1.SE-01 1. S4E-01 4.02E-04 2.13E+00
rora ot T aase-ey T
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TABLE D-7. Dose and Risk to the Offsite Populatioa from Stack Release due to'‘Fire

UNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACT BONE LIVER KIDNEY TRYROID LunGg
Ci RELEASED /¥R BODY

OFFSITE POP!L‘TIOI PERSON-REN/ YR DOSE, PERSON-REN

FIRST CYCLE T s e 6.1E-00 2.34E-08 3.W1E-01 4. @3E-01 1.16E+01 1.85E+00 1.47Ee00 4. S6E-04 6. 01£+00
a0 woeveLe s a28-06 6. 13E-00 1 65E-08 2 69E-05 7.56E-06 4.786-08 2.02E-05 1.076-04 6.33E-09 1. G4E-03
a0 wp cvore s1E00 613600 1.296-06 2.106-03 3.76E-04 7.748-02 9.46E-03 0.728-03 1.07E-06 1.12E-02_
ton excuawae 2.908-02 - 3.86£-02  7.68E-01 2.16E+01 2. 46E-02 7.99E+02 1.00E+02 9 OVESOV 1.23E-05 7. 18E+01
votaL T 7.608-00 T
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TABLE D-8. Dose and Risk to the Naximum Individual froa Stack Release due to Fire

UGHIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACY BONE LIVER KIDNEY THYROID LUNG

. Cs RELEASED /YR #0DY
HAXINUM INDIVIDOAL (CHILD) MREM/YR DOSE, MREM
FIRST creLe 5. 776-01 6.136-04  2.95E-05 & 81E-02 3.226-02 1.42E+00 2. 25E-01 1.60E-01 5 24E-05 9. 36E-01
0 ¥ cvete ‘s.426-06 6.136-04  2.86€-09 4 66E-06 5. O1E-07 8.08E-05 2. 61E-06 1.41€-05 7.23E-10 2. 57E-04
0 Wp CYCLE s1E-00 6 13E-01  1.38E-07 2.25E-08 2 44E-05 §.34E-03 9. 53E-04 B 22E-04 1.20E07 1.73E-03
low excance 2.90E-02 3. S6E-02  7.97E-02 2.24E+00 1.63E-03 8.42E001 9. G6E+00 8 29E+00 1.39E-06 1.13E+01
ToraL T T  eygea T
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TABLE D-9. Dose and Risk to the Onsite Population from Stack Release due to Fire

UNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACT BONE LIVER KIDNEY THYROID Lung
Ci RELEASED /IR 80DY
ONSITE POPULATION PERSON-REN/YR DOSE, PERSON-RENM
FIRSY CYCLE 5. 77E-01 6.13E-0¢ 4.08E-05 6.6G6E-02 9.92E-02 2.05E+00 3. 24E-01 2.67E-01 1.28E-04 0.99E-01

b}
2MD Wp CYCLE 5. 13E-04 6.138-04 . 2.39E-07 3.89E-04 7.76E-05 1.43E-02 1.70E-03 1.67E-03 2.95K-07 1.68E-03
S

108 EXCHANGE 2. 90E-02 3.56E-02 1. 44E-01 4. 04E+Q0

§=dns ‘0l-002-¥SISdd
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TABLE D-10. Dose and Risk to the Offsite Population (ros Stack Release dus to Uncontrolled Reaction

UNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACT BONE LIVER KIDNEY THYROID LUNG
Ci RELEASED /YR BODY

OfFSITE !?PIII.I'IIOI PERSON-REN/ YR DOSE, PERSON-RENM

prssoLYen " ileoE-m1 7. 088-01 1.31€6-02 1.66£-02 1.63E-01 3 44E-01 7.55E-02 7.256-02 2. 18E-04 2.05E¢00
wexp w0 aseeer 17se-02 5.626-00 3.206-02 1. 47E-01 9. 3SE-01 1 48E-O1 1.36E-01 1.94E-04 V.91E+00
FiRst cree 9 758-02 8. 768-02  1.19E-0) 1.36E-02 9 76E-02 2.95E-01 6.50E-02 5 SOE-02 1.20E-04 1.20E000
o v cvoe 19407 o 76e-02 9. 20£-08 1.056-06 3 176-07 1.88E-05 8.59E-07 4.21E-06 2. 76E-10 6.24E-05
w0 wp cYCLE 1.79E-08 o 76602 7.816-06 6.916-05 1.0BE-05 3 15£-03 3.74E-04 3.97E-04 4 07E-08 3. 8IE-04
WAN EvAPORATOR verE-or 3.42€-00  1.04E-02 3.03E-02 1.07E-01 8.99E-01 1.42E-01 1.25E-01 1.33E-04 1.37E¢00
Law EvapomaTOR 1 aes0s 220801 s 6sn-07 3.816-06 2.71E-06 1.37E-04 1.52E-05 1.S4E-05 1 02E-08 4. 09E-05
Ion excuawee 7.548-03 7.e08-02 . eoE0r 5.58E+00 6. 39€-03 2,06E+02 2.58E+01 2. 33E+01 3.22E-06 1.B6E+01

3.03E-02 . 99E-0V .42E-0% 9. 25E-01 1.33E-04 1.37E¢00

-
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TABLE D-19. Dose and Risk to the Maximum Individual from Stack Release duv to Uncoatrolled Reactiom

SNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACT BONE LIVER KIpuEY THYROID LUNG
Ci RELEASED AL} . 80DY

"5!5”!'.‘-!!'."!.‘.0!“' (cuiLD) HREN/YR DOSE, MREM

sissorven Uaarer T yaaman T aesed 3seead 1 eea-ei 5 aek-er 1ii01 1o0i-e1 749805 3 i0E-0i
wtio gw, T asrer T Tiveteer 7 aees evimcer 8K 1160l 1 WNE07 156607 32w 297801
Finst oveie T sasear T Tareter L vaeEoer 2iekad 601603 4 61Ee2 551603 783600 1 ME05 1 87801
S Sontoer T avencer isWEoh 1 eoE-07 ZIBE08 3.14E-06 1NIE-07 552607 D SENY 877806
T O Crstien T avencer | AviEer 5. S0fo 6.ISEDT 339804 377608 3701w 437609 493605
aas evironron T Cartier T hanmeriaier aestoed 7OME) 1 iiger 17ieer 1 ei6es 1 aiEes 2 13mer
Can cvaromaron T annes T aaemoervewier e eam-ar 375807 1 62005 1715-06 1 GoR-as 1 14i-09 6 1906
ion weomamet T Cier T iaanerissEer 8 ieEcer 4 auEor 2iTeedn 450100 7.1eEv00 3636107 2.918000
Ciriosion 1a ion GicuNct | 2siiie || LaNEIeN || u3eiior 1.SUENO 14303 7.IGENN G.30Ei00. 7.iSENO. 1 LE0s 3 7aEN00.
o et wete Coster T sien T eaeet 3 eeE-ed 7008-03 1 1iE-01 173601 041807 151605 213601
vomL T Saben I
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TABLE D-12.

Dose aad Risk to the Onsite Population from Stack Release

UNIT OPERATION TOTAL FREQUENCY, RISK
/1R

Ci RELEASED

ONSITE POPULATION PERSON-REN/YR

due to Uncoatrolled Reaction

TOTAL GI-TRACT BONE
8opy

LIVER

DOSE, PERSON-REM

KIDNEY

TUYROID

LYNG

§=-dnS ‘0L=-002-VSISdd .
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TABLE D-13. Dose and Risk to the Offsite Population froa Stack Release due to Criticslity

SNIT OPEAATION TOTAL FRABQEENCY, [ 184 TOTAL GI-TRACT song LI'ER SIDNRY  TEYROID LeNG
: Ci RBLEASED /YR BODY

OFFSI ‘I’I_EOPILATIOI PERSON-REN/ YR DOSE, PERSON-REN

B;;;;I..;ll 4. 76E+0¢ 1.318-05 1.948-08 1. 408¢00 1.718+00 1. 04E000 2.40 3. 318400 1.97E+02 1.238+00
BEAD EBD 4. 76B+04 1.938-06 2.088-06 1.408¢00 1.718+00 1. IC;OO. -;-;;;;:”;-;l Be00 1.978+82 1.238+00
284D RND EVAPORATOR 4. 768+04 1. 058-04 1.8568-04 1.48R+00 1.718480 1.048+00 2. 408+00 3.31K¢00 1.978+82 1.238¢00
TIRST CYCLE 4. 76804 1. 568-03 2.9398-03 1. 40B+80 1.71R+00 1. 048+00 2. 40B400 3.31E+00 1. 97B+82 1.23E¢00
2ub § CYCLE 4. 76R¢04 1.868-03 2.998-03 1. 808000 1. 718400 1.04B00 2.408+00 3.31K*00 1.978+92 . 23E¢00
TOTAL 4.798-03

S-dns ‘0l=-002-¥S1Sdd
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TABLE D~14. Dose and Risk to the Naxiaua Individual fros Staok Ralesse due to Critiocality

SNIT OPERATION TOTAL FREQEENCY, RISK TOTaL a1-Taact BONE LIVER EIDNRY TRYROID LeNG

Ci ABLEASRD /9% BODY

MAXINGN INDIVIDUAL (CRILD) NREN/YR DOSE, MNABN
;;SSOIJII 4. 768404 1. 3;;:05 1.738-05 1.328+00 1.258¢00 1. ‘Ilﬂ;; 1.658+00 1,938¢00 §.772+01 . 08E+00
BEAD END 4. 768+04 1.938-06 2.548-06 1.328¢00 1.25K+00 1.44E¢00 1.658400 1. 93E+00 §.778+01 .08E+00
;;ll) END "lPOIATOI-- 4.768¢04 1. 05K-04 1.39E-04 1.328+08 1.25E400 1.448400 1.65E+00 1. 93E+00 §.77R+01 . 08E+00
FIAST CYCLE 4. 76K+04 1.568-0) 2.068-03 1.328+00 1.258¢00 1. 443400 3. 658+00 1, 93R+00 §.77E+01 . 08E+00
2uD OYCL;- 4. 76B+04 1.568-03 2.068-03 1.32B¢00 1.25B+00 1. 44E+00 1, 658+00 1. 938¢00 6. 77R+0¢ . 08E+00
ToraL .. 208-0) o
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TABLE D-15. Dose and Risk to the Onsite Population froa Stack Release ,dui to Oriticality

ONIT OPERATION TJOTAL FRRQURNCY, RISk JOTAL SI-TRACY SONE LivER KIDNRY THYROID LenG
Ci ARLESASED /718 00T
ONSITE POPRLATION PEASON-2RN/TR DOSE, PERSON-REN
DISSOLYRR 4. 768+048 1.318-08 C.348-08 3.308¢00 3. .358¢00 1.36K¢00 3.80B+00 4.368900 7.418401 3.07E+00
SEAD EWD 4.768+0¢ 1.938-08 G.368-06 3.308¢00 3.35R+00 3. 36K+00 3.88E+00 4.368400 7.418+01 ). 07E+00
S8AD BWD EVAPORATOR 4. 76B+04 1. 00804 3. 87804 3.30B¢00 3.35K+00 3.36E+00 3.08K+00 4.36R+00 7.41K+01 3.07R+00
FIRATY CYCLE 4.768+04 1.562-03 S.98B-03 3.308¢+00 3.35E¢00 3.36E¢00 3.80E+00 4.36E+00 7.41E¢01 3. 07E+00
;ll) ¥ crCLR 4.768+04 1.568-03 $.188~03 3.30R¢00 3. 388¢80 ).36E+00 3.088¢+00 4.36E+00 7.418+01 3. .078¢00
1.078-02

TOTAL

§-d0s ‘01=-002-¥S18dq
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TABLE D-16. Dose and Risk to the Offsite Population from Ground Level Reloase due to Tramsfer Error to 211-8
YNIT OPERATION TOTAL FREQUENCY, AlISE TOTAL GI-TRACT BOMNE LIVER KIDNEY THYROID Lumna
Ci AELEASED /YR s0DY
OFFSITE POPULATION PERSON-REN/ YR ’ DOSE, PERSON-REM

2
2.63E+0% 1,37E+02 2. .07E+01

T T T S e e D e e

13 9.17€-09 2.17E-07 1.

09 2.428-05 1.508-05 8.52E-04 1.01
"""""""""""""""""""""""""""""" I9E-04 5276400 2.92E+01 1.53Ee02 2. _78E+02
"""""""""""""""""""""""""""""""" 02611 3.15E-07 1.126-06 1.09E-05 1.208-06 1.36E-06 2 07E-09 1.S0E-05
low Excuamee  S.61E-02  4.038-04 2. 228-02 5.52E001 6.29£-02 2.04E+03 2.568+02 2.30E+02 3.126-05 1.84E¢02
""""""""""""""""""""""""""""""" 236-04 5.276+00 2.926+01 1.53E+02 2.40E+01 2. 30E+01 3.79E-02 3.78E+02

g=d0s ‘01L=-002-¥S1lSdd
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TABLE D-47.

Dose sad Risk to the Waximua Individual fros Ground Level Release due to Transfer Error to 211-H

UNET OPERATION TOTAL fﬂﬂﬂ,g:c', RISK 'l'(.)'l'll. GI-TRACT BONE LIVER KIDNEY
oDY

Ci RELEASED

MAXTHUN INDIVIDUAL (CHNILD) MREN/ YR DOSE, MREN

THYROID

LUNG

§=dos ‘0L=-002-¥sisdd
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TABLE D-18. Dose and Risk to the Onsite Population from Ground Level Release¢ due to Transfer Evvor to 211-#

UNIT OPERATION TOTAL ‘ FREQUENCY, RISk TOTAL GI-TRACT BONE LIVER KIDNEY THYROID LUNG

Ci RELEASED /YR . BODY

ONSITE POPULATION PERSON-REN/YR DOSE, PERSON-REN

OECONTAMINATION 1esEod 1.758-08 8.06E-10 4.60E-05 6 87E-05 1. 426-03 2. 24E-04 1.4SE-04 2. SSE-08 6.22E-04
pissoLven 30s€r00 7.016-05 1.19E-04 1.70E+00 1.02E400 5. 71E+0) 6 96E100 6. 4BE+00 1 07E-03 9. 04E+00
MEAL NG IANEser 1.056-61 2. 67E-01 2 %4Ev00 4. 20keU0 b STENUD 1 00Erl  u 0IEW00 1. 10E-GZ 5 GuEROT
FIRST CYCLE  1.90E+01  1.04E-04  1.92E-04 1.69E¢00 1.92E+01 5.00E+0) 7.62E+00 7.6IE1GO 5. 6YE 03 1. 0uEIOZ
w0 ¥ cYcLE " e.eoE-09 368805 1.18E-13 3. 20E-09 3.91E-09 7.S1E-08 6 30E-09 1.44E-08 1.90E-1% - 1.06E-07
200 wp cYLe 1 21-08 9. 64E-05 8.97E-10. 9. 31E-06 6.40E-06 3.27E-04 3 94E-05 4.33E-05 4.72E-09 4. 09E-05
WAR EVAPORATOR 2 e 140804 2.64E-0¢ 1.88E+00 1.25€+01 5. 56E+01 & 73E+Q0 8.50E+00 6.226-03 1.19E+02
AW EVAPORATOR 0. 798-07 1. e0e-00 1.60E-11 1. 15£-07 4.78E-07 4 0AE-06 4 506-07 5.236-07 3.36E-10 1. 69E-06
1oW EXCUANGE s e1E-02 cosc-es 8.626-00 2 14E+01 32.67E-02 7.89E102 1.00E+02 9. 19E¢01 5. 14E-06 5 6GEI01
NIGH NEAT WASTE 2 viev0r 175e-00 1.29E-04 1.80E+00 1.25E+01 5. SGEI01 G 7)E+00 ©.50E000 6. 22£-03 1.18E+02
e s 7s-03 T
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TABLE D-19. Dose and Risk to the Offsite Population from Stack Releass due to Tramsfer £rror to Sump

OAIT OPERATION TOTAL FREQUENCY, R13K TOTAL Gl -TRACT BOME LIVER KIDMEY TEYROID L¥NG
Ci RELEA3ED /YR BODY

9!‘{‘?!!5_!9!!{-5!!?! R _ PERSON-REN/ YR DOSE, PERSOR-REN

scconmantmtion ee T i eey v etE-as 4 7iEr 696607 1 a0 220806 1 aiE-o8 5 evie 5 4ieae
oissenven T eota  haskes T haSEe 2 aeEas v.renen 6T0E-0 3.eSE-0) 1 IOR0V 3450-04 220600
A samen aarer T Taseoos 215601 1 eeR01 606601 3. u9E-07 B.MGE02 220804 2.07Eva0
Finet oveie T sieer hsies T aedtoen 7seer 579601 §.aNEer 7 aRE-01 7.66E01 1 27804 1268000
o erei T e owker | nieskid d7eRiin 3 R 474RSI0 200811 3 eEra 4 3304 3 esk0s
o wpoee T Saien T ianer v7ae0s wovEds 5 SeE.dn 313606 3.745-07 4.04E-07 1 GeE-10 s eaier
vt vironiion T esmior T Thweeer | Taukod 1 askoen venkbr 5 GUE01 8.a7801 W.576-0a 147600 1 4oteae
T S Caeies awmrer | aamEar 3 i7kes ioE0s 40308 44609 SvEs 77iEva 5 sees
e arseer | aestier | ienio 2.euker 3aai-os 7.50i00 5 4ster 48360 1 ieia7 & 7o8 0
i anat mstt owmen T haenier eariar 1 asar v esEan 56aR-e1 &.a7ee1 4.76.02 1 43800 1 405e0d
o e T R
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TABLE D-20. Dose snd Risk to the Maximum Individual from Stack Reslease due to TramsfCer Error to Sump
YNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI -TRACT BOME LIVER
Ci RELEASED /YR BobDY
HAXYTMUN INDIVIDBAL (CHILD) HREN/ YR DOSE, MREM

KIDNEY

TBYROID

LUNG

S=-dns ‘01=-002-¥S1lSdd
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TABLE D-21. Dose amd Risk to the Onsite Population from Stack Release due to Traasfer Error to Sump

UNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI -TRACT BONE LIVER KIDNEY THYROID LONG
Ci RELEASED /YR 200Y

?!5!!5_!‘_’!g&f!5?! ___________ PERSON-REN/ YR DOSE, PERSON-RENM

OECONTAWINATION 7.01E-07 3.508-03 2.88E-10 8.23E-08 1.226-07 2.54K-06 4.01€-07 3.30E-07 1.S8E-10 1. 11E-06
oIssoLver  iese-0r  1.eog-02 5.82E-05 4.1 se-03 3.66E-02 1.19E-01 1.9SE-02 1.94E-02 6.84€-05 3.45€-01
o g0 152801 2.10e-02 7.848-05 3 738-03 3.288-02 1.07€-01 1.67E-02 1.748-02 6.158-05 3. 10E-01
FIRST CYCLE T 932602 2.19e-02 6.66E-05 3 04E-03 2.016-02 8.94E-02 1 40E-02 1.36E-02 3.5SE-05 1.89E-01
o wevee 3206100 7.366-03 2.96E-14 4.02E-12 6.976-12 7. 176-11 3. 43E-12 1. 84E-11 4. 20E-14 2.91E-10
am0 wp cveLe s.926-08  1.93¢-02 3.200-10 1 _ssm-o8 1.145-08 5.83£-07 7.026-08 7.726-08 3 00E-11 1.44E-07
nn tvaromator 10ae-00  2.m08-02 5. 478-05 3. K03 2.23E-02 9.95E-02 1. S6E-02 1.528-02 3.96E-05 2.10E-01
Law EverORSTOR 1.308-09  2.s08-02 $.778-12 2.06E-10 §.55€-10 7.20E-09 6.0SE-10 9 34E-10 2.14E-12 8. 16E-09
tow Ercmawce 2.75€-04  8.06E-02 3.088-03 3.926-02 1. 778-05 1. 416+00 1.798-01 1.64€-01 3 238-08 1. 01E-01
WIGH WEAT maSTE 0eE-0  3.sem-ez 110E-04 3 3ee-e3 2.23E-02 9.95€-02 1.56E-02 1.52E-02 3.96E-05 2.108-01
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TABLE D-22. Dose and Risk to the Offsite Population from Stack Release due to Overflow to Sump

UNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACT BONE LIVER KIDNEY TRYROID LuNG
Ci RELEASED /YR BODY

OFFSITE POPULATION PERSON-REM/ YR DOSE, PERSON-REM

OECONTAMINATION woeeor o e0y 1.21E-09 2.766-07 3.50E-07 ®.39E-0C 1.34E-06 1.06E-06 3.32E-10 4.36E-06
oissoLven 9.93€-02  3.508-01 494E-03 1. 01E°02 1.04E-01 3.96E-01 6.20E-02 6. 4SE-02 1. 44E-04 1. 3SE00
weap E® s so£-02 8.76E-02  1.108-03 1. 26E-02 9 36E-02 . S4E-01 5 S4E-02 5.77€-02 1.298-04 1 “216000
Finst cveee s.ase-02 3 33EC01 3. 43E-03 1.038-02 S 72E-02 2.97E-01 4. 67E-02 4 49E-02 7. A4E-05 7. 38E-01
w0 w cvee veaEv 2.908-02 4. TAE-13 1.S8E-11 1.95E-V1 2 78E-10 1. 17E-11 6. 43E-11 2 S4E-14 1. 156-09
200 wp cYCLE 3 are-08 5.438-02  2.956-09 5 25€-08 3.268-08 1.85E-06 2 19E-07 2.37E-07 6. ME-11 5. s4E-07
uaw evaromaTon 6.ong02 3.94E-01  4.496-03 1.14-02 6 37£-02 3.)1E-01 5.21E-02 5.01E-02 6.30E-05 6. 22601
LaN EvAPORATOR 283600 3.948-01  2.70E-10 6.85E-10 2 43E-05 2.37E-08 2 61E-09 3.00E-09 4. S2E-12 3. 26€-08
fon Excmawee s.ag-08 €.76E-01  3.5)E-01 4 03E-a1 4. 59E-04 1. 49E+0) 1.26E+00 1.6OE+00 2.29E-07 1. 34E+00
aica mEat mste 6 o08c-02 5 26E-01 5 99E-03 1 14£-02 6. 37€-02 3 3E-01 5. 216-02 5 01E-02 8. 30E-05 8. 226-01
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TABLE D-23. Dose and Risk to the Haximua Individual from Stack Release dus to Overflos to Sump

SNIT OPERATION FREQUE:C!. RISK TOTAL GI-TRACY BONE LIVER KIDMEY TAYROID LUNG
/

ToTAL
Cs RELEASED soDY

MAXINUN TMDIVIDUAL (CHILD) MREN/ YR DOSE, HREM

-
4
-
[J
)
[-]
-
-
w
dr
m
)
-
[}

20D Np CYCLE

NAN EVAPORATOR 6.08E-02 3. 4E-0? 1.488-03 4.17E-03 4.09E-02 6.3)E-03 5.82E-03 9.47E-06 1. 20E-01
Lan EvaromaToR 20838-00  3.%4E-01  3.38E-11 0. 45E-11 1.58E-10 2.83E-09 2.908-10 3.2

tow Excuawce - S.9C-00 2.76E-00 | 418E-02 3. 04E-05 1.57E:00 1.84E-0) 1.54E-01 2 59E-08 2 10E-01_
NIGE SEAT masTE 60602 5. 26600 7.78E-04 1 8E-03 4.176-03 4.096-02 6.336-03 5.828-03 9.47E-06 1.206-01_
votaL T 3.928-02 T
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TABLE D-24. Dose and Risk to the Onsite Population from Stack Release due to Overflos to Suamp

YNIT OPERATION TOTAL FREQUENCY, RISK TOTAL CI-TRACT BONE LIVER KIDNEY TUYROID LuNg
Ci RELEASED /YR BoDY

ONSITE POPNLATION PERSON-REN/ YR DOSE, PERSON-REN
OECONTAWINATION vaeE-0r neoy 2.41E-10 4 62E-08 7.20E-08 1. 48E-06 2. 35E-07 1.93E-07 9.32E-11 6. 51E-07
orssoven 9. 93€-02 y.s0e-01 §.55E-00 2 44E-03 2.15£-02 6.97E-02 1.09E-02 1.14E-02 4. 02E-05 2. 03E-01
scapewo o.00c-02 o 76-02 199E-04 2.18E-03 1.92E-02 6.23E-02 9 74E-03 1. 02E-02 3. 60E-05 1.81E-01
rinst creee s ase02 ) uE-0r 5. 93E-04 1.762-03 1 18E-02 §.24E-02 @ 19E-03 7.
a0 9 creee 1e2Ec1y 2 908-02 7.00E-14_ 2.35E-12 4.08E-12 A 19E-11_ 2.01E-12 1.08E-T1 7.07E-15 1.71E-10
aup wp cvcLe 307608 s 02 5 206-10 9. 73E-09 6.71E-09 3.41€-07 4 126-08 4.SIEC08 1.76E-11 8. 46E-08
wan EvaromaToR 6.osE-02 3ouE-0n 7.804E-04 1.99E-03 1.31E-02 5.84E-02 9. 44E-03 6.91E-03 2.326-05 1.23-01
Lk EvaromaTOR 2.536-09 1.908-00 77611 1.21E-10 5. 01E-10 4. 23E-09 4.73 €10 5.49E-10 1.26E-12 4.91B-09
Tow excmamee s.0E-0 o76801 6. 60E-02 7. 53E-02 9. 39E-05 2.77E+00 3.§2E-01 3.23E-01 6.36E-0 '»
sicH NEAT waSTE 6. 00E-02 5. 266-01 1 0SE-03 1.99E-03 1.31E-02 5. 44E-02 9.14E-03 &.91E-0) 2.32€-05 1.238-01
vol T e
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TABLE D-25. Dose and Risk to the Offsite Population (rom Stack Release due to Leak to Sumsp

ORIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACT BONE LIVER KIDNEY TRYROID LUNG
Cy RELEASED /YR 80DY :
OFFSITE POPULATION PERSON-REN/ YR DOSE, PERSON-REN '
oECONTAMINATION ' e0k-07 e 208000 3.898-07 9.248-08 1.17E-07 2 81£-06 4 48E-07 3.868-07 4.11E-10 1. 4GE-06
oissoven Laee2 s.og0 1.06E-03 1.968-03 1.31E-02 5. S9E-02 8 7SE-03 9.00£-0) 2.30E-06 1.81E-01
ecaDEWD  i.2s6-02 k00 7.56E-03 1.73£-03 1.316-02 4.96K-02 7.72E-03 8.08£-03 1.79€-05 1.70E-01
FINST cvcLE 7.648-00 6.318:00  9.08E-03 1.44E-03 7.99E-03 4.16E-02 G.54E-03 6.29E-03 1.04E-05 1.03E-01
mpwcrcee 271802 3958000 703802 2.236-12 2.81-12 3.926-11 1. 65E-12 9.008-12 3 56E-15 1.62E-10
200 wp cYCLE i e9E-08 1058001 7.796-08 7.418-09 4.578-09 2.61E-07 3.0 or-08 3.34E-08 8.928-12 7.93E-08
uir EvarORATOR o.626-03 1seEer 2,00E-02 1.278-03 7.95E-03 4.04E-02 4.49E-03 5.65£-01 1.178-05 1.026-01
LW EvaPORATOR 15010 1LSeE0Y 2.00E-04 1.326-05 3.648-04 4 61E-04 6 93E-10 7.408-10 3. 24E-10 2. 00€-03
"""""""""""""""""""""""""""""""""""""""""""" 2.19-04 7.12£000 8. 91E-01 8, 028-0% 1.09E-07 6. 40E-01
1.278-01 7.95€-03 4.04E-02 {.89E-03 $.65E-0) 1.17€-05 1.026-01

S§=-dns ‘01=-002-¥SiSdd



L2-q

TABLE D-26. Dose amd Risk to the Mazimua Individual from Stack Release due to Leak to Susp

ONIT OPERATIONM TOTAL FREQUENCY, RISK TOTAL GI-TRACT BONE LIVER KIDNEY TEYROID LUNG
Ci1 RELEASED /TR BODY
MAXINUN INDIVIDOAL (CHILD) HREN/YR DOSE, HREM

6.22E~%1% 3. 61E-11 ). 16E-04
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TABLE D-27. Dose and Risk to the Oansite Population fros Stack Relssse due Lo Leak to Suap

WNIT OPERATION TOTAL FREQUENCY, RISK TOTAL GI-TRACY BONE LIVER KIDNEY THYROID LUNG
Ci RELEASED /YR BODY

?!?!!E_!?f!l:ft!()l _ _ PERSON-REN/YR DOSE, PERSOM-REM

DECONTAWIMATION 1. t0c-07 208000 6.01E-08 1.628-08 2. 41E-08 4.97E-07 7.87€-08 6.48E-08 3. 12E-11 2.18E-07
oissoLver Vg2 5. 0800 1.84E-00 3.38E-04 2.68E-03 9. 85E-03 1. S4E-03 1.598-03 6. 43E-07 2.70E-02
WEAD END  1.25€-02  4.3eEw00 1.30E-03 2.978-04 2.69E-03 8.748-03 1.368-03 1.43E-03 4.99E-05 2.54E-02
FIRsT cree 7.648-03 6 aEw00 1.58E-03 2.50£-04 1.64E-03 7.34E-03 1.15E-03 1.12E-0) 2.91E-06 1.54E-02
o weveke 2.71e02 395800 1.05€-12 3.326-13 5.76E-13 5.926-12 2 83813 1.52E-12 9.90E-16 2 A1E-11
w0 wp CYCLE esk-0s 10sEe0r 1.44E-08 1.37E-09 5 42E-10 4.02E-08 5. 81E-09 6. 30E-08 2.48E-12 1.19E-08
0 everomator s 62605 "sapenr 3.66E-03 2.328-04 1.64E-03 7.35E-03 9 09E-04 1.03E-03 3.27E-06 1.53E-02
LAN EVAPORATOR 158810 semeor 2.936-05 1.06E-06 7.46E-05 6 49E-05 1.S6E-10 1.66E-10 8. 89E-11 2.99E-04
ton excuamr 258800 1 osee0r 3.78E-01 3. 60E-02 ¢.498-05 1.32E¢00 1.68E-01 1.54E-01 ).05£-08 9. SO0E-02_
Miow WEAT MasTE ¢ 628001 601 1.420-00 2.32E-04 1.64E-03 7.3SE-03 9 09E-04 1. 036-03 3.27E-06 1.53€-02
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TABDLE D-268. Dose sad Bisk froa Stsck Release dus to Pracessiag Short Cooled Fuels and Ruthenius Volatilizatioa

SRIT OPERATION TOTAL FABQUENCY, aIsk TOTAL QI-TRACT ponE LIVER RIDNEY  TEYROID Leng
Ci ASLEASED /18 80DY

OPFFSITE POPULATION PERSON-REN/ YR DOSE, PERSON-REN
DISSOLVER-SBORT 1. 65K¢00 3.508-02 3.648-03 1.048-01 2,76B-02 1.44K-01 1.00E-01 3.038-01 S, 04E+01 3 53E-03
COOLED FUBLS
DISSOLYER-=Ru 4. 008-01 8. 76£-02 1.098-03 1.248-02 0.948-01 9 086E-02 1.70%-01 1. 268401
VOLATILIZATION ]
NEAD END-Ru 4.50E-02 8.768-02 1.230-04 1.403-03 1.0tE-01 1.118-02 1.918-02 t. 428¢00
VOLATILIZATION .
NAXINUM INDIVIDUAL (CEILD) NREN/ YR DOSE, NREN
DISSOLVYER-SHOAT 1. 658+00 3.508-02 §.54K-04 1.888-02 2.02E-03 2.785E-02 2.75E-02 4.48E-02 9. 165400 ¢&. 19E-04
COOLED FUELS
DISSOLYER-Ru 4.00E-01 8. 76£-02 2.038-0¢4 2.328-03 S5.09K-02 1.86R-02 2.52E-02 1. 96E+00
YOLATILIZATION
NEAD END-Ru 4.50E-02 8. 768-02 2.298-05 2.618-0¢ 6¢.622-03 2, 108-03 2. 838-0) 2.218-0
YOLATILIZATION
ONSITE POPBLATION PER3ON-REN/YR DOSE, PERSON-AEN
DISSOLYEAR-SBORT 1. 658+00 3.508-02 6. 108-04 1.742-82 6.030-063 2.12E-02 2.968-02 5.01E-02 9.548+00 1.01E£-03
COOLED PRELS
DISSOLVER-Ru 4.00E-01 8.76£-02 1.930-04 1.788-03 1.838-01 1. 38k-02. 2. 682-02 1. 878+00
YOLATILIZATION
BEAD END-Ru 4.50E-02 8. 768-02 1.7238-08 1.978-04 2.068-02 1.568-03 3.018-03 2. 11E-01
YOLATILIZATION el
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TABLE D-29. Dose and Risk to the Offsite Population froa Liqeid Relesse to Four Nile Creek due to Coil and Tube Failure

SNIT OPERATION TOTAL FREQURSCY, RISK TOTAL aI-TRACT song LIVER KIDNRY  TRYROID Leng SKI1s
Ci ARLEASED /YR 0DY

OFFSITE POPULATION PERSON-RBN/TR DOSE, PERSON-REN

DECONTANINATION 2. 00801 $. 268-04 1.088-05 3.508-02 5.008-02 2.09B-01 S5.008-02 1.958-02 4.098-08 6. 662-03 &.20E-08
DISSOLVER 1.728¢01 9. 118-03 2.318-023 2.438+00 6.10B%00 §.208¢00 3.99K+00 1,.32B¢00 3.31E-03 4.518-01 3. 528-0)
SEAD BND 1. 728+01 5. 618-03 1.368-02 2.438+00 6.108900 S5.208¢00 3.99B¢00 1.328+00 3.318-03 4.51E-01 3. 528-0)
FIRSTY cycLE 1. 96B+01 8. 41B-04 2.138-03 2.032¢00 2.87B¢00 5.63K+00 4.07B¢00 1. 348400 3.34K-03 4. 59E-01 3. 49E-03
;ID ¥ CcrcLE 6. 068-09 8. $18-04 7.44E-13 0. 058-10 9.008-10 1.978-00 1.428-0% 4.708-10 1.17E-12 1.61E-10 1.228-12
26D Wp CYCLE 1. 268-08 8. 41B-04 1.368-09 1.628-06 1.638-06 3.618-06 2.6OE-06 0.59E-07 2.148-89 2.94K-07 32.23E-09
RAR BVAPORATOR 1. 968+01 1.198-02 3.018-03 2.838+00 2.67R¢00 6.638+00 4.078¢00 1.348+00 3. 34E-03 4.59K-01 3. (98-0)
LAN EVAPORATOR 8. 238-97 1.198-02 1.278-09 1.068-87 1.008-07 2.37E-07 1.718-07 S$.648-08 1.40E-10 1.932-08 1.478-10 .
A1GE BEBAT NASTE 1. 96B+01 8. 418-04 2.138-03 2.83E+00 2.57E+00 5.632+00 4.07R+00 1.34R¢+00 3. 3E-03 4.59E-01 3. 498-03

7.028-82

TOTAL
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TABLE D-30. Doee and Risk to the Naximwa ladividusl from Liquid Relesse to four Hile Creek due to Coil sad Tube Pailure

NIT oPEMsTION ToTaL o Farasmicr, a1k TOLL  GI-TaiCT  BONE  LIVER  KIDNET TSVMOID  LeNa k1w
WAXINGN INDIVIOUAL (CBILD) : uREN/TR DOSE, WREN ‘
DECONTANINATION 2. 008-01 5. 268-04 1.898-06 3.628-03 §.34E-03 2.06E-02 1.665-02 5.318-03 7.408-06 1.91K-03 &.72E-06
DISSOLVER 1.728401 - 9.118-03 1.878-03 2.08E-81 §.655-81 1.408+00 1.12E+00 3.60E-01 5.02E-04 1.29E-01 4.S56E-04
EEAD gND 1. 728401 5. 618-03 1.158-03 2.058-81 §5.6SE-01 1.40K+00 1.12E+00 3.608-01 §.028-04 1.29E-01 4.56R-0¢
FIAST CYCLE 1. 968401 8. 412-04 1.808-04 2.14B-01 1.SSE-01. 1.4SEe00 1.158¢00 3. 64E-01 S5.21E-04 1.318-01 4. 512-04
aup ¥ crcLs 6. 96209 8. 418-04 6.318-16 7.50E-11 §.41E-11 5.07E-10 4.018-18 1.278-10 1.82E-13 4.57E-11 1.88E-13
20D Np CrCLE 1.258-05 s g0 1.152-10 1.378-07 9.038-68 9.26E-07 7.338-07 2.338-07 3.34E-10 8.36E-08 2.898-10
gan Evaromaton 1.968+01 1.198-02 2.55£-03 2 14E-01 1.S8E-01 1.45E+00 1.15E00 3.645-01 §.21E-04 1.31E-01 4. 51E-04
LAR EVAPORATOR 0. 238-07  v.198-82 1.675-10 9. 00E-09 6. 498-09 .088-08 4. 81E-08 1.S3E-08 2 15E-11 5 49E-09 1.89E-11
;;a;-;;;;-;xsrt 1. 96E+01 8. 418-04 1.00E-04 2. 14E-01 1.355K-01 1.458+00 |.-;5.0°° 3.642-01 S5.21E-04 1.31E-01 4.5 l’.;-
ToraL 5. 932-03 o ]
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RESPONSE TO SROO COMMENTS AND NON-NUCLEAR HAZARDS ADDENDUM
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RESPONSE TO SROO COMMENTS
CANYON SAFETY ANALYSIS REPORTS (SARs)
DPSTSA-200-10, SUP-5

NUCLEAR SAFETY BRANCH

1. Comment: SAR references to DPSTS NIM-78 in Sections 3.0 and 4.0 should
be updated to DPSTS NIM-85.

Response: Agreed, change references to DPSTS-NIM-78 in Sections 3.0 and
4.0 to DPSTS-NIM-85.

2. Comment: SAR Section 3.0 - SAR should list by number the safety guides,
codes, standards and orders applied for the design of the Canyon
facilities. '

Response: On Page 3-1, Section 3.1, DuPont design standards have been
compared to DOE requirements. The F- and H-Canyon have been in operation
for approximately 30 years, and identification of the original design
criteria would be a difficult and time-consuming task. However, DuPont
is selecting a contractor who will locate all codes, safety guides, etc.,
for all new facilities and will attempt to compare these to the older
facilities.

3. Comment: SAR Section 3.0 - SAR should identify the design basis events
for the Canyon facilities.

Response: The design basis events are described on Pages 2-8 and 2-13,
and 5-3 for a tornado and earthquake, respectively. Consistent with the
requirements of the NRC format, Section 3.0 of the next updated versxon
of the SAR's will be revised to include the design basis events.

4. Comment: SAR Section 3.0 - SAR should compare the Canyon facility design
to the current design requirements of DOE Order 6430.1 and identify and
justify any deviations from the requirements.

Response: On Page 3-1, Section 3.1, DuPont Design Standards have been
compared to DOE Requirements. Page 5-3 of the F- and H-Canyon SARs
reference the DOE Order 6430.1. Consistent with the requirements of the
NRC format, Section 3.0 of the next updated version of the SAR’s will be
revised to include a section wherein the Canyon Facility design is
compared to the current design requirements of DOE Order 6430.1 and any
deviations are identified and justified.

5. Comment: SAR Section 3.0 - SAR should provide a definition for or
identify the document which defines Maximum Resistant Structures and
Class I Explosion-proof Structures.

E-1
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Response: A Class I structure is a blast resistant structure as defined
in DuPont Specification No. 3580, originally issued 2/7/58. A Class I
explosion proof Maximum Resistance Construction (MRC) structure ({is
designed to withstand pressures of 1000 lb/ft:z. Consistent with the
requirements of the NRC format, Section 3.0 of the next updated version
of the SAR’s will be revised to include documented, clear definitions of
"Maximum Resistant Structures®" and of “Class 1 Explosion-proof
Structures”,

Comment: SAR Section 3.2.2 - SAR should address thru-puts.

Response: Thru-puts of the Facilities in Section 3.2.2 will be made
available if required, but were not included to avoid access limitations
(1.e., classification).

Comment: SAR Section 3.2.2 - SAR should include wind, tornado and
earthquake hazard design considerations for the process systems and
components.

Response: As noted in the response to Comment 3, Wind, Tornado and
Earthquake design considerations are included in Sections 2.0 and 5.0.
In addition, DuPont has established a task force that will, with the aid
of a consultant, compare the design standards, orders and requirements of
the DOE, DuPont and NRC with the existing design and make appropriate
recommendations. This work will be completed in approximately one year.
The results of that study will be provided to DOE once available and the
results will also be included in the next update of the facility SAR to
reflect the wind, tornado and earthquake hazard design considerations for
the process systems and components.

Comment: F-Canyon SAR Section 3.3.1.2.1 - SAR indicates that both the
294-1F and the 294-F sandfilters were constructed in 1976.

Response: Agreed, F-Canyon SAR Section 3.3.1.2.1 will be revised version
to reflect clearly that the two sand filters (294-F and 294-1F) were
constructed sequentially but normally operate in parallel.

Comment: F-Canyon SAR Section 3.2.2.6.3 and Section 3.3 - Sections
indicated that things will happen in 1986. These should be updated.
Response:  Agreed, F-Canyon SAR Sections 3.2.2.6.3 and 3.3 will be

revised to reflect the status consistent with the date of the SAR.

Comment: SAR Section 4.4 - SARs should address training for Separations
Technology personnel as well as the Separations and Separations Works
Engineering personnel.

E-2
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Response: Agreed, Section 4.4 will be expanded in the next updated
version of the SARs to include the training provided Separations
Technology Personnel.

Comment: SAR Section 5.0 - SAR should address and, if applicable,
analyze the potential for fire or uncontrolled reactions to lead to a
criticality event.

Response: No fire that would lead to a criticality event was identified.
Based on an analysis of the second Pu cycle (in preparation),
uncontrolled reaction that can lead to a criticality in the sump is
approximately 2X of all criticalities that could potentially occur.

Comment: SAR and Canyon Systems Analyses (SYAs) - Inconsistencies exist
in the frequencies for criticality events between Table AC-1, Chart C and
text in the SYAs and Figure B-5 and Table 5-7 in the SARs. For example:
Table 5-7 in SUP-4 indicates that the criticality frequency in Head End
is 1.7E-9 but Figure B-5 in SUP-4 indicates 2.0E-9. These
inconsistencies are not significant but detract from the quality of the
document and should be corrected.

Response: As the analyses proceeded, no effort was made to update the
SYAs. The SARs will be reviewed for consistency with the Systems
Analyses and the inconsistencies removed before the next updated version
of the SARs are issued.

Comment: SARs and SYAs - Documents should take into account common mode
failures - Example: An earthquake causing an operator error and
instrument failure (See Chart C2.2 and C3.2 in SYA for F-Canyon and C2
and C31 in SYA for H-Canyon) or earthquake causing ventilation failure.

Response: The documents account for common cause failure in several
ways. For most of the releases associated with the canyons, maximum
releases occur vhen some initiating event causes a direct or indirect
release to the canyon sumps, the exhaust fans are functional, and the
sand filter is in a partially degraded state (that is, the efficiency is
less than average). The only mechanism identified that could have the
common effect of releasing material to the sump and of disabling the fan
system is a seismic event. Seismic events are assumed to fail the fan
systenm which is conservative relative to assuming that the fans function
and is therefore the proper assumption in that the primary motive force
for removing the canyon atmosphere to the environment is non-existent.

Process events affording highest risk are primarily from the data bank
which inherently includes those combinations that contribute to the
initiator, both qualitative and quantitative. Although no common
mechanism exists that could initiate a release and degrade the filter
efficiency, it is always assumed that the sand filter is degraded to the
97th percentile of worst measure efficiencies for whatever reason.

E-3
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In the special case cited by DOE-OSR that involved a nuclear criticality
accident as a result of a loss of material to the sump, failure of the
level detector, concentration by evaporation, and continued operation of
the facility, the question was raised as to why an earthquake would not
cause both the release and failure of the sump instruments. This is a
plausible scenario; however, the dominant cut set for the fault tree
branch in question is that of a leak at a frequency of 6 x 10°3 per hour,
an instrument unavailability of 5 x 10'3, a human error probability of
1=x 10'1, and a probability of continuing to ogerate of 0.5. The
frequency for this dominant cut set is 2 x 10°° per hour. 1If the
proposed scenario were specifically isolated, the frequency of the
seismic event would be 2 x 10-8 per hour and the unavailability of the
instrument would be 1.0. Because the recovery time is quite 1long
relative to the stress level effects on human error performance, the
error demand remains at 1 x 10"+, The probability that canyon operations
would continue, however, would be dramatically reduced and is assumed to
be 1 x 103 per day. Overall, the sequence frequency would be 2 x 10-12
per hour. Because this proposed sequence is about four orders of
magnitude less than the dominant cut set, it may be ignored without
affecting the frequency for all viable cut sets combined.

Comment: F-Canyon SYA Chart 2.2 - "Transfer Errors" and "Uncontrolled
Reactions® should be included as potential contributors to the event
"Dilute Fissiles in Sump".

Response: Agreed, F-Canyon System Analysis Chart C-2.2 (Volume 2, Page
AC-20) will be revised in the next updated version to include
*Uncontrolled Reactions” and "Transfer Errors” as potential contributors
to the event "Dilute Fissiles in the Sump”.

Comment: H-Canyon SYA Table AC-4 - The frequency for the event LOlASFSC
is not listed in the Table.

Response: Agreed, H-Canyon System Analyses Table AC-4 will be revised in
the next updated version to include the frequency of the event LOlASFSC
(from Chart C-15).

Comment: SYAs Table AC-4 - The difference in events labeled HUMFAIL
which indicate one event with a probability of 0.1 and another with a
probability of 0.01 should be explained.

Response: The various events labelled "HUMFAIL-1, HUMFAIL-2,
HUMFAIL-9 appearing in Tables AC-2 through A-4 of the H-Canyon SYA each
refer to specific types of human errors that are defined in the tables
under the column headed "Event Name®”; as such, each has a unique
frequency or probability of occurrence. The probability values for human
error 1 and 3 through 8 were taken from the reference (WASH-1400) while
those for errors 2 and 9 were derived from the 200-Area Fault Tree Data
Base.
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Comment: SAR Table 5-7, Section 6.1 and Section 5.3.4.3 - SAR Section
6.1 indicates that criticality can occur in many different operations in
the Canyons. All of the operations identified should be included in the
frequency determination for a criticality event and included in Table 5-7
and/or discussed in Section 5.3.4.3.

Response: The dominant events have been included in Table 5-7. 1If all
other events need to be included, Table 5-7 will be reviewed and revised
in the updated version of the SARs to include frequencies of all the
operations identified in Section 6.1 as having potential for the
occurrence of a criticality event.

Comment: F-Canyon SAR Section 5.3.4.3 - SAR should include a discussion
and, if applicable an analysis of the criticality potentials in the
Evaporators and in the product storage tanks.

Response: There is no specific analysis for criticality potential for
the evaporators of the F-Canyon. Approximately 12X of all criticality
events are calculated to occur in the storage tanks. The likelihood of
accunulation of Pu and the potential for criticality in the evaporator
feed tanks would be even lower. These tanks are routinely sampled and
analyzed so that sample analysis would warn of any problems in the
evaporator feed (see discussion on top of page 3-32 in F-Canyon SAR).
Consistent with the requirements of the NRC format, Section 5.3.4.3 of
the updated version of the F-Canyon SAR will be expanded to include
discussion of the criticality potentials in the Evaporators and in the
Product storage tanks.

Comment: H-Canyon SAR Section 5.3.4.3 - SAR should include a discussion
and, if applicable, an analysis of the criticality potentials in the
storage of Pu-239 in tanks 12.1 and 8.5 and in product storage tanks.

Response: Based on an analogy with the F-Canyon, the criticality
potential is estimated to be 1 in 600,000 years. Section 5.3.4.3 of the
updated version of the H-Canyon SAR will include a discussion and, if
applicable, results of an analysis of the criticality potentials of
canyon tanks 12.1 and 8.5 and the storage tanks all handling aqueous Pu-
239 product solution.

Comment: H-Canyon SAR - Table 5-7 indicates that solvent extraction
operations are the most significant when considering criticality.
Reference 39 (SAIC 85/3075) states that the major contributor to
criticality risk is in the evaporation process. The SYA indicates that
the evaporation process is the major contributor to criticality risk.
SAR addresses only the Head End evaporator in the criticality frequency
determination. The rerun and 1CU evaporators should also be considered.
SYA indicates that the criticality frequency is approximately 5.8E-7 and
SAR indicates 3.7E-7. These inconsistencies should be corrected.
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Response: The criticality calculations in the H-Canyon are weak, but the
numbers are conservative. A re-analysis of the sump is in progress. The
differences between the criticality frequencies between the existing H-
Canyon SYA and SAR will be resolved in the updated version of the SAR.
Also criticality potentials of the rerun and 1CU evaporators will be
considered and if applicable an analysis made. Results of these will be
included in the updated version of the SAR.

Comment: SAR Section 5.4.1.1 - SAR should address seismic and
wind/tornado damage to stacks and to the covers over the air tunnels to
the sand filters and if applicable calculate the risks involved.

Response: Agreed, consistent with the requirements of the NRC format,
seismic and wind/tornado damage to the stacks .and to the sand filter air
tunnel covers will be addressed in SAR Section 5.4.1.1 and, if
applicable, the risks calculated and included in the updated version of
the SAR.

Comment: SAR Section 5.3.1.2 - SAR implies that all the material will be
lost to the secondary confinement. Section 5.4.1.2 indicates that only
half the material will be lost. SAR should be revised to clarify.

Response: Agreed, the discrepancy between SAR Sections 5.3.1.2 and
5.4.1.2 will be resolved by noting in 5.3.1.2 that a significant (°50%)
fraction of the material will be released to the secondary confinement.

-Comment: SAR Section 5.4.9.6 - Sections should refer to the appropriate

references (Ref. 40 in SUP-5 and Ref. 38 in SUP-4).

Response: Agreed, Section 5.4.9.6 will be revised to include the
Reference 38 in the F-Canyon SAR and Reference 40 in the H-Canyon SAR.
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RADIATION SAFETY
- Design Features

1. Comment: Provide specific examples illustrating how the ALARA concept
was applied to the facility design.

Response: Radiation and Contamination control are discussed in Section
4.9.1. Consistent with the requirements of the NRC format, Section 3.0
text of the updated version of the SARs will be revised to show specific

examples of when the ALARA concept was applied to the facility design as
it exists today.

2. Comment: Include radiation zone maps.

Response: Radiation zones are discussed in Section 4.9.1. Consistent
with the requirements of the NRC format, radiation zone maps of the
facility will be included in the updated version of the SARs.

3. Comment : Describe the methods employed to determine shielding
arrangements and thicknesses. _

Response: Consistent with the requirements of the NRC format, the
methods to determine shielding arrangements and thicknesses will be
sumparized in the updated version of the SARs and include a reference to
the appropriate document detailing the methods.

4. Comment: Deleted.

Response: Not required.

5. Comment: Show the location of radiation safety-related facilities such
as decontamination facilities and health physics laboratories and
offices.

Response: The description of the radiation-safety related facilities in
the Canyon SARs will be expanded in the updated version of Section 3 to
identify these and include maps to show the locations and functions where
appropriats.

6. Comment: Provide information on the types, location range, and number of
installed radiation momnitors.
Response: Tables and location maps will be included in Section 3.0 of

the updated version of the Canyon SARs that list types, ranges and
location of the radiation monitors installed in the canyon facilities.
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7. Comment: Describe specific contamination control and decontamination
facilities for areas with the facilities other than the hot or warm
canyons. ‘

Response: Consistent with the requirements of the NRC format, the canyon
facilities will be reexamined to identify areas dedicated to
contamination control and decontamination activities conducted outside
the hot and warm canyons. Descriptions of these will be included in
Section 3 of the updated version of the SARs.

Operating Features

1. Comment: Describe the radiation safety training provided to radiation
workers and to Health Protection personnel.

Response: The NRC format requires Radiation Safety to be addressed in a
more complete fashion. Section 4.4 of the updated version of the SARs
will be expanded to include a description of the training of Health
Protection personnel.

2. Comment: Provide information on the location, number and types of health
protection radiation safety instrumentation available at these
facilities.

Response: Consistent with the requirements of the NRC format, the
updated version of the SARs will include Tables and in maps the numbers,
types, and locations of Thealth ©protection radiation safety
instrumentation that is available in the canyon facilities. (Note that
this effort includes/parallels that of item 5 of the Design Features
above).

3. Comment : Describe methods to control access to radiation areas and
methods for contamination control.

Response: Consistent with the requirements of the NRC format, the
updated version of the Canyon Facility SARs will be revised to include
the program of controlling personnel access to radiation areas and the
method of contamination control.

4, Comment: Identify applicable radiation safety procedures.

Response: Radiation control procedures as applied in the canyon
facilities will be summarized consistent with the requirements of the NRC
format for the updated version of the SARs. . It has not been DuPont’s
practice to reference the specific procedure numbers from the Safety
Manual, DPSOP/DPSOL and Health Protection Manual.
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Comment: Describe the methods and facilities for the testing and
calibration for all radiation monitoring instruments.

Response: The testing/calibration program for all radiation monitoring
instrumentation will be summarized consistent with the requirements of
the NRC format for the updated version of the Canyon Facility SARs.

Comment: Provide information on the occupancy factors, dose rates, and
airborne concentrations, for normal or routine operations.

Response: Consistent with the requirements of the NRC format, the
updated version of the Canyon Facility SARs will be expanded to include
more detail regarding occupancy, dose rates and concentrations of
airborne contaminants.

[N

Comment: Provide information on the number and type of internal
assimilations of radionuclides.

Response: It appears that the number and type of radionuclides relevant
to the Canyon Facility SARs are currently identified and the critically
affected organs pointed out. Principal pathways are also described and
discussed. The assimilation will be addressed in references to several
documents dedicated to this subject.

Comment: Indicate the availability of emergency power to those installed
radiation monitoring instruments which are determined to be key radiation
monitors.

Response: Table A-1 will be expanded in the updated version of the SARs
to include the specific sources of emergency power for those installed
radiation monitoring instruments having a key radiation monitoring
function.

Comment: The frequency of contamination and high exposure incidents
(once per week and once per two to three weeks, respectively) in the
sample aisles appears excessive. A review of the sample system
arrangement of sampling procedures is recommended (Reference Section
5.3.8.5 of each SAR). Crane and gang valve corridor failures and
potentlal contamination events also appear excessive.

Response: Reviews of the sampling system in the canyon facilities and
the radiation exposure experience with the current systems are
continuing. There are current development programs aimed at converting
the existing sampling system into a remotely operated system.

Comment: There appears to be no automatic isolation of clean areas
ventilation exhaust system or "hot" areas supply system in the event of
loss of "hot" areas ventilation exhaust. However, pressure differential
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sensors are provided and it is assumed that these would alarm in the
control room where appropriate prompt action would be taken by operators
to prevent significant airborne hazards.

Response: This comment is an observation that no automatic isolation of
"clean" area ventilation exhaust systems or "hot" area in the event of a
loss of "hot" area exhaust system, but pressure difference control
instrumentation are provided.. The description of the ventilation system
and the instrumentation that controls the magnitude and direction of flow
of .air thru the facility is given in Section 3.3.1. It should be noted
that the redundancy of blowers and the availability of emergency backup
power to all exhaust system blowers provides assurance that the hot and
warm areas are maintained at subatmospheric levels regardless. Further,
augmenting maintenance of the flow direction from the outside to the
clean areas to potentially warm/contaminated areas to hot/contaminated
areas to the clesnup system, the supply air system blowers are cut off
automatically 4if the pressure differential sensors detect a lower
threshold value. The ducting system also features automatic dampers that
act to minimize and/or prevent reverse flows in the ducts. To emphasize
these safety related items, a summary paragraph covering the system
design safety features and the implementing instrumentation will be
included in the updated version of the Canyon Facility SARs.
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INDUSTRIAL HYGIENE

1. Comment: 1.1 Introduction. "In this report, risk is defined as the
expected frequency of an accident, multiplied by the radiological
consequence in person-rem.” This limits the SAR to radiological hazards
only and as defined would not be applicable to safety and industrial
hygiene hazards. This section should be revised to reflect risk from all
types of hazards.

Response: The definition of risk will be revised in the updated SARs to
reflect non-radiological hazards.

2. Comment: “"Routine conditions were not considered in this analysis other
than for comparative purposes.” Merely because a hazard exists on a
routine daily or periodic basis does not meam that it can be disregarded.
The SAR is to identify all hazards and risks either as a result of an
accident or routine operating conditions. Additional facts are needed to
support the assumption that routine conditions are actually without
hazard and risk.

Response: As noted in the April 8, 1987 letter from R.L. Morgan to J.T.
Granaghan, the updated SARs will identify all hazards and risks under
both normal and accident conditions in arriving at a conclusion as to
whether it can be operated without hazard and risk.

3. Comment: 1.2.2 Facility Risk. "The very low values for radiological
consequences and for risk as a result of F-Canyon operations indicate
that' the facility can be operated without undue risk to the public or
operating personnel.” This statement incorrectly assumes that
radiological risks are the only undue risks for which an SAR is
necessary. Section 1.2.2 Approach stated "The F-Canyon operations were
evaluated on the basis of three considerations: 1) potential
radiological hazards, 2) potential chemical toxicity hazards, and 3)
potential conditions uniquely different from normal industrial practice."”
This section is 1/3 of what is needed.

Response: As stated in the April 8, 1987 letter from R.L. Morgan to J.T.
Granaghan, updated F- and H-Canyon Facilities SARs will include analysis
for all hazards and risks to operating personnel and the public at large
including radiological and nonradiological.

4., Comment: 3.2.2 Process Design Consideration. Although receipt, storage
and handling of radioactive materials is discussed, no mention is made of
how nonradioactive materials are received, stored and handled. As most
canyon processes are closed and shielded, process chemical preparation
and addition are the most likely sources of potential exposures. This
section needs to be revised to correct this deficiency.

Response: The Process Design Consideration Section 3.2.2 of the updated
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version of the F- and H-Canyon Facility SARs will include consideration
of receipt, storage and handling of nonradioactive materials.

Comment: 3.3.1.1.2 Central Section Air Supply System. No information on
the number of air changes per hour is given in this section. As this is
the personnel section of the facility, this is necessary information.

Response: The number of air changes per hour in Section 3.3.1.1.2 of the
updated version of the F- and H-Canyon Facility SARs will be revised to
include number of volume changes of air.

Comment: 3.3.1.2 Air Exhaust. No information was given on exhaust
systems for nonradioactive process chemical preparation equipment. This
‘information needs to be added.

Response: Agreed. Consistent with the requirements of the NRC format,
Section 3.3.1.2 of the updated version of the F- and H-Canyon Facility
SARs will be revised to include a description and capacity of the exhaust
systems serving the nonradioactive process chemical preparation equipment
and area. '

Comment: 4.7 Unique Hazards. DOE Orders require identification and
evaluation of risks not routinely encountered and accepted by the vast
majority of the public. This section should adopt the words of the
Orders rather than "uniquely different from normal industrial practice".

Response: Agreed. Consistent with the requirements of the NRC format,
Section 4.7 of the updated F- and H-Canyon Facility SARs will be revised
to use the wording of the DOE Orders in defining and identify "Unique
Hazards"”. .

Comment: 4.8 Control and Management of Effluents. The sections under
this title did not discuss nonradioactive chemical effluents. This needs
correcting.

Response: - Consistent with the requirements of the NRC format, Section
4.8 of the updated version of the F- and H-Canyon Facility SARs will
include discussions of nonradioactive chemical effluents in the section
on "Control and Management of Effluents.”

Comment: 5.0 Accident Analysis. "The F-Canyon operations have been
evaluated on the basis of three considerations: 1) potential
radiological hazards, 2) potential chemical hazards, and 3) potential
conditions different from normal industrial practice." See comment above
for 4.7.

Response: Section 5.0 Accident Analysis of the updated versions of the
F-' and H-Canyon Facilities SARs will evaluate "...Canyon Operations on
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the basis of 1) potential radiological hazards, 2) potential chemical
hazards, and 3) potentially hazardous conditions not normally encountered
and accepted by the vast majority of the public.” See the attached H-
and F-Canyon Operations addendunms.

Comment: *Risk in this analysis is defined as the product of the
expected frequency that an event sequence will release radioactivity and
the radiological consequences of that release.” This definition only has
application to 1/3 of the stated purpose quoted above. This section is
incomplete.

Response: The definition of risk in the updated versions of the F- and
H-Canyon Facilities SARs will be revised to include reference to both
radiological and nonradiological events and consequences.

Comment: 5.1.1.5 Other Natural Phenomena Related Events. "Extremes in
temperatures, snow, rain, and lightning, may adversely affect operations,
but will not result in accident sequences that lead to direct releases of
radiocactive materials.” This section 1is improperly 1limited to
radiological consequences. Adverse effects which could 1lead to
nonradiocactive chemical exposures must also be evaluated and documented.

Response: Section 5.1.1.5 Other Natural Phenomena Related Events will be
revised in the updated versions of the F- and H-Canyon Facilities SARs to
include effects leading to release of either or both nonradiological and
radiological materials. See the attached H- and F-Canyon Operations
addenduns.

Comment: 5.1.5 Low Energetic Events. "A low energetic event is defined
as an event that will not destroy. the primary confinement barrier (the
primary container), but activity may penetrate it." Use of the word
activity improperly limits these events to radioactive materials. All
events which allow nonradioactive chemicals to escape confinement must be
addressed. These sections will need revision.

Response: Consistent with the requirements of the NRC format, Section
5.1.5 of the updated version of the F- and H-Canyon Facilities will
include a redefinition of a "low energetic event" to eliminate the word
"activity® and replace it with the words "confined chemicals".

Comment: 5.1.7 Chemical Hazards. "Methodology used in this analysis and
the hazards for various chemicals are discussed in detail in Reference
23." A summary of the methodology used needs to be included as a
minimum. A more detailed description of hazards from each chemical is
also needed. The methodology appears appropriate but Reference 23 has
other problems. Reference 23 is 6 years old and is flawed in that the
documents on which it relies now range from 7 to 30 years old. The
carcinogen reference is now 11 years old. The initial dependence on a 5
year old publication for cancer data, without identified reasons
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otherwise, was a poor decision even in 1981. 1In regard to toxicity the
document 1is not current. With the availability of commercial and
government data bases for toxicology information only a telephone call
away, no reason exists for failing to provide the latest assessments of
toxicity for any chemical compound.

Response: Agreed, Section 5.1.7 Chemical Hazards will be revised in the
updated versions of the F- and H-Canyon Facilities SARs to incorporate
the latest available data as of the issue date with respect to the
toxicity, mutagenicity and carcinogenicity of chemicals used and or
generated in the operation of the process. See the attached H- and F-
Canyon Operations addendums.

Comment: Table 5-2. Identification of chemicals only from the Reference
23 1listing of carcinogens is not consistent with DOE Standards and OSHA
(29 CFR 1910.1200). Chemicals in use or produced which have been
identified by either ACGIH, NTP or IARC as carcinogens must be so noted
in the SAR. Toxicity should be a separate heading with the adversely
affected organs and health effects identified.

Response: Table 5-2 will list all chemicals used or generated in the
updated version of the F- and H-Canyon Facility SARs along with the data
required to comply with DOE Standards and 29 CFR 1910.1200. .

Comment: Table 5-3 is incomplete and contains errors. The 85-86 TLV
booklet lists NO2 as 6 mg/m3, not 9; Hydrazine TLV of 0.1 mg/m3, not
0.13. AELs may be used in addition to or the absence of the adopted DOE
standard of TLVs. TLVs need to be added to the table. The issue date
will be needed for the TLVs used. -OSHA PELs should also be listed for
comparative purposes. If TLVs are unavailable, TLVs from similar
compounds may be used with an explanation of the reasons for selection.
LD50s and LDLo should be listed for comparison with well known hazards
such as Pb, Hg, PCBs.

Response: Table 5-3 will be revised and corrected in the updated
versions of the F- and H-Canyon Facility SARs to comply with the DOE and
OSHA requirements and incorporate the most recent data available at the
time of issue relative to effects of chemicals used or generated in the
operations of processes in the facilities.

Comment: $.2 Analysis Methodology. *The purpose of the accident
analysis is to determine and evaluate the risk of operating the F-Canyon
facilities... Risk in this analysis is defined as the product of the
expected frequency of an event that will release radioactivity and the
radiological consequence.” The stated risk definition improperly limits
the stated purpose and fail to meet the requirements of DOE SAR Orders.

Response: Section 5.2 Analysis Methodology of the updated F- and H-
Canyon Facility SARs will restate the "purpose by deleting references to
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radioactivity® and to "...radiological...” and replacing with
*...hazardous materials” and "...harmful..."

Comment: 5.3 Accident Frequencies. This section is improperly limited
to radioactive concerns only.

Response: Consistent with the requirements of the NRC format, Section
5.3 Accident Frequencies will be expanded to include nonradiological
concerns also in the updated F- and H-Canyon Facility SARs.

Comment: 5.4.4.2 Uncontrolled Reactions. No consequences are listed for
2580 lbs. of nonradioactive material or air concentrations of 100 mg/m3.
This needs correction.

Response: Section 5.4.4.2 Uncontrolled Reactions will be expanded in the
updated F- and H-Canyon Facility SARs to consider consequences of
nonradiocactive materials as well as radiocactive materials in the
operation of the process. See the attached H- and F-Canyon Operations
addenduns.

Comment: 5.4.5 Low Energetic Events. No consequences are listed for
nonradiocactive material when this is the most likely source of an
exposure. This needs correction on an event by event basis.

Response: Section 5.4.5 Low Energetic Events will be revised in the
updated version of the F- and H-Canyon SARs to include those involving a
release of nonradiological materials. See the attached H- and F-Canyon
Operations addendums.

Comment: 5.4.6.2 Air Reversal. In light of the conditions possible from
over flows, uncontrolled reactions, leaks and spills, an analysis of the
nonradioactive consequences of an air reversal is needed. It is recalled
that 2 evacuations occurred in 12/86 because of nonradioactive chemical
leaks and spills.

Response: Section 5.4.6.2 Air Reversals will be revised and expanded in
the updated versions of the F- and H-Canyon Facilities SARs to consider
consequences of potential releases of nonradiocactive materials in air
reversals. See the attached H- and F-Canyon Operations addendums.

Comment: 5.4.7 Chemical Hazards. DOE Orders, Federal, and State law as
well as DuPont corporate policy require elimination of known hazards from
the workplace. It is improper to mitigate the existence of a hazard by
equivocation that only a few injuries will take place. Adjusting risk by
factoring reported injuries is not acceptable. As an exposure is assumed
to be at or over acceptable limits, the frequency rate is the risk rate.
Methods used to reduce the consequence of an exposure may be discussed
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and injury data'may be used to show the success to these methods. This
provides a basis for accepting the risk but it does not reduce the risk.

Response: Risk is the product of consequence in appropriate terms and
frequency. Methods used to reduce consequences, if effective, do reduce
risk even though the frequency part of the risk equation is not altered.
The basis for "accepting risk®" can be based on any of the three
components of the risk equation (frequency, consequences or the product
(risk)).

Comment: 5.4.8.7 Compressed Air. The consequences for a cross
connection to helium, argon, carbon dioxide with the breathing air system
is death to all users without any warning. This is an arguable imminent
danger situation and actions are necessary to correct this possibilicy.
More is needed on why this condition is allowed to exist.

Response: The current F- and H-Canyon SARs describe the Breathing Air
supply system as it exists and identifies the potential hazard of
attaching cylinders of nitrogen, CO2 argon, helium, etc. to the manifold
of the breathing air supply. The possibility of a cross connection has
been accepted by the Compressed Gas Association.

Several factors act to reduce the probability of a cross connection.
First, the breathing air cylinders are painted yellow, a distinctive
color different from other gas cylinders. Second, the breathing air
cylinders and manifold hookup are isolated by an appreciable distance
from other gas cylinders. Third, the breathing air cylinders are labeled
and easily readable. Fourth, operating procedures are used to make
cylinder connections to the manifold and require that supervision make
the breathing air connections. On the basis of the above factors, a
breathing air cross connection with another gas is assessed as 1ID
(catastrophic but remote) as per MIL-STD-882B.

Comment: 5.6.4.2 Uncontrolled Reaction. This section did not address
mitigation of material being expelled through sample line and other
piping back into occupied areas.

Response: Agreed, consistent with the requirements of the NRC format,
Section 5.6.4.2 Uncontrolled Reaction in the next update of the F- and H-
Canyon SARs will address mitigation of process materials being pressured
into occupied areas such as the sample line and others as a result of
uncontrolled reactions. Since this is controlled by the radiation
detection system, the worker does not get a large dose.

Comment: 5.6.5 Low Energetic Events. This section did not address how
fumes will not enter into occupied areas as happened in the two NOx fume
outs and evacuations in 12/86.

Response: Agreed, consistent with the requirements of the NRC format,
Section 5.6.5 Low Energetic Events of the next update of the F- and H-
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Canyon SARs will include a discussion of how the potential for release of
fumes froam canyon equipment is minimized.

Comment: 5.6.7 Chemical Hazards. More detall is needed in this section
to describe an adequate protection program. Also see 5.6.5.

Response: Consistent with the requirements of the NRC format, Section
5.6.7 Chemical Hazards of the next updated F- and H-Canyon SARs will be
expanded to include a detailed description of the program aimed at
providing an adequate protection from all of the identified chemical
hazards present in the operation of the processes in the F- and H-Canyon
Facilities. See the attached H- and F-Canyon Operations addendums.

Comment: 5.6.8.7 Compressed Air. Nothing in this section address the
concerns raised in 5.4.8.7 and how DOE standards for respiratory
protection are adequately implemented for this facility.

Response: Consistent with the requirements of the NRC format, Section
5.6.8.7 Compressed Air of the next update of the F- and H-Canyon SARs
will be expanded to include discussion of the program and equipment
developed and installed that implements compliance with DOE Standards for
respiratory protection of facility personnel.

Comment: 6.1.12 Chemical Handling and Storage. No risks were addressed
specific to the identified areas in this document. As leaks were
described as giving exposures at or above acceptable levels, this section
did not provide enough detail on how this is controlled.

Response: Consistent with the requirements of the NRC format, Section
6.1.12 Chemical Handling and Storage will be expanded and/or revised in
the next update of the F- and H-Canyon SARs to include consideration of

‘all of the risks arising in the handling and storage of chemicals in the

Third Level Cold Feed Preparation and Storage area of the Canyon Facility
and in the storage facilities where level quantities of chemicals are
handled.
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INDUSTRIAL SAFETY
General Comment

1. Comment: The document fails to address the risk of non-radiological
hazards in F- and H-Canyon. Non-radiological hazards identified in this
document must be analyzed and a qualitative risk evaluation should be
provided. A guideline which outlines an acceptable approach to this type
of analyses has previously been provided to Du Pont. A copy of the
guidance is attached for use, as appropriate.

Response: As stated in the April 8, 1987 letter from R.L. Morgan to J.T.
Grahaghan, the next updated versions of F- and H-Canyon SARs will address
nonradiological hazards and the associated risks evaluated in accordance
with the guidelines which were identified in .the above comment as being
acceptable and in compliance with DOE Order 5481.1A. See the attached H-
and F-Canyon Operations addendums.

Specific Comments

1. Comment: Section 1.1 Introduction - Risk is defined only in terms of

radiological consequence. Suggest this be expanded to include
nonradiological consequences.

Response: The definition of risk in Section 1.1 Introduction of the next
updated version of the F- and H-Canyon Facilities SAR will not be
restricted to radiological consequences.

2. Comment: Section 1.1.2 - Approach - This section does not discuss the
use of Process Hazards Reviews. I suggest the PHR be utilized as a
method for risk analysis of nonradiological hazards.

Response: Process Hazards Reviews are one method of risk analysis of
nonradiological hazards. Consistent with the requirements of the NRC
format, PHRs will be used for the next update of the F- and H-Canyon
Facility SAR.

3. Comment: Section 1.2.1 - Facility Operations - I recommend the release
of toxic materials to the atmosphere be included as one of the principal
safety concerns expressed in this section.

Response: Consistent with the requirements of the NRC format, Section
1.2.1 - Facility Operations of the next updated version of the F- and H-
Canyon Facility SARs will include the release of toxic materials to the
environment as one of the principal safety concerns relating to
operations conducted in the facilities.

4, Comment: Section 1.2.2 - Facility Risk - A quantitative or qualitative
nonradiological risk conclusion should be included in this section.
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Response: Consideration of nonradiological hazards and risks as a result
of Facility operations will include considerations of nonradiological
hazards i{n the next updated version of the F- and H-Canyon Facility SARs
as stated in the April 8, 1987 letter from R.L. Morgan to J.T. Granaghan.

Comment: Section 3.2 - Process and Facility Description - The operations
described in this section of the SAR must be analyzed in terms of
nonradiological risks. A quantitative or qualitative risk conclusion
should be provided in Section 5.0 for each of the significant hazards
associated with the operations described in this section,

Response: The next update of the F- and H-Canyon Facility SARs will
include nonradiological hazards in Section 3.2 Process and Facility
Description and will include an analyses of these in Section 5.0.

Comment: Section 5.0 - Accident Analysis - The canyon operations must be
analyzed on the basis of nonradiological hazards also. See the attached
(Ltr Morgan/Granaghan, dated April 8, 1987) guidance.

Response: Section 5.0 - Accident Analyses of the next upda.to of the F-
and H-Canyon SARs will include an analyses of the nonradiological hazards
that are identified in each canyon facility.

Comment: Section 5.4 - Accident Consequences - The consequences of each
identified accident initiator (Section 5.1) should be oxpruud in terms
of personnel injury and severity.

Response: The manner in which consequences of accident-initiators are
expressed is addressed in the attached F- and H-Canyon Operations
addendunm.

Comment: Section 5.5 - Risks - This section should include
nonradiological risk expression for operations in F- and H-Canyons. The
risks should be based on the probability of nonradiological hazards
identified in Sectiomn 5.1 and 5.3, 5.4 of the SAR.

Response: Section 5.5 - Risks - of the next update of the F- and H-
Cm SARs will include consideration of nonradiological hazards in
evalustion of the risks associated with conducting the operation of the
separations processes in the canyon facility and its support activities.
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FIRE PROTECTION

1. Comment: The SAR deals only with fires that will have potential

radiological consequences (person-rem/yr). All possible fires should be
addressed.

Response: Consistent with the requirements of the NRC format, updated
versions of the F- and H-Canyon SARs will include consideration of all
potentially hazardous fires that could occur in the facility operations
or its support activities.

2. Comment: SAR should evaluate and provide estimates of the potential

losses or damages to government property from any fire that could occur
in these facilities. :

Response: Historically, estimates of potential losses or damage to
radiochemical processing facilities due to potential fires has not been
emphasized or even included in SARs. If it is to be included, the
estimates of potential damages/losses from the potential fires identified
in the SARs will be included in the next updated version of the F- and H-
Canyon SARs.

3. Comment: The section on Instrumentation and Controls addresses the Fire
Brigade System. This is erroneous. Area Fire Brigades do not exist
anymore. The real question is: How does this affect the SARs? It is
suggested that an assessment be provided.

Response: Consistent with the requirements of the NRC format, the
description of Fire Protection in the Fire Protection Systems Section
3.2.5.4 will be reviewed to reflect the reorganized status and
_responsibilities of the Fire Fighting Organizations and the results

incorporated in the next updated versions of the F- and H-Canyon Facility
SARs.

4. Comment: The same section mentions the deluge sprinkler systems in the
canyons and the fact that the deluge valves in the railroad tunnel (2nd
level), the warm and hot decontamination cells (2nd level) and in the
gang valve corridors have been "blanked". If this means that the systems
have been disabled, then this should be stated clearly and an assessment
of the situation must be provided: Do we, or don’t we have adequate fire
protection in the canyons to mitigate the effects of credible fires which
could expose personnel unnecessarily?

Response: See item 3 above.

5. Comment: The subsection on Safety Management Systems dealing with Fire
Protection must be expanded to state exactly what the systems are. It is
not enough to say that a subcommittee "works closely with the Fire
Prevention Group"”. Additional information in terms of "where they’'ve
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been, where they’re going and how are they going to get there must be
provided®.

Response: Section 4.9.5 Fire Protection in the updated version of F- and
H-Canyon SARs will be revised to emphasize that the function of the Fire
Protection Subcommittee of the 200 Area Central Safety Committee is to
continuously review and evaluate the currently existing fire protection
systens and programs in terms of effectiveness and capability. It is
also charged with anticipating needs and providing Facility Management
with early information as to future needs as well as those that which
relate to increasing existing systems effectiveness and capabilities.
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The H-Canyon structure and supporting engineered safety features that
constitute an effective radiological confinement system also serve to protect
personnel from non-nuclear hazards posed by accident initiating events such as
internal fire and uncontrolled reactions. Chemical hazards associated with
the gallery feed tanks on the third level cold feed preparation and storage
area (CFP) and the rupture of these tanks are the only non-nuclear safety
risks identified in the H-Canyon operations.

Chemical hazards due to leaks, overflows, transfer errors, and uncontrolled
reactions are discussed in detail in the SAR (see Section 5.4.7). The
evaluated frequency for a hazardous liquid injury in CFP is 2.0 x 10° 5 /mr
(0.18/year) or about one per six years, with the most likely injury being an
acid burn to the skin The evaluated frequency for hazardous vapor injury in
CFP is <1.4 x 10° /hr (0.12/year) or about one per twenty years. There is no
injury from hazardous vapor uptake in the SRP records. Considering that a
chemical burn typically occurs within a short exposure period and using the Du
Pont Safety and Fire Protection Guidelinesl with the Military Standard 88282
(MIL-STD-882B), chemical hazards in the H-Canyon Operations Area are assessed
as IIIE (marginal and improbable).

Rupture of a tank containing corrosive chemicals in the CFP could cause burns
to employees in the vicinity of the spill. Given sufficient concentrations of
such a chemical a fatality might ensue if an employee received extensive and
sudden contact with the material. There are approximately 30 tanks (2 to 8
feet in diameter) in CFP that are reported to contain Nitric Acid or Sodium
Hydroxide at concentrations of 502 or more. It is estimated that in the
daytime, there will be an average of 10 employees (operators and maintenance
crew) working in the area.

The frequency of a single tank rupture as evaluated in Reference 3 is 3.5 x
10° years between occurrences (2.8 x 10'6/year). Based on an estimated radius
of entrapment of 10 feet, and an overall area of 13,000 square feet, the
conditional probability that an employee will be in the affected area when a
tank ruptures is 0.24. Consequently, the expected freguency of a fatality due
to rupture of a single tank is estimated to be 2 x 10°“/year or one per 55,000
years. The rupture of a tank in CFP can therefore be assessed as ID
(catastrophic but remote) as per MIL-STD-882B. There is no tank rupture
recorded in the SRP data bank.

At the Savannah River Plant, Du Pont Safety policies and commitment to safety
provide a safe work environment and assist employees in avoiding injuries. On
the basis of these practices and the analysis previously discussed, non-
nuclear hazards are qualitatively judged to be in the remote to improbable
range for the H-Canyon Operatioms.
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