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1.0 INTRODUCTION AND SUMMARY

Transportation ~f hazardous materials at the Savannah River Plant (SRP) takes
place on the onsite highways and railroads. Under the Westinghouse Savannah
River Company (WSRC) contract the name of the site is now the Savannah River
Site (SRS); cthe former reference to SRP is used interchangeably in this
document. These arteries connect the SRP facilities to each other and to
public transportation networks. The transported hazardous materials (commonly
referred to as HMs in this document) consist of both radicactive and
nonradioactive materials and include materials used by the facilities,
products produced, and facility wastes. Flows of these materials and
commercial flow on public access highways are {llustrated in Figures 3-37,
3-38, and 3-39,

This report presents an analysis of the consequences and risks of accidents
resulting from hazardous material transportation at the SRP. Radiation
exposures during normal transportation operations are measured by personal
dosimeters worn by the onsite population and are not included {in this
document. The analysis is based on the SRP transportation system design and
operations data. The consequence and risk analysis methods used are consistant
with those described in other SRP safety analysis reports (SARs) (1l).
However, because of the unique aspects of the transportation system analysis,
additional methodologies and data sources, such as national transportation and
occupational safety data, are included. The format and content of this report
are consistent with guidelines presented in Savannah River Implementation
Plans for U.S. Department of Energy (DOE) Order 5481.1A (2). The purpose of
performing the safety analysis is to assess the risk of ongoing hazardous
material transportation activities conducted in support of SRP operations
within the confines of the SRP site. Specifically not included in the
a a t ortatio v a o do
throu the s . The transport onsite of materials packaged for offsite

shipments s included but transportation past the SRS boundaries {3 not
asgegsed.

Consequences are calculated Iin terms of exposures to hazardous materials

resulting from accidents (e.g., person-rem for accidencs {nvolving
radiocactive materials or the number of people exposed to higher than
health-effects-threshold values for nonradioactive materials). Risks are

calculated as the products of consequences and accident frequencies.

The analysis is based on the facilities, equipment, and operations
representative of transportation operations at the SRP during the 1982 to
mid-1985. This time, during which three reactors operated at full power with
production of Pu-238, Pu-239, tritium, and other special radionuclides
represents bounding risks for current and future operations. Accident
consequences and risks are summarized in this section and presenced in detail
in Chapter 5.0. Some changes have been made since collecting the information
for this reporc. The most noteworthy changes significant to the risks of
transporting hazardous materials onsite are:
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. low level waste (LLW) handling and disposal operations were
changed significancly co improve the safety of operaticns and
efficient use of Burial Ground space.

. Wherever possible, liquid chiorine, which is wused in water
purification, is being replaced by a much less volatile sodium
hypochlorite solution.

The changes made in handling and disposal of solid LLW, if incorporated into
the calcularions of consequences and risk, are expected to result in lower
risks for onsite transportation of these materials. For example,
discontinuacion of the use of skip-pans (load-lugger pans) in favor of metal
burial boxes is expected to reduce the frequency of accidental failures of LLW
packages and the amounts of radiocactive materials released in Ctransport
accidents. Although these changes are significanct for handling,
transporting, and disposing of LLW, their incorporation into the analyses
presented here do not significantly alter the overall results.

Although <changes 1in onsite transportation equipment, facilities, and
operations addressed above affect the conclusions of this report to a limited
extent, future revisions will reflect these and other changes that modify the
character or scope of onsite transportation. Specifically, fucure revisions
will reflecc recent developments in DOE Ofders that govern transportation
operations, both on- and offsite. In addition, future revisions will reflect

the changes in onsite operations policies and practices arising from the

change in management of the SRS by the E. I. du Pont de Nemours & Company to
management by the WSRC. This change occurred in April 1, 1989, afrter this

analysis was prepared.

This report has been revised in response to comments by the U.S. DOE, Savannah
River Office. The comments and resulting responses are included as an
attachment.

1.1 THE SAVANNAH RIVER SITE TRANSPORTATION SYSTEM

The Savannah River Site, which is managed by the Westinghouse Savannah River
Company (WSRC) (previously by E. I. du Pont de Nemours & Company) for DOE, has
operated since 1952. Since then the facilities have been operated primarily
to produce radioactive material products for U.S. defense activities, energy
activities, and other federal government programs. Roads and railways onsite
were developed to provide safe and efficient transportation of personnel,
supplies. rroducts, and wastes in support of the facility operatioums. The
roads, raiiways, and vehicles are well maintained. Transport activicies for
hazardous zaterials use many and varied vehicles and transport packagings.
The vehicles include those operated by WSRC, DOE and its contractors onsite,
as well as vehicles operated by vendors and commercial carriers transporting
materials to and from the site. 0ld vehicles used on the site are being
replaced with new ones that meet current highway and railway safety standards.

Packagings for hazardous materials transported at the site include U.S.

Dep?rtment of Transportation (DOT) specification packagings, including cargo
vehicles that meet DOT Specifications; DOE and Nuclear Regulatory Commission
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(NRC) certified Type B packagings for radioactive materials; and many SRP
packagings designed for specialized applications.

Materials transported include radioactive materials in the forms of powders,
bulk liquids, samples, solid billets, fabricated components, gasses, solid
wastes, and contaminated equipment. Nonradicactive hazardous material forms
that are transported at the SRP include bulk liquids, granular solids,
liquified gasses. laboratory reagents, and janitorial supplies.

Transportation operations are controlled by established procedures and other
administrative controls. Vehicles move between facilities and to and from
points onsite, carrying out specified hazardous materials transportation
activities with only infrequent flow wmodifications to accommodate special
cargoes. Except for rail operations, vehicles move on the roads independent
of other vehicular movements. Thus, except for the relatively low traffic
density, onsite transportation has the appearance of general commerce
transportation off the site. Onsite transportation of hazardous materials is
normally conducted between shift changes when traffic density is low.

1.2 APPROACH TO ACCIDENT ANALYSIS

Consistent with the DOE requirements for SARs, the information presented here
follows a logical order of first describing the site, system, and operations
relevant to transportation safety. Based on cthese descriptions, the
frequencies of accidents and subsequent releases of hazardous materials are
then defined. The analytical methods employed to evaluate cthe consequences
and risks of the accidents are described; accident consequences are estimated:
and, finally, risk values are calculated.

This safety analysis uses transportation accident statistics presented in a
recent report conducted for the U.S. Nuclear Regulatory Commission (NRC) by
the Lawrence Livermore National Laboratory (LINL) (3). The transportation of
hazardous wmaterials at the SRP is defined based on site specific
characteristics such as the materials shipped, the types of containers and
vehicles used, and the frequency and length of shipments. Because of the
sparsity of site data, regional and national accident rate data (accidents/mi)
were used with the site data to estimate the onsite accident frequencies
(accidents/yr). Consistent with this approach, releases of materials
resulting from accidents were estimated based on statistics for damage of
similar ctransport packages in accidents in commerce and statistics for
releases associated with a given level of damage. In view of the attention to
safety in the Savannah River operations and the excellent safety record for
the facility operations, the use of national commercial accident rate data to
estimate SRP accident rates is regarded as a conservative approach (i.e.,
results in overestimates of the risks of accidents associated with hazardous
materials transportation operations).

Analysis of accident consequences and risks for all hazardous materials being
transported at the SRP is not practical. Therefore, the material commodities
and associated shipments were screened to determine those with significant
hazard potential (see Section 5.2.4 for a discussion of methods used to
conduct the screening). Accident analyses were performed for those
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radiocactive and nonradiocactive materials of most concern which were selected
in the screening process.

Impacts on the health and safety of workers and the public were estimated
using analytical methods employed in other SARs for SRP facilities operations
(1). Impacts in terms of consequences were determined for atmospheric and
surface water transport pathways for released materials.

1.3 ACCIDENT ANALYSIS RESULTS

The principal risks associated with the transportation of hazardous materials
ac the SRP result from postulated releases of transuranic radionuclides,
liquid chlorine, and bulk acids. Transuranic radionuclides are shipped in
several foras, individually or combined with other radionuclides, and in many
different kinds of packaging. However, the shipment commodity cype with the
predominant radiological risk is transuranic (TRU) wastes contained and moved
in 55-gal drums. The estimated risk associated with all accidents invelving
the transportation of radioactive materials om site is 2.7x10°3 person-rem/yr
to the offsite population, 7.8x10°% person-rem/yr te the onsite population,
and 7.5%10°° rem/yr to the maximally exposed individual. In addition, on the
basis of the analysis chere are no accidents invelving che transportation of
radioactive materials on the SRP that will result in offsite consequences
great enough to warrant designation of an offsite Emergency Planning Zone.
The greatest consequence is for a postulated accident in A-Area involving a
high level waste trailer. The maximum offsite individual exposure resulting
from this accident is estimated to be 0.69 rem.

The risks are very small when compared to annual exposure Co natural
background radiation of the population in the 13 county area surrounding the
SRP {approximately 6.8x10% person-rem/yr). SRP onsite population exposure
risks from onsite radioactive material transportation is also very small when
compared to natural background exposures (approximately 1.6x103 person-rem/yr
from background radiation). An individual at the SRP or its surroundings is
exposed to approximately 0.3 rem/yr from nacural radiation sources. Thus,
the calculated yearly risk to the hypothetical maximum individual {is
approximately three orders of magnitude below that from the annual normal
background dosa.

For nonradicactive hazardous materials, liquid chlorine transported in
one-ton cylinders and bulk acids transported as concentrated liquids pose the

greatest risk ro onsite and offsite personnel. Risk values are 5.9x10°
person/yr onsite and 8.8x10°° person/yr offsite exposed above the toxic
health-effects thresholds for these materials. The expected frequency of

accidents involving releases of liquid chlorine is 1.1x107“/yr.

For compariseon, in the 13 county area surrounding the SRP (about 80,000
people) it is estimated that, on average, there will be one fatality each ten
years attridutable to the cargo in accidents involving commercial shipments of
gasoline. This estimate is based on data compiled by Bactelle Pacific
Northwest _aboratories (4). Noteworthy is that the basis for the estimate
attributes ‘atalities allocated to the hazardous nature of the cargo to fire
and explosicn hazards associated with gasoline transport and discounts hazards

1-4




WSRC-RP-89-715

allocated to inhalation of gasoline vapors. In addition, 40% of the
hazardous-cargo-caused fatalities in highway transportation of gasoline are
those of truck drivers. Presumably a large fraction of the remaining
commodity-related fatalities are persons in other vehicles wu2z are involved in
the accidents. Correspondingly, because fire and explosion were the only
factors considered to be significant in the estimation of the risks, only
persons directly involved in the accidents or in close proximity would be
affected. Fatalities resulting from bedily harm due to vehicle collision
during truck transport of gasoline are two to three times those attributable
to the cargo. Traffic accidents in general, in the same area, can be expected
to claim on the order of 170 lives each year. These comparisons were selected
to help place into perspective risks associated with onsite transportation of
nonradioactive hazardous material. However, the reader is cautioned that
risks reported here for SRP transportation activities are those to uninvolved
bystanders or members of the general public.

Consequences and risks for the hazardous commodities assessed to have the
greatest hazard potential are summarized in Tables 1-1 and 1-2. Table 1-1

presents the results for radioactive materials; Table 1-2 contains results for
nonradicactive hazardous materials.

1.4 REFERENCES
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2.0 SITE EVALUATION

2.1 DESCRIPTION OF SAVANNAH RIVER SITE PHYSICAL ENVIRONMENT

The Savarnran River Planc (SRP) reservation is an approximately circular tract
of abour :.0 square miles within aAiken, Barnwell, and Allendale counties in

southwestern South Carolina. The plant site is centered approximately 25
miles southeast of Augusta, Georgia; 100 miles from the Atlantic Coast; and
is bounded on the southwest by the Savannah River (Figure 2-1). Other

distances o locations of interest are shown in Table 2-1. The SRP Site Map,
Filgure 2-Z. shows the major roadways and railways as well as the locations of
all major Zacilities.

The 192,:13 acres encompass a diversity of sandhills and coastal plain
ecosystems which provide extensive timber and wildlife resources and various
environmercal research opportunities. Timber and wildlife resources are
managed b+ the U.S. Forestry Service (USFS) through an interagency agreement
with DOE. The initial agreement between the Atomic Energy Commission and USFS
in 1952 called for esctablishing pine plantations on approximacelv 30,000 idle
acres lef:t behind by some 6000 former residents. Over the years, the Forest
Management program has expanded to include timber sales, reforescation,
wildlife nanagement, deer hunt administration, soil stabilization, and
secondary ‘unpaved) road maintenance and reconstruction,

Descriptions of the topographic, geologic, seismologic, hydrologic,
meteorologic, and population characteristics of the site are found in
References 1 and 2. These site characteristics are examined in Chapter 5.0

for situations in which transportation operations can be affected by natural
phenomena.

2.1.1 Topography

The topography of the site is characterized by gently rolling uplands, with
elevations ranging from 89 to 400 ftr above sea level. The greatest relief is
along south-westerly flowing streams which have incised asymmetric valleys
into the uplands. These valleys are characterized by steep east slopes and
relatively zentle west slopes. The steepest primary road gradient on the site
is immediazely east of the point where Road C crosses Upper Three Runs Creek.
The road bed at this point drops approximately 100 ft in a quarter mile. The
major site facilities are located on the relatively flat upland areas between
creeks.

2.1.2 Geology

South Carciina is divided inte two main geologic provinces: The Piedmont
Plateau, which is underlain by igneous and metamorphic rock; and the Atlantic
Coastal ~rlain, which is characterized by flat, mostly unconsolidated
sediments 2:f Cretaceous age or younger. The boundary bhetween the two
provinces. :alled the Fall Line, is not a sharp line of contact but a zone of
transition <Zrom the typical land forms of one province to those of the other.
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TABLE 2-1. Approximate Distances to Locations of Interest

From Center of Plant to Distance (miles)
Gréenville, sC 115
itlantic Ocean 100
Tharleston, SC 100
javannah, Ga 100
Columbia, SC &0
Augusta, GA 25
Alken. SC 20
3armwell, S5C L5

williston, SC 15
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The SRP site is located on the upper Atlantic Coastal Plain in Aiken and
Barnwell Counties. South Carolina. About 20 miles northwest of the 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
direction of groundwater flow. Geologic formations beneath the site are the
Hawthorn, Barnwell, McBean, Congaree, Ellenton, and Tuscaloosa Formations,
and bedrock (crystalline metamorphic rock and the Dunbarton Triassic Basin).
Figure 2-3 is a profile of the geologic formations beneath the SRP. The
sediments chat constitute the formations above bedrock are in six distinct
layers, average approximately 300 meters in thickness, and are either
unconsolidated or semi-consolidated. The crystalline mecamorphic rocks
outerop at the Fall Line and dip approximately 36 ft/mile to the southeast
underneath the coastal plain sediments.

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 the 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 ft.

The site region, defined as the area within 200 miles of the site, contains
elliptical depressions called Carolina Bays. These features, common
throughout 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
summits, and are interrupted by the valleys of southeast-flowing streams and
their ctributaries.

2.1.3 Seismicity

The SRP is in an area of low seismic frequency. Based on three centuries of
recorded history of earthquakes, an earthquake above Intensity VII on the
Modified Mercalli Scale (MM) is not expected at the SRP. {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 Carolina, event (epicenter 90 miles
from the site) and the Union County, South Carolina, event (epicenter 100
miles from the site).

Available data indicacte 18 events of Intensity VII or greater in the Central
and Southern Appalachian Mountains and Atlantic Coastal Plain over rthe past

two centuries (l). The largest event was the 1886 Charleston earthquake
which was Intensity X. The next largest events were the Giles County,
Virginia, earthquake (Intensity VIII) of 1897 and the Union County, South
Carolina, earthquake (Intensivy VII-VIII} of 1913. All other events were

Intensicy VII or less.
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I[f 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 che epicenter of the 1886 Charleston earthquake,
the 1912 Charleston earthquake, and hundreds of aftershocks of the 1886 event
up to at least 1900.

The great Charleston earthquake of August 31, 1886, has dominated seismic
activity in South Carolina for many years. This disturbance 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
Charieston quake, which was Intensity X, was felt 800 to 1000 miles away and
affected an area of about 2,000,000 square miles. The epicentral region was
broken by many fissures, through which water issued, bur the fissures seldom
attained a width of more cthan one inch. In the vicinity of Augusta, Georgia,
just over 100 miles from the epicentral area, ground motion was estimated at
Intensity VIIT during the earchquake.

The Middleton Place - Summerville zone (25 miles northwest of Charleston,
South <Carolina) has experienced seismicity continually since che 1886
Charleston earthquake. This zone and the Jedburg (62 miles northwest of

Summervillie) and Adams Run (25 miles south southwest of Summerville) zones
have had 26 shocks since 1974,

The Bowman area (l6 miles southeast of Orangeburg, South Carolina) has
experienced 12 shocks since 1974 from an apparent northeast-trending zone.
The poorly determined 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 reservoir-induced seismicity (Lake Monticello and Clark Hill
Lake).

Maximum earthquake intensities have been considered for three seismic source
regions: the Appalachian Mountains, the Atlantic Coastal Plain, and the
Charleston seismic zone. The maximum historical earthquake in che
Appalachian Mountains was the Giles County, Virginia, event that occurred in
1897 with Intensity VIII. 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 SRP has been conservatively established
as an earthquake with a Modified Mercalli Intensity of VIII and a
corresponding zero-period peak horizontal ground acceleration of 0.20g,

Several fault systems occur in and adjacent to the piedmont and the valley
and ridge zectonic provinces of the Appalachian System. The closest fault is
the Belair. which is about 25 miles from the sicte. 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 SRP.
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2.1.4 Hydroiogy
2.1.4.1 Surface Water

Most of the surface water at the SRP results from rainfall or from water
pumped from che Savannah River and is used for secondary cooling for the plant
reactors. The usage rate of the Savannah River water varies from about 300
cubic feet ner 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 recturned to the river via one of the plant

streams.

Almost all of the 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. 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 30
arvificial :mpoundments taotaling over 3000 acres. Par Pond is cthe largest
with an area of about 2700 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.

The surface water bodies and their relationships to transportation routes are
showm {n Figure 2-2.

2.1.4.2 Groundwater

Groundwater . defined as that part of the water beneath the land surface that
is free to move by gravity, 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 rock and sediments and the degree of interconnection
determine =:he 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 c crolled by recharge and
discharge areas that are farther removed from the 1t of interest. Shallow
aquifers are controlled by nearby recharge and dis. .ge areas.

* . . . .

At the time of preparation of this report the SRP L-Reactor was being
restarted. The statistics presented here do not include L-Reactor cooling
water usage.
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Three distinct geologic and hydrologic systems exist beneath the site:

) The coastal plain sediments, of Cretaceous and Tertiary age
.Tuscaloosa and above), where water occurs in porous.

unconsolidated to semiconsolidated sand and clays.

. The'buried crystalline mecamorphic basement rock, consisting of
Chlorite-hornblende schist, hornblende gneiss, and lesser
amounts of quarctzice, where water occurs in small fractures.

. A buried Triassic basin, consisting mosctly of red consolidated
Tudstone with some poorly sorted sandstones, where water occurs
in the intergranular space but is very restricted in movement
5v 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
site have been studied intensively as a result of an exploration program from
1961 to 1972 to assess the safety and feasibility of storing radiocactive waste
in these rocks (l-3).

2.1.5 Meteorology

Climate near the SRP is relatively temperate with mild winters and long
summers. The average winter Ctemperature in Augusta is 48°F, the average
summer temperature is 80°F, and the annual average temperature is 63°F. This
heavily wooded 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 lictle
moderating effect on the summer heat. As discussed above, the plant site and
surrounding area are characterized by gently rolling hills with no unusual
topographic features, except the Savannah River along the western boundary, to
significantly influence the general climate.

Precipitation averages 47 in./yr, and ranges from less than 0.5 to 2 in./hr.
The average wind speeds above ground level were determined by straight line
extrapolation of data recorded at 37- and 90-m elevations. These data are
given in Table 2-2.

Two types of storm winds occur in the area of SRP: ctornadoes, and straight
winds that include hurricanes. At an elevation of 37 m, wind speeds of 20
m/sec (45 =pn) have been measured with a frequency of 6x10" /hr.

Many hurricanes that affect the South Carolina coast originate in the West
Indies and laribbean areas, turn northward along the west coast and panhandle
of Florida. and then turn northwest following a track either across land to
the south. >r across water parallel to the Atlantic Coast. These storms lose
much of their force before reaching South Carolina. Storms that encer the
Atlantic Ocean after crossing land occasionally regain their strength and lash
the coast of South Carolina with full hurricane force. Most hurricanes that
originate Zir our 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

i
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TABLE 2-2. Average Wind Speed

Elevation above

Ground Level Wind Speed
(metears) (meters/sec)

8 3.0

13 3.2

ic 3.6

61 4.5
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mainland. Cnly 38 hurricanes caused damage to South Carolina during the 272
years of rescord between 1700 and 1272 (2). This is an average frequency of
one everv seven Yyears. The hurricanes that affect South Carolina occur

predominantlv in the months of August (37% of total) and September (47% of
total).

Since the 3RP is located 100 miles from the Atlantic Coast., the ocecurrence of
a hurricare aiong the coastal region does not necessarily mean that the SRP
will be sudbiect to hurricane-force winds. The high winds usually associated
with hurricanes cend to decrease as the distance from the eve of the hurricane
increases and as the storms move over the land. Winds of 75 mph were measured
by anemometers :mounted at 200 ft) oniy once during tne history of the SRP
when Hurrizane Cracie passed to the norcth of the plant sice on September 29,
1959,

In Soutn <Zarolina, the greatest percentage of tornadoes occur in April and

May with a smaller maximum. about 20%, in August and September. The latter
iare mainly the result of spawning by hurricanes and waterspouts. One or two
tornadoes :zn be expected in South Carolina during April and Mav, with one
expected in 2ach of the monchs of March, June, July, August, and September.

The Weather Bureau recorded 278 tornadoes in Georgia over the period of 1916
to 1938 anc 258 tornadoes in South Carolina for the period 1950 to 1980 (2).
The geners. direction of travel of confirmed tornade tracks in Georgia and
South Caroiina is from the southwest to northeast.

The SRP 1s in an area where occasional ctornadoes are to be expected.
Statistics Zor the period 1950 to 1978 for a rectangular region of Georgia
and South Carolina including the SRP site show a total of 248 tornadoes or
8.5 per vear. Of this average, there have been only four occasions (May 28,
1976; Julv 2. 1976; April 23, 1983: and August 26, 1985) on which tornadoes
were confirmed on or in close proximity of the plant sirte. In all four
cases. onl¥ light damage was reported, i.e., displacement of light sheet mecal
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 teen several sightings of funnel clouds cthat did not touch ground or
cause damage on the SRP site. Investigation of the confirmed tornadoes
indicated wind speeds of 100 to 175 mph (1).

The Design 3asis Tornado is defined as a tornado having a rotational speed of
230 mph at 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
combinaticn of rotational and translational wind speed of 280 mph corresponds
to a Fujita Intensity Five tornado.

2.2 ONSITZ FACILITIES

The major fzcilities on the site include the 100-Areas Reactor facilities: the
200-Areas Zeparations (F and H) facilities; the Burial Ground (Building
643-G); rthe 300-Area TFuel Fabrication facility; the 400-Area Heavy Water
facilities: and the 700-Area  shops, Construction Central  Shops,
Administraction buildings and Savannah River Laboratory facilicies, The

111
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locations o the various facilities are identified in Figure 2-2. Table 2-3
presents the distances between these and other major SRP areas.

2.2.1 Procuction Facilities

2.2.1.1 Reacrors (100-Areas)

The key production facilities of the SRP site are five nuclear production
reactors, one (R-Reactor) of which is currently shut down (since 1964) and is
in standby condition. Three of the original five reactors at the SRP (P, K,
and C Reac:zors) were operating when this analysis was done. C-Reactor was
shut down iz June 1985 and since then has been placed in standby condition.
L-Reactor, =hich had been on standby since 1968, was restarted October 3L,
1985. Three reactors continue in operation after 1985.

The Savanrah River reactor buildings (Flgure 2-4) are large reinforced
concrete s:tructures originally designed to be blast resistant under enemy
attack, anc reinforced for earthquake protection. Although each building is
slightly c¢iiferent, all contain four major process areas: reactor area,
assembly area, disassembly area, and purification area. The reactor area is
located in the central portion of the building and houses the rector,
actuator svstem, heat exchanges, process pumps and piping, motors, crane and
reactor control rooms, crane wash and maintenance areas, and auxiliary
~equipment and service facilities.. — . . — - e e e e

Water from the Savannah River or Par Pond (a man-made reservoir) is supplied
to the reaczor to remove heat. The water is pumped into a 25-million-gallon
cooling water basin at the reactor area and pumped from the basin to the
reactor building where it extracts heat from primary heat exchangers. The
effluent cooling water flows from the heat exchangers back to Par Pond or the
Savannah River. Nominal water flow of up to 400 cfs is established prior to
reactor starzup and is maintained during reactor operations.

2.2.1.2 Fuel and Target Fabrication (300-M Area)

The fuel ard target fabrication plant manufactures elements to be irradiated
in the reactors (Figure 2-5). Its major products are extruded, enriched
uranium-aluzinum alloy fuel, aluminum-clad depleted-uranium metal targets,
and lithium-aluminum control rods and targets.

2.2.1.3 Sevarations Facilities (200-Areas)

Each of the two chemical separations plants (F and H) has a large shielded
canyon builiing for processing irradiated macerials (Figure 2-6). The plants
dissolve :tne irradiated fuel and target materials and produce solurions
containing :he various products which have been decontaminated from fission
products by solvent extraction and ion exchange processes. Further processing
is performec in unshielded facilities where the products can be converted from
solution to solid form for shipment offsite.

2-12
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Distances Between Areas (from the SRP Map)

Trip Descriscion

Discance (miles)

100-K Area -o

100-C Area :o

100-C Area =-o

100-C Area -o

100-K Area :o

100-K Area :o

100-K Area =2

100-C Area -o

100-P Area o

100-P Area :o

10Q0-L Area o

F Area to .90-

Burial Ground
100-K Area
100-P Area
100-L Area
100-P Area
LO0-L Area
Building 232-H
Building 232-H
100-L Area
Building 232-H
Building 232-H

K Area, 100-L Area,

100-C Area. and 100-P Area

300-M Area -o

300-M Area o

300-M Area :-o

J00-M Area o

100-P Area

100-C Area

100-K Area

100-L Area

Building 241i-F to 100-C Area

400 Area £z 100-P Area

400 Area t:z _00-C Area

400 Area t:z _00-K Area

Maximum tri:z 100-K Area to 100-C Area

to 100-P Arza

to lL00-L Area to 400 Area

2-13

8-1/2

3/4 > to Building 232-H
15-1/4
10-1/2
13

11
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TABLE 2-3. Distances Between Areas (from the SRP Map) (Continued)

Trip Description Distance .miles)

UNH Trailer to weigh sctation 10

Building 773-A trailers to
Building 221-F 7-3/6

Building :72-F to Building 773-A 7-1/2

200-H Area to Building 772-F; samples,
etc., also Z00-F Area to 200-H Area,

neptunium solution 2-1/2

200-H Area to Building 235-F 2-3/4

Building 221-F to Building 217-F 0.7

Building 235-F to Building 321-M 7-1/2

Bg}ldiqg 77?-M to a90 Area S _ ) 1 )
Building 777-M to Building 710-U &

Building 773-A to 200-H Area 9-3/8 RBOF

9-3/4 south loading dock

Plant Boundary toward Jackson, SC

by highway

100-P Area 13-3/4
100-C Area 9
100-X Area 11-1/2
100-L Area 13-1/2
200-F Area 9-1/4
200-H Area 9-1/4
1/700 Area 3-3/8
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TABLE 2-3. Distances Between Areas (from the SRP Map) (Continued)

Trip Description

Distance (miles)

Solvent Trailers

200-F Area to Burial Ground

200-H Area to Burial Ground

IRU Wastes

Building 773-A to Burial Ground
Building 773-A to Building 221-F
200-F Area to Burial Ground
200-H Area to Burial Ground

Building 773-A to Building 221-F
to Building 221-H te Burial Ground

200-F Area to 200-H Area to
Burial Ground

Rail

100-C Area to 200-H Area
100-C Area to 200-F Area
100-K Area to 200-H Area
100-K Area to 200-F Area
100-P Area to 200-H Area
100-P Area to 200-F Area
100-L Area to 200-H Area
160-L Area to 200-F Area

Average of the three areas
to 200-H Area

Overall average of rail ctrips

2-1/4

1-3/4

7-1/4

o)

1-1/2

12

10-1/2
13-1/4
11-1/2
14-1/4
9-1/2

12-1/4

7-1/2

10-1/2

12

Z-15



WSRC-RP-89-715

eactor Area

FIGURE 2-4.
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2.2.1.- Zeavv Water Plant (400-Area)

At present. the rework unit of what formerly was the heavy water plant (this
plant is ne longer operational) is operating te rework and purify reactor
moderator. A large coal-fired power plant is also located iz the 400-Area
(Figure 2-7).

2.2.2 “aste Facilicies

The SRS has been operating since 1953 to produce special nuclear materials,
primari.v clutonium and tritium, for defense purposes. This type of operation
necessarily produces two forms of radioactive waste: high-level radioactive
liquid waste, whiech is stored in large underground ctanks, and solid
radicactive waste, which is buried and/or stored in the Burial Ground. The
solid waste is segregated as to whether it is contaminated primarily with
beta-gamma-emitting radionuclides or alpha-emitting radionuclides.

Potential -z2leases of stored wastes are minimized bv multiple barriers such
1s steel zanks and concrete containers, by procedural controls. and by
converting the wastes to less soluble and less mobile forms for storage.

2.2.2.. Soiid Radiocactive Waste

One centralily located solid radiocactive waste storage site (Figure 2-8) is
used to store all radioactive solid waste produced at the SRS as well as
occasional special DOE shipments from offsite (6). This storage site occupies
195 acres between the F and H Separations Areas, approximately six miles from
the nearest plant boundary. The original area of 76 acres, which began to
receive wascte in 1953, was filled in 1972, and operations were shifted to a
119-acre contiguous site. A paved road to its entrance and many unpaved roads
inside :he fenced area provide access for trucks, che usual cransportation
mode Zor csoiid waste. Three railroad spurs permit shipments of large pieces
of contaminated process equipment from the plant’s operating areas.

The average annual volumes of waste generated and buried during 1981, 1982,
and the first four months of 1983 are (7):

Ivpe of Waste Volume, fCJZVE
Low-level beta-gamma 566,000
Interzediate-level beta-gamma 115,600
Low-ievel alpha 99,500

Total 781,100

2.2.2.%2 Hizh-Level Liquid Wasrte

Since plant startup, and continuing through 1982, over 72-million gallons of
highly radisactive liquid waste have been generated at the SRS. Currently,

~

about I million gallons is being produced annually. These wastes are stored
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Coal-Fired Power Flant (400-Area)

FIGURE 2-7.
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in large (250.000- to 1,300,000-gal) tanks that are surrounded and covered by
earth in F- and H-Areas where most of the waste is generated (Figures 2-9 and
2-10). Fifty out of 51 available tanks are in use, however, many tanks are
not full because the waste volume has been reduced by evaporation to about 30

million gzilons.

The tanks are -of four different designs. These designs, along with control in
waste handling, ensure against any boiling of the liquid wastes. All of the
wasce tanks are built of carbon steel and reinforced concrete. Three designs
have double steel walls and bottoms and forced-water cooling systems and are
used primarily for high-heat waste and waste concentrate; the fourth design
has a single steel wall directly supported by the encasing reinforced
concrete. has no forced cooling, and is used primarily for low-heat waste and

concentrate.

2.2.3 Other SRP Fagilities
The other SR? facilities consist of:

. The Savannah River Laboratory (SRL) which performs research and
development work vtelated to planc changes, upgrades,
improvements, and waste management. The main building éontains
offices, laboratories, shielded high-level cells, a fabrication

_laboratory, and a modern scientific library..  In addition to
this building, the SRL operates a semiworks facility (TNX-CMX)
located near the Savannah River. This facility is used to run
tests on plant equipment prior to installation or to experiment
with new designs.

° The Administration Area (A-Area) which provides office and work
space for SRP and DOE personnel in supervisory, administrative
and support assignments. Within the A-Area, the SRP Stores
Tacility (Building 713-A) provides for the majority of cthe
receiving, departure, and storage of hazardous materials for
the site.

] The Construction Administration Area and Cenctral Shops. This
area receives construction supplies including certain hazardous
materials such as gasoline, diesel fuel, paints, etc.

) Building 618-G, Classification Yard provides an interface for
the omnsite rail system with the Seaboard Coast Line railroad.
Tre Classification Yard provides for the receipt and acceptance
of shipments from offsite. It is here that the onsite railroad
dispatching and releasing of shipments to che CSX Railroad
svstem are conducted. Railroad machinery maintenance is also
performed at the Classification Yard.

In addition. the Savannah River Ecology Laboratory (SREL) and offices of the
USFS are located at the SRP. The SRP production and support facilities
occupy less than five percent of the site’s 192,323 acres. About 900 acres
are reserved for environmmental research and/or natural areas, while reservoirs
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and ponds occuby another 3000 acres. Except for wetlands, che remainder of
the site Is a forest managed by the USFS under a cooperative agreement with
DOE.

2.3 POPULATION CHARACTERISTICS

The population  potentially affected by any accidents related to
transportaZion activities includes personnel on the SRP reservation and the
general rublic in the nearby areas.

2.3.1 Onsize Population

The SRP Is a security controlled area, and access by the general public is
limiced. Table 2-4 shows the number of onsite personnel by assignment. At
the end oI June :987, the official DOE records indicated there were more than
15,000 peovle working at the site.

2.3,2 (0fisite Population

The offsize population for the 13 counties surrounding the SRP is shown in
Table 2-3 and Figure 2-11. The two largest population centers located close
to the plant are Augusta (25 miles west-northwest) and Aiken (20 miles
nerth). Also shown in Table 2-5 is the 1980 population for major population
centers within about 235 miles of the plant boundaries. Figure 2-12 shows the
major popuiation centers within a 150-mile radius of the SRP.

2.4 DESCRIPTION OF SRP ROADWAYS AND RAILWAYS

The network of SRP roadways and railwavs is presented in Figure 2-2. The
necwork provides the transportation passageways interconnecting the various
onsite facilities as well as providing the offsite transportacion linkages.

Access to the site is provided at various points of entry through gates or
barricades. The various gatehouses are identified in Figure 2-13. At these
gates, the security contractor, Wackenhut Services Inc., provides access
control for the site.

Figures 2-i4 through 2-29 are selected photographs of typical road and rail
scenes orn che SRP site. Discussions of both roadways and railways are
presented Selow,

2.4.1 Roscwav Jescription

The SRP rradwav systems consists of over 200 miles of primary roads and over
1000 miles of unpaved, secondary roads. These roadways are maintained by the
Railroad. 2Rcads and Ground, and Field Services Division (RR&FS) of the
Central Sersices works Engineering Department (CSWE), with the USFS providing
secondary road maintenance management. For the purposes of chis report, the
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TABLE 2-4. Onsite Personnel, November 1985

Assignment Number of Personnel
Savannah River Plant 6,852
Savannah River Laboratory 1,108
Corstruccion 5,279
DOE Savannah River 303
Forest Service 24
Cafaceria 75
Janizorial 237
Savannah River Ecology Laboratory 126
Laundry 25
aackekhucj S ) 7 - ) . _522 i ) 7
Cory. of Engineers 13
Other Du Pont Subcontracts 286

Total 15,260
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TABLE 2-5.

1980 Population Counts

WSRC-RP-89-715

Councies
South Carelina Georgia
Countcv 1980 Population County 1980 Population
Aiken 105,625 Burke 19,349
Allendale 10,700 Columbia 40,118
Bamberg 18,118 Richmond 181,629
Barnwell 19,868 Screven 14,043
Edgefielid 17,528
Hampton 18,159
Lexington 140,353
Orangeburg 82,276
Saluda 16,150
Major Population Centers Within About 25 Miles
Direction
City Distance (miles) from Plant 1980
Populaction
Augusta, GA 25 West-Northwest 47,532
N. Augusta. SGC 25 Northwest 13,593
Aiken. 3C 20 North 14,978
Williston, 3C 15 Northeast 3,173
Barnwelil, 2 15 East 5,572
Allendale. SC 26 Southeast 4,400
Waynesbore. GA 28 Southwest 5,760
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FIGURE 2-11. Population of Surrounding Counties, 1980 Census
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FIGURE 2-13. Gate Numbers for the SRP
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Eastward View From Overpass on
Road C at Intersection With
Road 2. The 200-Areas are in

the Background.

TIGURE 2-14. View of Road C With 200-Areas in Background
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(Note: Wide. Firm Shoulders)

soUTH
ZAROUINA

U CAVANMAN 21YER MLART
HIt MAP |

.t Ty

GECAGIA

FIGURE 2-15. Road F

2-32



WSRC-RP-89-715

Curve on Xoad D South of 3/700 At o prleT N
. Area (Note: Railing on Curve) ; >

A ‘
-
- - —
TR

‘ SOUTH
. TS CAROLINA

CAVAMMAHR 15YER PLanT
HUTE MAP

- Tty - 1

GEORGIA

FIGURE 2-16. Road D

*_17



WSRC-RP-89-713

Intersection of Road F and SRP
Road 6 Looking Northwest (Note:
Cleared Area Typical of SRP
Intersections)
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FIGURE 2-17. Intersection of Road F and Road 6
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FIGURE 2-18. Ircersecrtion of Road C and F-Area Access Road
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TIGURE 2-20. Road 2 Overpass at Road C
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Road C Bridge Over Four-Mile
. Creek Looking North
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FIGURE 2-22. Road C at Four-Mile Creek

2-39



WSRC-RP-89-715

Road C Bridge Over Four-Mile
Creek Looking North-West
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FIGURE 2-23. Road C at Four-Mile Creek
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Road C Bridge Over Upper Three
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TIGURE 2-24. Road C at Upper Three Runs Creek
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% Primary roads crossing bold stream
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FIGURE 2-25. Primary Roads Crossing Bold Streams
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Q Primary roads crossing small stream
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TIGURE 2-26. Primary Roads Crossing Small Streams
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e Primary roads crossing swampy run off
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TIGURE 2-27. Primary Roads Crossing Swampy Run-Offs
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FIGURE 2-28. H-Area Rail Crossing
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FIGURE °-29. Seaboard Coastline Railroad
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discussion of roadways focuses on the network of primary roads shown in
Figure 2-2.

Two major public highways traverse the site, South Caroiina Highway 125 and
U.S. Route 278. Highway 125 connects the site to Augusta to the northwest and

to Allendale to the southeast. U.S. Route 278 also leads westward into
Augusta.
The SRP primary roadways are generally in good condition. The roads are

smooth and free of pot-holes. Typically, the roadways are bordered by wide,
firm shoulders (Figures 2-14 and 2-15) and are either straight or have wide,
gradual turns (Figure 2-16). Intersections are generally well marked for
both traffic safety and identification purposes and are sufficiently cleared
of trees and brush which might obstruct the driver’'s view of oncoming traffic
(Figures 2-17 through 2-19).

The speed limits onsite are consistent with those of the surrounding areas;

posting of the limits is sufficiently well done. Railings alongside the
roadways are provided at appropriate locations, offering protection tec the
vehicle <from drop-offs or other hazards. The roadways are generally

unlighted, except at the gate areas and in the vicinity of cthe major
facilities.

The roadway lanes, edges, and traffic zones are clearly delineated by highway
striping. This striping is done in accordance with the Du Pont striping
procedures, and are comnsistent with normal roadway markings.

On the site there are two overpasses. Figure 2-20 shows the overpass
located in the cloverleaf intersection of Road 2 and Road C. Also, South
Carolina Highway 125 overpasses the CSX railroad tracks in the southern
section of the site. Of the various bridges on the site, fifty-one were

inspected and evaluated in 1981. Safe weight limits were determined for each
bridge. Ten structures are adequate to carry the 200-ton heat exchanger crane
and accessories under controlled conditions. Thirty-six are adequate to carry
a 40-ton log truck with no restrictions and five can accommodate the 40-ton
load if speed is reduced to 15 mph and traffic is limited to a single lane.
Forty-four are adequate for 20-ton loads imposed by fire fighting equipment.
One bridge can also accommodate a 20-ton load under controlled conditions.
Some of the bridges on the site are shown in Figures 2-20 through 2-24.

The crossings of the primary roads with the various streams and water bodies
are depicted in Figures 2-25, 2-26, and 2-27. These figures present the
crossing of bold streams, small streams, and swampy run-offs, respectively.

As discussed above, the steepest roadway gradient on the SRP site is located
on Road C at the east bank of Upper Three Runs Creek. At this point, the
road drops more than 100 feec over 1/4 mile. At the base of the drop-off is
the bridge over the creek and an immediate turn in the road. This area of
the site presents a relatively hazardous roadway condition. Figure 2-24
presents a photograph of a truck descending cthe slope on Road C and
approaching the bridge over Upper Three Runs Creek where a spill would be
difficult or impossible to contain.
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Road Traffic. In general, heavy traffic is found in the following instances:
A surge of private vehicles brings workers into the site in the early morning.
Most of these vehicles remain parked throughout the day, and official
vehicles ccmprise the major portion of the ctraffic during the work day. At
the end of the dav, many of the official vehicles are parked, and the private
vehicles depart in a surge of outbound traffic. After a traffic count in
October 1985, estimates for 2-hr peaks were:

Gate Vehicles

2570
1680
265
510

273

1l eos5 5300

o o N

As opposed to private vehicles, official wvehicles are relatively inactive
from 4:00 PM to 8:00 AM, and are then used throughout the day. Hence, the
best indicacor of official vehicle traffic is in the number of vehicles in
service.

~ The above :raffic does not include a large number of vehicles operated

eastward on Highway 125 and South Highway 19 that park near SRL and 700-Area
administrative buildings without going through a gate. It was also estimated
that over 7300 private vehicles were parked at SRP in a normal work day.

There are several small fleets of official vehicles which {individually
constitute a minor part of the traffic picture, but collectively require
consideration. Of these fleets, the USFS is one of the most important (even
excluding logging trucks, which will be discussed later). The USFS has 22
vehicles in service.

Logging trucks are important, not only because of their number, but because
they tend to interfere with traffic flow. At any one time, there will be
from 10 to 30 logging trucks operating on the SRP; the average is estimated
by the USFS as 15 trucks in service.

The Savannah River Ecology Laboratory operates 26 pickups. Southern Bell
maintains a fleet of 7 panel trucks. In addition, AT&T maintains a fleet of
about one-half dozen sedans. Other contractors, such as Diversico and the
food service contractor, maintain relatively small fleets.

One of the major fleets of official vehicles is operated by the security
contractor. w~ackenhut (based in the TC area). The Wackenhut fleet consists
of 107 venicles. Of these, 32 are in constant use; 18 are staff,
administration, ete., with limited use (estimated as 25% of the time on the
road); and 37 are in use about 90% of the time. The total Wackenhut fleet
logs about Z00,000 miles per month.

I~
'
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DOE itself has 14 sedans, 9 pickup trucks, and 3 large trucks (greater than
24,000 lbs gross vehicle weight (GVW)).

The Du Pont Comstruction Division operates 22 sedans and 294 pickups. Du Pont
{(exclusive of construction) operates 240 sedans and 542 pickups. Also
included in this fleet are about 30 trucks in the 12,500-24,000 1lb GVW class,
58 trucks rated above 24,000 lb GVW, and 66 special purpose vehicles. These
special vehicles include fire trucks, dump trucks, welding trucks, and other
dedicated-use trucks. Du Pont Central Trucking dispatches an average of
around 425 moves per month on large trucks.

2.4.2 Railroads Description

Railroads include onsite DOE owned rolling stock and trackage which 1s
operated by the Railroads Division of Du Pont operations as well as CSX
trackage. The CSX distribution system has two routes that run through the
site: a line between Florence, South Carolina, and Augusta, Georgia, and a
main line between Yemassee, South Carolina, and Augusta, Georgia. The two
lines join within the site boundary (Figure 2-2). Early in 1989 CSX
discontinued service on the line from this SRS junction to Florence, South
Carolina.

There are approximately 63 miles of railway in the SRP railroad system. The
railroads are well maintained. The rails and crossties are in good condition
and the track lines are kept clear of vegetation and debris. Figure 2-28
clearly depicts the general condition of SRP railways. Significant clear
areas border the tracks on both sides as shown in Figure 2-29.

The SRP railroad classification yard 1s located to the east of the 100-P
Facility and is shown in Figure 2-30. Rail spurs and side tracks are
provided as appropriate at various locations around the site.

Intersections of railways and roadways on the site are marked by railroad
crossing signg, with lights where appropriate. Figures 2-28, 2-31, and 2-32
show typical railroad crossings.

The crossings of the railroads with the various streams and water bodies are
depicted in Figures 2-33 and 2-34. These figures present the crossing of
bold streams and small streams, respectively.

Rail Traffic. Normal traffic on the CSX tracks to and from Augusta through
the site is up to 8 trains per day in 1985. Most shipménts to SRP (9-10 per
week) come in on east-bound trains, with empties being picked up by west-bound
trains. Shipments destined for the 400-D Area (generally coal, acid, or
caustic) are left on the Ellenton siding near 400-D (in the southwest portion
of the plant area); outbound empties are picked up at the same location.
Shipments for other areas of the plant are left on the Dunbarton siding at the
east end of the SRP rail system; empties are picked up from the same location.

Shipments will generally come in to Ellenton (400-D) about five or six times
per week. Most of these shipments are coal, with some tank cars and a very
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FIGURE 2-30. Rail Classiflcation Yard
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occasional flat car or box car with a piece of heavy equipment (such as a
large transformer). Tank cars will have sulfuric acid or sodium hydroxide
(caustic). In one eleven-month period (January through November, 1983), 9
cars of acid and 14 cars of caustic were delivered to SRP at Ellenton. In
that time, the maximum was 4 tank cars, and the following month was the only
monith with ne tank cars at Ellenten.

At Dunbarton, shipments come in about six times per week. Again, most of
these are coal, with some cars carrying various chemicals, and an occasional
flat car or box car with heavy equipment. The "various chemicals," with
approximate annual receiving rates, are: sodium hydroxide, 72 cars (ranging

from 0 to 1l cars per month in a recent l2-month peried); aluminum nitrate, 2
cars; helium, 10 cars; an organic chemical (a normal paraffin), 2 cars;
trichlorethane, 4 cars; and sodium nitrate (in bags), 6 cars.

On the SRP site cask cars (flat cars adapted for use in onsite transportation
of casks) are used for shipping irradiated materials from reactors to the
200-Area. During May of 1985 there were 102 cask car moves. Some of these
do not show on official records. For example, if the CD-3 car is toc be moved
[rom F-Area to K-Area, it is counted as a single move ("respoc"); however, if
it was moved from the F-Area to the classification yard and then later moved

to K, these were recorded as two moves. Allowing for this, cthere were 93
complete cask car moves in May 1985. Cask cars are the major contributor to
"“cars moved in intra-plant service" shown iIn Table 2-6. A significant

portion of intra-plant moves is flat car and tank car “"respots".

As mentioned earlier, coal cars constitute the bulk of inbound loads, with

tank cars accounting for most of the remainder. To illustrate this, Table
2-7 shows detajled records of inbound loads for May 1985 for both Ellenton
(400-D) and Dunbarton (remainder of plant). Table 2-7 also shows the

variability of incoming material. The total number of SRP rail car movements
for a period of fifteen consecutive months ending in January 1986 is
identified in Table 2-6.
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TABLE 2-6. SRP Car Movements

Cars
Moved in Total
Inbound Qucbound Outbound Intra-Plant Cars

Report Meonth Loads Empties Loads Service Handled
November 1984 - 1833
December 629 917 2 180 1728
January 1985 459 372 10 59 900
February 176 271 6 111 S64
March 104 101 6 132 343
april 362 295 0 77 714
May 219 247 1 85 562
Jungr ) ”§91 3 493 B o 0 B _99 7h71053 -
July 59 49 0 109 217
August 324 285 0 106 715
September 437 473 0 70 980
October 247 250 0 48 345
November 205 214 0 74 493
December 404 373 0 84 86l
January 1986 651 655 0 86 1392
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TABLE 2-7. Seaboard Coast Line Releases to SRP, May 1985

Ellenton Dunbarton
Date Coal Cars Other Coal Cars Other
5-01-85 35 .- 24 1
5-03-85 20 -- -- -
5-04-85 1 -- 7 .-
5-05-85 3 -- 9 L
5-06-85 5 -- 1 --
5-07-35 -- 1 3 -
5-08-85 -- 1 8 --
5-10-85 -- -- -- 3
5-14-85 -- -- 12 - -
5-15-85 -- -- 6 1
5-16-85 .- -- .- 2
5-17-85 1 .- -- .-
5-18-85 -- -- 2 3
5-19-85 15 -- -- --
5-20-85 -- -- 19 --
5-22-85 -- -- 5 --
5-23-85 9 - 11 --
5-24-85 36 -- -- --
5-25-85 28 -- -- .-
5-27-85 16 -- -- --
5-28-85 37 -- 19 3
5-30-85 10 i -- .-
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3.0 DESCRIPTION OF THE SRP TRANSPORTATION SYSTEM

Chapter 2.0 of this Safecy Analysis Repor= describes the features and
characteristics of the Savannah River Plant site including activities,
facilities, . and engineered improvements relevant to hazardous materials
transportation operations and safety. Chapter 4.0 describes the operations of
the SRP cransportation system and discusses  administrative controls that
augment the safety features that are designed into the system. This section
details the transportation system that moves hazardous materials (HMs) within
the boundaries of the site. Included are descriptions of interfaces between
transportation and facility components of the system; the focus is on the
aquipment and facillities wused in transportation and on the hazardous
materials being transported. This chapter 1is divided into four major
sections. Section 3.1 presents the policies, standards, and criteria being
applied to regulate the safety of transportation of hazardous materials on the
site. The features of the SRP transportation system are described in Section
3.2. Section 3.3 1identifies Engineered Safety Features of the onsite
transportation system. Section 3.4 discusses future plans and decommissioning
considerations.

3.1 TRANSPORTATION SAFETY POLICIES, STANDARDS, SPECIFICATIONS, AND CRITERIA

As will be discussed in Chapter 4.0, the Safe Distribution Subcommittee of Du
Pont’s SRP Management Committee is responsible for ensuring development and
implementation of policies, standards, specifications, and criteria that are
essential to the safety of transportation of hazardous materials on the SRP
site. These onsite requirements are developed and implemented in conformance
with requirements of 1) the contract agreement between the U.S. DOE and Du
Pont for operation of the SRP, 2) the policies of E. I. du Pont de Nemours &
Co., and 3) the applicable statutes and regulations of the U.S. Government,
the State of South Carolina, and local legal jurisdictions.

Currently, specific statutory or regulatory requirements do not exist to
regulate the safety of the transportation of hazardous materials on the site.
However, State and Federal environmental and public and occupational health
standards impose overall plant safety requirements. These are met by
imposing management controls on SRP operations practices, plant equipment and
facility designs, and safety performance.

In addition, the contractual agreement between the DOE and Du Pont requires
that transportation of hazardous materials on the SRP site be conducted in a
manner that provides for the protection of public health and safery equivalent
to protection afforded by compliance with U.S. Department of Transportation
regulations (1). Additionally, all onsite operations, including loading,
unloading, and transportation, are required to conform to safety requirements
specified in applicable DOE Orders (2, 3).

Given the general guidance provided by the Contract, the applicable DOE
Orders, and the omnibus requirements of public and occupational health and
safety and environmental laws and regulations, Du Pont has established
procedural requirements to regulate onsite, inter-area transportationm safety.
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These requirements, which are presented in DPSOP 170 "Interarea Shipments”
{4), address equipment and facilities, packaging, inspections and
maintenance, and special contrels.

In addition, all shipments of nonradiocactive hazardous materials originating
onsite for delivery to offsite receivers are made in accordance with U.S. DOT
regulacions and other applicable rules and regulations. The U.S. DOE
Savannah River Operations Office (DOE-SRO) acts as the shipper of record for
shipments of radioactive materials from the SRP. Du Pont procedures require
that radioactive materials delivered to the DOE-SRO for shipment be prepared
and packaged in accordance with DOT regulations and with DOE Order 5480.3

requirements.

Du Pont assumes that all hazardous materials delivered to the SRP are
packaged and shipped {n full compliance with DOT regulations.
Notwithstanding this assumption, Du Pont personnel inspect arriving shipments
of hazardous materials to assess compliance of these shipments with applicable
regulations. Du Pont makes necessary reports to the DOT and effects other
corrective actions with the responsible shippers and carriers.

Specific requirements that govern inter-area tramnsportation safecy for
hazardous materials on the site are summarized below.

- 3.1.1 Packaging for Hazardous Materials - ~ - - :

At a minimum, hazardous materials packaging should provide containment for
the materials during normal conditions of transportation. The packaging
should remain intact from origin to destination and provide a level of
containment consistent with the characteristics of the material.

Hazardous Materials Packaging for Trapsport on Public Accegg Roads. South

Carolina Highway 125 and SRP Road 1 are open to unrestricted public access.
If a hazardous material under SRP control (see Reference 1, 49 CFR 172.101)
must be moved on or across one of these roads, it must be packaged in
accordance with 49 CFR 173, Note: if hazardous material not packaged
according to 49 CFR 173 must be moved across one of these roads, traffic will
be stopped by security inspectors and will not be allowed to resume until
after the vehicle has passed and it is determined that no hazardous material
was released during the transit.

A a8 g o3 p Haza oug Mate 3l S ’ 1d118 agLe Materials
contained in their original vendor packaging, provided the packaging is not
damaged or deteriorated, are considered suitable for onsite transportation.
If materials are repackaged, the packaging must be compatible with the parti-
cular hazard and other characteristics of the specific material. The
packaging selected should provide protection and containment of the material
not only during transit, but also during an extended storage period that may
occur after delivery.
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Packaging Zor Nonfissjle Radiocactive Material, [peluding Wastce. Packaging

for radicactive materials should preclude release during <the normal
conditions encountered in transportation. Also, packaging should be selected
to provide a minimum reasonably achievable radlation exposure of handling and
transporting personnel.

All radioactive packages must bear labels indicating the nature of the
radiation hazard.

In additien, radicactive waste wmust be packaged In accordance with
requ.rements specified by Burial Ground supervision.

Packagi e v e . Fissile materials may be
transported in only DOT specification or certified packages or in packaging
for which criticality potential has been determined to be within acceptable
safe limits by a prior competent nuclear safety study at SRP.

Each package of fissile material must be labeled on opposite sides with
standard DOT radiocactive material labels.

Packages zay not be stored or transported in groups whose cumulative
transport Iadex (TI) (see Reference 1, 49 CFR 173.403) exceeds 100. This
level is consistent with that allowed in the DOT regulations for exclusive use
shipments by commercial carriers where the additional levels of administrative
control are provided.

3.1.2 Vehicles a

Vehicles and equipment used to transport and handle hazardous materials on
the site are maintained to ensure their safe operating condition. Vehicles
and equipment that are no longer considered safe or cannot be adequately
maintained are replaced. When procured, new vehicles and equipment conform to
current applicable national safety standards.

3.1.3 TIiedowng and Other Transportation Load Restraints

For normal :ransport conditions, hazardous material packages are secured to
transport <vehicles to prevent damage to the package or to limit accident
potential :Zue to load shift, Tiedowns or restraining devices shall be
designed to retain packages on vehicles except in extreme accidents.

3.1.4 Lif<icg Devices (Hoists, Slings, Yokes, etc,)

Lifting devices used to handle hazardous material packages are selected
and/or desizned, inspected, and maintained to assure the safe handling of
hazardous material packages.
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1.1.5 Road¢s and Rails

SRP roads and rails are periodically inspected and maintained to ensure safety
in transpeorzation. Inspection and maintenance are performed in accordance
with the zzerican Association of State Highway and Transportation Officials
{(AASHTO) ancd the American Railroad Association Class III Guideiines. Roads,
railroads and bridges are constructed in accordance with engineering standards
effective sz the time of construction. Service limitations (e.g., load
limits, speed limits) are consistent with current safety srandards, the condi-
tion of the roadway or railway, and the construction standards originally

usefr .

3.1.6 Special Controls

From time <o time, hazardous materials are transported on the site using
special administrative controls procedures, These controls are applied
whenever =2 nature of the transported macterial, in combination with cthe
characteristics of its packaging, is such that it is necessary to provide
additional =easures to limit the potential for in-transit accidents or to
limit the release conseguences should an accident occur.

Special administrative controls also apply to all interarea movements of

special nuclear material (SNM) and high level radioactive waste within the SRP-
" boundaries performed under the prime operating contract with the U.S.

Department of Energy.

3.1.7 General

Du Pont Engineering Standards were used for the design and construction of all
SRP facilizies, ensuring the use of standard, reliable, and economical
materials with qualicty 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 frequently 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
Exvironmencal Protection Process Equipment
fire Protection Safety

Heating and Ventilation Steel

Instruments

The operations and features of ctransportation facilities, systems and
equipment are also designed and controlled to comply with SRP (DOE and .
Du Pont) policies governing the safe handling and transport of hazardous
(including radioactive) materials. The policies are as follows:
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1. Managing Quantities of Waste Produced: The generation of hazardous and
environmentally polluting wastes, including radioactive, hazardous and
mixed wastes, in gaseous (or airborne particulates), liquid, and solid
forms, shall bte limited to quantities as low as are economically
practical using available and feasible technologies and mecthods.

2. Managj eleases of Hazardous Wastes: The goal for the design and
operations of systems used to confine or otherwise prevent the release of
hazardous materials shall be that there will be no unmanaged release of
hazardous material co the environment or to the work place.

“haractexjzation, Classificatjon and Segregation of Hazardous Wastes:

The designs and operacions of facilities, systems and equipment that
produce hazardous wastes shall provide for characterization,
classificacion and segregation of the waste to enhance public and worker
health and safety and protection of the environment in handling,
Cransportation, treatment, storage and final disposal.

Lt

3.2 ONSITE TRANSPORTATION SYSTEM

This section describes functions, characteristics, and principal safety
considerations relevant to the SRP hazardous material transportation system.
Section 3.2.1 1is a summary description of the transportation system, is
followed by sections providing details of system functions, material flows,
and a general description of how the system’s components respond to hazardous
conditions that might exist during transportation.

3.2.1 Summary Description

This section addresses topics concerning the physical elements of the SRP
onsite hazardous materials transportation system; organizational elements of
the system are addressed in Chapter 4.0. Site-related features of the
highways and railways components of the system are described in Chapter 2.0.

3.2.1.1 Facility Interfaces

The physical elements or components of the transportation system include
hazardous material transportation  package-handling equipment and
transportation interface features (e.g., hose connecctors, loading docks,
etc.) at shipper and receiver facilities; vehicles and ctiedowns or
restraining devices provided by carriers; transport packagings; and the
materials being transported. Figure 3-1 illuscrates typical transporcation
interface features for a shipping and receiving facility; also shown are
outdoor chemical storage tanks which are loaded directly from tank trucks and
typical out-of-use storage arrangements for hazardous material (radioactive)
packagings and for transport vehicles. Figure 3-2 shows a typical rail off-
loading area. Loading dock and material handling equipment interfaces are
illustrated in Figures 3-3 and 3-4. A liquid chlorine storage area (prior to
constructing a storage building in 1987) is illustrated in Figure 3.5,
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3.2.1.2 Road and Highway Vehicles

Examples :{ road and highway vehicles used in onsite transportation of
hazardous aacerials are shown in Figures 3-6 through 3-14. Figure 3-6 shows
a typical. :ommercial carrier making a delivery to the Stores area on the site.
Many comzercial vehicles of all types make deliveries to destination points on

the site. Vehicles used to make Stores Department deliveries are shown in
Figure 3-7. An SRP gasoline and diesel fuel tanker operated by the Equipment
Maintenance and General Services Division is shown in Figure 3-8. Similar

tankers are also operated by Du Pont Construction Management.

A Suores lepartment cylinder-gas truck is shown in Figure 3-9. Clearly
illustrated are the special truck bed design features provided to secure gas
bottles for safe ctransport. A standard DOT hazardous material placard is
displayed on the vehicle’s cab door. The cylinder-gas storage area shown is
where most of SRP’s cylinder-gases are received and stored prior to delivery
to operaticas facilities on the site. There is a similar cylinder-gas storage
area at :he Construction Central Shops area.

Figure 3-1J shows a typical heavy equipment tractor-trailer rig operated by
the Roads, Railroads, Grounds and Fleld Services Division. Figure 3-1l1 shows
the enclosed area of the H-Area sample truck with the payload restraint
feature and easily-decontaminated stainless steel liner in the body. The
walls of this truck have added shielding to limit the radiation exposure of
drivers and persomnel who may be near the vehicle when highly radiocactive
samples are being transported. A Load Lugger truck is shown in Figure 3-12.
The arms extending above the load bed are hydraulically activated devices used
to pick up containers from ground-level surfaces and to load the containers
onto the truck bed,

Figures 2-:3 and 3-14 show typical forklift vehicles used to handle materials
in shipping and receiving areas. These vehicles are also used to short
distance :ransfers of hazardous materials, e.g., between the Stores
Department (713-A) and other nearby facilities in the 3/700-Area.

3.2.1.3 Railroad Equipment

Figures 3-i5 through 3-18 show the typical railroad equipment used on the SRP
gite. Figure 3-15 shows the CD-4 rail car with its 70 ton spent fuel element
cask payload. A typical nitric acid tank car is shown in Figure 3-16. The
car shown. vhich was being prepared for shipment to an offsite destination for
refilling, zeets current DOT and AAR specifications for shipment of corrosive
liquids.

Figure 2-17 shows the 400-D Area switching locomotive used to shuttle rail
cars between the Seaboard Coast Line switch point and the 400-D Area
Facilities. Four, larger, 1000 HP locomotives are used to move rail cars

around areas of the site. One of these is seen in Figure 3-18, which is a
view looking north at the Rail Classification yard.
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FIGURE 3-11. H-Area Sample Truck
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The remaining rolling stock consists of:

» Seven cask cars, used for transporting materials from the
reactors to the separacions areas

» tight tank cars
. Two gondola cars
] Thirteen flat cars

The gondela and flat cars are used to transport large equipment pieces and to
act as “spacers" which provide separation between the locomotive and a
radiocactive load.

A Hy-Railer, a vehicle capable of traveling on road or rail, is used to make
safety inspections in any kind of weather and to transport personnel and
portable derailers to work locations anywhere in the rail system.

3.2.1.4 Tiedowns

Figures 3-19 and 3-20 show examples of tiedown restraints used to secure
hazardous material packages to vehicles for onsite tramsport.

3.2.1.5 Packagings and Containers

A variety of packages, containers, casks, boxes, tanks, protective overpacks,
etc. are used to transport HMs onsite and offsite. Packages used for offsite
transport of radioactive materials are rigorously tested and evaluated. For
example, <cesting for Type A packages has been carried out by Mound
Laboratories. For Type B and fissile radicactive materials packages, other
than DOT specification packages, a Safety Analysis Report for Packaging (SARP)
is prepared before a package may be used in offsite transportation of
radioactive material cargo. For packages that are not DOT specification
packages, the DOE or NRC issues a certificate of compliance prior to a
package being placed in service (5).

Packages used for onsite transport are usually designed for a particular
shipping need and, 1if used repetitively, may be modified during extended

usage. The designs and assocfated administrative controls, which are
reviewed and approved for safety then tested by use and .experience, satisfy
production needs and other plant requirements. Packages for onsite

unrestricted tramsport on roads with public access must meet DOT packaging
regulations (4).

The types oI packages vary with production and experimental activities and
range from :ardboard cartons to 70-ton fuel element casks. Some of the
designs have been in use for 20 years or more. For radioactive materials
packages, recent changes in the mix of products from SRP plant operations
have increased requirements for containers that provide neutron shielding in
addition to zamma shielding and containment.

tad
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Figures 3-1. through 3-35 illustrace packagings and containers used for onsite
transport af radiocactive materials. Figures 3-5, 3-8, 3-9, 3-12, and 3-16,
discussed above. show transport packagings used for nonradiocactive hazardous
materials. <ehicles such as those seen in Figures 3-1, 3-8, 3-16. and 3-32
through 2-13, are considered to be transport packagings. These vehicles are
tank cvpe :arriers for bulk ligquids or ocher bulk materiais, e.g., ion
exchange resin. Not shown are four DOT specification MC312 cargo tankers (UNH
rank trailers) assigned to H-Area canyon and outside facilities which were
used for use as shipping containers for uranyl nitrate hexahydrate. The UNH
trailers are no longer authorized for shipment offsite.

Figires 3-I. through 3-25 are examples of inner containers and packagings used
for cthe transport of radioactive samples. Figure 3-22 shows typical placement
of low activictvy samples in the bed area of a pickup truck. Although shipping
of HMs using pickups, shuttles, and sedans is generally discouraged, some
materials are transported in this way. Figure 3-24 illustrates a shielded
Door-Stop cask used for process samples from the plant's 200-Area. Figure
1.25 illuscrates cthe general arrangement of components in the T-50 packaging
used for :transporting tritium standards.

Figures 3-25 cthrough 3-28 show three kinds of packagings used to transport
radioactive and hazardous wastes on the sitce. Figure 3-26 illustrates the
efficient use of space that is possible with metal waste burial boxes. These
boxes are ctvpically moved to the Burial Ground area of the site on load lugger
or flat-bed venicles (see Figure 3-12). A typical SRL concrete waste-box is
shown in Figure 3-27. This type of box is used as a transport and burial
container f‘or radioactive laboratory wastes that have radiation levels too
high far normal handling in 55-gal drums.

DOT Specification 17-C 55-gal drums on wood forklift pallets are shown in
Figure 3-23. _arge numbers of drums of this or similar types are used onsite
for hazardous material storage, handling, cransportation, and burial. Drums
for solid materials at the SRP typically employ the heavy duty bolted clamp
ring closure shown on these drums. Drums for liquids have integral heads with
screw plug £ill and vent ports.

Figures 3-29 and 3-30 illustrate three medium-sized packagings used for
transportation of transuranium and fissile radioactive materials on the site.
A DOT Specification 7A, Type A (see Reference 1, 49 CFR 178.350) packaging for
Californium is shown in Figure 3-29. Other requirements for Type A packagings
include routine process water samples from the 100-Areas (105-Buildings) which
contain sufficient tritium to require Type A packaging for shipment on public
access roads. Each sample truck has a DOT specification 7A drum approved as a
Type A package mounted on the truck bed. A cutaway view of a DOT Specifica-
tion 6-M (see Reference 1, 49 CFR 178.104) fissile material package used for
onsite plutenium transports is shown in Figure 3-30. 1In general, and wherever
applicable and practical, DOT specification packagings are replacing older
packagings Zor onsite hazardous material transportation activities (see
Appendix A).

Figures 3i15' 31-16, and 3-31 through 3-35 show some of the larger packagings
used on the site. These packagings are designed for unique applications. As
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Containers for Radioactive Process Samples

FIGURE 3-21.
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FIGTRE 3-22. Low Activity Samples in Pickup Truck Bed
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FIGURE 3-23. Transfer Packagings for Production Process Samples
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SRP High Level Waste Traller

FIGURE 3-35.
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shown, many ire integrated with transport trailers. In general, the packaging
designs incorporate features that:

® »vsvide health and safety protection for SRP workers during
loading, unloading, handling, and transport,

' r~sure containment of the hazardous material contents under
conditions that are expected (considering onsite administracive
controls) during operations including transport, and

) Contribute to the effectiveness of facility operations which
the packagings are designed to support.

The packaging, or cask, shown in Figure 3-31 is a Type B packaging used to
transport Californmium-252. The tank vehicle shown in Figure 3-32 is used to
transfer concaminated liquids from reactor areas to low level liquid waste
ranks in the 200-Area. Mobile packages incorporating vessels that contain ion
exchange media (deionizers) are used on the site primarily to support reactor
facility operations. The ion exchange media are transported in these packages
to the 200-area for regeneration. Figures 3-33 and 3-34 show two of the
mobile deionizers. Figure 3-33 illustrates a typical piping interface between
the package and a facility. Figure 3-34 shows typical tiedowns that hold a
package to i:is transporter.

Figure 3-35 shows the SRP high level waste trailer used to transport highly

. radiocactive liquids from the 3/700-Area to.-the 200-Area. This trailer and -

towing tractor, when loaded and with the water shielding in place, weighs
approximacteiv 85 tons. The gamma ray shielding and an enclosed stainless
steel liquid tank accounts for most of the weight. Figure 3-36 shows the
special designed S5-inch king pin used on the high-level-trailer. The
king-pins on several SRP operated hazardous materials trailers have been
redesigned :o0 have greater strength than conventional king-pins. In
addition. king pins on all SRP hazardous material trailers are periodically
subjected > nondestructive examinations which provide additional insurance
against failures during hazardous material transports at the SRP.

Small primarvy containers containing HMs that are separated at the SRP Stores
facility from DOT-specification packaged lots are placed in spill prevention
bins for onsite transportation on tractor-trailers and van bodied trucks
operated bv the Stores Division. These bins are intended to confine any
leakage that might occur in handling and transportation.

Liquid propane, argone, hydrogen, and nitrogen are delivered in bulk by tank
truck to larze storage tanks near Stores (Building 734-A) and at other onsite
facilities. The storage tanks at Building 734-A are used to fill small
propane bot:zles and dewars of liquid nitrogen for delivery in the field.
Liquid propane, nitrogen, argon and hydrogen are also delivered in bulk by
tank truck > cryogenic storage tanks at other facilities on the site.
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3.2.1.6 Hazardous Materials Spill Containment at Loading and Unloading
Poincs

Plans have -een made to provide or improve spill containment at locations
where such zontainments do not currently exist or where improvements are

needed.

Measures being implemenced at the various locacions where HMs are stored
include:

. Improving storage facilities (i.e., replacing substandard
storage tanks),; providing or improving containment dikes or
cacch basins; providing building enclosures with concrete
floors; improving drains, wvalves, sumps and sump pumps;
providing chlorine leak detectors and other detection systems;
providing remote alarms and forced ventilation; and making
other engineered improvements that help prevent or mitigate
spiils.

. izproving railroad tank cars by providing for collection of
spills in collector pans.

. Protecting storage facilities with guard posts and chains.

Procedures have .also been established- to -deal with spills at each location.

As part of the above measures, there are plans to minimize hydrocarbom spill .
impacts by improving spill containment at locations where the following
materials are stored: diesel fuel, diesel fuel oil, gasoline, multigrades of

oil, waste oils, asphalt emulsions, hydraulic oil, and transformer oil.

3.2.2 Design Considerations for the Ha dou terial Transportatio

The hazardous materials transportation system on the site functions to:

° Deliver essential raw materials to facilities and construction
sites where they are used.

. Transfer product materials between onsite facilities and from
onsite facilities to the site boundary and subsequently to
offsite destinations.

) Transfer hazardous waste materials from facilities where they
are generated to hazardous waste storage/disposal areas on the
site, '

The systems requirements, which incorporate safety functions, were discussed

in Section .1 above. The characteristics of the operational functions of
the system are presented here. Section 3.2.2.1 discusses the hazardous
materials <that are ctransported at cthe SRP. Section 3.2.2.2 presents a
summary of :the material flows that are major contributors. to transportation
risk as have been determined in cthis safety analysis. Section 3.2.2.3
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summarizes the transport environmental factors and their effecrs on the
transportation systems performance.

3.2,2.1 Hazardous Materials

Hazardous materials transported on the SRP site are listed in Appendix B.
The material names in the appendix are DOT Proper Shipping Names listed in
Reference 1, 49 CFR 172.101. Materials that are of greatest safety concerm
are summarized in Tables 3-1 and 3-2. The risks associated with transporting
these materials are analyzed in Section 5.0 which also presents the rationale
used to screen the large list of materials to determine those that are of
greatest risk, Tables 3-1 and 3-2 contain brief descriptions of the
characteristics of the materials, containers used for transport, and the
amount of each used annually at the SRP.

3.2.2.2 Flows of Materials

Hazardous material flows to and from each onsite facility can be grouped into
three categories: esgential materials, products, and wastes. Essential
materials are raw materials, process chemicals, and other supplies that are
the feed stocks used in SRP facilities te produce products. Products of a
facility may be feed stocks for one or more other facilities. Flow {s
fllustrated in the following example.

Uranium fuel assemblies are produced in the 3/700 Area from raw material feed
stock received from offsite sources. The assemblies are transported to the
100-Area reactors where they are loaded into the reactor core and contribute
in nuclear chain reactions that produce neutrons for irradiating targets. The
irradiated fuels that are subsequently discharged from the reactors are then
transported to the 200-Area for chemical processing. One of the products from
processing of uranium fuels in the 200-Area facilities has been neptunium-
aluminum billets. These billets are transported to the SRP 3/700-Area where
they are used to fabricate targets. The targets in turn are transported to
the 100-Area reactors for irradiation to produce Pu-238. The irradiated
targets are transported to the 200-Area where the Pu-238 is recovered and
incorporated into product capsules. These radioactive source capsules are
subsequently shipped to outside users. Filgure 3-37 illustrates the complex
flows of radioactive materials at the SRP.

In support of such interrelated activities, essential materials other than
the radioactive materials are also transported at the - SRP. Nicric acid,
sodium hydroxide, liquid chlorine, petroleum distillates, and more than 100
other hazardous materials are transported to the facilities where they are
used. Table 3-1 identifies the most significant of these materials from a
risk perspective. This list was developed through a screening analysis of all
HMs shipped at the SRP. Figure 3-38 illustrates the flows of essantial
materials at the SRP.

As inevitable byproducts of its function, each facility also generates wastes.

Although some wastes are chemical only, others are mixed radioactive-chemical
wastes. For the most part, the wastes are low level radiocactive wastes that
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are transported to the SRP Burial Ground (643-7G) in the 200-Area. The flows
of waste rarterials are illustrated in Figure 3-39. Tables 3-3 and 3-4 give
examples of flows of radioactive wastes to the Burial Ground. Table 3-5 lists
the flows of nonradioactive hazardous waste to onsite storage at the SRP
during 1985.

Examples of regulated wastes transported in boxes are low level radiocactive
wastes in metal burial boxes that are routinely transported to the Burial
Grounds (at a rate of about 800 boxes per month). Non-regulated wastes
include trash which is transported to onsite land fills. Nonradiocacctive
hazardous zmaterials that are moved include waste oil in 500-gallon containers
by load-luzger from 716-A to che SRP power plant in the 400-Area for BTU
recovery (about twice per year). About 40 shipments of waste oil are made
from the (00-Areas to the 400-Area each year. Other materials such as
asbestos are also transported.

Tables 3-6 and 3-7 summarize the flow of all hazardous materials at the SRP.
Gasoline and other light petroleum distillates are the most frequently moved
nonradioactive hazardous materials that are shipped by ctruck. These
shipments account for 78% of nonradiocactive hazardous materiais shipments by
truck. Nitric acid is next, with 11X of the shipments.

The bulk of the rail traffic is coal and cask car movements. Cask car move-
ments for the month of May, 1985, are illustrated in Figure 3-40. Coal cars
are moved from Che Seaboard Coastline interchanges at Dunbarton and Ellenton
to area powerhouses for use in steam generating boilers. Cask cars are moved
between the reactors and the 200-F and 200-H separations buildings. Other
cargo, such as tank cars, steel, utility poles, bulk chemicals, helium cars,
and a variety of other goods are moved from the Seaboard Coast Line Railroad
at the changes to the SRP Railroad then to areas on the plant site,
Occasionallv, cargoes are moved between areas at SRP. Approximately 14,150
cars were roved during the 1984 calendar year.

For shipments by rail, sodium hydroxide accounts for 85% of the
nonradioactive hazardous material moves. Sulfuric acid is next in frequency
(8%), followed by Trichloroethane (5X) and n-paraffin included with lighe
petroleum distillates (2%).

For radiocactive materials shipped by truck, low level beta-gamma wastes and
analytical samples comprise the majority of shipments. These are about equal
in number and account for 86X of shipments. With exception of very infrequent
receipts of rail shipments of radicactive materials from offsite, all rail
shipments are of irradiated fuel and targets from the 100-Area reactors to the
200-Area chemical processing facilities.

About 400-100 shipments are made from Stores offsite each month (usually
overage, incorrect-material etc). Eight to 10%¥ contain HM; about 1% contain
radiocactive materials.
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FIGURE 3-39. Flows of Hazardous Waste
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TABLE 3-3. TRU Waste to Burial Ground, 1982%

Avg. Aveg,.

Prums ci/ Miles
Area Trips #Drums Ci Load Load Travelled Ci-Miles
221F ik 215 300 4 5.4 145 870
235F 20 3169 30,900 6 515 180 84,500
772F 27 655 2,300 24 85 80 6,950
221H 12 3136 24,150 11 755 50 16,200
773A%* 7 106 25.5 6 1.5 160 215

TOTALS ..0 1,681 57,675 15 525 406 1.29x10°

This :able summarizes SRP onsite transuranic waste shipments to the
Buria: Ground during 1982. Significant amounts of these waste shipments
were associated with a Pu-238 isotope production program which was
ongoing at that time. The Pu-238 program has since been discontinued.

There vere 4 drums >.5 CL content shipped from 773-A to the Burial Ground
in 1882,

The ::tal number of shipments from the 5 buildings is not equal to the
suz :f the individual building shipments because of co-mingling of
shipmentsg, For example, 22 of the 27 shipments from 772-F were
co-mingled with shipments from one or more of the other buildings. In
all 23 of the 110 total shipments involved co-mingling of shipments from
two or more of the facilities. Other consequences of the co-mingling of
shipments for this table are: a) that the reported total for average
drums per load is higher than the average of the drums shipped from the
five Zacilities (15 vs. 9), b) the overall average number of curies per
load is proportionately higher (525 vs. 300), c) the total miles rraveled
is less than the sum of miles traveled by the. individual facility
shipments, and d) the total Ci-miles reported is less than would be
calcuiated by multiplying average curies per load by total load miles
from each area then summing these products (1.29x10° vs. 1.38x107).
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TABLE 3-4. Reactor Scrap Metal Shipments

Year Reactsr Shipments Volume Curies
1979 C 59 2,065 1,578
K 55 1,925 4,376
P 74 2,590 25,038
1980 C 39 1,365 4,696
K 81 2,835 1,791
P 77 2,695 3,324
1981 c 101 3,535 1,190
K 52 1,820 1,308
P 111 3,885 11,413
1982 c 86 3,010 443
K 87 3,045 5,282
P 117 4,095 4,479
1983 c 58 2,030 5,054
K 65 2,275 2,568
P = - —78 — - 2,7300 - - 1,200 o
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TABLE 3-5. Shipments¥ of Nonradioactive Hazardous Waste, 1985

# of
55-gal
Waste Type Shipped From Shipped To Drums
Lithium-Aluminum 320-M 709-G 16
Methyl Echvl Ketone 717-A 709-G 89
Paint Soclvents/Water 709-G 709-G 1
Spent Blanket Wash Soln. 703-A 709-G 3
Painc Solvents 8309-2 709-G 148
Xylene/Toluene Mix. 735-A 709-G 1
Spenc Polvescer Varnish 722-4A 709-G 5
Alcohol/Toluene Mix. 773-A 709-G 11
Soil and Xvliene Mix. 772-F 709-4G 1
Acetone S5oin. 704T/676-9T 709-4G 2
Benzene and Oil Dri 704T/676-9T 710-U 2
Toluene/iHexane/Xylene 735-A 709-4G 2
Glass Fri: Waste Slurry 773-a 709-G 1
Lab Pack 773-A 709-G 1
Machine Coolant 717-A 709-4G 8
Lead And 0il 321-M 709-4G 155
Neutralized Nitric Acid CAB 709-4G *x3
Mercury Contaminated Equip. 400-D 710-U i3
Trim-sol Coolant Waste 773-A 709-4G 4
Mercury/Soil Mix. 284-8F/676-9T 710-U 7
Trichloroethane and
011 Dri Mixture 321-M/320-M/313-M 710-U 60
F101 Safety Solvent 320-M 709-4G 1
Kerosene/Water Mix, 676-9T 709-4G 2
Perclene *%*CMP PITS 709-4G 14

* Depending on the size of the waste shipments,

drums are shipped to the

storage facilities via stakebody trucks, covered vans, or semi trailers.

+* Neutralized nitric acid from Construction is
polyethylene S55-gal drums;

steel drums.

stored in high density
all other waste {s stored in 55-gal carbon

*** QOne nundred and ninety-six (196) drums of CMP Pit waste are in storage at

Buildings 710-U and 709-4G.

This waste was shipped one_time only from

the CMP Pits site to the buildings (14 drums shipped in 1985; all others

shipped in 1984).

Four hundred and seventy-seven (477) %0-cubic foot boxes of contaminated soil

are in storage at Building 709-4G.
the CMP Pi:ts site to Building 709-4G (boxes shipped in 1984).

This waste was shipped one time only from
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3.2.2.3 Zavironmental Factors and Effects

The transportation of hazardous materials at the SRP has been conducted since
plant operations began in 1952 with a good record of safe operations. This
safecry record has been achieved in large part because the SRP transportation
system. in terms of safety features, closely resembles the general offsite
transportation system used by the public and because the transportation safecy
environment onsite is relatively benign when compared to that offsite (see
Section 4.2.2.3 for a discussion of the SRP safety record). The specific
dimensions of the environmental factors that affect onsite transportation
safety and the transportation system’s responses are discussed below.

Road and Raj]l Conditions. As discussed in Chapter 2.0, roads and rails at

the SRP are well maintained. Roadways are wide with wide berms and along road
cleared areas have gradual turns, generally shallow grades (except for the
hill on the Road C highway northwest of the 200-Area), few embankmencs. and
few areas with elevated road beds. Well-marked intersections are centered in
large cieared areas affording good visibility to intersecting traffic. There
is one overpass where the Road 2 highway crosses the Road C highway. The
clearance under this overpass is 14 ft 3 in., The Road C highway is four
lanes wide at the overpass but the road width clearance through the underpass
is narrow because of narrow berms. Highway bridges are short over the narrow
streams and have low guard rails.

Weacther Conditions. Weather at the SRP is representative of weather in the
Atlantic coastal areas in the southeast. A key discriminating characteristic
of this weather relevant to transportation safety is the relatively few days
in each year where icy road conditions are encountered. In addition, there
are proportionally a greater number of clear weather days when compared to
the upper aidwest and northeast where large amounts of hazardous materials are
transported.

Iraffic Conditions. Except for rush hours when work shifts are changing,
highway traffic ac the SRP is light. Rail traffic on the site is limited to
through, commercial traffic on corridors established for the SCL Railroad and
to SRP-only rail traffic in the central and D-Areas of the site. The SRP
Railroad operates on its own track system separate from the SCL track but is
connected to the SCL at the Dunbarton and Ellenton interchanges. The SRP
traffic is low density, slow and controlled by an onsite dispatcher.

Adminjscracive Controls. Administrative controls exercised by SRP management
are ipportant in limiting the 1likelihood and consequences of onsite
transportation accidents. Specific controls include:

. izployee screening, selection, orientation, and training;
. ZHYTHM (see Section 4.1) Committee activities and oversighc;
. ZIstablished procedures and safety practices;
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* Accident and incident reporting, investigation, and corrective
actions;

. Szfatv compliance audits;

. Periodic. inspections and maintenance of equipment and
facilities;

) Restricted site access,;

) Restrictions on transport operations for certain high hazard

materials; and

) Established accident response plans and teams.
Transportatjon System Respouse. The benign nature of the ctransportation
environment discussed above does not preclude accidents. It does, however,
affect the severity and frequency of accidents. Based on the environmental

factors, the frequency of accidents should be much less than that in general
commercial transportation on public highways and over commercial railways. In
addition, accident severities should, at a minimum, not exceed those expected
for commerce. The established onsite emergency response capabilities can be
expected to conctribute to low consequences for onsite accidents when compared

with those of accidents in commerce.- —~ =~ -~

3.2.3 Instrumentation and Control

Packagings. Packagings used at the SRP for transporting “izardous materials
are passive containment systems. Active controls and instrumentation are
used in these transportation system components.

Vehjcles. Vehicles used in the transport of hazardous material packages are
equipped with standard instruments and controls commounly installed in similar
vehicles used in commerce. The exception is for the high-level waste trailer
used to transport liquid high-level waste from the 3/700-Area to the 200-Area.
This trailer is equipped with eight fail-safe brake systems (two wheels per
system) that close to brake position if compressed air pressure is lost.

Roadways and Railways. Traffic control signals are of the same cype used on
public roadways and commercial railways.

3.2.4 Electrical Power Distribucion

Except for traffic control signals, the transportation system at the SRP does
not rely on electrical power discributed from fixed power stacions. Traffic
control signais are inoperative during electrical power supply disruptions.
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3.2.5 Auxiliary Systems and Support Facilities

There are no auxiliary systems in the transportation system. Fires 1In
transportation are responded to by the SRP Fire Department using appropriate
equipment. Many different kinds of equipment are used in responding to
transportation accldents or incidents having the potential for releases of
hazardous materials.

3.3 ENGINEERED SAFETY FEATURES

The engineered safety features of the SRP hazardous material transportation
system include features of roadways and railways, vehicles, packages, and
loading and unioading facilities.

Roadways and Rajlwayg are engineered in conformance to national standards as
interpreted in Du Pont specifications. These standards provide for road and
railway design, along with route signs and signals, markings, and accident
mitigacion features (e.g. guardrails for highways, derailers for railroads)
that are provided for safety in use.

Yehicle designs conform to applicable national safety standards at the time
of procurement for use at the SRP. Vendor or commercial carrier vehicles are
presumed to comply with applicable curreat safety standards. As discussed
above, the high-level waste trailer brake system 1is augmented to provide
fail-safe function. In addition, several trailers have improved king pin
designs to ensure the integrity of the coupling to tractors.

Packagings for offsite shipments of radioactive materials are specification
packagings prescribed by DOT regulations (Reference 1, 49 CFR 173.400-478) or
are packages certified by the DOE to comply with applicable standards
specified in the DOT regulations. Packagings used for offsite shipments of
other hazardous materials comply with applicable requirements of 49 CFR 173.
The DOT regulations specify safety features and/or safety performance
requirements. DOT regulatory requirements for radiocactive material packages
are discussed in Appendix C.

Packagings for onsite transportation of hazardous materials include DOT
specification packagings (e.g., Specification 6M, see Reference 1, 49 CFR
178.102) and other packagings engineered for specified uses. The specially
engineered packages provide levels of containment and health protection
consistent with the type of service, nature of the contained materials, and
the anticipated hazards considering administrative controls that are applied.
The packages and associated ancillary features, e.g., tiedowns, also
incorporate features that permit safe handling, ease of decontamination, and
verification of proper assembly. The packagings along with the administrative
transportation controls are required to incorporate features that provide for
the public a level of safety equivalent to what is provided by packagings that
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comply with DOT regulatory requirements during transportation by common
carriers on public highways.

Packaging engineered safety features include: containment and iseolation;
ionizing radiation shielding; thermal protection; pressure indication and
relief; impact and puncture protection; handling features; testing and

inspection <Ieatures; nuclear criticality safety features; and liquid
absorption. Not all of these features are necessarily embodied in any one
packaging.

3.4 DECOMMISSIONING CONSIDERATIONS

On occasion, SRP transportation equipment is removed from service. Equipmentc
that is contaminated by beta-gamma emitting radionuclides may be disposed by
burial at the Burial Ground. Alpha contaminated equipment may be placed in an
appropriate container and stored with other TRU wastes. Alternatively, 1If
there is a potencial for future use, equipment contaminated by radicactive
materials mav be stored at the Burial Ground with other contaminaced
equipmenc. Zquipment that is no longer useful and 1is contaminated by
nonradioactive hazardous materials may be cleaned then declared to he excess
or it may be stored with hazardous wastes at the SRP.

3.5 REFERENCES

1. Code of Fggézgl Eggglg;igng. Title 49, U.S. Department of Transportation

(1983).
2. Order 54 ) t
Program for DOE Operationg, Chapter XI - Requirements for Radiation

Protection, U.S. Department of Energy (1981).

3. DOE Crde 480 Nu i ies, U.S. Department of
Energy, September 1986.

4. Interarea Shipments. Internal Report DPSOP 170, E.I. du Pont de Nemours
& Co., Savannah River Plant, Aiken, SC (1987).

5. E Orde 480 3 d .

6. Orde 40 '
U.S. Department of Energy.
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APPENDIX A
SP9965, SP9966, SP9967, AND SP9968 PACKAGES
FOR SURFACE SHIPMENT OF FISSILE AND
OTHER RADIOACTIVE MATERIALS

{Appendix ta Chapter 3.0)
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APPENDIX A. SP9965, SP9966, SP9967 AND SP9968 PACKAGES FOR SURFACE SHIPMENT
OF FISSILE AND OTHER RADIOACTIVE MATERIALS

The SP9963. 5P9966, SP9967, and SP9968 packages are designed for surface
shipment cf Iissile and other radioactive materials where a high degree of
containment either single or double) is required. Provisions are made to
add shielding material to the packaging as required. The package was
primarily :ested to demonstrate that it meets the criteria specified in U.S.
DOE Order Yo. 5480.1, Chapter III, dated 5/1/81, which invokes Title 10, Code
of Federal =Regulations, Part 71 (10 CFR 71), "Packaging of Radioactive
Material Under Certain Conditions," and Chapter I, Interstate Commerce
Commission, Iubchaprer A, Title 49, Parts 171-179,

These packazes have been assessed for transport of up to 14.5 kilograms of
uranium, excluding uranium-233, or 4.4 kilograms of plutonium metal, oxides,
or scrap having a maximum radicactive decay energy of 30 watts.

This quantizv and the configuration of uranium or plutonium metal cannot be
made c¢riticzi by any combination of hydrogenous reflection and moderation
regardless c¢f the condition of the package. For a uranium-233 shipment, a

separate crizicality evaluation for the specific package is required.

Package Descriptions
SP9965 Package

The SP9965 package has a nominal gross weight of 193 1b and a maximum gross
weight of 270 1b (Table A-1). The various components of the package are
shown in Fizure A-1l. They include the drum, insulation, bearing plates,
primary conzainment vessel, and aluminum honeycomb spacers as discussed in
the following paragraphs.

The drum is Zfabricated as a 30-gal removable head drum per DOT Specification
6C or 17C. it is fabricated of 18 gage (0.048 in.) carbon steel. The drum
and cover are galvanized and passivated with zine chromate for outdoor
protection. Four 1/2-in.-diameter holes are drilled, approximately 90° apart,
1-3/4 in. below the top curl and are covered with a weatherproof tape or
fusible piug. The holes prevent rupture of the drum during a fire by venting

the gases “rom the insulacion. A locking ring with dropped-forged lugs,
installed ~ith a 5/8-in.-high strenmgth steel bolt, provides closure by
securing the cover to the drum, The steel bolt, which threads into the

dropped-forzed lug, must be provided with a lock nut or équivalent device to
prevent loosening during transit. A 1/8-in.-diameter hole is drilled through
both drop-i-zrzed lugs for insertion of a wire seal which will show evidence
ot tamperinc.

The insulatisn material which cradles the primary containment vessel is

"Celotex" trademark of the Jim Walter Corp.); "Celotex" meets the
requirements of 49 CFR 178.104-3. Physical and thermal properties are
discussed I~ detail in Table A-2. The "Celotex" insulation, which normally -
comes in . 2 co 5/8-in.-thick sheets, is cut into disks which are cemented
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~sBLE A-1. Maximum Gross Weights and Overall Dimensions

Normal Maximum Drum
Nominal Overall Overall Gross Gross Weight
Package Size, Containment Diameter, Height, Weight, Weight,
Capacicy.®
Type zal Vessels in in in 1b 1b
9965 Z3 Singie 19.6 29.1 193 200 400
$5-2-11037
9966 23 Double 19.6 29.1 236 250 480
$5-2-11037 &
§5-2-11038
9967 2 Double 23.9 34.8 327 6270 640
$5-2-11037 &
$5-2-11038
9968 33 Double 19.6 35 265 406°
$5-2-13097 &
§5-2-13098

a Maximum weight authorized by DOT in 49 CFR 178.104.3.

When extra lead shielding is added.
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FIGURE A-1. SP9965 Package
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TABLE A-2. Maximum Fuel Loading For SP9965 Package (Without Lead Shield)

Material Form Total kg H:X of PCV contents, max
Plutonium?® Metal 4.4 3.75

Compounds 4.4 4.23
Uranium (U-235) Metal 14.5 1.20

Compounds 14.5 1L.67

a4 py.240 content must equal or exceed Pu-241 content.
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4.0 DESCRIPTION OF OPERATIONS

Transportaction operations are conducted according to documented operating
procedures which are revised periodically. These procedures are established
to assure that the transportation system functions effectively rco support
plant operations while providing for the protection of operating staff, the
public, and the environment, Operations are administered under Du Pont
management controls to ensure their continuing safety and effectiveness.

The primary administrative control document is the contract (DE-AC09-
765R00001Y between Du Pont and DOE. The contract explicitly describes
certain obiigations with regard to safety on the part of both the contractor
(Du Pont) and the contracting officer (DOE). While SRP process facilities are
operacted Sy Du Pont, DOE 1is wultimately responsible for the safety,
effectiveness, and environmental compliance of operations.

4.1 ORGANIZATIONAL STRUCTURE

The SRP is operated by the Atomic Energy Division (AED) of the Petrochemicals
Department of E. I. du Pont de Nemours & Co. (l). The structure of the AED,
for purposes of this Safety Analysis, is shown in Figure 4-1. The two major
divisions are the Technical Division, which includes rthe Savannah River
Laboratory (SRL) and the Manufacturing Division, which includes SRP. The
Departmental Engineer’'s Office reports separately to the AED in Wilmingcon.

The Savannah River Laboratory provides technical support to SRP, The SRP
organization has two major divisions: Operations; and Plant Facilities and
Services. The Manager of Operations has custodial and operating responsi-
bilities for all production facilities. The Manager of Plant Facilities and
Services has responsibilities for nonproduction facilicies and central ser-
vices. The SRP organization (2) is shown in Figure 4-2,

Several SRP departments are responsible for transportation of hazardous
materials ac the site. The operations are conducted under authority and
within guidelines delegated to Plant Facilities and Services, and to
Operations.

Onsite, interarea transportation of hazardous materials (HMs) is handled
mainly by the Stores Division of the Procurement and General Services Deparc-
ment and Sv the Central Services Works Engineering Department (CSWE). The
organization of CSWE is shown in Figure 4-3, with emphasis on the Railroad,
Roads and JSrounds. and Fleld Services Division (RR&FS), as shown on the right
side of the figure.

Centralized Trucking, which is a part of the Roads and Field Services group
of RR&FS. -~as the primary responsibility for interarea road transport (except
from Stores) and the Railroads Division the primary responsibility for rail
transport it the SRP site. Stores delivers all score-stocked material and
material received at the plant except for bulk materials, consigned shipments,
and large and heavy materials that must be handled by Centralized Trucking or
Railroads. Zxcepting bulk deliveries, it is estimated that 95% of matarials

+-1
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|

' AED

| (Wilmington, Delaware)
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TIGURE 4-1. Atomic Energy Division Management
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items are handled through Stores. Any of these loads may be solids, liquids,
or gasses. and may be hazardous or non-hazardous.

Stores. Centralized Trucking, and Railroads all work closely with departments
who have responsibilities for shipping and receiving materials, particularly
hazardous materials. Each type of material must be packaged, secured, and
transporzed in accordance with standard shipping pracctices.

The Egquipment Maintenance and General Services Division (EM&GS) of the CSWE is
organized as shown in Figure 4-3. The division is generally responsible for
the maincenance of road and rail equipment. It is also involved in some
cransport activities, such as trash hauling and onsite deliveries of gasoline
and diesel fuel. Since Centralized Trucking does not work the third shift
(midnight o 8 am), EM&GS attends to transportation needs on this shift, such
as the movement of deionizer casks.

In November 1984, SRP operations were reorganized around Project Management
Teams, so that each area now has a full complement of functional
capabilities, such as rigging, transportation, maintenance etc. Thus,
loading and unloading operations at an area may involve riggers and/or
transportation personnel assigned to the area as well as the transportation
personnel assigned to, for example, Centralized Trucking.

As part of the technical group (Figure 4-2), the Health Protection Department
(HP} (er Occupational Health Protection (OHP) personnel in SRL facilities)
concerns itself with radiation and contamination control. The HP (Figure 4-4)
has many functions. Some of these functions are listed in Table &4-1.

The Plant Central Safety Committee which reports to the SRP Manager 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. Ten permanent subcommittees are shown in Figure 4.5,
The primary functions of each subcommittee are listed in Table &4-2.

Although the safe distribution of hazardous materials is a line-organization
responsibility, the RHYTHM* Committee was established in 1981 to assist in
fulfilling this responsibility. The RHYTHM Committee, which meets ac least
once a wmonth, provides a centralized communication, coordination, training,
and audit forum for matters of wutual interest to committee member
organizations, particularly in the preparation of hazardous materials for
shipment in compliance with DOT regulations and DOE orders. The committee is
primarily concerned with shipments to offsite destinations.

The RHYTHM Committee reports to management through the chairman of the Safe
Distribution Committee of the Plant Cenctral Safety Committee. Members of the
RHYTHM Committee are appointed by SRP and SRL management . Assignments are in
addition <o wmembers’ regular functions. Each member represents a facility
and/or activity where hazardous materials are handled.

*RHYTEM is a registered trademark of Du Pont: Remember How You Treat
Hazardous Materials



WSRC-RP-89-715

Health Protection Department

Haaith Protection Survey

Heaith Protection Technology

Reactor 300 and 400 Areas

F-Area, Navai Fuels,
and Spedal Functions

H-Area, Waste Management
and DWPF

Dasimetry and industrial
ygiena

Occupational Health
echnology

Environmental Monitonng

FA 078020

FIGURE 4-4. Health Protection Department Organization
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. TABLE 4-.. Health Protection Department Organizational Responsibilities

Group

Responsibilities

Area Survev

Dosimetry and
. Industrial Hygiene

Environmental
Monitoring

Occupationa: Health
Technology

Radiation and Contamination Surveys

Industrial Hygiene Surveys

Minimize personnel radiation exposures (ALARA)
Minimize skin contamination

Minimize facility contamination

Minimize environmental releases

Prevent internal assimilations of radicactive
materials

Train plant personnel in Health Protection aspects of
jobs

Coordinate Personnel Protective Clothing and
Equipment Programs

Audit work and procedures

Distribution, collection, and evaluation of personnel
dosimeters

Maintain bioassay records

Collection and quantitative analysis of excreta for
contaminants

Count individuals and estimate body burdens

Maintenance, calibration, and distribution of survey
and monitoring instruments

Quantitative analysis of air, water, milk, flora,
fauna

Evaluation and publication of environmental samples

Instrumental analysis of of environmenral monitoring
data

Investigacion of releases

Technical support for area surveys, dosimetry, and
environmental monitoring
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TABLE 4-2.
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Subcommittee Primary Functions

Policy Reviaw

Safety Activities

Process Hazards Management

Dff-the-Jjct Safecy

DOccupaticorz. Health

Emergency rreparedness

Traffic

“Housekeeping

Security

Safe Distr:surion

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
in-plant safety programs.

Coordinates and audits process hazards
management programs.

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

Devotes itself to special hazards involving
industrial hygiene, heating conservacion,
handling of radioactive and toxic materials.

Devotes itself to the ability of plant forces co
respond o 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.

Directs the security program.

Coordinates and directs the receiving, handling,
and shipment of hazardous materials ("RHYTHM").
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There are presencly 90 members (30 in 1983), including representacives, from
Railroads, Centralized Trucking, and Stores. The training funcction of the
RHYTHM Commitzee is discussed in Section 4.4.3.1 and the safety function is
considered in Section 4.8.4.3.

1he SRP Spill Team, which reports to the RR&FS Division of CSWE (see rigure
4-3), 1is responsible for containment and control of spills of Hazardous
Materials at the SRP. This team is called into action whenever the magnitude
or nature of a release requires actions exceeding the capabilities of the
cognizant operation’s area response team. For a major transportation accident
involving a potential release of hazardous material, the Spill Team is called
into action bv the Emergency Operations Coordinator (EOC)} (now renamed
Technical Support Center (TSC)). The EOC is assigned to the SRP Security
Division ana. in addition, is a member of the Emergency Preparedness
Subcommittee of the Plant Central Safety Committee.

4.2 OPERATIONAL DESCRIPTION

This section cescribes the operations of the transportation system. Included
are the following:

. Description of tranmsport activities

. Discussion of operating experience

4.2.1 Transpor: Activities

4.2.1.1 Vehicies

The EM&GS purchases trucks and tractors for general-purpose hauling, for
specific loads. and for courier service on the behalf of DOE-SR. Several
sizes of tractors are operated, and generally more than one is available for
any trailer with a dedicated load, such as an assigned shielded container.
All heavy equipment and most trucks used to transport radiocactive materials
are operated by Centralized Trucking operators. Exceptions include pickups
assigned to radicactive service and sample trucks. For convenience, a number
of trailers are assigned to operating departments because each trailer is
agssigned to a specific task.

Containment and shielding requirements for a proposed shipment determine the
size and weignht of the shielded container, tank, or shielded tank. The
trailer or truck is then selected to accommodate the container. Generally,
vehicles with excess capacity are selected.

Special precautions are exercised for moves involving ligquids containing
large amounts of radioisotopes. Large vehicles and rail equipment are
operated exclusively by CSWE personnel. Cars, pickups and some enclosed
trucks are assigned to, and operated by, other groups, including DOE
carriers.
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Forklift trucks of different sizes are distributed widely onsite. The larger
units are cccasionally used for moving packaged radiocactive materials within
or between buildings at speeds of 5 to 10 mph. Many units are assigned to an
operating sroup for use by trained and certified personnel for short hauls
within or outside a building.

Most vencors vehicles make deliveries to Stores in the 700-Area, but bulk
materials :about six per day), consigned shipments, and construction materials

are transported directly to their destination on the site. Consequently,
there are usually a considerable number of wvendor vehicles on the site, not
directly under the contrel of SRP, Such vehicles and their contents are

required > neet applicable DOT regulactions and standards.

4.2.1.2 General Responsibilities

It is the shipper’s responsibility, regardless of the destination of the
consignmenc. to ensure all materials are properly packaged according cto the
nature of the material. The shippers are also responsible for loading,
inciuding any special arrangemencs required, and for arranging any escorts,
security, or safeguard measures required during transport. The shipper is
responsible for arranging emergency response to any incident involving an HM
during transic.

The transporter is rtesponsible for seeing that the material is properly
loaded and secured before movement begins, for avoiding any unnecessary

delays in transit, and for operating the vehicle safely. SRP transporters
perform :these functions in accordance with SRP safety requirements and
applicable procedures. If a wvehicle is involved in an incident, the

transporter is responsible for correccive action, unless the incident
involves HM. in which case the transporter is responsible for notifying the
shipper promptiy of the incident.

The receiver is responsible for determining the condition of the material
received. notifying cthe shipper of any discrepancies, and unloading the
material, Including any special arrangements that must be made.

4.2.1.3 Scheduling

Shipments using Centralized Trucking are scheduled by calling the area
foreman and asking him or her to schedule the shipment. Information given
includes a1 brief description of the material to be shipped, pickup and
delivery coints, and the form (Stores Order, Move Ticker, or Transportation
Work Request) to be used.

Shipments I-om Stores-Receiving are generally handled by the Stores delivery
supervisor in Building 713-A, who requests assistance from Centralized
Trucking iI necessary.

Shipments using an assigned vehicle are scheduled with the driver of that
vehicle. 4 list of forms for the control of hazardous materials is shown in
Table 4-3.
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TABLE 4-3. Forms for Control of Hazardous Haterials

Form Identification Title

Offsite Shipments

0OSR-12-95 Radicactive Shipment Receipt

OSR 1-53 Shipping Order

OSR 7-554 Radiocactive Shipment Report

QSR 7-655 Deviation from Standard Shipping Practice
DOE-AD 60 Courier Receipt

Onsite Shipments

0OSR 6-1 Stores Order

OSR 12-80 Move Ticket

OSR 12-57 Transportation Work Request

OSR 6-27 Receiving Report

OSR 8-25 Plant Equipment Transfer

OSR 7-375 Radicactive Solid Waste Burial Ground

. _ Record o

OSR 7-375A i " Radiocactive Solid Waste Burial Ground
Record (Accountable Materials)

OSR 7-24 Alloy Delivery Receipt

OSR 7-102 Cask Car Release Record

OSR 16-69 Hazardous Materials Shipment - Public Access
Roads

4-12
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4.2.1.4 Zispatching

For road =ransport, the request and information is relayed by the area
foreman :2 the Centralized Trucking dispatcher in Building 706-G. The
dispatcner :then assigns a driver with suitable equipment to transpert the
materials and supplies him or her with the necessary paperwork (e.g., three
copies or form OSR 12-57 if this form is used). In addition to scheduling
vehicle moves, the dispatcher maintains radio contact with the vehicle.

In the case of fissile materials, a driver who has special training in the
handling of fissile materials is assigned. If the shipment contains special
nuclear materials, the dispatcher reminds the driver that if there is a delay
enroute, zhe dispatcher must be notified immediactely.

For rail shipments, the shipper notifies the train dispatcher in Building
618-G, who assigns by radio a crew to move the material. Details are given in
Section 4.2.2.11, Railrocad Activities.

’

4.2.1.% Shipping

Offsite shippers are required co meet DOT regulations regarding the vehicle,
containmenc, labeling, etc. Interarea shipments are not governed by DOT
regulations, even though they often comply with these. The interarea
shipments are governed by Du Pont procedures and practices. The discussion of
transport activities in this section is primarily concerned with interarea
shipmencs.

The shipper is responsible for proper packaging and labeling of the package.
For {nterarea shipments at the SRP, the appropriate Stores Order, Delivery
Ticket, or Move Ticket is attached to each item to be shipped.

Nonradiocacctive hagardous materials are packaged and sealed either in the

vendor’'s original container or in a DOT-approved container, which in eitcher
case must be in good condition and properly sealed. Additionally, wastes must
be identified as such. The shipper is responsible for properly completing
shipping papers, loading the material onto the vehicle, arranging for
emergency response to any incident during transit, and arranging for any
escorts, security, or safeguard measures required in transic.

Radioactive hazardous materials are categorized according to whether they are
nonfissile or fissile materials. Nonfissile materials are packaged according
to local area procedures for that material and are labeled appropriately. If
the mater:ial does not require close administrative control, form OSR 12-57
(Transportation Work Request) is used by the Centralized Trucking £foreman;
additional information required on this form includes the hazard class, the
safety precautions the driver must know, and whecther water can be used to
extinguisn a fire. Other OSR forms may also be required. The shipper must
approve the job description, safety precautions, and hazard class selection on
form OSR 12-37 before the material is loaded, and complete any of the other
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OSR forms which are to accompany the shipment. After loading, the shipment is
surveyed by #P or OHP in the Technical Division.

Fissile materials, whether irradiated or nonirradiated, are identified and
shipped according to established procedures. Only a supervisor can request
shipment of Zissile material. He or she is responsible for the packaging,
loading and tie-down, as well as for nuclear safety during tranmsit, and uncil
accepted by cthe receiver. A single unit (e.g., small box) of unirradiated
fissile material or samples containing less than 15 g U-235 ctotal may
sometimes be shipped in a non-specification container. Otherwise, an approved
DOT specification container is required. There are limitations to shipping
natural uranium., depleted uranium, heavy water, or beryllium with any fissile
material. The necessary forms are prepared and the proper radioactive labels
affixed to the package. The procedures are similar to that for nonfissile
materials; in addition, the supervisor directly supervises the loading of the
truck and tells the driver he or she will be handling fissile material.

4.2.1.6 Transporting

Hazardous =—aterials are ctransported by vendors, couriers, and onsite
organizations. such as Cencralized Trucking, Stores, EM&GS, and ocher
organizations using various facility-operated vehicles.

Gentralized Trucking,  For interarea shipments the driver inspects the

assigned transportation equipment according to established procedures and
ensures that iz functions properly, before driving to the pickup point. The
material to be shipped is identified by checking against cthe appropriate
Stores Order, Receiving Report, Move Ticket, or Transportation Work Request.

After loading, the driver ensures the material is properly secured and moves
it to the cdelivery point. Upon arrival at the destination, the driver
contacts the receiver, if necessary, and distributes the forms as required.

Any hazardous material (as defined in 49 CFR 172.101) which will be
transported on or across a road with unrestricted public access, such as SC
Highway 125 and SRP Road 1, must be packaged as prescribed in 4% CFR 173.
The hazard class of the material must be identified on form OSR 12-57
provided to the driver, in addition to other forms which may be required.

If the HM is not packaged according to 49 CFR 173 and is to be moved onsite
across public access roads, traffic is stopped during passage of the vehicle.
If necessary, the road is surveyed by HP to verify that no hazardous material
has leaked ontc the road and, therefore, to assure safe use before public
access is resumed. 1In the case of heavy water drums for example, Centralized
Trucking notiiies Wackenhut Services 30 minutes prior to the scheduled
crossing of Highway 125; Wackenhut provides two vehicles and sctops traffic on
both sides of :he intersection while the vehicle on the SRP road crosses the
public highwav.

If the HM is radiocactive but nonfissile (or fissile but containing less than
15.g of fissile material), additional precautions are required. For instance,

414
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radioactive waste must be appropriately marked. HP surveys which comply with
departmental requirements (or appropriacte radiation and contamination control
procedures in the Technical Division) are required, The marerial is loaded
using approved methods. The lo2d is then inspected to ensure thacr it has been
properly secured to the transport vehicle. If the material is taken to the
Burial Grounds, it is unloaded by the driver under the supervision of the
Burial Grounds supervisor; HP personnel are required to continuously survey
while alpha waste 1is being placed in concrete containers or when the
radiation intensities are above 300 mrads/hr or 50 mR/hr at 3 in. from the
package. On completion of the job HP surveys the vehicle.

Radioaccive fissile materials are only moved when there is documented
authorization signed by the shipper, together with any other documents which
are to accompany the shipment. The driver discusses with cthe shipper any
special precautions to ensure they are understood. When leaving, the driver
informs the dispatcher, so that he or she can notify the receiver that the
shipment is enroute and what the expected time of arrival is. The driver
remains continuously with the shipment until delivered; if it is necessary for
the driver to leave the truck for any reason, another qualified employee 1is
designated to stand by the shipment. Unloading takes place under the direct
supervision of the receiver.

Deliverjes by Stores. For nonradicactive, bulk shipments to destinatioms
outside the 3/700-Area, the Stores Division makes deliveries using a flat-bed
(open) truck. Bulk materials (items weighing more than 100 1b in a single
unit, e.g., a bag) are secured on a pallet and lcaded onte the truck for
delivery. A Delivery Ticket accompanies the delivered materials. For non-
radioactive, bulk shipments to destinations within the 3/700-Area, Stores
delivers primarily by forklift, but also by flat-bed truck. Materials are
secured on a pallet for delivery and are accompanied by Delivery Ticket
documentation.

For packages of radiocactive materials weighing less than 3000 1lb to
destinations within the 3/700-Area, Stores makes deliveries using its owm
equipment (e.g., forklift truck). However, packages of radioactive materials
weighing more than 5000 1b and all radioactive materials to destinations
outside of the 3/700-Area, are moved by Centralized Trucking.

Delivery is made daily to designated drop points in each area during normal
working hours (7:45 a.m. - 4:15 p.m.). Emergency deliveries are made at
other times by coordinating with the Stores delivery supervisor.

Stores material is moved with a Stores Order, Delivery Ticket, or Move Ticket.
At cthe drop point the Delivery Tlcket or Move Ticket is signed by the
custodian or the driver to verify delivery. Drivers are responsible for
securing venicle loads, even if loaded by another group, and for the safety
and condition of the load until it is delivered. Drivers are not provided
with manifests of the materials to be delivered.

Stores-delivered cylinders are transported to all areas on approved cylinder

trucks; saall propane bottles and dewars of liquid nitrogen filled from the
large tanks near to Stores are delivered to the field using Stores vehicles.

4-15
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Intra-area shipments of cylinders, however, are transported by Centralized
Trucking.

Stores also provides a service to package HM shipments for delivery to
offsite destinations, as follows:

] On requesc from other SRP and SRL groups, Stores prepares HM
packages (except for radiocactive materials) and shipping
documencs in compliance with DOT regulations. HM shipping
documencs are filed separately from other documents in Stores
Division files. Most (95%) HMs {(other than radicactive)
shipped from SRP are prepared for shipment by Stores. Many of
these shipments involve laboratory samples. Packaging of cthe
shipments is done at the 713-A facility. Materials are
transported to 713-A by various means from other locations on
the SRP reservation. ‘

° Stores provides a service to DOE-SR by preparing Bills of
Lading for radioactive material shipments originating from SRP
(except shipments that use DOE Safe Secure Transport (SST)
traczors or SST ctractors and trailers). DOE is the shipper of
record for all radiocactive materials shipped from SRP per the
Du Pont ceontract.

Receipts. of HMs at the SRP from offsite are preceded by the
development of purchasing documents. Cross references to these
documents are subsequently recorded on Delivery Tickets whiun
are retained in the Stores Division files.

Sample Trucks :ssigned to 200-Area. Two 1-1/2-ton trucks with van-type
bodies are assizned to Building 221-H for use primarily as sample delivery
trucks. The sample trucks are used for delivering samples from H-Area
facilities and 3uilding 235-F to Building 772-F laboratory; neptunjum product
containers from the H-Area B-line to Building 235-F; and samples from H-Area,
Building 772-F laboratory, Building 235-F and JB-Line to SRL at Building
773-A.

The driver assumes responsibility for the samples when he signs the
appropriate form and the receiver accepts custody when he signs the same form
at the destination. For security reasons, samples may not be left unattended
in the sample touck.

Sample cks 2ssigned to Reactor Areas Each of the Reactor Areas 1is
assigned a venicle (modified pickup truck) used primarily teo transport
process sampies :-o the laboratory in Buildings 772-D and 772-F. The Reactor
Department is :=e shipper and the transporter. The samples are removed from
the vehicle 35w Reactor Department personnel and hand-delivered to the
laboratory. Standard procedures are followed.

Routine process water samples from the 105 Buildings contain sufficient
critium to reguire Tvpe A packaging for shipment on public access roads.
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Each sample truck has a DOT specification 7A drum approved as a Type A
package mounted on the truck bed.

When moderator samples are transported to Building 772-D, cthe shipper is
responsible for documentation and/or following procedures to properly
package the samples for shipping and unloading. The shipper is responsible
for properly preparing the DOT 7A drum for the return trip.

When samples are transported, departmental and HP requirements are followed
for 1) radiation and contamination control during transport and at destina-
tion, 2) packaging, identifying and separating samples, 3) receiving samples
in the vehicle, and 4) minimizing radiation exposure for che driver. Samples
are delivered to lLaboratory personnel.

vel “aste ajler. The high level waste trailer is a lead-shielded,
stainless steel vessel used for transporting high level radicacrive liquid
waste from SRL <o Building 211-F for processing. The trailer contents

activity level, which is controlled administratively by limiting discharges
to_che holding tanks from which the trailer is filled, is generally Dbetween
10 d/m/ml and 108 d/m/ml. Criticality control of the waste is administered
by SRL.

When cthe =:railer has been filled and decontaminated according co SRL
procedures, Centralized Trucking delivers a tractor to Building 776-A for
transport of the trailer to Building 211-F. SRL nocifies the operating
foreman in Building 211-F when the trailer leaves Building 776-A. An escort
is provided by Centralized Trucking and the maximum speed allowed is 35 mph.

An OHP survey report and a high level waste shipment form are prepared by SRL
and accompany the ctrailer. SRL is responsible for the condition of the
trailer, contents, and shipping. Centralized Trucking is responsible for
delivering che load and the Separations Department is responsible for
unleoading.

Waste Handling. With the exception of construction wastes, which are handled
by a group reporting to the Construction Department, routine transportation
of regulated and non-regulated wastes on the SRP site is handled by EM&GS.

Regulated wastes contain radioactive materials. Examples of regulated wastes
transported include metal burial boxes containing low level radicactive wastes
that are routinely transported to the Burial Grounds (at a rate of about 800
boxes per month}. Non-regulated wastes include trash which is transported to
onsite land fills. Non-radioactive hazardous materials that are moved include
waste oil In 500-gal containers by load-lugger from 716-A to the SRP power
plant (about twice per year). About 40 shipments of waste oil are made from
the 100-Areas to the 400-Area each year. Other materials such as asbestos are
also transported bv EM&GS.

Work requests are not used for routine trash hauling and, because cthey ctake
place almost every day, shipments are not coordinated with shippers and
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receivers. “or nazardous materials, however, the standard procedures are
followed.

Deliveries of Cisoline and Diesel Fuel. Gasoline and diesel fuel wused by
field equipment .other than Construction Management's equipmenc) on the SRP
site is delivered by EM&GS tank trucks nightly. These trucks funccion as
mobile service stations.

Pickups, Shuctias. and Sedans. Shipping radiocactive or other hazardous
materials via rickups, sedans, or shuctles at the SRP is discouraged.
However, 'f macerial must be transported by this mode the shipper is

responsible for cackaging, loading, and transporting the HM.

4,2.1.7 Receiving

The receiver has various responsibilities depending on the type of material
shipped.

In the case of ~onhazardous materials, the Stores Order may be retained but
all move tickects are discarded; however, if there is any discrepancy in the
material, packaging, or loading the receiver notifies the shipper immediacely
and does not unicad the truck unless agreed upon by the shipper.

With HMs, the receiver ensures that the quantity of material is accounted for
when received snd that it 1ls safely contained. If a difference is detected
that cannot be easily resolved or if the integrity of the package 1is
compromised, the receiver reports this to the shipper for any necessary
corrective action, The receiver is responsible for making any special
arrangements Zocr unloading and for supervising the unloading unless
corrective action by the shipper is called for.

With fissile materials, the receiver has cthe additional responsibility of
directly supervising the wunloading of the material and signing and
distribucing anv accountability forms.

I1f any discrepancies are noted in the material, packaging, or loading of
radioactive materials, the shipper is requested to direct the unloading.
Otherwise the shipper is informed that the shipment has been received.

If a survey is resquired, the receiver notifies HP or OHP. HP or OHP performs
the necessaryv neaith physiecs checks of the shipment.

4.2.1.8 Escorting

In compliance with safeguards requirements, all vehicles used to transport

reactor. fuel sre radio-equipped. Also, stake-body trucks that are used to
transport other products and wastes are radlo-equipped (for efficiency
purposes rather than because of occasional radioactive loads). Escorts with

radio-equipped vehicles accompany some wide loads, very high loads, loads over
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40 ft in length, and other special equipment such as the high-level waste
trailer and the No. 1 deionizer cask. The availability of radio communication
permits rapid assistance if needed.

The locomotives are equipped with radios for communications with the
dispatcher in Building 618-G. Train crews are instructed to stop the train
if they cbserve leaks from 70-ton casks during transit from the 100-Areas to
the 200-xireas. If leaks are observed, the dispatcher 1is called for
assistance. Locomotives moving cask cars travel at 25 mph except at highway
crossings where the trains slow down te 3 to 4 mph.

4.2.1.9 Reporting and Recording of Shipments

Documents used in the control of movements of materials are listed in Table
4-3. Radiocactive sources are supplied by many different vendors and are
usually shipped via Federal Express to assure traceability in case of loss in
transit.

4.2.1.10 Special Controls and Safeguards

Safeguards for Special Nuclear Materials. Special nuclear material (SNM) is
defined as: plutonium, uranium enriched in the isotope U-233 or in the
isotope U-Z35, and any other material which has been determined to be special
nuclear material, but does not include source material; or any material
artificially enriched by any of the foregoing, but does not include source
material (source material is uranium or thorium or any combination thereof).
Table 4-4 shows the categories of SNM., Categories I and II are shipped in
radio-equipped cars or trucks and require an escort of armed couriers or
security inspectors in a vehicle equipped with a two-way radio. At least two
such couriers or security inspectors are required for Category I shipments
and at least one such courier or security inspector is required for Category
II shipments. Category III quantities of SNM require no escort.

In general. all SNM ctransferred between areas at the plant site is handled by
Centralized Trucking. Special procedures have been established for
transporting, escorting, and tracing shipments that are delayed or lost
enroute,

Any SNM prepared for offsite shipping is stored in a vault in the operating

area or is :ransferred to the custody of DOE in a vault in H-Area. Upon
transfer oI custody, DOE couriers are responsible for safeguards during
transport =z=nsite and offsite. Incoming offsite shipments of classified

materials or SNM are safeguarded by DOE couriers until the package is
delivered :o a processing facility.

When the S:M i{s not readily separable from other radicactive material and the
combination of the SNM and other radicactive material delivers an external
radiation cZose of 100 rem/hr or more at 1 m from any accessible surface
without intervening shielding material, it i{s exempt from these requirements.
SNM that has been declared as waste is also exempt.
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TABLE 4-4. Categorization of Nuclear Material™

Special Nuclear Category** Category** Category? Category

Material I, kg II, g 1II-A, g II1-B,g
Plutonium 2 or more 400 to 1999 220 to 399 1 to 219
U-235 2 or more 400 to 1999 220 to 1399 l to 219
U-235 contained in 5 or more 1000 to 4999 350 to 999 L to 349

uranium enriched to
20% or more

U-235 contained in - - - All quantities
uranium enriched to above 0.99 g
less than 20%

*Source: DOE Order 5632.2 Physical Protection of Special Nuclear Material.
Also see DOE Order 5632.1 Physical Protection of Classified Matter.

** If plutonium or U-233 is combined with U-235, che amounts of
plutonium or U-233 are multiplied by 2.5 to arrive at the limits .
shown.

+ A plutonium or U-233 content of less than 400 g may be combined with
U-235 when the total content is less than 1000 g.
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UNH Trail:zs. Four DOT specification MC312 cargo tankers (UNH trailers) are
assigned to H-Area canyon and ouctside facilities which were used as shipping
containers Zor uranyl nitrate hexahydrate (UNH). The crailers are no longer

authorized Zor shipment offsite.

Onsite rovements of the <trailers are performed by Centralized Trucking
drivers. using SRP traccrors.

The DOE SaZeguards and Security Branch arranges for pickup of the UNH trailer
by che driver and the couriers of the DOE Transportation Safeguards Division
(TS5D) at an appointed time. The solution temperature has to be S0°F or above
when delivered to the carrier.

Loaded trailers are always either under surveillance by Separations Departmenct
personnel ~ho perform the loading operation, parked in a protected area under
surveillarce of security inspectors, attended by Q-cleared drivers escorted by
securicy inspectors, or under control of DOE couriers.

4.2.1..1 Gfailroad aActivities

System and_Squipment. The onsite rail system 1is interfaced with the
commercial railroad at the Dunbarton Wye near the Building 618-G
Classification Tard and at the Ellenton Wye near 400-D Area. The SRP line is
operated by Railroads within RR&FS. Cars received from offsite rail lines and
SRP-owned cars are moved within and between areas.

Under special circumstances, a piece of SRP rolling equipment, such as a car

or a switch engine, must be moved between 400-D and some other area. The
portion of the move on Seaboard Coastline (SCL) track must be made by SCL.
The procecure is: SRP spots the equipment on the siding (at Dunbarton or

Ellenton)., SCL couples it to its train, delivers it to the other siding,
decouples. :nd then SRP completes the move,

The bulk oI the rail craffic is coal and cask car movements. Coal cars are
moved from cthe SCL interchanges at Dunbarton and Ellenton to area powerhouses
for use in steam generating boilers. Cask cars are moved between the reactors
and the 200-F and 200-H separations buildings. Other cargo, such as tank cars,
steel, utility poles, bulk chemicals, helium cars, and a variety of other
goods are zoved from the Dunbarton and Ellenton interchanges to areas on the
site. Occasionally, cargoes are moved between areas at SRP. Approximately
14,150 cars were moved during the 1984 calendar year.

All SRP train movements are closely monitored and strictly controlled by the
shift supervisor located in Building 618-G. There 1is constant rtadio
communicatizn with the train crew and the location of each train is known at
all times. Train crew members are outfitted with a radio transceiver which
allows conszant communication between crew members. This has improved safety,
especiallv -uring switching and pushing tasks. Rail services are provided
seven days cer week, from 7:45 a.m. to 12:00 midnight.
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Cars carrying radioactive materials in the central site areas (excliudes D-
Area) are handled by any of the four locomotives and are not mixed with cars
carrying other cargo. Special trains hauling spent fuel casks or equipment
contaminated with radioactive materials are operated at speeds of less than 25
mph and are slowed to less than 4 mph at railroad-highway crossings; they
travel abouz 40,000 mi/yr. In the 200-Areas, the cask cars are uncoupled
outside the raiiroad tunnel, and a small battery-powered locomotive (dinky) is
used by Separations persomnel to position the car in the railroad tunnel for

unloading.

The dispactcher in Building 618-G maintains radio contact wich cthe SRP
locomotive crews, including crews operating the D-Area locomotive. He also
maintains a iog sheet containing information on the locacion of all locomo-
tives and cars and the status of operarions, including repairs and decontam-
ination, that are in progress.

Specific responsibilities of the
Railroads cr-zanization include: maintenance of track, roadbed, and rail
crossings on the site; safety of rolling stock assigned to Railroads; higher
operation of the railroad in support of SRP operatioms; acceptance of offsite
originating =rail cars; and pre-release inspection of SRP-originated rail
shipments.

" Railroads opersonnel are not necessarily qualified to judge the proper
function or safety of transport packagings; however, if a train crew observes
an unusual condition, such as fluid leakage or an unattached tie-down, this
condition is reported to the shipper for resolution. Onsite and offsite
shippers are responsible for proper documentation of shipments. All
radioactive zaterial shipments released for shipment to offsite destinations
and received rom offsite are surveyed for compliance with DOT regulations
regarding radiation levels and surface contamination by HP prior to being
moved by SR? Railroads.

Procedures. For intraplant movements of regulated rail cars (a "regulated”
vehicle is one that 1is specifically designated for the transport of
radicactive materials), the shipper fills out a Cask Car Release Record and
leaves it in the box provided on the car. He then notifies the train
dispatcher that the car is ready to move.

After assigmment by the train dispatcher and before coupling the car, the
conductor examines the forms in order to ensure the correct car is to be moved
and that the Zforms are properly signed. The train crew then moves the car to
the receiving location and leaves the form in the box provided. The
conductor =~rites down the car number, location, and destination on his
switchlist znd. at the end of the day, forwards all documents to the
dispatcher.

Movements of non-regulated cars are made by verbal request, as are inbound

cars from common carrier railroads. All inbound cars, other than open top
cars, are inspected according to set procedures. When the cars are ready
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(either empty or loaded), the receiver contacts Railroads for che car or cars
to be released,

Non-routire shipments of radioactive materials require job plans approved by
the originating department, HP, and Railroads. There are special procedures
for moving vessels, containers, and high loads.

In the case of derailments or other emergencies, the train crew must
immediateiv notify the shipping supervisor, HP, and the Railroads area
supervisor. If a cask car exposes or spills its contents as a result of a
derailment. personnel are required to move away to a distance of 1000 feet,
and arrarzea for flagging and sctopping of all movements until clearance is
given by =P,

4.2.2 (perating Experience

4,2.2.1 ZFeleases from Normal Operations

Releases Irom normal operations are those releases that are small, routine,
and have i negligible health and environment impact. They include releases
of vapor ~vhile filling a tank truck or tank rail car or drips that might
occur during unloading of these containers. They also include releases that
occur because of usual and acceptable imperfections in containments, such as
slight seepage of closure gaskets on tank trucks. Leakages resulting from
improper assembly to quality defects, however, are considered to be
accidents.

SRP training and operating procedures emphasize the care required by
personnel in minimizing releases of HMs, both due to accidents and due to
normal operations. Secondary spill containment is usually provided during
loading, urnioading, and storage of liquid HMs,

4.2.2.2 Accidents

For purposes of this report, an accident is defined as "an obvious failure of
a containment, failure to adhere to established procedure, or other unplanned
incident that results or could result in a release of hazardous material or
results in an octherwise unanticipated health or environmental consequence".
On the otter hand, leakage from unshielded tank trailers due to leaking
gaskets or valves during transport are recorded as incidents. Such leakage
has occurr:zd 10 times since 1958, each case leading to contamination of the
roadways.

The SRP Fault Tree Data Bank was reviewed to determine the types of
events/acciients chat have occurred at SRP. This data base was originally
developed Isr fault tree analysis and has limitations in other applications.
With the _.lmitations in mind, the review of the data base yielded the
following =zntative conclusions:
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. I: does not appear that any events posed a threat to personnel
sore -han 100 feet away and probably none caused a threat to
the offsite population.

. 4scr of the events {(approximately 70%) refer to contamination
found on vehicles or the ground and, from the point of view of
reiease of HM, appear to be minor. Most of the remaining
events/accidents involve minor vehicle <collisions with
negiigible damage and accidents to non-employees driving on
Highway 125.

. Very few accidents involved injuries Cco personnel. In some
cases. radionuclides were detected on clothing and in rare
cases. on skin. It appears that very few of these caused

"injury” to personnel.

Table 4-5 provides semi-quantitacive information on the type and frequency of
accidents at SRP between 1957 and 1982. The majority of accidents are caused
by vehicle operator errors ({(about 25/yr, including 8 accidents/yr while
backing vehicles). The current frequency of rail crossing accidents/events is
mainly from vehicle operators running the blinking red light or stopping and
then "beating the locomotive" at the crossings of the onsite railroad.

The detailed history of transportation accidents/events at SRP, with emphasis
on those invelving radioactive materials, is included in Appendix G.

4.2.2.3 Overall Safety Record

Overall Plant Safet SRP has had an excellent safety record since plant
start-up and has consistently exceeded the national averages (3).

During construction, two world records for safety were attained by the Du
Pont Construction Division, and a reduction of liability and insurance rates
to one-thirteenth of the average of the construction industry was recorded.

In 1970, Du Pont Operations received the Atomic Energy Commission "Best Ever”
Award in industrial safety for having accumulated the largest number of
injury-free work-hours ever achieved by an AEC contractor. The accident-free
record continued beyond winning the AEC award, and extended from June 1967
until May 1972, a period of four years and ten months. During that time the
Du Pont operating group worked more than 39 million consecutive work-hours
without a disabling injury. This was the best continuing safety performance
by any industrv during those years and is the second best safety record ever
recorded in anv industrial operation in the United States. No disability at
the plant has resulted from a nuclear or radiation process (3).

Since inception of the project, there has been a continuing downward trend in
accident experience and a parallel downward trend in the cost of workman's
compensation. The direct costs of compensation for the overall plant,
including SRL and the higher risk construction activities, has for several
years been less than five percent of the national average for che chemical
industry and less than ten percent of the national average for office workers.
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Summary of Transportation Accidents/Events at SRP 1957-1982

No. of
Category of Accident/Event Accidents/Eventcs Seriocus Consequences
Rail track switching 10 1 fatality, 1 oper-
erator broke both
elbows
Derailments 19 none
Rail crossing accidents/evencs ~6/yr 4 fatalities (includ-
{(mainly events - see test) ing 3 prior to plant
SCATT-up)
Loss of l:czd during rail transport 2 none
Loss of load during road transport 6 none
Fires - cargo during transport none
- cargo before or after
transport i1 none
. - carburetor fires 25 none
- other vehicle fires 32 nomne
- rail operation fires 8 none
Natural phenomena none
Aircrafc inceraction 1 none
Vehicle operacor errors, includ-
ing some of those mentioned in
categories above. -25/yr none

Examples are:

- 1 gasoline truck overturned
at least 3 accidents involving pulpwood trucks
-10 vehicles moving due to improperly set brake

~3 accidents/yr while backing vehicles
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Transportation Safecy. As can be seen from Table -3, the transportation
safety record at SRP has been very good. As mentioned previously, there nave
been no accidents of vehicles carrying radicactive maceriais.

The reason for this excellent record is the emphasis placed on safety by Du
Pont management. This includes precautions, such as not shipping radicactive
materials during adverse weather conditions and forecasts of adverse
conditions (&.g. 'tornado watches). Since 1982, HMs transported across Or
along Highway 125 are packaged in compliance with DOT regulations or, when
such packaging 1is not feasible, transportation safety is augmenced by
administractive controls. In addition, the preventative maintenance program
minimizes mechanical failures during operation of vehicles and, ctheretfore,
minimizes risks from this cause.

It is worth distinguishing between the different approaches to safety for
offsite (shipments to destinactions off the SRP) and onsite shipments. The
offsite shipments are governed by DOT regulations which place emphasis on
regulated containment systems, while onsite shipments balance reliance on the
safety training and the safety consciousness of the involved personnel wich

reliance on containments. In addition, if there ever 1is a serious
transportation accident on the site involving HMs the emergency response will
be conducted by the SRP Spill Team. The response will be immediace, by

trained personnel using locally available equipment, and under the direction
of the SRP Technical Support Center (TSC).

4,3 PROGEDURES: - - T

4.,3.1 Admipjistrative Procedures and Control

A formal administrative control system ensures that the basic and important
decisions affecting safety or operability are adequately reviewed (4). The
system requires the review by a competent technical organization other than
the one charged with direct responsibility for conducting and controlling cthe
operation orf the faciliey.

Transportation is a plant-wide activity that involves almost all departments
as shippers and receivers. The actual transportation activities, however,
are primarily the responsibility of Stores (in the Procurement and General
Services Department), RR&FS (in the CSWE) and EM&GS (also in CSWE).
Equipment is operated by qualified operators who have received rigorous
training in operating procedures and safety systems, and who carry out
transportation activities according to detailed written procedures.

The RHYTHM Committee provides independent inputs into program planning and
implementation and a continual review of operations. The RHYTHM Committee
also approves all operation procedures invelving tramsportation and handling
of HMs. Departments such as Health Protection and Long Range Planning
provide advisory reviews. The Technical Division provides an independent
review of transportation operations.
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In addition o its independent review, the Technical Division provides basic
technical Information for process and equipment design and operation. The
Technical Sivision prepares Technical Manuals, Systems Analyses, Technical
Standards. and Safety Analysis Reports. This division also maintains liaison
on technical matters with other interested parties such as DOE.

The Site Hazardous Material Coordinator (HMC) audits the performance of the
plant deparrments that ship hazardous materials offsite. These audits
include checks of selections of HM packagings, preparation of shipping
papers, and documentation of compliance with procedural requiremencs. The
HMC also independencly reviews and approves all preparations for shipments of
radicacctive materials from the SRP. This last function was performed as a
service to cthe local DOE field office which acted as the shipper for all
radicactive naterial shipments from the SRP under the Du Pont contract.

4.3,1.1 Investigations and Reports
Notification and Reporting of Ocgurrences to DOE, A system for notificatioen,
investigaticn, and reporting of occurrences to DOE-SR is maintained. An

occurrence s 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. Time limits and responsibility for notification or investigation
are as follows:

] Tvpe A: Immediate verbal notification; written follow:up
within 72 hours; investigated by DOE-SR.

. Type B: Verbal notification within 24 hours; written follow-up
7ithin 72 hours investigated by DOE-SR, but may be delegated to
Ju Pont personnel.

. Tpe C: Verbal notification as soon as practicable, but no
-ater than the workday following the end of the quarter;
“titten information no later than the 8th calendar day
Zollowing the end of the quarter; investigated by plant
personnel.

) vnusual Occurrence: Occurrences that have significant adverse
programmatic effect and involve information that can be used at
other DOE sites to avoid similar occurrences are reported into
this DOE-wide system, The coordination of the release of SRP
<nusual Occurrence Reports to DOE-SR and the review of Unusual
Sccurrences Reports from other sites are made by the Manager of
sperations or his delegate.

Special Ircident Reports. Special Incident Reports are formal reports that
are preparec 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® reportc
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prepared by direct supervision. The decision to prepare a Special Incident
Report is made by the Plant Manager or Wilmington management.

Process Incident Investigations and Reports. Various incident reports are
usually initiated by a shipping or receiving gioup following a mishap
involving transport of HMs. If the primary involvement is RR&FS equipmentc or
an equipment operator, then RR&FS initiates the appropriate investigation and

report.

Reports of process incidents are made using a system that provides a
mechanism for prompt reporting of all incidents and assures that the
thoroughness of the investigation, the follow-up, 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:

. Separations Incident Reports. Separation Incident Reports
discussed here illustrate the scopes and effects of Incident
Reports that are made by all Project Management Team
organizations at the SRP. A Separations Incident Report is
used to describe events that constitute deviations from the
accepted normal operation of the process and assocliated
equipment (note: process and equipment is broadly. interpreted
to include transportation and hazardous material transport
containers where these are associated with a facility's
operations). 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 ocbvious
over a short period of time. Separations Incident Reports are
prepared by the Separations Technology Department 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 (this could include an incident in a shipment
made from the facility), the Separations Department Area
Superintendent convenes a committee to investigate the incident
and issue a report. (Note: As above, the Separations
Department’'s practices are used here to illustrate the
practices of all SRP Project Management Teams.) 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.
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. Special Hazards Investigations. These investigations are made
for unusual incidents involving actual or potential radiation
exposure, radioactive material or if criticality control limits
in Technical Standards, TAs, or OSRs have been exceeded.
Jurisdiction over the investigations is assigned to the Plant
Central Safety Committee.

. Unusual Incident Reports. Unusual Incident Reports (Uls) 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 concerned initiates the investigation.

) Daily Reports. The Operations-Program Management Team (PMT)
and Plant Facilities and Services organizations issue daily
reports to Wilmington, with copies to SRL and DOE-SR. These
reports include information about a significant incident
snortly after it has happened.

. donchly Reports. Activities of all Operations - PMT
organizations and Plant Facilities and Services organizations
are summarized 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 operations
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
Invironmental Control.

The Technical Division, Savannah River Laboratory, issues a
zonthly 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
uariusual incidents. It also includes short discussions of the

investigation and action taken on incidents that appear to have
the most safety significance.
4.3.1.2 Cperatrional Control Documents
The following is a brief discussion of Du Pont QOperational Control Documents.

The sequence and level of control of each of these documents is shown in
Figure 4-6.
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Nuclear Cri:-icality Safety Control. Nuclear criticality safety controls are
administratively achieved through:

. tvstems Analysis Reports

) Safety Analysis Reports

. -rerational Safety Requirements

. Tzchnical Standards

. tuclear Criticality Safety Supplements
* ‘rerating Procedures

Systems Ans_vses. Systems Analyses (SA) are comprehensive reviews of the
equipment, :rocesses, and operations of functional systems. The objective of
these repor:zs is to determine the risk of operating each facilicy. The
reports pravide technical bases for determining the interaction of the
various svstems as presented in the Safety Analysis Report. Syscems Analyses
are prepared by the Technical Division, and the reports are reviewed and
approved bv 2oth the Manufacturing Division and the Technical Division of AED.

Safecy Anairsis Reports. A.Safety Analysis Report (SAR) is a document that
deseribes :the facilitles, processes, equipment and operations analyzed, and
evaluates :ze risk of accident sequences and consequences. Both onsite and

offsite risks are included. The SAR i{s prepared by the Technical Division
and is reviewed by the Technical and Manufacturing Division prior to
significant facility modifications, and is updated within a five-yr period.
New issues aind revisions to SARs are approved by Du Pont AED and DOE-SR.

ationa: Jafety Requj . Operational Safety Requirements (OSRs)
define the envelope of authorized operations of the non-reactor nuclear
facilities and formally document the requirements in the following
categories:

. fafety Limits and Limiting Control Settings
. Liziting Conditions for Operation

)] Surveillance Requirementcs

' Zesign Features

. ~t2inistrative Controls

OSRs and rzvision proposals are prepared by consultation of AED and DOE-SR
staffs.
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Technical Stancards. Technical Standards define the process limits within
which the ~facilities are operated ensuring the safety of personnel,
permanently installed equipment, and the enviromment. The standards specify
the requirements and bases for basic variables within which the process must
be operated Zor reasons of safety, quality, and/or limitations of known
technology. These requirements are within the boundaries of safe conditions
reported in cthe OSRs, Safery Analysis Reports, and Technical Manuals.
Technical Starndards are authorized by the Director of the Technical Division
after approvali 5y the Manufacturing Division.

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

. Du Pont, Subcontractor, and Vendor Drawings. New issues or
changes are approved by the cognizant SRP departmentc and, as
appropriate, the Departmental Engineer’s Office in Wilmingcon.

. Du Pont Engineering Standards and Specifications and SRP
Ingineering Standards and Specifications. The Du FPont
Engineering Department issues the Du Pont Engineering 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 specificacions.
Additioms and_. revisions__are _authorized by the cognizant
department 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 manager and issued by
the Zu Pont Engineering Department.

Technical Manuais. Technical Manuals, issued by the Technical Division, may
be prepared by either SRL or the cognizant SRP department. These 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: 1)
Technical Data Summaries are prepared and issued by SRL for planning projects
that evolve Z:om results of research and process development activities:; 2)
Basic Data Reports are prepared and issued by SRP for planning projects for
additions or =zodifications to plant processes or facilities; and 3) Design
Data Reports :zre issued by the Engineering Department for final project
design.

Test Authoricsczions. A Test Authorization (TA) authorizes temporary
deviations Iroca Technical Standards, Operating Procedures, or Mechanical
Standards. The TA 1is used to conduct process study trials with planc
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equipment. or to authorize non-standard 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
authorizec by the Manufacturing Division Director after approval by the
Technical DJivision; an exception is allowed when departures from Operating
Procedures are within Mechanical Standards and Technical Standards. The TA
may then -e authorized by the Plant Manager after approval by cthe cognizant
PMT (also >y Nuclear Engineering and Materials Section of SRL when nuclear
safety is Involved).

Plant Interpretive Documents. These are interdepartmental memoranda which

document such things as recommendations made by technology groups to
operating zroups regarding changes in processes or procedures, agreements on
matters oI departmental interactions, program planning and scheduling,
transmittal of information developed during in-plant 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.

ity Assurance Asse t Ls. 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 prograr proportional to need. The SRP Quality Assurance Program is
discussed In Section 7.0 of this report.

4.3.2 Operzati and a ocedure
4,3.2.1 Overall Control System

Du Pont :Izposes an internally authorized system of concrel procedures to
ensure that facilities are operated and maintained in conformance with
management policies, as prescribed in the administrative control procedures
for non-reactor nuclear facilities. The system incorporates the following
operating objectives:

) Maintain safety of personnel, equipment, and facilities.
. Maintain continuity and increase efficiency of operations.
. Maintain compliance with applicable governmental regulatory

requirements to ensure public health and safety and to protect
the environment.

Inherent in the controls system is the precept that all process operations
are to be rerformed according to approved written procedures that have been
reviewed In an effort to preclude unsafe consequences, either directly or as

a result oI a possible chain of unfavorable events. Audits of procedures are
performed ind documented, and periodic reassessments of facilities and
processes :z-e conducted. The objective of the audits is to identify any
previously unrecognized hazards that may have been created by changes in
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process conditions, operating practices and equipment, or knowledge of the
condition and behavior of construction materials. .
4.3.2.2 Operating Procedures

Applicable procedures that govern the preparation for transport, transport
and receipt of hazardous materials at the SRP are as follows:

DPSQP-40 Savannah River Plant Radiation and Contamination Control
DPSOP-159 Shipment and Receipt of Nonradiocactive Hazardous Materials
DPSOP-170 Interarea Shipments

DPSOP-176 Offplant Shipment and Receipt of Products, By products, and

Other Radioactive Materials

DPSOP-176-2 Facility Procedures Packaging of Radioactive Materials for
Offsite Shipment

DPSQP-301 Traffic and Transportation Department General Operating
Procedures

All process operations and many allied activities, such as maintenance
““operations, are ~performed according to written  procedures. 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 explanacion of these procedures is given below:

Du Popnt Savannah O ocedure . A DPSQOP is a book divided into
chapters (I, 1I, etc.), then into divisions (A,B,etc.), and within chese, into
sections (1,2, etec.). 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 s meant

primarily for separate on-the-job use as a logsheet for
recording data, time, and checkoff or initials to show job

progress.
Du Pont Savannah Operating Log (DPSOL There are two categories of DPSOLS: .

"Training and Reference" (T&R) and "Use Every Time" (UET). The T&R serves to
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standardize instructions and aid in instructing a person new to a job. DPSOLs
are written or revised by department supervisors with technical assistance
from SRL.

Manuals. “part 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, office
letters issued by the Plant Manager, and announcements of long term interest;
the Security and Safeguards Manual, which defines minimum security require-
ments for the plant based on DOE regulations; and the SRP Safety Manual, which
defines basic plantwide safety policies and minimum requirements. These and
other manuals are described in Reference 5.

4.3.3 Emergency Procedures and Plans

4.3.3.1 GZzmergencies in Transit

For nonfissile HM (radicactive and nonradicactive), in which che macerial is
not involved, emergencies in transit are handled in the same way as for
non-hazardous materials by RR&FS, i.e., the driver nocifies the dispatcher,
who notifies the drivers supervision and supervision takes appropriate action.

For intransit emergencies during any shipment of fissile materials and for
intransit emergencies involving nonfissile. radicactive materials in which the
material is involved, all persons are required to move at least 200 ft upwind
or crosswind from the scene. At least one person stays constantly at the
scene but at the 200 fr distance. All traffic approaching the scene of the
accident Is stopped. The driver notifies the dispatcher by the most expedient
means and the dispatcher notifies the shipper, who requests assistance from
Wackenhut Services, HP, Medical, Fire Protection, and the Emergency Operating
Center, the Energy and Environment Department and other SRP departments as
appropriate. Any of the notified individuals or groups may in turn notify the
SRP Spill Team if warranted. However, the Environment and Energy Department
DHEC Coordinator will be notified in the case of any spill and will call che
Spill Team if the team’'s capabilities and resources are needed.

4.3.3.2 Exzergency Plans

The SRP staff has the organizational responsibility for determining emergency
plans and courses of acticn for each plan. Periodically, the staff reviews
the performance of the plant in emergency plan praccice 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
designated :mergency workers to 25 rem (whole body) and 100 rem (hands) in an
emergency which involves protection of personnel or propercy. In addition,
the SRP rolicy is that radiation exposure to nonessential workers in an
emergency situation should be limited to 30 mrem whole body equivalent. For
life-saving acts, an exposure of 100 rem (whole body) plus 200 rem (hands) is
considered as the guide value.
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SRP has an Emergency Operating Center equipped with emergency materials such

as radio equipment, maps, and plotting boards. Food and sleeping gear are
also provided. In addition, each plant operating area has an emergency
committee. In the case of the F- and H-Areas, there is a single committee

which includes an F- and an H-Area Emergency Preparedness Representative.

The Area Safety Committees are responsible for implementing SRP emergency
preparedness policies and procedures in their areas (6}.

When this analysis was prepared, the Site Hazardous Materials Coordinator was
responsible for developing and executing training programs and exercises for
the nonradicactive transportation respongse taam. He currently serves as
point-of-contact for the EOC (now renamed Technical Support Center (TSC)) to
sereen incoming requests for transportation emergency assistance and, if
appropriate, initiates the response procedure (such as securing approval,
activation of team, notification, etc.). If the response team is activated,
he advises and assists the emergency coordinator at the Emergency Operating

Center.
There are four basic emergency plans (6, 7). They are:

. Shelcer or Evacuation Plan

. @.... Nuclear Incident Plan e e e

] Offsite Warning Plan

. Spill Prevention, Control, and Countermeasures Plan
Shelter or Evacuatjion Plap. There are three types of emergencies considered
which involve sheltering or evacuating personnel; all are practiced. They
are:

) Facility Emergency (where an emergency may exist in only a

single building).
. Area Emergency (where all buildings in an area are involved).

. Plant Emergency (where a local condition or a condition
created offsite affects the plant site). '

Each plant area has a designated emergency Facility Emergency Coordinator

(FEC). Based upon his evaluation of any given situation, the Facilicty
Emergency Coordinator determines whether evacuation or sheltering of personnel
in the facility is or is not necessary. He announces that the facility

emergency exists, provides instructions on the handling of personnel and
facilities, and notifies the Area Emergency Coordinator. An Area Emergency is
declared by the Area Emergency Coordinator, who notifies the plant EOC.

A plant emergency involving total plant evacuation or sheltering of facility

personnel is initiated by the Plant Manager. Personnel, on the average, can
be evacuated {rom or sheltered in a facility within 15 minutes from the time
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the evacuation 1is announced. An average area evacuation will take
approximately 30 minuces up to the point of caravan formacion.

Nuclear ‘ncident. When the Nuclear Incident Monitor (NIM) bell alarms, all
personnei evacuate immediately by predesignated, well-marked routes and gather
at a precesignated rallying point. The alarms are connected to instruments in
the control rooms of production facilities, Because of design and
administrative contreols, transportation vehicles and fissile material packages
are not raquired to be equipped with NIMs or nuclear incident alarms.

Offsite warning Plan. The Offsite Warning Plan sets forth the conditions for
alerting orfsite areas of a hazardous condition originating ac SRP that may
affect :them. The radiocactive or toxic gas source information, envirconmental
monitoring daca, and meteorological information available from eight towers
and the wWeather Center Analysis Laboratory received from the various locations
onsite and offsite is plotted on appropriate maps by HP personnel at the EOC.
The HP Senior Supervisor (HPSS) uses the Weather Information and Display
(WIND) computer to calculate movement of the plume and arrival cimes at
cruciai .occation, such as the SRP site boundary, as well as predicted release
consequences. Once the initial sequence is completed the mobile laboratory
known as the Tracking Radicactive Atmospheric Contaminacion (TRAC) van is used
provide near real-time monitoring and plume tracking of ctritium and other
contaminantcs. Using the assessment logic as found in DPSOP 286, a
determination i3 then made regarding activation of the EOC or making
notifications based on Action Guidelines. The HPSS is delegated authority to
make offsite notification to state and local 24-hour emergency warning points
if an SRP emergency has the potential to threaten public health and safety.
The DPSOP 179 HPSS procedure 1is consistent with the South Caroclina and
Ceorgia SRP site-specific emergency plans and procedures. If a radiological
release occurs to a stream the Area HP Coordinator (or EOC) determines the
volume, concentration, type of release, location, and stream name.

Once the EQC is activated, data from the incident area is confirmed. WIND
gystem calculations are verified regarding onsite downwind areas and
population exposure points offsite. The TRAC van is used to verify downwind
concentrations and determine offsite dose estimates. A determination is made
regarding the classification 1level of the hazard. Offsite hazard
classification guidance including maximum individual exposure thresholds for
offsite wvarning and event declaration is given in DPSOL 179-104, Checklist
for Health Protection Senior Supervisor (EOC) Supervisor).

The offisite area around the Savannah River Plant has been divided into
sixteen l2-degree sectors extending from the center of the plant. the
sectors are numbered 1 through 16, and one or more may be designated hazard
sectors according to prevailing conditions. County maps showing more details
are provided in the EOC and in map packets for emergency vehicles by
monitoring teams (2).

Prevencion Control apd Countermeasures Plan (SPCC) (8). The SPCC Plan
is designed to be implemented to ensure protection of the environment through
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planned responses to oil and chemical spills onsite. In practice the spill
response elements of the SPCC Plan are implemented whenever there is a spill
of any environmentally damaging, or potentially damaging, substance (includes .
transportation of hazardous materials) at the SRP. The plan specifies actions
required to ensure that spills of hazardous materials are 1) prevented to the
extent practical, 2) coutrolled whenever a spill occurs to prevent dispersion
into the enviromment, and 3) mitigated to ensure that releases to the envi-
ronment remain within acceptable levels as specified by South Carolina
Department of Health and Envirommental Control (DHEC). The SECC Plan is
administered by the Energy and Environment Department of the Plant Facilities
and Services Technical Department. SRP has contracted with the O.H. Materials
Corporation of Ohio, an EPA-certified company, to assist in the development
and implementation of the SPCC Plan.

4.4 TRAINING

4.4.1 General Training and Qualjficacio

The type of equipment and the nature 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.

New emplovees attend an orientation series on the following safety or related

subjects: e
® Safety rules and requirements
. Security rules and requirements
. Automobile traffic rules and regulations on plant property

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 job/task analyses, is a major
subdivision of the knowledge and skills required by the employee to
adequately perform a job assignment.

Within each job classification, a core curriculum has been identified
consisting of the knowledge and skills associated with the initial duties to
which a new trainee would most likely be assigned.

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

° Orientation: Weeks 1-3. The orientation program is a two-week
session which provides an overview of the wvarious production
groups and their functions and interactions. It includes Du
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
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s70 week period, trainees are sent to their respective
departments and given a one-week, departmental orientation
srogram. Following this, the trainees are divided into smaller
croups by facility assignment. They are then given an
:dditional three days of facility general training. Upon
completion, the trainees begin facility specific training.

o Facilicy Specific Training: Weeks 4-17. Facility Specific
Training takes place over a l4-week period which 1s divided
‘nto three 4-week sessions and a 2-week remedial period (if
~eeded). Each of the three 4-week sessions cover a particular
xnowledge and skills area the trainee must understand and be
able to perform. The first week of each 4-week session con-
sists of classroom and laboratory training. The remaining
three weeks consist of on-the-job training on the trainee’s
snift assignment. During the classroom/laboratory weeks and/or
at the end of the on-the-job periods, each trainee receives a
cualification evaluation of the particular Knowledge and.Skills

Area. These qualification evaluations identify strength and
veaknesses of the trainee. The trainee becomes qualified after
sassing all evaluations. If the trainee fails to pass the

jualification evaluations he/she remains in a ctrainee status
during weeks 16-17. During weeks 16-17, the trainee works with
his/her 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 completed satisfactorily.

o CQualification Evaluation. All qualification evaluations are
rerformance based. A qualification evaluation consists of a
wTitten evaluation and a job performance evaluation. Written
evaluations are not always required as some knowledge and
skills areas may be more appropriately measured by only a job
rerformance evaluation. A job performance evaluation 1is
conducted in all cases, Each evaluation 1s specifically
designed for each knowledge and skills area to which the
trainee is to be assigned.

Personnel receive training in the safety aspects of new jobs through periodic
retraining in certain areas (e.g., chemical properties, self monitoring,
etc.), and through scheduled safety meetings to implement plantwide programs.
Personnel aiso receive training in emergency actions through scheduled drills
and practices under sipulated emergency conditions. Training records are kept
for all employees.

4.4.2 Trarsportatio e ed Tra

A person other than DOE personnel) operating a plant motor wvehicle is
required to have in his possession a valid state drivers license or learners
permit issued by his resident state. The license or permit must be of the
correct classification according to the type vehicle being driven as required
by the driver’s resident state. Persons with learner’s permits must be
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accompanied 5v qualified licensed drivers while driving on any roadway at the
SRP.

Each department responsible for operating assigned motor vehicles ensures
that all ==eir drivers are properly trained, licensed, and qualified to

operate the wvehicles. Those departments assigned motor vehicles rated 24,000
pounds GVWR or higher must have an established training program to train their
drivers. .a addiction, the Plant Licensing Coordinator, a certified examiner

in the State of South Carolina, roadtests and, if requirements are satisfied,
issues class 3 (Heavy Truck) licenses to those drivers requiring the higher

class licenses.

RR&F" has a Driver Training Program in which experienced drivers train new
drivers and foremen instruct personnel involved in handling and transporting
HMs . The <training includes instructions about tiedowns, heavy load
characteristics, and safety considerations.

Stores has .ts own training program for personnel that have completed all of
the driver qualifications required by RR&FS. Stores persomnnel, however, are
not specificaily trained in packaging, tiedown, or the handling of HMs.

4.4.3 Hazardous Matexials Training

4.4.3.1 RHYTHM Commjittee Training Programs

Each representative of the Committee is directly involved in the safe
distribucion of HM and represents a facility and/or activity where HM are
known to be handled.

epresentative . As soon as practicable after assignment,
RHYTHM representatives and their alternates are given 8 hrs of
familiarization training inm RHYTHM application at the site. The basis of this
instruction is site specific presentations developed at SRS with support of
commercially available training materials.

Before being given authorization to sign shipping papers for offsite
shipments of HMs (other than materials and movements specified in cthe
following paragraph), RHYTHM representatives and alternates are given at least
32 hrs of additiomal training for compliance with title 49 Code of Federal
Regulations.

Before being gziven authorization to sign shipping papers for radioactive
materials, hazardous waste, or air shipments, the RHYTHM representative or

alternate, I{n addition to a basic HM transportation course, is given
additional :intensive training in the relevant requirements of DOT and EPA
regulations. This training is provided by the Site Hazardous Materials
Coordinator, the Chairman of the RHYTHM Committee, or another

specificallv-qualified source.

RHYTHM representatives and alternates are required to maintain currency of
knowledge bv regular attendance at RHYTHM committee meetings and at such
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other special training sessions as may be <called by the committee.
Representatives are also expected to avail themselves of other professional
training opportunities by attending appropriate conferences, seminars, and
symposiums.

Shipping Zsrsonpel Training. All persomnel involved with the offsite

shipment of HMs, both supervisory and nonsupervisory, are given compliance
familiarizacion training by the RHYTHM representative for their facility.
This training includes the training videotapes developed by SRP. The RHYTHM
representative ensures that written procedures contain cthe detailed
instructions for regulatory compliance and that the associated activities are
conducted in full compliance with the procedures.

First-line supervision has the responsibility to train all operating

personnel in these procedures, to verify understanding, and to ensure
compliance.

Line Organigatjon Familiapizacien. Periodically, overview and sensitization

seminars sre conducted for upper supervision charged with the management of
shipping operations. These short seminars emphasize general control and
audit.
4.4.3.2 Other Training Activities/Programs
Continuing Occupatiocnal Health Training is given to each employee, as
appropriate to the potential hazards of the employee’s work place. The
subjects covered in this training include the following:

. lonizing Radiation

. Temale - Radiation Pregnancy Policy

. Respiratory Protection

] Radiation Self-Monitoring

° Nonionizing Radiation

) Hearing Conservation

° feat Stress

® fuvervisory Education Program

. “uclear Safety

. Fersonal Contamination Control

° Jonradicactive Toxic Materials (which 1includes individual

procedures for handling approximately 40 different materials)
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Employees receive this training on assignment to new work places and annually .
chereafter.

4.5 REVIEW AND SURVEILLANCE

Reviews to determine procedural adequacy are performed at several levels
within WSRC operations.

Fach RHYTHM representative of a facility/activity has surveillance
responsibilities to observe distribution activities and inform appropriate
supervision of the findings. He or she also maintains records of findings for

follow-up.

The Site Hazardous Material Coordinator has audit responsibilities to assess
the status of the safe distribution program by prearranged and random visits
to involved facilities and activities. He or she informs line organization
and management of observations and findings, The Site Hazardous Material
Coordinator also reviews executed paperwork involved in RHYTHM activities to
determine areas requiring specific attention and follow-up.

Onsite and offsite shipments of radicactive materials. are. audited as part of
operating group process controls. In addition, fissile and accountable
materials, including transfers between and among areas and site, are audited
“'by "the accountabilicy organization. ™ ~Criticality —audit—committees—in ~the—— "
operating areas review the shipping of fissile materials quarterly. .

Under the Du Pont contract, about once a year corporate management audited the
effectiveness of SRP management activities in the areas of industrial safecty,
industrial hygiene, and RHYTHM Committee functions. Fire safety was audited
on alternate years. These audits were an indication of the high level of
importance placed on safety by Du Pont upper management. If chere are an
excessive number of findings in an audit, reaudits were scheduled for less
than the usual one-year interval.

4.6 INSPECTION, TESTING AND MAINTENANCE

Routine, frequent inspection, surveillance, and maintenance activicies are
performed to ensure continued proper functioning of transportation equipment
and related safety systems.

4.6.1 Packages and Containers

The shipper is responsible for the selection and assembly of proper packaging
of HMs and inspection of the packages. The driver or train crew inspects the
package and ensures that it is properly secured before moving. If the package
is defective in any way it is not moved until the shipper is notified and
corrective action has been taken.
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RHYTHM Commictee representatives check that the appropriate paperwork is
correctl  :ompleted, but do not normally conduct an independent inspection of
the packaze. However, each package for offsite shipment is inspecced for
compliance with DOT regulations by an inspector (Package Compliance Inspector
(PCI1)) who r2ports to the Site Hazardous Material Coordinator., If the PCI is
not avai:abie the RHYTHM represencative performs the compliance inspection.

4.6.2 Vernicles

Maintenance of wheel-mounted equipment and diesel engines is the
responsibi_i:zv of EM&GS. Surveys of all onsite transportation equipment are
carr.ed cut xmonthly. These surveys are general in nature and are primarily to
documenc :the odometer readings of road vehicles. The odometer readings are
used to :rack equipment for scheduled maintenance. Drivers of vehicles are
responsible Zor noting vehicle operations defects on a “green cag" and
notifyinsg ZM&GS. The Maintenance Information and Control System (MIAC) is
used to :ontrol maintenance of vehicles that do not have odometers (e.g.,
forklifcs:. heavy equipment such as graders, and of pressure relief devices on
vehicles.

Most repairs to transportation equipment are carried out in designated fixed
maintenance facilities. Some repairs are made in the field and at other
building locations. Highway vehicles are maintained in good operating
condicion by scheduled inspections and repairs, and by non-scheduled repairs
as needed. Inspections are made every 6000 miles or 6 months, whichever
occurs first. Road tests are carried out to test braking action, steering,
and general performance.

Rail roiling stock which is assigned to Railroads is also maintained by EM&GS.
Rolling steck not assigned to Railroads is the responsibility of the
operating areas who use it. Some work is contracted with commercial railroad
maintenance shops.

Incoming riilroad cars carrying hazardous materials are inspected by EM&GS
upon arrival at SRP per American Association of Railroads guides. These
inspections are of safety appliances and other parts of the car except the
tank and tank fittings. Maintenance of the tank and tank fittings is the
responsibilicy of the operations department which unloads the car. Any
defects affecting the tank, tank fittings, or safe movements of the car are
reported o the Area Supervisor for Railroads. Special procedures are used
for DOE-owmed cask cars and regulated cars moved onsite. Cars not carrying
hazardous zaterials do not require EM&GS inspections.

The maincznance of rail crossing signals is the responsibility of the CSWE;
Railroads ra2ports non-funcrioning signals for attention.

4.6.3 Roafways and Railways

RR&FS is responsible for the upkeep of all roads on the plant site. Most of
the major r:cad work is contracted out. A paving crew from RR&FS 1is
responsible Zor patching and repairing asphalt surfaces (patching potholes
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and sealing cracks) and installing new asphalt paving of a minor nature.
Another crew is responsible for installing and maintaining road signs,
striping roadways and parking areas, and for the upkeep and repair of

perimeter fences.

Railroad tracks are inspected weekly. After heavy rains or unusual weather
conditions they are inspected before use; if track crews are not on duty the
train dispatcher issues an appropriate order to reduce speed and to look out
for hazardous condicions. Track is inspected visually. If there are any
deviations from SRP standards, the inspector initiates the appropriate
remedial action,

Fifty-eight miles of track have been improved to standards since the middle
of 1984. Each year approximately 3000 crossties will be replaced, cogether
with new ballasting, ditching, sloping, and brush cutting.

4.7 UNIQUE HAZARDS

During a previous analysis of the safety of the 200-Area facilicties (%9, 103},
there was consideraction of and a search for conditions uniquely different
from normal industrial practice. Injury statistics for the past five years
were examined based on data from the Data Bank and from the Safety Department
computerized listing of filrst aid cases and OSHA reportable cases. All of
the injuries were first aid or medical treatment cases; no lost workday cases

'”ﬁéfé””tépbrtéd*'during’”theﬁ‘four:year"analysis¢”interval*”(November;'1979;>tofw

October 1983). Most of the injuries were to the fingers or hands, and the
most frequent type of injury was a lacerationm.

The most frequent difficulty experienced with protective clothing is failure
to wear the prescribed pieces or failure to adequately don the clothing.
About twice per vyear for the SRP cthis failure results in personnel
contamination. Specific failures of protective clothing that occur include
rears, penetration by sharp objects, saturation of clothing by liquids,
disconnection of breathing air hoses, and tape being pulled loose from Cthe
clothing.

With regard to transportation hazards, the delivery of nonradioactive bulk
materials from offsite points of origin are of primary concern. The more
important shipments and their containment upon delivery are listed below:

Hazardous Material Conta t Delive

Chlorine l-ton cylinders

Gasoline and diesel fuel tank truck

Hydrogen fluoride 50 1b plastic bottles

Hypochlorize solution tank truck and truck-load (vendor)
lots of 15-gal drums

Nitric acid tank truck

Phosphoric acid 55-gal drums

Sodium hydroxide tank truck and rail tank car

Sulfuric acid rail tank car and 553-gal plastic drums

1,1,1 - Trichloroethane rail tank car (10,000 gal)
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Since all the materials received onsite are transported over public roads and
railroads to the site, they are subject to DOT packaging and transportation
safety requirements. These materials do not present unique hazards not
norwally encountered in commerce and therefore do not pose any unique hazards
during onsite transportation.

One example of concern is the possible interaction between hazardous material
shipments on the site and onsite tanker trucks delivering flammable materials
(particularly gasoline, No. 2 Fuel 0il, and diesel fuel). There is a low
probability that these tankers can be involved in an accident and supply fuel
for a fire that envelops a vehicle carrying another HM.

Many areas at SRP do not have loading docks. This can be a safety factor for
operations invelved in loading and unloading items from vehicles that have
high beds. e.g., flatbed trucks.

4.8 CONTROL OF RELEASES AND MANAGEMENT OF SAFETY

As discussed previously, SRP releases are controlled and operations safety is
managed through the use of operating guidelines and technical specificatioms.
The guidelines are established in two broad areas, Occupational Safety
Guidelines and Guidelines for Releases of Radiocactivity tc the Environment.

4.8.1 Control of Nonradiocactive Releases

4.8,1.1 At Storage Locations
SRP has instituted the SPCC and the Best Management Practices (BMP) (1l)
plans. These plans have been implemented to achieve the objectives of: 1)

lmproving facility and operating conditions aimed at improved spill prevention
and control and 2) providing for effective responses to spills.

4.8.1.2 In Transit

Safety rules have been established to minimize the possibility of accidents

and injuries to personnel in loading and unloading areas. These include
keeping travel ways clear of cylinders and other objects, wearing the
appropriate safety equipment for the job (e.g., gloves, glasses, toe

protection), observing rules for chaining or tying-off cylinders to prevent
them from falling, and for keeping safety chains in place-at all times except
during actual loading and unloading of materials. Vehicles must be chocked
while personnel are working in the beds of the vehicles, and, for an uncoupled
trailer. a stabilizing jack or fifth wheel support must be placed under the
fifth wheel plate; personnel also attach tags to the vehicle to help prevent
its premature departure. Any spills on the floor, including excess water,
must be cleaned up immediately. 0il and grease on the floor or body of a
delivery vehicle is also to be cleaned up immediately.
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Safety rules in transit include:

° Requiring vehicles carrying compressed gas and nitrogen to stop .
at all railroad crossings and wait until the way is clear.

. Using a flagman to assist in backing all enclosed trailers and,
is needed, to assist in backing all other vans and trucks.

All delivery trucks are equipped with face shields, acid gloves, goggles,
rubber boots., and aprons, and the equipment is used when entering an area of

a suspected spill. In the event of a spill, personnel are required co
contact their immediate supervisors and the area RHYTHM coordinacor, who will
coordinate the necessary response from the appropriate departments. In the

event that a spill warrants response by the SRP Spill Team, che team is called
by the EOC, the area RHYTHM coordinator, the Energy and Environment
Department’'s DHEC Coordinator, or any other cognizant individual.

4&.8.2 Concrol of Radioactive Releases

SRP policy is that releases of radicactivity to the environment will be as
low as reasonably achievable (ALARA).

Controls of radioactive releases from transportation operations are
implemented through procedures which have been established for the safe

—-handling —of-—radicactive-.materials...at..SRP......These.. procedures..have. been . _

discussed in Sections 4.2.1 "Transport Activities"”, 4.3.2 "Operating and
Maintenance Procedures™, and 4.3.3 "Emergency Procedures and Plans"”.

The role of the Health Protection Department in the control of radicacrtive
releases is discussed in a later Section, 4.8.4.1 "Radiation and
Contamination Control”.

4.8,3 Effluent and Environmental Monitoring Program

The location and design of facilities on the site were planned from the
beginning with public health, public safety, and environmental protection as
major considerations. A continuous program of radiological and environmental
monitoring, begun prior to plant start-up, provides a baseline against which
subsequent environmental effects can be measured. This environmental baseline
is an integral part of the planning process for new projects and changes to
existing facilities and operations that can affect the environment. The
baseline is also a means of assessing the impact of potential future
aceidents, Inciuding tranmsportation accidents.

4.8.3.1 Radioiogical Monitoring

An extensive environmental surveillance program has been maintained
continucusliy since 1951 (before SRP startup) to determine the concencrations
of radionuclides in a 1200-square-mile area centered on the plant, and the
radiation exposure of the population resulting from SRP operations. Samples
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represenzing most segments of the environment that may be affected by SRP
radioactive emissions are monitored to ensure a safe environment. The
current crogram includes the measurement of radioactive materials released at
approximazely 40 source locations and involves more than 500 sampling
locations (3). The environmental monitoring program includes the folleowing:

. Air and background surveys: air, rainwater, and fallout ambient
zamma background levels

. Wacer: drinking water, river, stream effluent outfalls, and
wells

. Soil: separation areas, plant perimeter, and 100-mile radius

. Vegetation: separation areas, plant perimeter, public zone,

seepage basins, and solid waste storage facility

. Tood: farm produce, milk, domestic livestock, wild animals,
and aquatic specimens

Alr and water are the major dispersal media. Therefore, the atmosphere, SRP
streams. and the Savannah River represent a large part of the monitoring
effort.

Samples collected and analyses performed are shown in Table 4-6. The results
of this monitoring program are reported annually to the public. For example,
the resuics of the radioactive airborme emission data accumulated during 1984
are shown in Table 4-7.

4.8.3.2 onradiological Monitoring

Savannah Ziver, Since 1951, surveys of the aquatic environment and water
quality I the Savannah River have been made by the Academy of Natural
Sciences of Philadelphia (ANSP) upstream, adjacent to, and downstream from
the SRP site. Quarterly surveys by ANSP include diatom flora, other algae,
insects, invertebrates, and fish. Periodically, ANSP makes comprehensive
surveys of the biota and chemical water quality of the Savannah River (3).

SRP Water Tuality Mopitoring. Water quality analysis for nonradiocactive

materials in the Savannah River became a part of the routine environmental
monitoring program at SRP in 1959. Routine water quality analyses were begun
on plant streams in 1972. Sampling locations are shown in Figure 4-7.
Analyses :nd the sensitivities of each analysis are listed in Table 4-8.

Details ::I the monitoring program from 1972 to the present are included in
the SRP annual envirommental monitoring reports.
Pesticide “onitoring. Water and sediment samples from twe river locations

above arc Delow the plant were analyzed for pesticides, herbicides, and
polychlorizated biphenyls during 1982. Similar samples have been analyzed
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TABLE 4-7. 1984 Atmospheric Releases and Concentrations

Calculated Average

Curies Released Concentration at Concentration, Percent of
ac Plant Perimeter, Guide, Concentration
Nuclide Emission Source uCi/cu cm uCi/cu cm Guide

Gases and_7aporg

H-3 7.86E+05 2.8E-10 2.0E-07 0.14050
c-14 8.30E+01 3.0E-14 1.0E-07 0.00003
Ar-4l 3.59E+04 S.5E-12 4 ,QE-08 0.01375
Kr-85m 1.18E+03 3.0E-13 1.0E-07 0.00030
Kr-85 8.40E+05 3.0E-10 3.0E-07 0.10033
Kr-87 5.99E+02 6.4E-14 2.0E-08 0.00032
Kr-88 9.23E+02 1.9E-13 4 QE-07 0.00005
Xe-131lm 1.80E+01 6.4E-15 4, 0E-07 <.00001
Xe-133 3.69E+03 1.3E-12 3.0E-07 0.00044
Xe-135 2.48E+03 7.5E-13 1.0E-07 0.00075
I-129 3.50E-02 1.1E-17 2.0E-11 0.00006
I-131 2.82E-01 9.1E-17 1.0E-10 0.00009
Particuiaces

Co-60 5.40E-05 1.7E-20 1.0E-06 <.00001
Se-75 4.20E-05 1.4E-20 4.0E-09 <.00001
Sr-89,90 3.50E-03 1.1E-18 3.0E-11 <.00001
Zr-95 1.38BE-02 4.5E-18 4 .0E-09 <, 00001
Nb-95 1.91E-02 6.2E-18 2.0E-08 <, 00001
Ru-103 1.90E-02 6.1E-18 2.0E-08 <, 00001
Ru-106 1.48E-01 4 8E-17 3.0E-09 <.0000L1
Cs-134 3.80E-05 1.2E-20 1.0E-09 <.00001
Cs-137 1.90E-03 6.1E-19 2.0E-09 <.00001
Ce-141 8.40E-04 2.7E-19 2.0E-08 <,00001
Ce-144 1.33E-02 4.31E-18 3.0E-10 <. 00001
0s-185 4.00E-04 1.3E-19 2.0E-09 <.00001
U-235,238 2.20E-03 7.1E-19 2.0E-11 <.00001
Pu-238 1.20E-03 3.9E-19 7.0E-14 0.00055
Pu-239 4.72E-04 1.7E-20 6.0E-14 0.00026
Cm-242 244 2.60E-04 8.4E-20 3.0E-13 0.00003
Am-241 243 1.40E-04 4 .5E-20 2.0E-13 0.00002
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TABLE 4-8. Water Quality Analyses and Sensitivities

Parameter

Sensitivity,
mg/L

~H* {(tenth of a unit)
sicalinicy

Hardness

cecnductivity (mho/cm)
Suspended solids
“olatile solids

Tatal dissolved solids
Fixed residue
3lochemical oxygen demand
Chemical oxygen demand
~iznin

Surfactant

inloride

Nitrite

Nicrate

Suifate

Suifide
Ortho-phosphate

Total phosphate
Aluminum

Ammonia

Calcium

Sodium

Tatal iron

Lead

Tecal coliform (#/100 mL)

COO0OO0OCCOOrHRrNOOCOORUVMEHPIHEREMEOPRO

T

MKMW OOO

o

(=

NN

* Fleld analysis
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® Ampient Air Monitoring Stations

FIGURE 4-8.
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since 1976 to determine if SRP is contributing significant quantities of
these macterials to the environment.

Atmospheric Monftoring. Section 110 of the Clean Air Act Amendments of 1970
requires each state to establish, as part of its State Implementation Plan, a
network to monitor the ambient air quality within that state. South Carolina
and Georgia have each implemented air-sampling networks.

The SRP monitoring necwork consists of five stations which monicor for total
suspended particulates and nitrogen dioxide, In addition, chree of the
stations monitor for sulfur dioxide, and two monitor for ozone (Figure 4-8).

4.8.4 Safety Management Systems

It is the policy of SRP that safety and protection of employees comes first
(12). There are two separate organizations dealing with safecry. One concerns
itself with the protection of man and his environment from the harmful effects
of radiation, and the other deals with the industrial safety of the worker.

4.8.4.1 Radiatfon and Contamination Control

As discussed in Section 4.1, the Health Protection Department (or QOccupational
Health Protection persomnel in SRL facilities) concerns itself with radiation
and contamination control.

SRP's policy 1limits the radiation exposure of employees to as low as
reasonably achievable (ALARA) (13). Radiation exposure guides are used to
help control the exposure of operating personnel. In addition to ensuring
that occupacional exposures to ionizing radiation remain below the guide
levels, the SRP management strives to reduce both individual and worker-group
exposures to ALARA through administrative measures that involve periodic and
special case (nonroutine) reviews of transportation activity. Section 4.8.4.1
addresses the.safecy function of the RHYTHM Committee which is responsible for
conducting many of these reviews. Sections 4.4.3 addresses hazardous
material training activities which also contribute to the effective
implementation of the SRP ALARA policy and Section 4.5, Review and Audit,
discusses the SRP management responsibilities concerned with the safe
distribution of hazardous materials at the SRP. This audit function includes
audits of the effectiveness of implementation of the SRP ALARA policy.
Finally, Section 4.1 identifies the SRP Health Protection Department as the
organization responsible for minimizing personnel exposures (ALARA).

The radiation exposure plant guide values are given in Table 4-9,. The
exposure of whole body (penetrating radiation) is estimated by combining the:

1. Radiation dose determined from thermoluminescent dosimeter
.TLD) reading.

2. Neutron radiation dose as determined by thermoluminescent
neutron dosimeters.
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TABLE 4-9. Plant Radiation Dose Guide Values

Dose in Rems

Type Exposure. Organ Per Qtr Per Yr

Occupational Exposure:
Whole body, head and trunk, active
blood forming organs, gonads, lens

of eves, red bone marrow 3 3

Skin, ocher organs, tissue, and

organ svstems (except bone) 5 15
Bone and forearms 10 30
Hands and feet 25 75
Plant Life
gggrgencxb Saving

Emergency Exposure®:

Whole Zody 25 100

Hands 1004 200¢

a Values at or less than those given in Department of Energy,
Environment, Safety and Health Manual, Chapters XI, XII.

b Involving protection of property or personnel.

€ Emergency exposure limits apply only to designated emergency
workers.

d Izcludes whole body exposure.

e

In addition to whole body exposure.
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3. Zose received from tritium assimilation as determined by
~ilpassav.

Internal isposition of radionuclides may be detected by routine programs for
analysis rZ urine and by whole body or chest counting techniques.

Locations w~ithin SRP are classified into three categories that depend upon
expected _:vels of radiation or contamination. A Clean Area is an area where
no radicactive materials are handled and where the radiation or contamination
levels are =quivalent to natural background. A Regulated Area (RA) is where
radicactiva materials are handled or where radiation or contamination exceeds
(whole boav and skin) natural background, but where the radiation level does
not exceea (00 mrad/hr or the dose rate does not exceed 50 mrem/hr (whole
body) and contamination is low. A Radiation Zone (RZ) is where radiation or

¢ontaminacian izvels exceed limits for a Regulated Area.

All work within an RA or RZ is performed according to procedures. These
procedures ires prepared and approved prior to entry into an RZ, or prior to
starting ronroucine work in a regulated area.

All building areas occupied by personnel are surveyed routinely using portable
or permarantly installed instruments. Alr samples are taken where the
potential I>r airborne activity exists. When air activicy exceeds the values
shown in Tible 4-10, respiratory protective equipment is required.

Protective clothing is prescribed in the procedures for work in RAs or RZs,
when an ac:ual or potential contamination hazard exists.

Operating procedures include instructions for radiological monitoring of
packages and vehicles to verify that outside surfaces are contaminated to less
than guide .evels and to determine that radiation levels are acceptable for
transportation. Monitoring programs include:

. :? radiological surveys during packaging and loading before
snipping.
. i? routine monitoring of trucks and other vehicles wupon
“zquest,
. P surveys of vehicles returned to the garage, Building 716-A,
5r railcars to be serviced or repaired at Building 618-G,
» -perators of vehicles monitor their hands and feet befora
.2aving Regulated Areas at different monitoring stations.
. =7 annual surveys along site roadways and railroad beds.
4.8.4.2 Inzustrial Safety
The SRP caz=:v policies are designed to help employees avoid injuries and to

provide a :afe environment in which to work. Management directs the program
through thz Plant and Area Central Safety Committees. The program includes
planned eduzational activities on a daily, weekly, and monthly basis.
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TABLE 4-10. Ailrborne Radioactivity Concentrations Requiring Filter .
or Alr-Supplied Respiratory Protective Equipment

Concentration, uCi

Element Filter Air-Supplied
Unirlentified

Alpha 2.0E-12 1.0E-10

Beta-zamma 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

 Nepewniw  4.0E12 20810
Curiumd 2.0E-12 1.0E-10
Californium 2.0E-12 1.0E-10
Plutonium 2.0E-12 1.0E-10
Thorium 2.0E-12 1.0E-10
Tritium .- 1.0E-10
Iodine -- 9.0E-9
Mixed fission product 1.0E-9 5.0E-8
a

3ased on 40-hr week.

b e radicactivity Concentration Guides for the various isotopes of
curium produced during the transplutonium program at SRP ranged from
* JE-12 for Cm-244 to 6.0E-13 for Cm-248. Because of the low yield
I Cm-248 (0.05 wt %, mass abundance), the RCG for unidentified
z.oha isotopes was followed for all isotopes of curium produced by
txis method.
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The Personal and Environmencal Reporting System (PERS) is the SRP management
information system that ctracks HMs that are handled by SRP emplovees. SRP
employees are given annual occupational health hazard training (see Section
4.4.3).

4.8.4.3 Safety Function of the RHYTHM Committee

As discussed In Section 4.1, the RHYTHM Committee assists line-organizations
in the safe distribution of HMs by providing a means of centralized communica-
tion, coordination, training, and audit. Most of the RHYTHM Committee's acti-
vities address offsite shipments. Some onsite transportation activities have
been given attention, but this has been mainly an adjunct to offsite shipments
rather than as a result of focused actions.

In fulfilling its responsibilities, the RHYTHM Committee functions in the
following areas:

. Arranging and providing training for facility/accivicy
representatives.

. ?roviding reference material to facilicy/accrivity
repregentatives.

[ Coordinating the training of "hands on" personnel in

facilicies/acrivicies.

® Disseminating information <concerning legal/regulatory
requirements and changes, company policies/practices regarding
RHYTHM, local practices of plantwide applicability, problems of
general concern, etc.

. Reviewing incidents and making recommendations where plantwide
followup is indicaced.

. Bringing problems requiring policy decisions to management’s
attantion.

. Conducting annual audits of distribution activities,

. Reviewing and approving procedures (DPSOPs), forms (OSRs), and
operating logsheets (DPSOLs).

. sssisting in the selection of shipping packages:

. “btaining incerpretations of legal/regulatory/policy require-
zents from appropriate regulatory and company sources.

. Reporting occurrences as specified in company procedures as
Zsllows:

- The member of the committee for each facility/activity
ensures that the appropriate persons in his
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facility/activity are trained and periodically retrained
in the reporting of occurrences.

- The member of the committee for the facility/activity
involved reports each occurrence to the chairman of the
RHYTHM Commicttee.

- The chairman reviews and may investigate the occurrence;
if warranted, the chairman reports the occurrence to
management and DOE-SR (DOE Order 5484.2).

. Keeping (through its written reports and through the oral
reports of its chairman and the Site Hazardous Materials
Coordinator) the Safe Distribution Subcommittee informed of its
findings, recommendations, and concerns. The Safe Distribution
Subcommittee is organized to provide appropriate level, line-
organization management attention to and support of the RHYTHM
Committee.

The Chairman of the RHYTHM Committee has the responsibility for the
day-to-day administration of the Committee. The Site Hazardous Material
Coordinator is currently the single point of contact to respond to questions
on cthe transportation of HMs from offsite shippers and outside organizations,
The Chairman of the RHYTHM Committee and the Site Hazardous Macerial
Coordinacor are responsible for defining the responsibilities of the RHYTHM
Committee with regard to onsite shipments of HMs. T

The Site Hazardous Materials Coordinator Ls appointed by management to a
full-time assignment within the RHYTHM program. He or she advises, assists
and coordinates with management and line-organizations in their implementacion
of the RHYTHM program for the safe distribution of HMs. He or she has no
direct operational authority or responsibility buct has stop work authority.

Because of the increasing scope of the Site Hazardous Materials Coordinator
position at SRP, staff has been augmented by the assignment of &4 full-time
professionals including 2 Package Compliance Examiners. The assistants act
as field representatives/trainers in specialized activities. Package
Compliance Examiners are responsible for ensuring that HM packages prepared
for offsite shipments comply with all applicable requirements.

4.8.4.4 Industrial Hygiene

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

The Health Protection Department (Figure 4-4) is responsible for the program,
except ventilation surveys. Ventilation surveys are the responsibility of the
Project Department.
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The Industrial Hygiene Group is .part of the Health Protection Studies Group
(Filgure 4-4). This group provides technical expertise, procedural guidance,
and conducts special hygiene surveys.

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.

4.8.4.5 Fire Protection

A Fire Prevention Subcommittee of the Plant Central Safety Committee (Figure
4-2) devotes itself to fire prevention and fire fighting activities. This
subcommittee works closely with the Fire Protection Group wicthin the Safecty
and Fire Proteccion Section. The Fire Protection Group maintains adequate
mobile fire {ighting equipment, trains personnel, and inspects protection
equipment.

4.8.4.6 Occupational Exposure Experience

Whole body exposure to penetrating radiation during normal operations is
monitored bv HP and OHP as indicated above. Exposure includes both external
radiation and exposure from inhalation or ingestion of radionuclides,
principally cricium.
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5.0 ACCIDENT ANALYSIS

This safe: analysis addresses potential transportation sccidents involving
hazardous <zaterials transported by truck and rail at the Savannah River
Plant. ~ccidents involving both radicactive and nonradicactive hazardous

materials idencified in Chapter 3.0 are discussed.

The analvsis of the potential transportation accidents presented in cthis

section Inciudes discussions of events that can initiate releases of and
personnei =:posures to hazardous materials (Section 5.1), analysis methods
used (Seczisn 5.2), estimates of accident frequencies (Section 5.3),

estimates >I source terms for releases of hazardous materials in accidents
(Section I .., estimactes of consequences and risks to the public and to SRP
workers (Section 5.5), and a discussion of mitigation measures (Section 5.6).
The analvsis addresses accidents involving release to atmospheric and surface
water pathwavs and subsequent dispersion of hazardous materials.

Risks to <:Ze public include those associated with inhalation and plume
exposure Ir hazardous materials released to the atmosphere and ingestion for
materials reieased to surface waters.

The analvses do not address potential non-SRP-related accidents involving
through :t-aific on public transportation corridors that pass through the
site. ixcept for occasional brief interrupcions necessitated by SRP
operations. the through traffic is not under SRP control and, therefore, not
within the scope of this safety analysis. The corridors are South Carolina
Highway Rouze 125 (northwest to south) and U.S. Route 278 (northwest cto
northeast;. and CSX rails (norchwest to south and east to south).

5.1 ACCID2EZINT INITIATING EVENTS AND ACCIDENT DESCRIPTIONS

Transportation accidents addressed in this safety analysis are those that
have poctential for causing unplanned and uncontrolled releases resulting in
human exposures to hazardous materials. Source terms {(quantities of
hazardous zaterials released to the environment as a result of accidents) and
accident I-equencies were developed through analysis of historical accident
data contained in a DOT database (1) and analyses of similar accident data
performed -v others, e.g., Sandia National Laboratory Albuquerque (SNLA) (2),
Lawrence LIvermore National Laberatory (LLNL} (3).

The hiscteriz database provides a broad coverage of significant accidents

involving ~azardous materials. The database is judged to be represencacive
of transporzation accidents that might occur at the SRP, including accidencs
initiated =+ severe weather conditions such as high winds, ice, or snow,

adverse weaziner conditions, driver error, and vehicle malfuncrion.

For transccrzation of radioactive materials, there are studies performed by
SNLA and cihers (2-11) in which the projected damage to packages for various
accident <r impact severities are estimated. Radionuclide releases for
several pacrage damage severity categories are developed from the database.
It was jucgzd cthat the packages used for onsite transportation at Savannah

i-1
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River behave similarly to the corresponding generic package types analyzed in
studies for accidents of like severity. For highly unlikely accidents with
potentially high consequences, there are few if any direct data in the
database. <o accommodate this shortcoming in available data, SNLA (2) and
others (&-3. 10, 11) have developed joint probability estimates for the
frequencies of unlikely accidents.

These stucies established accident severity categories (e.g., Minor,
Moderate, Zevere, Extra Severe, and Extreme) based on accident tests and
analyses c¢f radioactive material transportation packages. For each
particular rackage <c<ype analyzed, the amounts of materials released are
correlated -o the accident severity categories. The frequencies of
occurrence iccidents/vehicle-mile) of each severity category has Deen
developed i these studies from national accident statistics (1).

In the SRP --ansportation analysis, the generic information was combined with
the characrsristics of SRP transportation operatioms to obtain SRP specific

accident frequency/release distributions. Based on SRP operations data, cthe
transportation package types used and the vehicle-mile/yr traveled for each
type were issembled. The SRP accident frequencies (accidents/yr) for each

package cvre were obtained from cthe miles/yr travelled and the generic
accident ZIrzquencies (accidents/vehicle-miles) £for each accident severicy
class. The SRP package types were correlated with the generic types Cto
obtain the juantities of radicactive macterial released for each accident
severity claiss.

For the transportation of nonradioactive HMs, data on accidents recorded in
the Departzent of Transportation’s HAZMAT Data Base (1) were used. These
data, which include more than 150,000 accident reports, identify che types of
paterials i-volved in transport accidents and provide estimates of amounts of
the materia.s released for each. The data also provide a basis for estimating
the fracticr of accidents that would result in releases. In some cases there
are sufficiznc data to develop distribution for the amounts released.

For the norradioactive HMs and transportation package types analyzed in chis
report (see Section 5.4), a large number of applicable accident reports were
found in <he data. Based on these data, frequency/quantity released
distributiors were developed for the package types and the specific materials
(e.g., chlorine, gasoline) or physically similar material categories (e.g.,
liquefied :zases, liquids). As with the radioactive materials analysis, SRP
transportatisn operations data were analyzed to estimate the vehicle-miles
travelled “sr each package type and high hazard potential material (see
Section 5.4 . This information was combined with the generic accident data to
obtain SRP :-ecific accident frequency/quantity released distriburtions.

5.1.1 ZIni-:zcippg Events Unique to the SRP

The nactiona. accident records include accidents caused by a wide variecy of
initiating :vents. Considered here are initiators classified as general,
severe env:ronmenctal events (high winds, tornadoes, earthquakes), unique
transportation system initiators, and external events.

n
.
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5.1.1.1 General Accident Initiators

Driver or operactor error or incapacitation, equipment failure, inclemenc
weather ana many other factors contribute to accidents in the transportation

of hazardous macterials, The data used in this report to estimate the
frequency orf sccidents and to estimate releases of hazardous materials in the
accidents come from U.S. Government reports and databases. The data are
judged to be representative of accidents caused by credible initiators. 1If

transpeortation at the SRP is similar to transportation in domestic commerce,
it can be expected that iniciators for accidents at the S5RP will also be
similar both in kind and likelihood. In general, cthe transportation
environment it the SRP was found to be compatible with or more benign than
that in general commerce. Thus, using national aggregate accident statistics
can be expected to lead to comparable or conservative results when applied to
SRP onsite transportation operations for hazardous materials.

5.1.1.2 Severe Environmental Events

High winds. -ornadoes, or earthquakes, if occurring at significantly greater
frequency st cthe SRP than in general commerce, would require separate

consideration for analyses of transportation risks on the site. High winds
and tornadoes lead to several accident scenarios including blowing a vehicle
off the roadway or into the path of oncoming traffic. Earthquakes of
sufficient severity can cause vehicles to run off roadways or can cause
roadways to be damaged. As will be discussed in Section 5.3.1 severe
environmentai events at the SRP are not expected to be significantly
different in intensity or frequency from those occurring during

transportation on the nations highways and railroads.

5.1.1.3 Unicue Transportation System Initiators

[f they occurred at the SRP, unusually high numbers of highway miles over
steep terrain, unusually dense traffic conditions, |unusual vehicle
configurations, or unique (in kind or degree) hazardous material packaging
and package preparation requirements could call into question the use of
aggregate national transportation safety statistiecs. Under such conditions a
site-specific analysis is needed. For example, a higher likelihood of falls
from high bridges leads to more frequent occurrences of extra severe damage
conditions f{or packages. Dense traffic conditions might lead to more frequent
accidents. Unusual vehicle configurations can have higher accident exposure
ractes than :those for vehicles in commerce. Packages that are unusually
complex or =~nose designs depart in some significant way from conventional
packages can have different accident responses from those for which the
accident da:za are relevant. Conversely, effective administrative controls
are expectec Lo reduce accident vates because such controls are designed to
eliminate or reduce the likeliheod of targeted initiators.

For the SRP. the onsite transportation environment {(operational and physical)
and the extsnsive administrative controls are expected to result in a lower
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than average frequency of initiating events and causes for accidents
involving the transportation system.

5.1.1.4 External Events

An airplane crash with resulting fire, if significantly more likely on SRP
highways or railroads than on highways and railroads elsewhere, would require
separate consideration in this safety analysis. If the airplane were to crash
onto a vehicle transporting HM and a large fire were to result, large amounts
of the HM pavload would be distributed into the atmosphere. As will be
discussed in Section 5.3.2, the likelihood of such an occurrence is extremely
low ar.d there is no reason to expect the rate for the SRP transportation
corridors to be higher than for elsewhere on highways and railroads.

5.2 ANALYSIS METHODS

This section presents the methods used to develop the estimates of risk
presented in Sectiom 5.5. Included are discussions of methods used to esti-
mate the probabilities of accidents and releases of HMs during or following
accidents. Also discussed is the approach used to select from the extensive
list of HMs transported a limited list of materials that present the greatest
hazard potential. Finally, methods used to estimate consequences, given
releases, are discussed. Because of differences in the available data,

~“historic analysis approaches, "andaccepted practices for reporting results;

the methods for estimating risk for accidents involving radioactive HMs are
discussed separately from those for nonradicactive HMs.

5.2.1 Analvsis Approach

The methods used in this evaluation are consistent with the overall approach
used in safetv analysis reports for Savannah River facilities (12, 13). For
radicactive =zaterials, studies of transportation accidents that have been
performed bv Sandia and others (2-7) were used to assess the likelihood and
severity of accidents in rail and truck. transportation at the SRP. For non-
radicactive HMs, the analyses were based on data from the DOT HAZMAT Data
Base (1) and other sources (14-36, 3). Figure 5-1 summarizes the steps in the
analysis and lists the methods employed at each step.

The information collected from the various sources cited above was used to
estimate the likelihoods of transport accidents and the amounts of materials
released. The data were used in conjunction with quantities and associated
distances transported to assess the relative likelihood of accidents during
material movement at SRP. A list of materials to be considered in the
detailed analvsis was developed by screening a detailed 1list of HMs
transported a: the SRP (see Appendix B). The materials selected were ones
with the :reatest consequence potential based on total quanticies
transported. and toxicity. Consequences of accidents involving these
materials were estimated using the methods used in other SRP safety analysis
reports. isks were calculated as the product of expected frequency and
consequences.
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Activity Method

i Identity

i SAP Hazardous — Survey SRP Records

¢ Matenals Fiow

i
y
Collect information on
Accicent Frequencies — Sandla Study
and Matenal Releases — HAZMAT Dala Base
inAccicents in Commerce
]
) J
— Hazard Index Screen for
T aonty & Shot Lt Rediosciive Materials
— Expert Judgment Screen for
of Most Significart HMs Nonradioactive HMs
!

Deveion Estimatea of — Survey SRP Qperations Procedures
Accidem Frequencies and -— Muttiply SRP Flows by Commerce
Matena Releases for SRP Accldent Rates

f
y

Pertorm Consequencs — Axair Analysis for Atmospheric
Analysis tocAssass Public Dls?omoa': iy

and Worker Heaith and Safety — LADTAP Analysis for Surface
Consequences of Accidents Water Dispersion
:

| E.aate Risks — Multiply Consequences by

Accident Frequencies

FIGURE 5-.. SRP Hazardous Materials Transportation Safety Analysis Flow
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5§ 2.2 Site -ata for Quantities of Ha dous Material Transported and for
Accicents

Each organizacion at the SRP maintains records for shipments of materials for
which it has responsibility. The recotrds are maintained in log books, crnmpu-
ter data bases, procurement records, Transportation Work Requests, Cask Car
Move Orders. Material Receiving Reports, shipment records, and other SRP
documents . o obtain a comprehensive list of HMs received from offsite
vendors it was necessary to review procurement records. As part of this
review, onsizz destinations for the materials were identified.

Operating area log books provided information on the frequencies of material
shipments anc receipts, quantities shipped or received, and the packagings
used both for shipments arriving from offsite locations and for those between
onsite areas. Central Trucking, Railroads, and EM&GS records were reviewed to
develop supsorting information on quantities of materials flowing between

areas on the site. Procedures and other SRP operations documents were
reviewed to identify administrative methods employed in controlling HM
transportatisn operations. Interviews were conducted to determine the
detailed routzings for HM shipments. Finally, the onsite incident database

and log boox records were searched for reports of accidencs or incidents
relevant to -~azardous material transportation safety at the SRF.

The review :f transportation accident experlence at the SRP did not find
records of collisions involving trucks hauling radioactive materials. Hence,

'"fﬁhwﬁiémﬂh3¢é§§EE§““EE'wﬂfiliii”gathﬁf”“Hdtd““sources““co”“obtain”“escima:es*wof=

accident freguencies for movement of hazardous materials.

5.2.3 Methocs and Data Bases for Estimacing Accident Frequencies

Lawrence Livermore National Laboratory, in a study compleced in 1987 (3),
reports tha:c highway accident rates depend on many elements including road
type, vehicle type, regulations and driving practices. The study reports
that accidern: rates for California highways range from 1x10°°% to 5x10°
accidents/venicle-mile Highway accident rates derived from Bureau of Motor
Carrier Safetvy (BMCS) for all roadways, based on 1960 through 1972 data, is
reported in the Lawrence Livermore report to be 2.5%x10°® accidents/vehicle-
mile. Also reported are American Petroleum Institute (API) data for the
period 1968 -hrough 1987 for all roadways. The reported APl data suggests an
average accident rate of 6.4x1076 accidents/vehicle-mile. The authors of the
Lawrence Livarmore report judged that the API data are more reliable than the
BMCS data. The API truck accident rate (6.4x10'6/vehicle-mile) will be used
in this reper:-.

The LLNL s::Zv also reports railroad accident rate data. The daca reported
were compi.:Zi by the Federal Railway Administration (FRA) . These data
indicate tha: the accident rate for trains is 1.2x10°2 accidents/train-mile.
The rate is an average for the years 1975 through 1982; it reflects ouly
accidents involving on-track railroad equipment that resulted in damages to
railroad on---ack equipment, signals, track or track structure, and roadbed at
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or exXceeding a damage threshold value. The damage threshold was adjusted for
inflation from $1,750 in 1975 to $4,100 in 1982,

The LLNL report further notes that the average rail accident likely to cause a
release of zaterial (derailment or collision) results in damage to abouc 10%
of the cars in the train. For normal commercial train operations this implies
an accident probability of l.2x10'6/railcar-mile. This value does not apply
to rall shipments of hazardous materials at SRP however, because of the
special conditions that exist during these shipments. Rail shipments of
hazardous zaterials at SRP typically involve a locomotive and one or two rail
cars. So, any railcars damaged in a train accident will necessarily be those
carrying hazardous materials. At the SRP, the probability of a railcar being
involved i~ an accident is assumed to be equal to the probability of a rail
accident, or 1.2x1073/mile.

It can be argued that the plant trains used on-site, coupled with strice
operating procedures such as the 25 mph speed limit, result in accident rates
lower than :the national average for commercial traffic but the data do not
-exist to support rthis argument. As a result, the train accident rate used in
this report will be 1.2x20°3 accidents/train-mile.

Sandia National Laboratory Albuquerque has analyzed transportation accidents
to deveiop estimates of the wvalues for the conditional probabilities of
accidents severe enough to cause releases from radioactive material packages
(2). However, the studies did not include evaluation of accidents involving
large casks or protective packagings. Notwithstanding this shortcoming, the
probability estimates for the various accident severity classifications are
considered appropriate for use in this safety analysis.

SRP transportation data were analyzed to develop site specific conditional
probabilitv estimates, for example for packaging errors, to augment the
aggregate data reported in the open literature. SRP data and values derived
from it Ior use in this study are presented in Appendix E.

5.2.4 Methods For Screening Hazardous Materials

It is both impractical and unnecessary to evaluate risks associated with all
of possibly HMs transported at the SRP since a relatively small number can be
expected to dominate the total risk. Therefore, for this safety analysis
only rthose naterials assessed to have significant hazard potential were
selected from the list of more than 200 HMs. The selections were made using
screening cethods prior to the analysis of accident consequences and risks.
Because of :he differing nature of risks for radicactive and nonradiocactive
HMs, chese materials were screened separately; their transportation risks were
also analvzed separately.

3.2.4.1 Screening of Radioactive Materials
For radicactive materials a hazard index (HI) was used as the screening para-

meter. This index was computed for each shipment cype. The HI is the
product of -he assumed or estimated releases of radionuclides in an accident
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and the probability the accident will ocecur in any given year, divided by a
measure of the hazard to human health for the radioactive materials cthat
would be released. The measure used to quantify the health hazards was the
maximum permissible intake (MPI)* for adult humans in a single exposure (37).

5.2.4.2 Screening of Nonradicactive Materials

Generally, the selection of indicator compounds for nonradiocactive materials
is based upon such factors as: 1) the quantity of the compound present, 2)
the extent of environmental contamination by the compound, 3) the toxicity of
the compound, 4) mobility of the compound, and 5) the persistence of the
compound in the environment. In a 1985 review of the literature to identify
existing selection methods (38) two sources were identified that presented
actual detailed methods for selecting indicator contaminants. These are the

Superfund Risk Evaluatjon Mapnual (39) and a publication by J. V. Rodricks
entitled Risk Assessment at Hazardous Waste Disposal Sites (40). The methods

presented in those sources are essentially the same. The ranking and selec-
tion method used in this safety analysis 1is similar to those outlined in the
references.

Using data collected from SRP operations records, a listing of nonradioactive
materials handled in bulk at SRP was developed (see Appendix B). This list
was then reviewed to select the chemicals of greatest concern. By this
process, the large listing of bulk chemicals was narrowed to a list of
nonradioactive.chemicals of primary concern. For these compounds, available
literature was reviewed and relevant computer databases were searched to
obtain toxic effects information (see Appendix H and Reference 41). That
final 1list of compounds was established based upon additional factors,
namely: 1) the inherent toxicity of the compound through inhalation and
ingestion exposure routes; 2) the adequacy of the available toxicity data;
3) the DOT designation of the chemical (i.e., hazardous or non-hazardous as
transported) (&42). To develop the 1list, the factors were combined
qualitatively using professional judgment.

The materials selected were ones frequently transported at the SRP in large
quantities (see Appendix B); ones which would be expected to be mobile in at
least one of the two environmental pathways of concern (atmosphere and
surface waters); and ones having relatively low cthreshold concentration
values for the onset of toxic effects (see Section 5.2.6.5). Table 5-1 lists
the compounds which were selected.

5.2.95 Methods for Estimating Material Releases in Accidents

This safetv analysis employs two approaches in developing estimates of
releases of HMs in transportation accidents. The first is that developed in

*Maximum permissible incake (MPI) is defined as chat amount of a
radionuclide which, if inhaled in a single exposure, will result in a dose of
0.3 rem/wk, 15.7 rem/yr, or 150 rem/70 yr to the critical organ.
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. TABLE 5-1. Nonradioactive Hazardous Material Salected for Analysis of
Risks in Transportation at the SRP

Selected Materials (14)

. Chlorine

. Gasoline

) Hydrogen fluoride

. Nitric acid

. Phosphoric acid

. Sodium hydroxide

. Sodium hypochlorice

. Sulfuric acid

. 1,1,1-Trichloroethane
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previous studies by SNLA, che AEC, and others (2-7, 10, 1l1) to estcimate
releases for radioactive materials shipments. The second, emploved for
nonradiocacti-e hazardous materials, synthesizes release amount or source
terms from reneric release data available in HAZMAT accident reports (1).

§.2.5.1 Me:znods for Estimating Radicactive Material Releases

Sandia concucted studies in the early 1970's (2) in which ctransportation
accidents were characterized by severity <classes and by mode of
transportacizn. Impacts range from minor damage TO extensive damage leading
to release -7 a major fraction of a package's contents. The severity classes
were develored with a view toward categorizing accidents according to impaccts
on the integricy of radioactive materials packagings. For example, minor and
moderate accidents invelving Type B packages would not be expected to cause a
release of -acerial whereas severe, extra severe, and extreme accidents could

lead to a rzlease of contents. The effect of accidents on less robust
packages, rznging from Type A to "strong, cight" is expected to be more
dramatic, and could lead to complere loss of containment. The accident

severity ca:zgories, and the expected impact on package types, are summarized
in Table 5-_.

Studies bv =-lmes and Narver (7), those reported in WASH-1238 (4), Leimkuhler
(6), Gibson '7), and others have developed responses of Type B packages to

~accident conditions. More recent studies have focuses on Type A and LSA (55)

package accident response.

In addition. other studies, such as one by Holmes and Narver (7) (which
developed Zault tree analyses for plutonium oxide and irradiacted fuel
transportati>n) and those reported in WASH-1238 (4), Leimkuhler (5), Gibson
(6), and =z:chnical journal articles have developed responses of Tvpe B
packages to :ccident conditions.

Estimates ::r releases of radioactive materials for accidents during material
transport a: the SRP were synthesized by using: 1) the data presented in the
referenced s-udies, 2) information from the HAZMAT Data Base (1), 3) design
information Zor SRP packages, 4) the characteristics of the radioactive
materials being transported, 5) reported experience in industry for packages
similar to. >r the same as, SRP packages, 6) scenarios for postulated SRP
accidents :i-volving the radioactive materials and cheir packagings, and 7)
engineering ‘udgment.

5.2.5.2 Mezhods Ffor Estimating Releases of Nonradicactive Hazardous
Mazerials

A key featurz of the accident analysis methodology for nonradioactive HMs is
that releas:s from accidents were predicted using aggregate statistics
obtained fr:z the HAZMAT data base. The HAZMAT data base (1) is the hazardous
materials :ccident data base maintained by <the U.S. Department of
Transportatizn. It contains over 150,000 records. Each record corresponds to
an inciden: report filed by a carrier following an accident involving any
material classified by DOT as a HM (see Appendix D for an example of a
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Hazardous MYaterial Incident Report). The incidenc reports are required for
unintenciona: releases of HMs during transportation meeting the criteria set
forth in 43CTR171.16. In addition to the inecident report data, there are

several auxiliary databases that contain additional information on shipping
containers, zamages, and the HMs themselves. The databases were searcned for
specific cerails regarding accidents involving HMs. These data were used to
develop <recuency distributions for the amounts of material released in
accidents for each of the materials of interest (those which were selected in
the screening process) (see Section 5.4.4).

5.2.( Metncds for Analyzing Transport, Dispersion, and Consequences for
Released Hazardous Materials

The ctransporz, dispersion, and consequence of released HMs were evaluated
using computer codes employed in the safety analysis reports for other
operations a: the SRP (12). Methods (computer programs used at the SRP)} for
both air pathways and surface liquid pathways transport were used. Although
the SRP cocdes were designed for calculating consequences for releases of
radicactive =zaterials, for analyses concerned with nonradicactive hazardous
materials ::- was possible to use the AXAIR code to determine concaminant
concentrations. In addition, supplemental analyses were performed to evaluate
the persistence of dense gas effects that occur locally following release of a

denser-than-air vapor.

Also, since accidents in transportation of HMs at the SRP can occur anywhere
along onsite transport routes, it was necessary to develop approaches to
permit application of consequence analysis results developed for a limited
number of release points to the overall site. Finally, toxic thresholds for
nonradiological HMs were established. The thresholds are necessary for
estimating >ublic health {mpacts resulting from the release of the
nonradioactive HMs.

5.2.6.1 Atzospheric Dispersion Calculational Methods

The AXAIR code was used to calculate the dispersion and radioclogical
consequence for radioactive materials. AXAIR was also used for
nonradioactive materials to calculate the downwind concentrations resulting
from releases and subsequent atmospheric transport of the materials.

The environzental transport models used in AXAIR are based on Gaussian plume
dispersion :z2rrelations (USNRC Regulatory Guide 1.145 (43)) using the joinc
frequency Zistribution of weather conditions at the SRP sirte. The
calculations are based on a non-uniform Gaussian plume model rather than a
semi-infinizz plume model. The meteorological conditions considered are
screened in -he calculational scheme of AXAIR such that the worstc combination
of wind speed and weather stability class are selected up Co the frequency
limit of 0.:% for each of 16 compass sectors. The worst sector is further
selected. which then forms the basis for the contaminant concentration and,
for radicactive contaminants, radiation exposure of the affected population.
External zacza shine from the passing plume depends on the spatial distribu-
tion of :the sirbornme radionuclides, and the energy of the emitted radiation.

5-12




WSRC-RP-89-715

No shieldirz from cloud shine was considered. Hence, external c¢loud exposure
was maximized. Ground deposition of airborne radionuclides was not modeled.
Hence, consistent with previous SARs performed for the site, gamma shine from
contaminatecd ground is not considered.

Consequences for radiocactive material releases are expressed as cumulative
person-rems -or the worst sector for both the onsite and offsite population
groups. Jose commitments for a maximum exposed 1individual are also
calculated and reported. The distance used for the maximum individual doses
varied with che postulated release point. In general, these were calculated
to be the cistance to the nearest site boundary. 1980 Census data were used
to determine population groups within 50 miles.

The radiaticn exposure pathways considered in AXAIR include inhalation of

radionuclides and gamma radiation from the plume, The dosimetry for the
inhalation exposure pathway considers the nature of the radionuclide, in
particular. the physical and chemical properties which can affect the
transport, assimilation and biological removal rates within the body. The

calculated Zose to an individual depends on the concentration of the airborne
radionuclices, the exposure period, and, for inhalation doses, the breathing
rates of diZferent age groups of the population.

For nonradicactive HMs, concentrations of the contaminant at the plume
centerline o which affected offsite and onsite population groups and the
maximally exposed individual at the site boundary are exposed, are calculated
to determine impacts. Each chemical contaminant is evaluated individually in
terms of a comparison between exposure concentration and toxic effects limicts.
Consequences are expressed in terms of the number of persons exposed to
concentrations above the toxic effects limit., Toxic effects limits used in
this evaluation are discussed in Section 5.2.6.5.

Scoping calculations were performed to determine the need for a separate
evaluation I denser-than-air gases. These calculations (documenced in more
decail in icpendix G) show that dense gas effects persist for only a few
minutes of :ransport and, therefore, are not significant for the chemicals
and release scenarios considered. Hence, airborne concencrations derived
from AXAIR were used.

Release for naterials, transported by truck or rail as liquids, which would
vaporize uncer ambient conditions are treated for separate time phases. The
first phase is associated with flashing of the pressurized discharge of the
material. -ne second phase considers the continuing release which might
result from :vaporation from a liquid pool. In this later phase. onlvy the
non-flashed Zraction of liquid macerial released is included. Both pnases of
this release are included in the consequence calculation.

With the <--pical storage conditions for pressurized low boiling poinc
materials su:h as chlorine, 15% of the liquid could be immediacely flashed and
the rest entriined and vaporized. A more detailed assessment is presented in
Appendix G.

The second :rase of the release involves evaporation of the spilled material
and is more complicated than the first release phase. This phase of the
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release occurs if a liquid pool is formed. Release rates for the second phase
normally are smaller than for the first phase. The significant factors
determining che rate for the second phase included: boiling point of the
liquid relative to the temperature of the substrate surface on which the spill
pool forms and area of the spill (especially if not confined). If the
effective release ivcte for the second phase is near that for the first phase,
the release can be modeled as occurring uniformly over a finite release

period.

5.2.6.2 Surface Water Dispersion Calculation Methods

The consequences of hazardous materials releases to liquid pathwavs (surface
waters) are evaluated for a variety of pathways: drinking water, aquatic
food consumption, recreational uses of bodies of water, and irrigation of

food crops.

A review of water utilization from the Savannah River downstream of the SRP
site reveals that there is no known use of river water for irrigation;
therefore, -he irrigation of food crops is not considered as a pathway. The
relative importance of other pathways generally depends on the macterials of
concern. For SRP liquid releases to the Savannah River drainage system. the
exposure pathways of most concern are ingestion of drinking water and aquatic
fo0ds. Models were not available for this safety analysis that characcerize
the uptake and retention of contaminants by agquatic foods (fish,

__invertebrates, etc.) under transient conditions or over short periods as

‘would be experienced in the case of releases caused by transportation’

accldents. Rather than omit the aquatic foods pathway, exposures are
calculated assuming that the short term release levels may be represented by
steady-state continuous releases. This methodology leads to overestimates of
consequences.

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 (44). The LADTAP II Code, developed by the NRC and Oak Ridge National
Laboratory (ORNL), is a computer code which performs dose calculations using
the dose models specified in the Regulatory Guide. The 50-yr age-specific
dose commitment factors are specified in the Regulatory Guide 0172 and are
consistent with the ICRP2 model (45, 46) for ingestion pathways. The water
user populations downstream assessed were Port Wentworth, population 20,000,
and Beaufort-Jasper, population 51,000, The assumed riverflow was 10,400 cfs.

The consequences of nonradicactive HMs accidentally released to surface
waterways onsite are evaluated using the dilution factors calculated for the
SRP site with site-specific data also using the LADTAP II code. In this scudy
onsite populiation effects are not calculated for liquid releases because the
streams are not used as a source of supply for domestic or process water
systems.
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5.2.6.3 aActmospheric Dispersions for High Straight Winds and Tornadoes and
cround Water Transport

Because SRP operating procedures dictate that HMs will not be transported at
the SRP cduring violent weather conditions, no analyses were performed for
dispersions of HMs released under such conditions. High straight wind and
tornado conditions result {n much greater dilution of contaminancs than do the
normal atzospheric transport conditions. Furthermore, to help ensure
conservatism, accident rates are not reduced to eliminate accidents
attributabie to severe environmental conditions (see Section 5.1).

Groundwater ctransport is of concern if there are chronic releases of
hazardous contaminants resulting from onsite transportarion activities.
Except for minor leakage, such chronic releases are not evident. In
addition, zroundwater contamination resulting from spills in accidents would
be minimized by the mitigation measures that would be applied immediately
following an accident; therefore, dispersion of transported HMs by
groundwater is not evaluated.

5.2.6.4 Treatment of Accident Location for Consequence Analyses

As discussed in Chapter 2.0, there are 200 miles of highways and 63 miles of
railroads at the SRP. It is impractical to perform consequence analyses for
all possible accident locations. Accordingly, for analysis purposes, accident
locations were selected following one of three strategies discussed below.

s o Su Wa . For accidents having the potential to release
materials to surface waters, accident locations were selected where roads or
railroads c-oss onsite streams or marsh areas (see Chapter 2.0, Figures 2-30

through 2-I4). It was conservatively assumed that an accident in the one
mile interval centered on the stream or marsh crossing would result in a
release to surface waters. Thus, for highway transportation where there are

39 locations at the SRP where roads cross streams or marshes, a conditional
probability of an accident where liquids could be carried into surface waters
was estimated to be 0.2 (39 miles of road near streams or marshes divided by
200 miles of SRP highways). For railroad accidents, the conditional
probability for release to surface waters was estimated to be 0.14 using the
same approach.

The onsite point of release for contaminants is assumed not to significantly
affect down river consequence results. Therefore, differentiacion by
potential rslease point was not made either for radicactive or nonradioactive
contaminants.

Releases tp air Pathways. Accidents leading to the releases of HMs to air
pathways can occur anywhere along the 200 miles of highways and 63 miles of
railroads z: SRP. An approximation method employing a few discrete release
points (typically the locations of a shipment‘s origin and destination) was
used to develop the expected radiological consequence values. This method
yields conservative results since: radioactive materials are transported by
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the most direct route from origination points to destinations; one of these
two points is nearest to offsite populations and to a potential maximally
exposed individual; and both cthe shipping and receiving locations are
generally in populated onsite areas. Exposure consequences via air pathways
are then given weights of 0.5 each for shipping and receiving location. The
weighted values are summed to estimate consequences. This approach results in
reasonable estimates for population dose indices,

For radiocactive HM, releases were postulated for A, D, F, H, C, K, and P
areas. A different strategy was used to select representative locarions for
accidents involving nounradicactive HM. This strategy makes use of the
observation zhat toxic effects from exposures to a nonradicactive HM occurs
when concentrations of the material in the environmental pathway exceeds a
threshold unique to the material. Centers of onsite population, and site
gates where transportation vehicles (e.g., trucks or railroad trains)
generally enter the site, were selected as the release points for AXAIR
calculacions. From these calculations, the extent of areas where toxic limits
would be exceeded for transportation accidents are estimated.

Once the sizes of these areas are estimated, the number of miles of
transportation route in each area is multiplied by the accident rate. This
product is then multiplied by the number of individuals in the exposed
population group. The resultant products are summed for each material to
develop a measure of risk for transport of the material at the SRP. In

along each mile of highway or railroad that lies within a critical radius
from a population center. The critical radius is that calculated radius
within which the level of exposure to a contaminant would exceed the toxic
effects cthreshold. Another assumption (which {s conservative) is that
consequences to the population group located in the population center would
be the same for an accident occurring any where within the circumscribed
area.

Since detaiied meteorological data are available for a number of SRP site
locations, meteorological parameters from the meteorological (met) tower
closest to the release points were used in the analyses. The locations of
the met towers are {dentified in Table 35-.3. Sensitivity analyses were
performed :o ascertain the importance of local meteorclogic conditions in
computing consequences. Variations in the sensitivity study results were not
significant.

5.2.6.5 Determinations of Toxic Effects and Effects Thresholds

For the nine nonradiocactive hazardous compounds selected (Section 5.2.4.2)
the literature was reviewed and computer databases were searched to identify
appropriate endpoints for use in risk characterization (see Appendix H and
Reference -1). The focus of the search was on endpoints that were
appropriate for wuse in evaluating acute exposure. Since transportation
accidents are assumed not to cause chronic releases, only short-term
exposure scenarios are considered in the safety evaluations for the
nonradiological HMs. An SAIC report (47) discusses the current status of
knowledge regarding risk assessments for nonradiocactive compounds. Addressed
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. TABLE 5-3. leneric Meteorological Sites for Transportation Accident Analysis
Coordinates
Genera. of Transportation/Accident
Facility 3.4z, No. Northeast Corner Generic Area

# 6la-: N107586, E50948 A
6L4-21 N67167, EZ1331 D
614-2: N70413, E64256 H
614-23 N77687, E51345 F
614-2. N66164, E4LTI06 C
6l4- 13 N51812, E41296 K
614-25 N41458, E66332 P
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are long terz etffects resulting from simpie event exposures Co nonradicaccive
coxic materia.s. The endpoints considered include the following:

o = '.STEL 1is a 15-minute time-weighted average concencracion
nc: to be exceeded at any time during a work day. ACGIH
i~iicates that exposures to this average lL5-minute levei shouid
nor oceur more than four times per day, and with less cthan 50

ninutes between exposure episodes.

. Ceiling Limit - Concentration that should not De exceeded even
inszantaneously (48).

. T . Lowest concentration at which adverse effect occurs

e

Lar

. 1224 - (Immediately Dangerous to Life and Health). This level
rerresents the maximum level to which a healthy worker can be
ex~osed for 30 nminutes and escape without suffering
{r~aversible health effects or impairing sympteoms (49).

The exposure :oncentrations associated with ctoxic effects endpoincs for the
nine seiecte: chemicals are presented in Table 5-4. Each chemical has been
assigned an .nhalation toxicological limit. For four of the nine chemicals,
an ingestion .imit is also listed. The remaining five compounds are acids or
bases. A chenical-specific ctoxicological limit for warter is noc astablished
for these :cmpounds since the principal effects are those associated with

altering the pH of the water to which the substance is released. "

The degree =5 which the limits may be exceeded for short periods without
health effec:s depends upon a number of factors including cthe nature of the
material, wnether very high concentrations for short periods produce acute
effects., wnezner or not the effects are cumulative, and cthe duration of
exposure. ;twen rthese factors, levels above the STEL were chosen for several
contaminants. There is evidence that these higher concencracions produce
only mild :rinsitory effects following exposures of greater than L5 minutes.
For example. Zor 1,l,l-trichloromethane, the level chosen is the IDLH value.
Though this _evel is more than twice the STEL, a person can be exposed for 30
minutes without suffering irreversible effects. The effects, in this case,
consist of .ight-headedness, uncoordination, slight loss of equilibrium, and
transienc eve and nose irritation.

Specific eff2cts associated with exposure to the materials at various
concentraticns are listed along with a rationale for selecting a particular

impact value. Summaries of toxic effects for each compound are presented in
Appendix H.

The concentrizions chosen for each compound are ctrigger levels of concern.
They do rno: -epresent levels at which irreversible effects will occur. or
concentraci:=s at which effects will occur in 100X of the exposed popuiacion.
Instead, in zost cases the concentrations represent cthose levels at which it

can be expe:zed that mild, reversible effects such as eye, nose, and throat
irritation. sr slight dizziness will occur if the duration of exposure
exceeds spec:Zied time periods.

-18
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5.2.7 Her-ods for Assessing Risks

For this safety analysis, risk is calculated as the product of the evaluated
consequences and the release frequency. The accident frequency is calculated
as the preduct of the accident probability per mile multiplied by the miles
traveled s transporting the material on the SRP site.

Consequence indices calculated for accidental releases of radicactive
materials are in person-rem for onsite and offsite populations and rem expo-
sure for zaximum exposed individuals. The risks associated with transport of
radiocactive materials are therefore reported as person-rem/yr for onsite and
offsite popuiations and rem/yr for maximum exposed individuals.

For ctramscortation of nonradioactive HMs risks are only reported for the
onsite and offsite population groups and not for a hypothetical maximally
exposed Individual. The threshold effects assumption for responses to toxic
materials and the assumption that there are no residual effects for exposures
below <the threshold makes cthe maximum exposed individual measure of
consequences meaningless for this analysis. For nonradiocactive materials,
consequences are reported as the number of individuals exposed to toxic agents
above =:chresholds. Therefore, risks are the multiples of cthe numbers of
individuais who will be exposed above thresholds in a single occurrence and
the number of exposure occurrences in a year, Appropriate endpoincs for
evaluating acute single event exposures needed for human health effects risk
characterization of the nine radiocactive hazardous materials analvzed were not
available in current literature (see References 41, 47, and 49, and Appendix
H).

5.3 ESTIMATES OF ACCIDENT PROBABILITIES

This sec:tion presents estimates of the probabilities of in-transit,
loading/un.oading and personal injury accidents for the transportation of
hazardous =aterials at the SRP. The frequencies are used in Section 5.5 in
estimating risks. Frequencies for accidents initiated by severe
environmental events or other external events are either below values for
credible sccidents or are considered part of the accident statistics as
discussed selow. The accident probabilities reported were developed using the
approaches discussed in Section 5.2.3.

5.3.1 Severe Enviroumeptal Phenomena and Other External Events
5.3.1.. Winds

The occurrznce of high straight winds and tornadoes at the SRP is not
believed -: be significantly more or less frequent or severe than those which
affect transportation in other areas of the United States. Section 2.1.5
discusses :te meteorology of the SRP.

During very severe wind conditions and weather conditions which lead to

tornadoes. ~azardous material transportation activities are not conducted on
the SRP site. Accidents induced by winds are part of the overall database
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used to estimate accident frequencies and severities for hazardous macerial
incidents, and are not considered separately here.

5.3.1.2 Earchquake

Earthquake frequencies for SRP are shown in Figure 5-2 (50). The expected

frequency of a MM VIII earthquake 1is 2x10° /yr An earthquake of this
magnitude can result in damage to roadways and railways causing
transportation on the site to cease. Accidents during an actual earthquake

resulting from roadbed damage or loss of control due to surface motion are not
expected to be any more severe than accidents from ocher causes; the frequency
for such effects is substantially lower. Earthquake effects are considered to
be included within the envelope of risk wvalues for accidents during normal
hazardous material transport.

5.3.1.3 Other Natural Phenomena Related Events

Extremes in -emperature, snow, rain, lightning and flood may adversely affect

transportation operations. The impacts are manifested principally as
initiators for, or contributors to, an accident during hazardous material
movement. Such effects are considered to be included in the database for

accidents during material movement (see Section 5.2.3).

5.3.2 wwlm

The only identified significant source for extermally induced ctransportation
accidents is an aircraft crash. Studies related to power reactors, based on
U.S. Civil aviation accident data, indicate that the expected frequency of
aireraft overflights becomes essentially constant at distances greater than
five miles from an airport runway as is the case for Savannah River
operations.

The expected accident frequency is about 3x10° 9/(flight)(m12) for commercial
aviation and about 7x10° /(flight)(mxz) for general aviation (51).

For a bounding estimate for the site, it is conmservatively assumed that on the
average ten vehicles containing hazardous materials each of 1000 fe2 cross
section can exist at any one cime onsite. The exposed area of 10, 000 fe? is
about 4x10°% mil. Based on 4000 overflights of SRP/yr and an accident
frequency of 7x10~ /flighc mi?, the frequency for crash of an aircraft into a
transportation vehicle wh1ch is of the order of 10~ 8/yr which is less than
the cutoff frequency of 10- /yr for a credible accident (52).

5.3.3 Accident Probabilities for Hazardous Material Movements

Accident ©probabilities for transportation accidents were derived from
national databases, as discussed in Section 5.2.3. The wvalue is 6.4x10°8
accidents/mi for zruck transport and 1.2x10°2 accidents/train mi for movement
via railroads.
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FIGURE 5-2. Earthquake Frequency at the SRP

5-25

0.3

FA 078006



WSRC-RP-89-715

Accidents :uring transport for truck and railroad shipments have Dbeen
segregated .nto severity categories with associated probabilities. The data
were takern ‘rom Reference 2 and reflect data for transport of radicactive

materials.

Table 5-2 -resents the accident severity categories and was derived from

Reference : 10, 11. Table 5-5 lists conditional probabilities of an
accident i~ i particular severity category for each accident as well as the
joint protasilities for ctruck transport of radioactive and nonradioactive
materials. TCable 5-6 is a similar table for railroad transport and is based

on accident Zrequency/car mile.

Table 5-5 ‘: used with Table 5-2 to establish the total probabilictv/mi for an
accident --ac would result in a release of radioactive material from a
package. 1= general, this is done by summing the probability/mi for each
accident cazegory that could cause a release from a package. Typically, this
{ncludes -~z Severe, Extra Severe, and Extreme categories for Type B
packages. :nd those categories plus the Moderate category for Other Package
types.

5.4 SOURCZI TERMS FOR CONSEQUENCE AND RISK ANALYSIS

This secti:= presents the results of analyses to estimate quantities released
in transportzation accidents (CL of radioactive materials or pounds or gallons

“of nonradiciogical hazardous materials). The estimates were. déveloped by

applying t:e methods discussed in Section 5. 2 above. The quantities released
to air or water pathways are the source terms used for the consequence
analyses arc risk assessment. As with other sections of this report, there
are separaze discussions for radiocactive and nonradioactive hazardous
materials.

Source ter—s have been developed for a limited set of accident cases. For
both accicesncs involving radiocactive material release and those involving
release of -~onradiocactive materials, a screening process was performed to
identify t=e materials contributing to risk. Source terms were developed for
accident czses for these materials.

5.4.1 Screzning of Materjals for Accident

Since onlv i few HMs dominace risk estimates, it is both impractical and
unnecessar: > evaluate trisk associated with every ome of the large numbers of
HMs transcesrzed at cthe SRP. The materials and cheir release estimates were
screened -: select from the list of more than 200 HMs those having the
greatest hzzard pocential. Methods described in Secction 5.2.4 were used.

5.4.1.1 ::reening for Radioactive Materials
A Hazard I-Zex (HI) was used to identify the most important materials. This

index is z-2 product of an estimated release for the accident (see Section
S.4.3), anz the estimated accident frequency, divided by a value for the
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TABLE :-5. Probabilities of Truck Accidents by Severity Categories¥

Accident

Severitw Category

Probability of
Category Given
an Accident

Joint Probability
{(accidencs/vehicle-mile)

— . -

Minor

Moderacte

Severe

Extrs Severe

Extreme

0.977

0.018

0.0029

0.0014

0.0005

6.3x10°6
1.2x10°7
1.9x10-8
9.0x10°?%

3.2x10°°

Probabilizv of truck accident = 6.4x10'6/vehicle—mile.

*Reference 2.
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TABLE 5-6. Probabilities of Rail Accidents by Severity Categories*

Joint Probabilicy
Probability of (accidents/
Arrident Severity Category Category Given an Accident crain mile)
Minor 0.8 9.6x10"°
Moderate 0.09 1.1x 1076
Severe 0.08 9.6x10"7
Extra Severe 0.02 2.4x1077
Exzreze 0.01 1.2x1077

Probabilisv sf train accident = 1.2x10°3/train-mile

*Baference 2.
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maximum perzissible intake (MPI) for the radionuclide (37). Table 5-7 lists
the radicac:tive materials transported at SRP in descending order of their HI.
Also listed are accident frequencies associated with movement of the macerial.
MPI values Ior radionuclides transported at the SRP are presented in Appendix
F. Althougn the HI does not consider material form, dispersion mechanisms and
related exposure or upctake pathways, it is considered to be an appropriate
method for screening to idencify the most important materials in terms of
risk.

Eight materials having Hls of 20 or greater were selected for consequence and
risk analysis, The cumuiative HIs for these materials comprises more than
99.9% of <he total sum of HIs for radiocactive materials transported at the
SRP.

5.4.1.2 Screening for Nonradicactive Hazardous Materials

For nonradicactive materials, the selection of those contributing most to risk
was based on the following information: the quantity of che compound
transported annually at cthe SRP; the toxicity of the compound; and che
material form of the compound and its mobility in the environmenc.

As is discussed in Section 5.2.4.2 a final list of 9 compounds was estab-
lished. This list is presented in Table 5-1.

$.4.2 Payrizion Factors

Partition Zfactors were applied to estimate the fraction of a dissolved
material that released from the solution to the air pachway as the liquid
from the solution evaporates. The partition factors used for radionuclides
are consistent with those used in other Savannah River SARs. The values and
their bases are contained in Reference 53. The values utilized are regarded
as conservative (that is, a larger fraction of the material is assumed to be
released as vapor than would be expecced).

Particion Zfactor values are as follows:

Radionuclide Partition
Class Facgtor
Noble gases 1.0
Tritium 1.0
lodine and other halogens 1.0
Ructhenium 10-¢
Other radionuclides 10-%

For those nonradicactive nonvolatile solutes dissolved in water that are of
interest in this evaluation, a partition factor value of 10°% was also used.
The princiral material to which the value was applied is sodium hydroxide.
Releases of liquids which rapidly vaporize when spilled is discussed in
Appendix G. Releases of respirable materials to rthe atmosphere pathway
during fires is assumed to be l% of the total amount released (54).
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TABLE 5-7. Summary - Hazard Indices for Release of Radionuclides During

Transport by Truck or Railcar (in Descending Order of Risk) .

Description of Shipment

Hazard
Index (see
Appendix I}

Release Event
Shipment Accident
Frequency (see
Appendix I)

TRYU solid ~astes to Burial Ground

10Q0-Areas basin sludge to Building 241-F in
a bottom discharge trailer

Low-level wastes, Building 776-A to Building
221-F

Small casks on stake body truck

UNH trailer :traveling onsite

Low-level waste, 100-C to Building 241-F

Routine H-area samples on H-aArea sample truck
to Building 772-F

Other sampies on H-Area sample truck

High-level waste trailer, Building 776-A to
Building 211-F

D70 in drums between 100 and 400 Areas

Wastes and obsolete equipment by rail

100 Area Deionizer Casks —

Contaminated equipment (for repairs or Burial
Ground) moved by truck

Waste load lugger pans*¥*

Pu-238 oxide HB to building 773-A

Radioacctive items on nonradiocactive vehicles
and noneffective controls

Waste boxes on truckkd*

Small packages of neptunium and plutonium
oxides on H-Area sample truck

100 Areas -outine samples

Radicactivicy inte Upper Three Runs Creek
from low- and high-level waste trailers .
H-Area sample truck to and from 3/700 Arca

Offsite shipment - alpha-emitting products

Offsite shipments - packages containing
tritium

Neptunium oxide. HB Line to Building 235-F

Irradiated Zuel element casks - rail

‘aptunium-aiuminum, piutonium-aluminum,
uranium-aiuminum bililets

.rradiated 2iement - -ions to Building 773-A

Neptunium soiution, ...-F Area to 200-H Area

Pu-238 to 3uildings 2.2-F and 773-A

Solvent trailer

Spent melcs. Building 232-H to Burial Ground

128

3.6 x 103

300

100
187
67

143

17
20

100
63
20
8

19
13
5

7
9

11
19

QO OO0 o
O S oo e

[t I |

31x10°2
1x10°-1

3.9%x10°°

2x10°3
1.3x10°%*
1x10-1
4,.5%10°3

6x10°7
1x10-9

6.2x10"7
2x10-1

- _2xlo-i
5%10°2

1.8x10°3
1.3x10°8
1x10-4

1.5x10°°2
9x10-8

3.4x10°%
4x10°°

SxIO'g*'

*

6.2x10"7
1.5x 1073
4.7x10°°

3.6x10"7
3x10'6
ax10'9

2x10-2
*
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TABLE 5-7. Summary - Hazard Indices for Release of Radionuclides During
Transport by Truck or Railcar (In Descending Order of Risk)

{(Continued)
Release Event
Hazard Shipment Accident
Index (see Frequency (see
Description of Shipment Appendix I) Appendix I)
Target casks, 100 Areas to H Area 0.0003 -
Pu-238 from Building 221-F to offsite ES#** -
Unirradiaced fuel elements (including - -
criticaiicy potential during vehicle
accidents)
Rail-outgoing or incoming shipments ES%* 3x10-8
Scrap metal from 100 Areas and RBOF to Burial
Ground

A-Line depeleted uranium product to storage - -

* Representative Value - actual value is security sensitive informaction.
** ES means extremely smail.

*¥*k Low level waste handling and transportation at the SRP is conservatively
represented in this report through analyses of consequences and risks
associlated with practices and equipment for which historic data is
available. The practices and equipment have since been improved. For
exampie. use of waste load lugger pans and general waste boxes was
discontinued in 1985. Engineered metal burial boxes or DOT specification
17-C waste drums are now used as containers for all low level waste
transportation at the SRP.
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5.4.3 Source Terms for Radicactive Matexrials

Postulated accident releases for radioactive material shipments at the SRP
are listed in Table 5-8. These releases are for the those accidents involving
materials most important to risk as identified by the screening process (see
Section 5.4.1). The screening process followed an extensive analysis of
potential accidents and incidents in radioactive materials transportation at
the SRP. appendix I contains the detailed information that was used to

develop the table.

Two of the source terms (for the accidents involving uranyl nitrate and
high-level waste trailers) are used for analysis of consequences for releases
inte surface water streams. For the other source terms, only releases into
the atmosphere are evaluated.

Assumed radionuclide releases during accidents involving che packages or
vessels transported were identified through review of the SRP transportatioen

operations. These assumed releases are listed in Appendix I and are the
basis for zhe releases listed in Table 5-8. In some cases, radionuclides
were identified only as curies of alpha activity. Pu-239 was the isotope

selected to conservatively represent alpha emitting radicnuclides. Where the
listed radionuclides were indicated to be mixed beta-gamma radioactivity, a
fission product distribution typical of H-Area high-level waste was used for
analyzing the consequences of release (13).

S.4.4 Source Terms for Nonradioactive Hazardous Materials

The nonradiocactive materials for which source terms were developed were those
fdencified in the screening process and are listed in Table 5-1 (see Section
5.4.1). For each of these materials, a distribution of released quantity
versus accident severity was developed from data in the HAZMAT data base (1.
From the data, probability values were compiled for various fraccional
releases. Jrobability distributions for releases of each material resulting
from postuiated accidents at the SRP are listed in Table 5-9. The total
probabilicy of release for a particular material is the probability of an
accident/vehicle-mile (Section 5.3), the probability of a release in an
accident (Table 5-9), and the miles/year for shipment of the materials (Table
3-1).

As a specific example, the calculation of a frequency distribution for
chlorine releases for a transportation accident is summarized below.

Chlorine is shipped in l-ton cvlinders by truck to a number of sites at SRP.

There are approximately 57 shipments per year, with an average of 8 cylinders

per shipment, The average annual number of loaded chlorine truck-miles

onsite is abour 570. Using the rate of truck accidents for nonradicactive

materials of 1.3x10'6/mi, the frequency of chlorine truck accidents is:
P(chlorine truck accident) = (1.3x1078/mi) (570 mi/yr)

- 7.4x107%/yr

5-32
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TABLE 5-3. Radiological Hazard Source Terms For Transportaction Accidents

Inventory
Total Released to
Isotopic Environmental
Accicent Amount Inventory Partition Transport
Description Released of Release Fraction* Pathways
Break or puncture 0.84 Ci TRU 0.84 C1 Pu-239 10°2** g .4x10°3 ci
of TRU drum & fire
Basin slucge leakage 10 gals 4x10°% €1 Pu-239 10 %%+ 4x10°0 Ci
from trailar 2.1x10"3 ci 2r-95
4.2x10°% c1 Nb-95
4.6x10"3 Ci Ru-103
3.1x10°2 €i Ru-106
6.0x10"5 ci cCs-134
5.3x10°% ci Cs-137
4.4x107% Ci Ce-141
3.3x1073 Ci Ce-l44
Product wastes cask 1l gal 0.1 CL Pu-239 10 % 1x10°3 ct
falls off zruck -
sludge leakage
Spill Contents of 1000 gals .1 Ci U-238 1.0 10.1 Ci
UNH trailer 10 C1 -~
(liquid reliease)
Low level waste 10 gals 1x10"2 €1 Pu-239 107 %%xx  5.1x10°8 ci
trailer leak 3.8x10°7 Ci Zr-95
(atmospheric release) 2.9x10°% ¢ci Nb-95
1.5x107% ci Ru-103
8.0x10"3 C1 Ru-106
1.7x10"°% ¢1 1-129
1.7x10°% ci 1-131
5.1x10°7 ci cs-134
2.1x10°3 ci Cs-137
Low level waste 1% of load 4 times the above 1.0 2.0x10°3 ci
trailer accidenc
(liquid release)
H-area sampie truck 50 ml sample (06 CL Pu-238 107 "k 6.6x107° Ci
accident (0.06 Ci Pu-238) 6x10°% Ci Zr-95
60 ml sample 2.5%10°% Ci Nb-95
(0.6 Ci) 1.3x1072 Gi Ru-103
.58 Ci Ru-106

3-33
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TABLE 5-3. Radiological Hazard Source Terms For Transportation Accidents

{Continued)
Invencory
Total Released to
Isotopic Environmental
Accidern: Amount Inventory Partition Transport
Descriptisn Released of Release Fraction¥ Pachways
High level -aste 3000 gals 100. Ci Pu-239  10-%mex 3x10°2 Ci
trailer acciient 10.5 Ci Zr-95
{atmospheri: release) 2.1 CiL Nb-95
22.9 Ci Ru-103
l44. Ci Ru-106
.3 Ci Cs-134
2.66 Ci Cs-137
2.2 Ci Ce-141
16.6 Ci Ce-144
High level -aste 3000 gals Same as above 1.0 300 Ci
trailer overzurns
e
Runsg Creek
(liquid release)
Rupture of 7-0 drum 1000 ci 1000. Ci H-3 1.0 1000 Ci
Tritium
* Partitizn Fractionm: the amount dispersed and transported downwind. Is

estimated to be 10°% for dry and wet sludge materials released and 1.0 for
gases and liquid pathways release scenarios.

*% ScientiZic notationm.
*%% The parzition factors wused for radiocactive isotopes of iodine and

rutheniza in nonvolatile solutes dissolve in aqueous solution are the
same as -hose for other radionuclides dissolved in the solutions.
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To obtain the frequency distribution of chlorine releases, the conditional
probability (conditional on an accident occurrence) that a given volume of

chlorine wwill be released was developed. Firsc, 152 records involving
chlorine accidents were found in the HAZMAT data base. About 12 diffarent
containers were found to be involved, including steel cylinders. For

simplicity, these were divided into two groups, those containing under 2000
lb (small containers) and those containing over 2000 1b (large containers).
It should be noted that none of the small container accidents involved rail
shipment, whereas over half of the large container accidents involved rail

shipment. Based on these data, the following release distributions were
calculated;
Number of Accidents Number of Accidents
Involving Small Containers Involving Large Containers
Release (fraction of aceidents (fraction of accidents
Amount, 1b in parenthegis) in pareunthesig)
0 16 (.5) 54 (.45)
0-10 7 (-22) 45 (.38)
10-100 S5 (.16) 13 (.11)
100-1,C00 4 (.11 5 (.04)
1,000-10,000 0 3 (.03)

These distributions are smooth and of similar shapes. This was judged to be
a valid representation of release distributions for chlorine accidents.

Each number in parentheses represents the conditional probability of a
release in its corresponding range, given an accident. Using the small
container distribution, and multiplying the conditional probability of
release tires the truck accident frequency results in the following set of
chlorine release frequencies: 7 ..

Accident Releage Freguency Release x Frequency
Zero: 3.7x10'4/yr 0

0-10 1b: 1.6x10"%/yr 1.6x10"3

10-100 1b: 1.2x10"%/yr  1.2x10°2
100-1000 1b: 9.6x1073 /yr 9.6x10"2

Noteworthy Ior accidents involving releases of chlorine is that the multiple
of the release quantity (upper limit value) and the frequency of occurrence
is greatest for the largest releases. This indicates that risks are
dominated by the larger releases.
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5.5 CONSEQUENCES AND RISKS FOR SRP HAZARDOUS MATERIALS TRANSPORTATION

In this section consequences and risks from potential accidents in the
transportation of hazardous materials at the SRP are estimated. Estimates are
of health impacts to the publiz (i.e., individuals living or working beyond
rhe boundaries of the SRP) and to SRP workers. Consequences or risks
associated with actions taken to recover from accidents or those associated
with normal zransporration operations are not included in these evaluations.

Risks to ctme public result from Inhalation, ingestion, or exposure to
hazardous macerials that may be released. Because SRP drinking water sources
are from deep wells on the site, risks to workers are only those due to

inhalation or exposure. Consequences and risks are reported only for those
materials assessed in the screening analyses (see Section 5.4.1) to have the
greatest hazard potential. Although possible, it is unlikely chat the

materials and associated shipments that were not selected would contribute
significantly cto overall SRP hazardous materials transportation risks.
Results are reported separately for radioactive and nonradioactive materials.

5.5.1 Consequences _and Risks for Radjoactive Materials Transportation at the
SRP

Table 5-10 includes consequences and risks to the offsite public and SRP
 workers resuiting from the transportation of radioactive materials at the SRP.

As noted in Section 5.2, each accident 1s postulated to occur with equal
likelihood at the shipment origin and destination points for the purpose of
calculating consequences (0.5 probability/location). The ctable contains
summary descriptions of the accidents; the frequencies for the accidents{see
Section 5.3): the amounts of materials estimated to be released to the
environment [see Section 5.4); conditional probabilicies for the wvarious
release quantities (see Section 5.4):; the assumed accident locations (see
Section 5.2): and the calculated offsite populacion dose, maximum individual
dose, and onsite population dose. The table also shows cthe calculaced values
of risks to zhe offsite population, the onsite population and the hypothetical
maximally exposed individual. The total risk for radioactive materials
transportation is the sum of the individual accident risks.

5.5.2 Consequences and Risks for Nonradioactjve Hazardous Material Trans-
pertation at the SRP

Table 5-11 swmmarizes the consequences and risks resulting from nonradicactive

hazardous =caterials transportation at the SRP. as for the radioactive
materials, -ssults are for the offsite public and for SRP workers. A major
difference ‘- the data presented for the nonradioactive hazardous materials is
in the post:.ated locations of accidents. For the nonradicactive materials,

accidents are assumed to have an equal likelihood of occurrence at all
locations on the transportation routes. Accident consequences are reported for
accidents thac occur near to major population centers omsite and offsice. The
radii of areas where exposure exceeds toxic limits are established for this
analysis ané fractions of SRP route miles encompassed in the areas are also
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reaporzed (se= iz2cotion 5.2.6.4 for a discussion of =zisk evaluation mechoeds. Sor
nonragicaczie —zcerials).

Conseqﬁences .-= =-igks are reporzed for offsicte and onsite populacicns.
Caonseguences 32 ~easured in cerms of numbers of individuals exposed above
shreghnlds Z:r toxic affects. Included are the condiczional probability that
~he apcident _:-:zactlouns are near the population center, Aamounts released T2
the myirc::e::.* -he amount released to the air pathway, and the fraguency
for che accifenz. The total for nonradicactive material transporctaction risks
is reported s e sum of risks for individuals exposed above thresholds for
coxic effeczs Zrom each accident and location. as discussed in Sections
5.2.6.5 ané :.2.7, sufficient informacion is not available in current
1{iterarcire =z <naracterize human health effects rcisks from singie event
exposmres iuring/after transportation accidencs in cerzs of
injurdes/fzza_lztles.

5.5.3 Effszcz :n cthe EnvironmentC

The foeus 57 -ne cransportation SaR is the evaluacion of zisks to puolic
health and sala2Ty. As such, no formal assessmenc of pocential Iimpaccs on
cerrestriai or zguatic biota has been included. Of che nonradicactive bulk
chemicals se.=czed for evaluacion in the transportaction SaR, Tederal
envirponmenza. zuidelines are available for only one compound:
1,1,1-crichiozsaechane. The available data for fresnwater fish indicace that
acute toxiciztroccurs at concencrations as.low as 1.8 mg/L (55) ., __However, no

formal ampienc water quality criterion for the compound has been proposed for

5,6 ACCIDINT YITIGATION

Wherever and whenever possible, consequences of accidents that may occur in

the transpor:zztion of hazardous materials are micigated by actioms taken by
SRP emergencw Tesponse Ceams. These teams are maintained in a scace of
readiness at zhe site. They are promptly notified by the vehicle operator

using an onbcard radio or SRP employees who witness or arrive at the scene of
the accidenc. 3ecause of comstant vehicle traffic on the site the likelihood
of am acciderz being witmessed or quickly discovered is high. An emergency
response <cteaxz (established by SRP procedures) arrives at the hazardous
paterial accizant scene soon after being notified. Actions taken are directed
at assessing the nature of che accident and idencifying any needs for

assistance, nctifying responsible SRP and DOE managers {(who would in turn take
appropriats ::Tions ©o notify public officials in nearby communities),
treating ancd -=moving injured persons from the accident scene, establishing 2
safe perizetar., taking feasible acctioms to confine or limit disctribucion of
the HM, and ‘=clementing measures to neutralize and/or recover any HM thac may

be released :=i discributed. To maximize eiffectiveness, emergency response
teams have - -heir command all necessary physical and employee resources of

For ==is analysis it was conservatively assumed thac all accidents
resulting iz -:2leases would release maximum amounts.
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the SRP. These include radio communications, security forces, fire-fighting
personnel and equipment, highly trained experts om radiological and chemical
hazards, heavy equipment, and many other kinds of support personnel and
equipment. These personnel and equipment can be mobilized rapidly and quickly
deployed to any onsite accident scene and to any onsite or offsite area which
may be impacted by an onsite transportation accident.

These administrative means for mitigating transportation accident
consequences (when considered with limitations on releases of HMs iIn
transportation accidents set by container capacities) provide a basis for
assuming that HMs that are not dispersed while materials are being released
during the accident will 1likely remain near the accident site and be
recovered. This is the basis for not Iincluding long term (chronic) effects
following accidents in the risk analysis presented in Section 5.5.
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6.0 SAFETY RELATED ITEMS

Safety related items include those wvhose proper operation, by intentional
design, may prevent, mitigate, or monitor conditions during an accident, or
whose failure- to operate properly may initiate an accident. These ictems
include but are not restricted to those identified as "Q" under the Quality
Assurance (QA) program. Failure of safety related items may not lead to an
accident, but are of safety concern.

6.1 HAZARDOUS MATERIALS TRANSPORTATION SYSTEM ITEMS IMPORTANT TO SAFETY

The following groups of equipment and facilities are considered important to
safety for the transportation of hazardous materials at the SRP:

. Vehicles - SRP vehicles, vendor vehicles, and common and
private carrier vehicles provide means of safe conveyance.
Safety features include brakes; steering mechanisms; wheels,
axles and tires; lights and signaling devices; instruments for
monitoring vehicle status and safety system functions; drive
train components; and vehicle structures.

° Packagings - Hazardous material packagings provide containment
and health protection (e.g., radiation shielding) under normal
transport and handling conditions and under prescribed accident
conditions. Safety features Include containment vessels
including closures and valves; impact and puncture resistant
devices or components; mechanisms and materials for precluding
nuclear criticality; radiation shielding; insulation and/or
heat transfer features; package structures including structures
for tiedown and handling; absorbent materials: pressure relief
and pressure sensing devices; and ancillary tiedown and
handling equipment. (Note: some packagings are integral with
their transport vehicles, e.g., DOT Specification MC312 Tank
Trailer used for shipments of uranyl nitrate solution).

° Roadways and Railways - Roadways and railways are the improved
surfaces over which vehicles transport hazardous materials.
Safety features include hard, smooth rolling surfaces or rails
that are clear of obstacles, large surface breaks or failures,
and large heaves or depressions; that are well marked and
clearly designated; that are routed and engineered to avoid
steep grades and embankments; that incorporate engineered
structures (e.g., bridges) adequate for cthe traffic and load
service; that include ancillary safecy features such as
guardrails; and for rails, include switches.

° Loading and Unloading Areas - Loading and unloading areas
provide loading/unloading equipmenc, spill collection and
recovery features and monitoring serviges. Safety features

include monitoring instruments, filling and emptying devices
and equipment, lifting devices and equipment, spill collection
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and recovery systems. Specific items of equipment importantc to
safety in these facilities are listed in cthe appropriace .
sections in the facility safety analysis reports.

6.2 SURVEILLANCE REQUIREMENTS FOR SAFETY-RELATED ITEMS

Surveillance programs for safety related transportation equipment are
discussed under Inspection and Maintenance (Section 4.6).

I
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. TABLE 6-1. Onsite Transportation System Inspection, Testing and Maintenance

Safety Pelated Item

Inspection, Test and Maintenance Requirements
or Practices at SRP

1. Packages. Packagings,
and Containers for
Hazardous Materials

2. Vehicles

3. Roadways and Railways

. Shippers inspect packagings or containers

prior to each use.

. Shippers inspect packages prior to release

for shipments.

. Train crews or truck drivers visually inspect

packages for any abnormal or suspect condi-
tions prior to transport,

. Receivers inspect packages for any abnormal

conditions after receipt,

DOE or NRC certified packagings are inspected
in conformance with provisions of the Certi-
ficate of Compliance.

. Drivers inspect highway vehicles prior to

each use. Green tags are attached to vehi-
cles by the drivers when defective components
are found.

. Railroad crews inspect rolling stock daily or

prior to each use.

. Highway vehicles are surveyed once each month

to identify those needing special or routine
maintenance.

. Railroad crews inspect incoming rail cars

pricr to delivery to SRP onsite destinations,
SRP trailers’ king pins and tank vehicle
pressure relief valves are inspected at
scheduled intervals to insure continued safe
operations.

. Railroad tracks are inspected weekly and

before use after heavy rains or unusual
weather.

. Roads and rails are maintained on a contin-

uing basis. Items maintained include signs,
signals, guard rails, road surfaces, cross-
ties and rails, roadway striping, shoulders
and clear areas.

. Highway bridges are inspected by a profes-

sional engineering firm under contracrc to
Du Pont every five years.
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7.0 QUALITY ASSURANCE

7.1 QUALITY ASSURANCE PLAN AND MANUAL

A Quality Assurance Plan (1) and Manual (2) provide general procedures for
implemencing the QA policy principles. The manual establishes methods,
practices, and requirements for the Savannah River Quality Assurance Program.
Although =:the OA requirements in the manuals 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 quali:y assurance function provides for compliance with its organization
procedures and instructions.

7.2 QUALITY ASSURANCE IMPLEMENTATION

The transportation of HMs on the Savannah River Plant is controlled to provide
adequate confidence that the involved systems, structures, and components
perform satisfactorily in service and to provide adequate confidence chat the
activities associated with safe and environmentally acceptable transportation
are conducted in accordance with prescribed requirements. The controls are
achieved through the implementation of the Savannah River Quality Assurance
Manual (QA Plan) (1). The QA Plan is implemented by the procedures presented
in the Savannah River Quality Assurance Mamual (QA Manual} (2). The
requirements outlined Iin the QA Plan and the QA Manual are further
implemented through a system of procedures encompassing both operations and
administrative practices and through operating requirements. These procedures
and requirements embrace all elements of QA.

As an example of implementation of the QA Plan, hazards associated with SRP
transportation facilities, processes, projects, and equipment and their
associated operations are reviewed In accordance with the requirements
presented in Reference 3. Hazards reviews are used to determine the adequacy
of designs, operations procedures, administrative controls and QA requirements
In so far as these measures are implemented to assure the safecy of the SRP
workers and the public and in so far as the measures provide for the
protection of the environment. For new projects, hazards reviews are elements
of Design Control which is an component of the SRP QA Plan.

For ongoing transportation activities, existing facilities and equipment at
the SRP. hazards reviews are conducted whenever SRP Management determines a
need Dbased on considerations such as changes in requirements, new
{nformation. changes in envirommental or other conditions, or requirements
for audit. For these ongoing activities and for the existing transportation
equipment and facilities, hazards reviews are elements of the Audit component
of the QA ?lan.

7.3 RHYTHM COMMITTEE

In addition to procedural controls, the Du Pont RHYTHM Committee monitors the
performance of the SRP Areas in preparing hazardous materials for shipment
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offsite. The RHYTHM Committee (see Chapter 4.0) meets regularly to review
compliance findings, discuss problems, identify information needs, identify
and designate training needs, and assign actions. The BRHYTHM Committee
conducts periodic audits to help assess performance of cthe SRP operacions
areas in complying with HM :ransportation requirements. These are QA
activities primarily directeu -oward assuring qual.:y in offsite shipments.
However, they also have .. act on the quai.:.y of onsite interarea

transportation activities.

7.4 REFERENCES
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8.0 GLOSSARY OF TERMS

Amount of energy absorbed per unit of mass of
irradiated material. Measured in rads.

Number of spontaneous nuclear disintegrations
occurring in a given quantity of material during a
suitably small interval of time, divided by that
interval of time.

Radicactive chemical elements with atomic numbers
greater than that of actinium {(i.e., >88).

Radlioactive materials which are present-in-air.

Radicactive decay in which an alpha particle is
emittad. {(This lowers the atomic number of the
nucleus by two and its mass number by four.)

Emission of ©particles (helium nuclei) from a
material undergoing nuclear transformation.

Reduction of a radiation quantity upon passage of
radiation through matter resulting from all types of
interaction with that matcter.

SRP computer code which calculates transport and
resultant dose from airborne radicactive materials
over a wide region.

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,
which has been emitted by an atomic nucleus or
neutron in a nuclear transformation.
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Electrons and positrons emitted from the nucleus of
an atom undergoing nuclear transformaction.

The total quantity of radionuclide present in the
body.

That body burden of a radionuclide that, if
permissible (MPBB) maintained at a constant level,
would oroduce the max imum permissible dose
equivalent in the critical organ.

Substance which migrates, in vivo, preferentially
into bone.

Chi/Q is the calculated air concentration from a
specific air release. Units are (Ci/m?/Ci/sec), or
(sec/m3).

Any person engaged in the transportation of

passengers of property, as common, contract, or

private carrier, or freight forwarder.

Receptacle on which principal reliance is placed to
retain radiocactive material during transport.

Radicactive materials located where it is
undesirable (outside its normal locaction).

Specified area in which exposure of personnel is
controlled.

Reducction of radicactivity of a material by
radioactive decay.

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 bodyv.
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Unit of radiocactivity equal to 3.7x1010
disintegrations per second.

Disintegration of the nucleus of an unstable nuclide
by the spontaneous emission of charged particles
and/or photons.

Removal of radioactive material from a contaminated
surface or from within,

The ratio of the amount of undesired radicactive
material initially present to the amount remaining
after a process step.

The measures taken at the end of the facilities
operating lifetime to decontaminate the facility and
restore the site.

The energy imparted to matter in a volume element by
ionizing radiation, divided by the mass of
irradiated material in that volume element.

Radiological dose to man (rem) due to exposure to
radiation (Ci).

A term used to express. the amount of effective
radiation when modifying factors have been
considered. The product of absorbed dose multiplied
by a quality factor, multiplied by a distributrion
factor. It is expressed numerically in rem.

A nuclide capable of wundergoing fission by
interaction with slow neutrons.

Uranium-233, uranium-235, plutonium-238, plutonium-
239, and plutonium-241.

Nuclides produced either by fission or by the
subsequent radioactive decay of the nuclides thus
formed.
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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.

Time required for a particular substance in a
biological system to be reduced to one-half of its
original amount by biological processes when the rate
of removal is approximately exponential.

Dose to a hypothetical individual located at the
point of interest.

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,

Hypothetical individual located offsite that could
Individual potentially receive the maximum dose.

Elementary particle having no electric charge, a
rest mass of 1.67 x 1072 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 reacrtor.

Equipment in which a chain reaction of fissionable
material is initiated and controlled.

Species of atom having a specific mass, atomic
number, and nuclear energy state.




Offsite

Onsite

Package

Packaging

FPerson-rem Dose

(formerly Man-rem Dose)

Quality Assurance

R (Roentgen)

Rad
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Radioactive

Radioactivicy
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Area outside the boundary line marking the limits of
the plant property.

Area within the boundary line marking the limits of
the plant property.

Packaging and its radioactive contents,

One or more receptacles and wrappers and their
contents excluding fissile material and other
radicactive material, but including abserbenc.

Measure of population dose equivalent., It 1is
calculated by summing the dose equivalent received by
each person in the population discussed.

Systematic actlons to provide adequate confidence
that a material, component system, process, or
facility performs satisfactorily or as planned in
sexrvice.

Unit of radiation dosage equal to the quantity of
ifonizing radiation (gamma or x-ray) that produces one
electrostatic unit of electricity in one cubic
centimneter of dry air at 0°C and standard
atmospheric pressure.

Energy imparted to matter by lonizing radiation, One
rad is the absorption of 100 ergs/gram of absorbing
material.

Roentgen equivalent man - A unit of ionizing
radiation that produces damage to human tissue
equivalent to 1 roentgen of x-rays or gamma rays.
See dose equivalent.

0f, or exhibiting radiocactivity.

Property of certain elements to spontaneously emit
radiation including alpha particles, neurrons,
electrons, and gamma rays from disintegration of
atomic nuclei.
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A radicactive nuclide.

(Remember How You Treat Hazardous Materials) is Du
Pont’s registered service mark for its safe
distribution program.

An item providing information that may prevent or
mitigate the frequency or consequence of accidents.

Uranium or thorium or any combination thereof.
Source material does not include special nuclear
material.

Plutonium, uranium-233, uranium enriched in the
Material isotope 233 or in the isotope 235, and any
other material which DOE determines to be special
nuclear material, but does not include source
material.

Nuclides having an atomic number greater Chan
plutonium (i.e., >94).

Nuclides having an atomic number greater than
uraniun (i{.e., >92).

A quantity of radioactive material, cthe aggregate
radioactivicy of which does not exceed DOE
specifications for Type A in DOE Order 5480.3.

A quantity of radioactive material, the aggregate
radioactivity of which does not exceed DOE
specifications for Type B in DOE Order 5480.3.
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AEC
AED
ALARA
ANSP
APT
BMCS
cfs
ci
CSWE
DBE
DBT
DF
DHEC
d/m
d/m/ml
DOE
DOT
DPSOL
DPSOP
E&I
EM&GS
EOC

FC

GVW

SYMBOLS AND ABBREVIATIONS

Atomic Energy Commission

Atomic Energy Division

As Low As Reasonably Achievable

Academy of Natural Sciences of Fhila;elphia
American Petroleum Institute

Bureau of Motor Carrier Safety

Cubic feet per second

Curie

Central Services Works Engineering

Design Basis Earthquake

Design Basis Tormado

Decontamination Factor

Department of Health and Environmental Control
Disintegrations per minute

Disintegrations per minute per milliliter
Department of Energy

Department of Transportation

Du Pont Savannah River Operating Log

Du Pont Savannah River Operating Procedure
Electrical and Instrumentation Maintenance
Equipment Maintemance and General Services
Emergency Operating Coordinator

Facility Coordinator

Federal Railway Administration

Gross vehicle weight

WSRC-RP-8%-715



HAN

HAW

HEPA filter
HI

HM

HMC

HP

HPSS

IDLH

LAW

LW
MCC
MCL
MIAC
wph
MPI
MTF

NIM

NRC
NSRC
OHP
ORNL
OSR
PA

PCC

Hydroxylamine nitrate

High activity waste

High efficiency particulate air filter
Hazardous Index

Hazardous materials

Hazardous Materials Coordinacor

Health Protection

Health Protection Senior Supervisor
Immediately dangerous to life and health
Low activity waste

Lawrence Livermore National Laboratory
Low level waste

Meotor Contrel Center - - -

Maximum contamination level
Maintenance Information and Control
Miles per hour

Maximum permissible intake

Materials Test Facility

Nuclear Incident Monitor

Normal paraffin hydrocarbons

Nuclear Regulatory Commission

Nuclear Safety Review Committee
Occupational Health Protection

Oak Ridge National Laboratory
Operational Safety Requirementc

Public address

Process Control Center

3-8
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PCI
PERS

PMT

QA

rad
RBOF
RCG
rem

RFSA

R/hr

RR&FS
RTD
RZ
SAR
SARP

SCDHEC

SCL
5G
SNM
SNLA

SPCC

SRL

Package Compliance Inspector

Personal and Environmental Reporting System
Program Management Team

Quality assurance

Roentgen

Regulated Area

Radiation absorbed dose

Receiving Basin for Offsite Fuels

Radiation Control Guide

Roentgen equivalent man

Rocky Flats Scrub Alloy

Roentgen per hour

Remember How You Treat Hazardous Materials
Railroad, Roads and Ground, and Field Services
Resistance temperature device

Radiation zone

Safety Analysis Report

Safety Analysis Report for Packaging

South Carolina Department of Health and
Control

Seaboard Coast Lines

Silica gel

Special nuclear material

Sandia National Laboratory Albuquerque

Spill Prevention Control and Countermeasures P
Savannah River Ecology Léboratory

Savannah River Laboratory
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SRP Savannah River Plant
SRS Savannah River Site
TA Test authorization
T&R Training and reference
TI Trangport index
TLD Thermoluminescent desimeter
TLND Thermoluminescent neutron dosimeter
TLV Threshold limit value
TRAC Tracking Radiocactive Atmospheric Contamination
TRU Transuranic
UET Use Every Time
B UI _ Unusual incident
o Uranyl nitrate hexshydrats
USFS United States Forestry Service
WIND Weather Information and Display
WSRC Westinghouse Savannah River Company
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together then grouped with through-bolts to simplify handling (Figure A-2).
A strap handle has been added to the top gang of insulation to provide easier

removal. The insulation disks are fitted to the drum so that the radial
clearance between the "Celotex", the primary containment vessel, and the drum
does not exceed Ll/4 in. The radial, top, and bottom thicknesses of the

insulation are nominally 6 in.; this exceeds the Spec 6M minimum of 3.75 in.
prescribed by 49 CFR 178.104-3,

Two 1/2-in.-thick aluminum bearing plates are added to the packaging to
provide additional 1load bearing surface against the insulacion-centering
medium. The bottom bearing plate is equipped with a square key to prevent
rotation c¢: the primary containment vessel when its closure nut is being
attached or removed. The through-bolts which group the insulation also pass
through the bearing plates to prevent their rotation.

The primarvy containmenc vessel (PCV) consists of a stainless steel pressure
vessel that is designed in accordance with Section VIII of the ASME Boiler
and Pressure Vessel Code, 1980 edition, with design conditions of 1000 psig
at 500°F. By definition, the design conditions shall be higher than the
pressure and Cemperatures that can be generated during normal or accident
conditions of ctransport. The PCV is fabricated from 5-in. schedule 40
seamless tvpe 304 SS pipe (0.258-in. wall) with standard weight pipe cap
(0.258-in, wall) at the blind end.

A 4-in. scnedule 40 pipe of the same material {s welded to the convex sida of
the cap to form a skirt to support the PCV vertically. The skirt has two
slots on i:s bottom surface (180" apart) to engage with the bearing plate in
the packaging to prevent rotation.

The PCV closure consists of a male-female cone joint; the surfaces have been
machined to identical angles so that they mate with zero clearance. Two
grooves for O-rings have been machined onto the face of the male cone. A
leakage test port is provided between the two O-ring gloves. Two "Viton*
(trademark of Du Pont) GLT fluoroelastomer O-rings are placed in the grooves
to form a ieak tight seal (less than 10°7 atm cc/sec air) at 1000 psig and
500°F. Zero clearance behind the two O-rings prevents extrusion and loss of
sealing ability ac these pressures and temperatures. The leakage test port,
when opened after loading of the radioactive materials, allows for simple
leakage tests (pressure drop method). When the leakage test port is plugged
(as in normal shipment), a redundant O-ring seal is formed. A snap-ring fits
onto the male cone for use in unseating the cone during disassembly. The
seal nut, wnich forces the male cone against the female cone, is threaded
into the containmenc vessel body. Dissimilar materials were selected for the
seal nut '"Nitronic" 60) and containment vessel body (Type 304 S8) to
minimize gailing. When assembled, the primary containment vessel has a gross
internal volume of 213.35 cubic in. (3.5 liters), weighs 27.5 1lb, and is
13-5/8 in. _ang.

An aluminun honevcomb spacer (Figure A-2) is inserted into the concave cavity
of the prizary containment vessel to provide a horizontal flat surface for
the produc:t cans. The aluminum spacer increases heat transmission from the
radiocactive material to the containment vessel. However, the thermal tests
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FIGURE A-2. SP9965 Assembly
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. reported in Chapter 3 were performed without the aluminum spacer to provide
conservative test results.
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APPENDIX B
RADICACTIVE AND NONRADIOACTIVE MATERIALS
TRANSPORTED AT THE SRP

(Appendix to Chapter 3.0)

3-1



WSRC-RP-89-715

APPENDIX 3. Radioactive and Nonradioactive Materials Transported at the
Savannah River Planc

Tables B-:. 3-2. and B-3 present comprehensive lists of hazardous materials
that are :ransported at the SRP. Table B-1 identifies radioactive materials,
their typical shipment origins and destinations, the types of containers and
packagings used in their transport, the modes of shipment, annual numbers of
shipments., and the modes of transport. Table B-2 identifies tche bulk
nonradicac:t:ve materials transported at cthe SRP, their ctransport modes,
container :-pes, annual receipts at SRP for 1985, the onsite destinations, and
on and off:ite origins. Table B-3 is a comprehensive listing of essentially
all of the r~onradioacrive hazardous materials that are transported at the SRP.
The materials listed in Table B-3 rthat are not listed in Table B-2 are
received in small lots and/or infrequently.
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Detailed List of Nonradicactive Hazardous Materials Received

TABLE B-3.
and Transported at the SRP¥*

Hazardous Material

Acetone Asphalt, Cut Back Coating Solution
(Flammable Liquid)

Acetylene Compressed Gas,
Asphalc, Cut Back n.o.s. {Flammable)

Adhesive (Combustible Liquid)

Air, Compressed
Alcohol, n.o.s.
Aluminum Nitrace

Aluminum Suiface
Solution (RQ-5000/2270)

Ammonia, Anhydrous
(RQ-100/45.4)

Ammonium Hydroxide
(containing not less
than 12X but not more
than 44X ammonia)
(RQ-1000/454)

Ammonium Hyvdroxide
(containing less than
12% ammonia’
(RQ-1000/434)

Ammonium Nitracte (no
organic coating)?

Ammonium Nitrate,
Solution (containing

not less than 157 water)

Argon or Argon,
Compressed

Asbestos

Battery, elecctric
storage, wet, filled
with acid, with auto-
mobile

Bleaching Powder,
containing 39% or
less available
chlorine

Boric Acid

Calcium Fluoride
Calcium, Metal
Calcium Oxide

Carbon Dioxide

Carbon Dioxide, Solid
or Dry Ice, or Carbonice

Cement

Cement, Roofing, Liquid
Cement, Rubber

Charccal Briquettes
Chlorine (RQ-10/4.54)
Coal, Ground Bituminous.

Sea Coal, Coal Facings,
Ete.

B-22

Compressed Gas,
n.o.s., (Nonflammable)

Cyclohexane
(RQ-1000/454)

Dichlorabenzene,
Ortho, Liquid
(RQ-100/45.4)

Dihydrazine
Sulphate

Etching Acid,
Liquid, n.o.s.
(RQ-1000/454)
Ethyl Alcohol

Ferric Sulface
(RQ-1000/454)

Ferrous Sulfamace

Film
(Nitrocellulose)

Fuel 0il

Fuel 0il, Neo. 1, 2,
4, 5, or 6

Gasoline (including
Casing-head and
natural)



_ Hydrofluor:: Acid
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TABLE B-3. Detailed List of Nonradioactive Hazardous Materials Received
and Transported at the SRP* (Continued) .

Hazardous Material

Helium or -=_ium, Hypochlorite Solution Nickel Chloride

Compressac containing not more than (RQ-5000/2270)
7% available chlorine by

Helium, weight (RQ-100/45.4 Nickel Sulfate

Refrigeraz:: Liquid (RO-5000/2270)

(Cryogenic _igquid)
Hexane
High Explc:z.ve

Hydrazine
Mononicrac:z

Hydrochlor:: aAcid
(RQ-5000/227 )

Solution «:--5000/2270)

Hydrogen cr =ydrogen,
Compressec

Hydrogen. T::Irigerated
Liquid (Cr—-genic Liquid)
Hydrogen . -..ride
(RQ-500/227"" or

Hydrogen <. .:ride,
Anhydrous :3-5000/2270)
Hydrogen -_.oride

(Hydroflucr.:z Acid)
(RQ-5000/2273)

Hydrogen T:::xide
Solution 1 oto 40X
Peroxide
Hydroxw_.ir_ -2 Micrate
Hydroxwizz:-= Sulphate

‘Lead, Metal Powder

Ink, Combustible Liquid
Ink, Flammable Liquid

Isopropanol (Lsopropy
Alcohol}

rerosene
Lacquer Base or Lacquer

Chips, Plastie {(wet with
alcohol or solvent)

Nitric Acid (over 40X)
(RQ-1000/454)

Nitrie Acid, 40% or
less (RQ-1000/454)

Nitrobenzene, Liquid
or Nitrobenzei, Liquid
{(oil of mirbane)
(RQ-1000/454)

Liquified Petroleum Gas
{e.g. Propane)

Lithium Metal, in
cartridges?

Manganese Nitrate

Mercuric Nitrate
(RQ-10/4.54)

Mercury, Metallie

Methane or Methane,
Compressed

Methyl Ethvl Ketomne
Methyl Methacrylate
Yonomer, Inhibited

(RQ-5000/2270)

Methyl Methacrylate

3-23

Nicrogen Dioxide,
Liquid (RQ-1000/454)

0il, Described as 0il,
0il, n.o.s., Petroleum
0il or Petroleum 0il,
n.o.s. (Combustible
Liquid)

0il, Described as 0il,
0il, n.o.s., Petroleum
0il or Petroleum Oil,
n.o.s. (Flammable
Liquid)

Oxalic Acid

Oxygen or Oxvgen,
Compressed

Paint (Combustible
Liquid)




TABLE B-13.

Detailed List of Nonradicactive Hazardous

and Transported at the SRP* (Continued)

WSRC-RP-89-715

Materials Received

Hazardous Material

Hypochlorite Solution
containing more than 7%
available chlorine by
weight (RQ-100/45/4)

Phosphoric Acid
(RG-500,/2270)

Polychlorinated
Biphenyls (RQ-10/4.54)
{RQ-10/4.54)

Potassium Hydroxide
Liquid or Seclution
(RQ-1000/454)

Potassium
Permanganate
(RQ-100/45.4)

Potassium Fluoride

Refrigerant Gas,
n.o.s. or
Dispersant Gas,
n.o.s.

Resin Solution
{Resin Compound,
Liquid

Monomer, Uninhibited
(high-purity, if
acceptable under 173.21)

Silver Nitrate
{RQ-1000/454)

Sodium Carbonate

Sodium Chromacte
{RQ-1000/454)

Sodium Dichromate
(RQ-1000/454)

Sodium Hydroxide,
Liq/Sel (RQ-1000/454)

Sodium Nicrate
(RQ-100/45.4)

Sodium Phosphate,
Tribasic
(RQ-5000/2270)

Sodium, Metal Liquid
Alloy (RQ-1000/454)

Sulfamic Acid

Paint (Flamable
Liquid)

Painc Related Material
{(Combustible Liquid)

Paint Related Material
(Flammable Liquid)}

Sulfur Dioxide

Sulfuric acid
(RQ-1000/454)

Tetrachlorethylene or
Perchloroethylene

Tributyl Phosphate
1,1,1-Trichloroethane

Trichloroethylene
(RQ-1000/454)

Uranium Trioxide
Vinyl Chloride

Xylene (Xylol)
(RQ-1000/454)

2inc Chloride, Solid
(RQ-5000/2270)

Zinc Chloride,
Solution

(RQ-5000/2270)

Zine Chromate

* Includes all materials listed in SRP Caption Items:

3-Paint and Related

daterials, 6-Laboratory Chemicals, 7-Cylinder Gasses, l7-Janitorial

Supplies, and Bulk Chemicals,

quantities may not be lisced.

3-24

Some specialty chemicals used in small
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APPENDIX C. REGULATORY REQUIREMENTS FOR PACKAGES USED TRANSPORTING RADIO-
ACTIVE MATERIALS TO DESTINATIONS OFF THE SRP SITE

Packages containing quantities of radicactive materials greater than the Aj
or Ag value for the radionuclide(s) to be shipped must withsrand tests shown
in Tables C-1 and C-2 before they can be certified for offsice shipments. A
Safety Analysis Report of Packaging (SARP) must be submitted to DOE before a
Certificate of Compliance can be issued for a specific package. DOE issues
Certificates of Compliance for its contractors as specified in a Memorandum
of Understanding with DOT and NRC and reflected in DOT regulations ac 49 CFR
173.7. “"RC 1issues Certificates of Compliance for licenses and overseas
shipmencts as requested by the DOT acting as cthe United States’ competent
authority.

For Type 3 packages containing large quantities of radionuclides, design may
include pressure relief devices to control release of gases generated during
fires in an accident environment. Pre-operative and preuse testing of such
devices is required. Transmission of heat from the contents through the cask
wall is a zajor design consideration for high specific alpha emitters and for
other concentrated radionuclides. Conversion of radionuclides to solids is
preferred for offsite shipments because regulations require the design to
guarantee no leakage if the package is involved in a hypothetical accident.
Effective Jjune 1978, Federal regulations require that quantities of plutonjium
over 20 curies must be converted to solid form before shipping.

Packages containing lesser quantities of radionuclides (called Type A
quantities) must comply with the tests (Table C-1) which evaluate package
environments during normal transportation. In addition, a documented safety
analysis is required for each such package, effective January 1, 1976.

For additional information on cask design, testing, and criteria for
packages. see DOE Order 5480.3 "Safety Requirements for the Packaging of
Fissile and Other Radioactive Materials” and Code of Federal Regulations 10
CFR 71.31 through 10 CFR 71.73.
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TABLE C-1. Tests - Normal Conditions of Transport¥* (Effective 9/7/83)
Heat Direct sunlight at an ambient temperature of 100°F in still
air.
Cold Ambient temperature at -40°F in still air and shade.
Pressure Reduced external pressure, 3.5 psi; increased external
pressure, 20 psi.
Vibration Vibration normally incident to tramsport.

Water Spray

Free Drop

Corner Drop

Penetration

Compression

Water spray sufficiently heavy to keep the entire exposed
surface of the package except the bottom continuously wet
during a period of thirty minuces.

Between 1-1/2 and 2-1/2 hours after conclusion of the water
spray, a free drop through the distance specified below.onto a
flat essentially unyielding horizontal surface, striking the
surface in a position for which the maximum damage is expected.

Free Fall Disctance
” Package Weight ____ pistance, ft

Less than 11,000
11,000 to 22,000
22,000 to 30,000
More than 33,000

- Nw e

Free drop onto each corner of the package in succession or in
case of a cylindrical package onto each quarter of each rim,
from a height of one foot. This test applies to packages
which are constructed primarily of wood or fiberboard boxes
and cylinders.

Impact of the hemispherical circular end of a vertical .steel
cylinder one and one-quarter inches in diameter and weighing
13 pounds, dropped from a height of four feet, normally onto
the exposed surface of the package, which is expected to be
most Vvulnerable to puncture.

Packages not exceeding 11,000 pounds in weight, a compressive
load equal to either five times the weight of the package or
265 pounds per square foot, whichever is greacer. The load
shall be applied during a period of 24 hours, uniformly
against the top and bottom of the package in the position in
which the package would normally be transported.

*49 CFR 173 . i65.

c-3
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. TABLE C-2. Tests - Hypothetical Accident Conditionsw
Free Drop Free drop for a distance of thirty feet onto a flat
essentially unyielding horizontal surface, scriking the

surface in a position for which maximum damage is expected.

Puncture Free drop through a distance of forty inches sctriking, in a
position maximum damage is expected, the top end of a vertical
cylindrical aild steel bar mounted on an essentially
unyielding horizontal surface. The bar shall be six inches in
diameter, with the top horizontal and ics edge rounded to a
radius of not more than one-quarter inch, and of such a length
as to cause maximum damage to the package, but not less than
eight inches long. The long axis of the bar shall be normal
to the package surface.

Thermal Exposure for thirty minutes within a source of radiant heat
having a temperature of 1,475°F and an emissivicty coefficient
of 0.9, or equivalent, For calculational purposes. it shall

be assumed that the package has an absorption coefficient of
0.8. The package shall not be cooled artificially uncil afcer
the thirty-minute test period has expired and the temperacure
at the center of the package has begun to fall.

Water-Immer Immersion in water for not less than eight hours under a head
sionoef water at least 15 meters (or 50 feet). - effective
9/7/83.

*49 CFR 173.367 and 10 CFR 71.73.
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APPENDIX D
EXAMPLE OF A HAZARDOUS
MATERIAL INCIDENT REPORT

(Appendix to Chapter 5.0)
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DEPARTMENT OF TRANSPORTATION
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Form agprvesd QM Mo, OdSh)

HAZARDOUS MATERIALS INCIDENT REPORT

RITRUCTIONY, Submut this report in duplicete 10 the Secretary, Hozardous Materiels Requistions Board, Depertment of
i{ apsce provided {of sny 1tem 18 inadequate, compiete INsl

Coptes of this farm, 1n Limited quentities,

Additional copies in this prescrded (ormat

Trensportetioa, Washingion, D.C. 10590, (ATIN: Op, Div.)
itew under Secuon H., ""Remarks’’, keving 10 the eniry number being compieted.
may be cotsimed from Lhe Secreiary, Hazardous Maierisis Reguistions Board,
may be reprevsced and used, il on the same size and Kind of paper.

Al INCIDENT

FREIGHT

1. TYPFL CF OPERATION
CD wWATER $G FORWARDER

t e g mcuwar 37 mai

OTwER
GGfl‘.ﬂlllr)

d. CATE amd TiME OF INCIOEMT (MONIR « Day = Foar) .
March 7, 1972

(N
L

LOCATION OF IMQIDENT
Exit 3 on I-495 near Alexandria, Va.

8 ) REPORTING CARRIEN, COMPANY OR INDIVIOUAL

4 fYLL mamg

ABC Trucking Company, Inc.

3. AQOALIE (Muhbor, Sireer, Clty, Sitate and Lis Cade)

204 Posc Avenue
Fayetteville, North Carolina

28301

S TYRE Or vEMICLE OR FACILITY

Iracner - Yap Irajler

C | SMIPHENT msgmrua TION

T. NANME ARG AOORESS OF INIPPEA (Ovipn sodress)
XYZ Chemical Company

1101 Souch Peachcrree Streec
Atlanta, Ga. 30303

5. NAME AMD AODARAS OF COMSIGNEL (Dearmotion sddveaa)

J & J Chemicals
1506 Wayne Street
Alexandria, Va.

22301

2. SHIPPIRG PASER IOENTIFICATION MO,

16. SMIPINNG PASEARS IISUED BY

Cswismen

Shipper's B/L:  FNC 12345 (X] canmen
QTHER
Carrier's Pro: 98765 (tdonsitys

0 | OBATHS, IMUt1ES, LOSS AMD DAMAGE

QUE TO WAZAROOUS MATERIAL 3 INVOL VED

ESTIMATED AMOUNT OF LOIS AND/OR
PROPERTY DAMAGE INCLUCING CO3T

BETTT] HJURED 12, MUMSER PERIONS xILLED OF DECOMTAWINATION ¢ otf in

-l - snilare)
16, ESTIMATED TOTAL QUANTITY OF mAZARDOUS HATERIALS ACLELAIED
45 gals. * 1,000.00
€ |HAZARDOUS naTERIALS INVQL VED
3. CLASBIMICATION 18, SMISMING nmami 17. TRADE mam
(3o, 1714} {See. 172.5)
Corrosive Liquid Pormic Acid None

MATURE OF PaCEAGING FAILUAE

18, [Chacs wi apiirantie oo vea)

[1} CROPEED 1M HANDL NG (D EXTERMAL PUNCTURE

{3 DAMAGE BY OQTHER FREIGHT

19 DAMAGE FROM QTHER LIQUID

WATER QAMAG E

18} FREEIING

[ @) INTERNAL ARAESSURE

EXTERMAL HEAT

9 CORRQOSION OR RUST

(g QEFECTIVE FITTINGS,

(1 LOOSE FITTINGS, VALVES OR
VAL /ES OR CLOSURES cLosy

RES

(1 FAILURE OF INNER
RECEPTACLES

(1Y 8OTTOM FAILURE {14 SODY OM SIDE FANLURE

1% wELD FAILURE

(171 OTHMER CONOQITIONS (lduntiiy)

P16 ChiME FaLURE x{ Traffic Collision

1.

Feem 0OT F 5800.1 {10-70)

D-2

SPACE FOR DOT UIE OMLY
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G | PACKAGING INFORMATION + [{ Mo than ene ol te o ryoe sechaging 18 inveived i lsee oi Melerial ZhO® Roshaging i~ ipmmasith
sopasassiy W sach. || s sm0se io nesged, uae Jeciian N ''Remerts’'” baiow keyeng ro the 1pmh Aantnd we.
ITEM i " FT} . -
TeeE Sy tioaaginG uiruod s | (Imner) (Oucer)
R e &
pl ey Plastic Liner Steel Drum
CARPACITY OR HEIGHMT PR UNIT
211|793 qautene. 43 180 ses) 5¢ oalg €5 gala.
| NuMBER OF PACKAGES FRCH WHICH
21 ]-A TEMtAL CSCAPED | 1 1
MUNBEN OF PACKAGES OF SAug TYPL
21 TRUIE. 14 hs 72 72
DOT IPECIFICATION NUMSERIZ) ON
18| PACKAGES (P, ITE, JAL, #18, & Rine) DOT 251 DOT 17H
$MOW ALL QTHER DOT PACKAGING S‘rc
i i 55-12-71 18/16-55-10
™ NAME, SYTHNOOL, OR MEGISTRATION HUM=
BER OF PACKAGING MANUFACTURER AAA FUBAR
SHOW 1EMAL '"#-.‘.J' cv;;:g:::.l
27T {CARGD Tauuyl, TANR %,
TaMKS N/A N/A
281 TYPE 0OT LAGKLISI APPLIED N/A Corrosive Liguid
AEGISTRAATION
ir meconotTiongn |* |wO. On sYMeOL ¥/A DOT R1000
» an GATU GF LAY
8 | resT oF inaPEC
REQUALIFIED, INQW TION Hf.\ ‘I‘ested' 2/72
1¥ Smimuen? 13 UNOER OOT QR YSCQ
10 | $PECIAL PEMNT, ENTLA SLMHT NG.
Hone, None

W REMABLS - Describe essanusl facts of incident wcluding but not limyted 10 defecty, damege, probabie ceune; SlOowe gy,
sction Laen ot Lhe Lime discovernd, and sclion Laken (9 prevent future incidents. [nclude say recommendations 10 improve
re tonsin Photographe sad diagrems should be submitied when

packapag. hemdling, or tr stien of b
pecessery for clanflcatien

Our vehicle was involved in a minor ctraffic accident which
csused che load to shift and puncture ona of the drums. The
leaking drum was removed by the consignee to their disposal
area and buried. The vehicle vas taken to our Alexandria
terminal and cleaned (washed down and sceamed). A Highway
Patrolpan on the scene had some of the spilled liquid splash
on his hand. Ha wvas-caken to a local hospital where he vas
treated and raleasad..

11, MAME OF PERSON PREPANING AEPQORT ¢ Type er srini) 3. SIGHATURK
ira Jeopard

13, TELEPwONE WO, (Include Are Cods) 34. DATE REPQORY AR EANED -
{202) 143-0510 March 15, 1972

Reverse of Form DOT F 3800.1 (10-70)

w
'
(W%
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RADIOACTIVE MATERIAL TRANSPORTATION
INCIDENTS AT THE SRP
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APPENDIXZ E, Radloactive Material Transportation Incidents at SRP

Appendix E provides the history of reported transportation incidents at the
SRP. fruck and railroad accidents, leaks and spills of liquids, roadway
Lontamination. nign radiation intensities during shipment, fires, natural
phenomena. and human error which have occurred in, or incident ro,
Iransportation during 34 years of operation are described below.

Accidents ‘nvoiving Trucks and Truck Trailers

Table z-1 is a listing of trucking accidents. Except for the minor backing
accidents. cthere have been 89 reported accidents at the SRP in which trucks
were involved; this is an accident rate of about 3/yr for all onsite ctruck
Transportation, Estimacing that 10X of onsite truck operations are for HM
shipments ,which amount to about 100,000 mi/yr) and that 10% of cthe recorded
accidents are serious enough to be reported if occurring in public commerce,
the relevant SRP ctruck accident rate is believed to be approximately
3x10°’ /venicie mile. This is about one-tenth the rate for cruck commerce on
public highwavs,

Rajl Car Accidents

Iable E-2 lists accident occurrences invalving rail operations. Minor damage
was experienced except:

. While an agitator on a flatcar was pushed into Building 211-H
it struck overhead air and steam lines. The tiedown chains
were broken and the agitator fell to the ground and sustained

damage.
) ~hen a canyon jumper box on a flat car struck a lighc and
wire, ripping the overhead 2300-volt lines. The electrical

lines draped over <che load, but fortunately the circuit
breaker opened.

. «hen a fatality occurred during a routine switching operation
in 1970. No one witnessed the accident.

Damage to vsil cars has occurred four times, all in the 200-Area railroad
tunnels wnere cars are moved bv a battery operacted locomotive (dinkv). The
dinky brakes Zailed. damaging CD-4 and CD-35 70-ton cask cars by hicrcing the
end sSLops it =xcessive speeds. The third damaged car involved air brake
lines being incorrectly operated and the car decoupled. After decoupling,
tiedown unains zo the cask broke when the car abruptly scopped, the cask
moved and Zamaged a retaining rib on the end of the car. Also, a fire
curtain rfeil 3 feet onto a flat car, damaging che car. DPSTSY-200-1, (1),
Section 2.4.4.1 evaluates operations in the railroad tunnel.

L

1]
'
[£%]




TABLE E-1. Truck Accidents

WSRC-RP-89-715

Incident

Number of Occurrences

Minor backinz accidents for trucks, including pickups
from 1963 => 1982

Tractor trai.er struck parked vehicle
VYan truck ran into another truck
Truck struck bv crane headacheball

Tractor traiier jack-knifed (skid on ice and snow or
front whee.s locked)

Passing cruck hit vehicle
Truck pulled into intersection and hit vehicle

Driver lostc control and ran off road

Truck lost _ocad (one was a pulpwood truck)
Truck strucx tractor (farm type) on road

Tractor trailer released brakes and rolled back into
pole (one commercial vehicle)

Truck ran szop sign and hit car

Tractor trailer hit entrance gate

Driver blacked out and hit pole

Driver veered o left of road over guard rail
Truck turned ieft into pickup which was passing

Parked commercial trailer rolled backward and hit
building

Commercial —2hnicle - left rear dual wheels rolled
off axle anc truck overturned

Load struck sverhead lines

Truck struck other vehicle during poor visibilicy
(smoke, rain. snow) (one was pulpwood truck)

M
[
L

Average B/yr

L]

15
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TABLE E-1. Truck Accidents (Continued)

Incidentc

Number of Occurrences

Light weight <rucks - blowout and hit guard rail
Foot slipped tnto accelerator and vehicle hit object
Cranes beinz =—oved damaged gatehouse

Crane being zoved hit vehicle with boom

Crane carrier struck overpass

Hydrocrane pu.led down section of wall onto a
oarked cruck

Trailer came ’sose from tractor and overturned
Concrete truck overturned - unbalanced load in mixer
Dump truck overturned

Truck hit gatehouse

Truck hit fixed object

=]

} =

14
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. TABLE E-2. Rail Accldents

Incident Number of Occurrences

Locomotives and cars struck doors 4

L2

lncomotives and cars scruck zaces

s

Fguipment beside che tracks was hit

Overhead piping was struck 2
.I;éctrical line was hit 1
3;&1 track switch accidents 10
?giled brakes (Rubber gasket had spread into application 1

port of automatic brake valve)

ZEmployees feil from deck of flatcar 2

e . Ddring coupling of 70-ton cask car, a steel chock flew 1 =

about 30 feet from track and nearly hit employee
a¥r hose fell to track, was severed and blew a valve out 1
of the backup hose and almost hit employee

The subgrade and track bed were eroded near Building 1
105-C by water being discharged from a fire hose. The
Track was immediately closed for repairs.

—

Several sticks of dynamite and fuses were found in a
carload of rock, but the fuses were detached.

Tontamination of up to 15,00 c¢/m beta-gamma was detected 1
in a traction blower motor, brake system, and wheels of a
locomotive during a required Health Physics survey before

Iputine maintenance.

A*chain chock not removed from a car slid along the track L
and lodged in a switch point - potentially causing a
derailment.

Road bed empankments were partially washed out during a L

wery heavy rain in 1976

-

A loaded courier car awaiting pickup on a rail siding
began rolling and finally stopped on the mainline tracks

=3
]
w
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TABLE E-2. Rail Accidents (Continued) .
Incident Number of Occurrences
The subgrade was eroded and damaged by beaver activity 1

near Building :13-C at the intersection with Road 5

Tiedown probiems with an Elk River reactor cask received i
at 244-H. The I_atcar bowed under the load, the tiedowns

flexed and broke cable strands. For the return trip, the

cask was bolted onto a skid which was bolted to the car.

1971 - two cars used for ThNO3 solution storage exhibited 1
localized weld zetal corrosion up to 1/16 inch deep. The
solution is no longer stored in these cars.
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Rail Crossing Accidents

There was -ne rail crossing accident recorded in December 1957 after
production startup. This accident involved a fatality caused by an employee
driving into the side of a train. Following this accident, SRP railroad
procedures were revised to require the engineer to slow the train to 4 mph
when approaching highway crossings. Furchermore, a high intensity revolving
yellow .ight was installed on the locomotive cab roof. The light 1is
illuminaced =-hile the locomotive engine is operating. These changes in
procedure n~ave averted at least four crossing accidents involving logging
trucks, a orivate vehicle which slid into cthe crossing when 3ts brakes
locked, zind a shuttle bus which ignored the signal lights, the locomotive
bell, horn z:nd revolving light. With these changes in procedure, ic is
estimated -hat the probability of a vehicle hitting a cask car or flat car
carrying radioactive waste or equipment is approximately <1lx10°4/yr. The
current ‘recuency of operators of vehicles running the red light at railroad
crossings is six or more per year. Most of these latter incidents are probably
the resul: of vehicle operator impatience with slow moving ctrainms.

Near che -.)-Area, onsite highways cross the mainiine of =tne seaboard
Railroad 3vscem where trains cravel at full speed. Highway vehicle operators
can see -he -rains at a good distance from each of these crossings. However,
during cons:ruction of the 400-Area, chree construction workers were killed
at one of --ase crossings in a ctrain-car collision.

Derajlments

In the period 1961 through 1982, 19 derailments were reported - a frequency
of 1.1/vr or l.2x10'a/hr. Three of these derailments involved 70-ton fuel
element cas< cars. No significant consequences occurred. Two cases of cask
car derai.zent occurred outside of the railroad tunnel but wichin the
exclusion area (fenced area with security-controlled access) of :00-H Area.
The cars -ezained upright and no contaminated water was lost to :the environ-

ment. ~nree similar derailments occurred offsite during cthe snipment of
Canadian -uei in S55-ton casks. The speed at the time of derailment (2) was
approximactel+ 20 mph, and the cask cars remained upright with no loss of

contaminactea water to the environment.

Sandia dara (3) show that the probability per car mile of derailment Is
6.6x10°% at speeds of 30 mph or less. Data from a fault ctree analysis b
Holmes ind “arver, Inc. (4) indicate a probability per mile of about 6x10°
for derai.cent of a cask car with subsequent over- curn, loss of coolant, or
puncture oI Ihe cooling water expansion tank.

less than .. zrips per year. The distance traveled is 1 to l-1/2 ailes. The
estimated I-zquency of derailment is <2x10'“/yr during chese infreaquent,
short hauis 1).

Contaminactec z=quipment is moved by rail from che canyons at a Crequency of

Table E-3 rz=veals that in most incidents reported derailments were caused by
operator =rrors. Six of the 19 derailments involved faulty or misoperated

E-7
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TABLE E-3. Derailments 1961 through 1982

Cerailment Causes

Number of Occurences

Ramming rear of railroad tunnel at excessive speed
Misaiigned derailer (a derailer is a device that causes
car(s) to derail before sctriking a building, octher car,
or running o:if the end of a dead-end track)

Pushed over derailer

Hit derailer at excessive speed

Rolled off track onto dirt road

Zar pulled over zhocik or foreign object on track

cars uncouvled. rolled, and struck other cars

Coupling pin noc engaged, side pressure on curve

Faulty or misoperated switch

Worn flange on car wheel

TOTAL DERAILMENTS

-

[W¥]

19
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switches anc occurrences were caused Dy a car pulled over the chock or a
foreign obiacz on the crack.

Leaks and S-: .5 of Liquids onto Vehicles

From 1959 =: .976, two small volume leaks and spills of 1liquids occurred onto
railcars anc 12 small volume leaks onto trucks and trailers. Table E-4 des-
cribes cthese spills of liquids onto vehicles. From 1977 =to 1983, thirteen
smail wvolume .zaks occurred onto ctrucks or trailers but none were reported

for rail cars. The frequencv of these spills with the liquid concaminating
only the cacrier vehicle is approximately one per vear. Liquid leaked ten

times onco -~e trailer and twice onte a4 rail car from equipment being
transported ind nine times from a cask onte its trailer during onsite
operations. The probability of leakage per shipment of equipment is about
0.05.

The freguerc+ of leakage of waste liquids into a load-lugger pan is about
0.1/vr and I: a function of operator performance. However, the pans are
sealed by c:ntinuous welding and the probability cf leakage onto the vehicle
and road during transit is very small.

Drums conta.ning D90 have leaked, but transportation equipmenc has not been
contaminacec. However, the 2800 drums stored outside were inspected and 56

drums were :-itted: Pitting corrosion was caused by flyash and.rainwacter...

Drum inspeczions prior to filling operations are necessary safety
precautions.

Casks and packages received from offsite occasionally arrive at SRP with the

outer surfaces contaminated, possibly from minor leakage. Containers in at
least six shipments to the Burial Grounds have been contaminated but have
presented .l::zle nazard during onsite transportation.

Approximate.~ 1% of the casks containing irradiaced macerials rvaceived ac
Building l.--H {RBOF) were contaminated above limits prescribed by Federal
regulations. ‘ontamination of the trailer beds occurred only near the casks.

Potential causes of leaks and spills of liquids are listed in Table E-5.
Table E-6 oresents evaluated truck accident statistics Ffor SRP for
radicactive materials including the experienced frequency of leakage during
shipmenc.

Railroag Rec cntamination

The primarv :zuse of contamination of the railroad beds and tracks has been
the transper:t of =quipment from 200-d or 00-F Canvons to che Burial Sround.
From 195% =:: 1960 the railroad beds and ctracks in che 200-H and 200-F
exclusion av23s were contaminated four times. In this period. the roadbed

between :these exclusion areas and the Burial Ground were contaminated three
Cimes. Tab:iz Z-7 lists the occurrences of railroad bed contamination. .
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‘l' TABLE E-4.

Leaks and Spills of Liquids onto Vehicles from 1959 to 1976

Number of

Spills onto Vehicles Qccurrences Consequences

Uranyl nicrate leaked from hatches i Hatches were sealed and

of HM trailers after trailers were decontaminated beiore

filled. transport.

HM trailer Leaked about 1/2 gal from 1 Trailer was deconctami-

a dip tube flange when pressure was nated before shipment.

not relieved after the preshipment

pressure tesct.

Liquid from a Building 776-A load 1 Residual radicactivicy in

lugger pan spilled when it was dumped the pan was 60.000 d/m

in the Burial Ground but did not leak alpha,

enroute.

A leak into a pan involved a leak 1 Severity unknown.

from a 5-gal carton inside a 772-F

pan.

In 1982 a leak of two gallons from 1 Radiation intensity of

packaged waste into a 772-F pan. 35 R/hr at 3 in. from the
pan revealed a punctured
waste carton

In 1973, 304 stainless steel moder- 6 The cause was defective

ator drums were found leaking during seal welds and snrinkage

an inspecticn. cracks.

Leaks from D70 drums were reported 8 Drum inspections prior

in 1976, (Works Technical Monthly to filling operations.

Reports.)

Since 1976 only one D20 drum was L Severity unknown.

reported as leaking from a small

nole in che side.

Small leaks occurred in transit and 2 Paper towei swipes {from

contaminated gondola cars as much as about ! sg ft surface

.2 rad/hr at I in. area) radiated 4 rad/hr
at 3 in.

In 1976 uranyl naicrace crailers 10 The trailers were contam-

returned from Y-12 were contaminated
at a front unloading hatch.

[}

-10

inated to 80,000 d/m
alpha.
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"LABLE E-4. Leaks and Spills of Liquids onto Vehicles from 1959 to 1976

{Continued)
————— &
Number of
Spilis oncto Vehicles Occurrences Consequences
—
Frt « 1977 chrougn 1982, uranyl 3 Contamination to a maxi-
nif..ate traiiers returned from Y-12 mum of 50,000 d/m/100
copraminacec, cm* alpha smearable.

E-11
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TAELZ £-5. Potential Causes of Leaks and Spills of Liquids .

incocomplete drainage of liquid or decontamination solution from
zguipment.

Yiscperation of valves, particularly those on deionizer casks,
tne sottom emptying low-level trailer, and ocher vessels wnere
& wilve is the only barrier berween the vessel concencs and the
anvironment.

Juncture Dy a forklift truck during loading or uniocading
operations.

Incorrect assembly of gasketed closures such as manholes,
na:zhes, flanges, and lids.

_nacequace connection of hoses.

inalequate packaging of liquids and powders containing
raclonuclides. Transport operations can cause leakage within
the sackage resulting in liquid leakage or sifting of powders
Ircz the package,
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Evaluated Truck Accident Statistics for SRP
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Trailer or Used to Froquencey Avarage Probability
Container Tvyvpe Transport of Leakage Mi/Yr of Accident
Mouncted tanks wicth Low-level waste 0.2/yr 1200-1500 <3x10'5/yr
No Shielding
High-level waste High-level waste  3x10°%/yr <300 <10710 /v
trailer at <20 mi/hr
Solvent trailer Spent solvent leO'z/yr <2 1072 to

lO'lo/vm
Deionizer casks Deionizer resin 10'8/vm** 800 <10'4/crip
Heavy casks: Tricium Disassemby N/A 10'9/vm
100 Area scrap irradiated fuel Basin
metal - o - Water* ==
irradiated melt
RBOF scrap
100-Area deionizer
& large offsite shipment
Trailer hauling Sheilded concrece N/A*** <100/1load iO'a/vm
cask up to 3 zons wasce boxes, fuel
element casks, and
contaminated equip.
Load lugger pans Solid waste N/A 500-3000 10'7/vm
mi/month
7an - 353-gai drums  TRU waste <3x107%/yr <500 +.5%1078 /vm
7/puncrures
Stake 2odv
Van Trucks:
100-? Area D20 in drums <1x1072/yr 1500 7%x10° 7 /vm
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TABLE Z-5. Evaluated Truck Accident Statisties for SRP (Continued) .
Trailer oz Used to Frequency Average Probabilivy
Container T-pe Transport of Leakage MiXr of Accident
Onsite Areas 238py; oxide lx10'7/yr 500-600 2x10'10/vm
U scrap
Casks <8 tons <&x10'4/yr 100-200 Between -
2x107° and T
1x10°7 /vm
100-Area sample D20 samples to <3x10°9 75/mi/day:
pickup trucks 772-D & 772-F Onsite: 2.7x10'2/yr

(2)0ffsice: 7.2x1077/vm

200-Area sazypie 5 to 6 process <10'9/vm per day: leO'S/vm
Van Trucks Samples/Load (M-F) 18 trips

(8&8) 3/shifc

25-50/yr to SRL

100-Area Plutonium Aluminum N/A 1500 <7x10-% /vm
pickup trucks Neg:unium Aluminum
233y.A1 billets &

reject fuel elements

Pickup truck =3 Cask containing <1-‘11/vm N/A N/A
Pittsburgh T=sting sealed radiography

Laboratory source

Motor freigh:c Californium 10-11 25-30 10'9/yr
carriers shipments

* The activicy of basin water is normally controlled below 0.4 uCi T/mL,

*%  ym = venizlie mile

*%%x  N/A = N2z Avaliable

£-14
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Accident

Railroad Bed Contamination

WSRC-RP-89-713

Consequences

From 1959 to 1940, railroad beds and
tracks in che 222-H and 200-F Areas.

Sxa
-}

In December, radiocactive parc-
{cles were shaken loose from a box
containing obso.ete jumpers.

Trom 1961 co 137% during two jumper
shipments, berween tne 200 Areas and
rhe Burial Ground.

Since 1959, raiiroad beds outside
___200-F and 200-H eas on three
occasions when water in 70-¢€om
casks leaked.

an improperly .:aded cask shifted
into positien.

Two instances :m—volved 70-ton cask
cars in the 200-F Area and one in
the 100-K Area.

Rain washed contamination of 30,000
c/m oncte the rails from a cask.

Contaminated three times.

Decontamination costs were $5,200,
(TID-5360, Suppl. 3). PRail bed
concaminated 80,000 ¢/m to 5 R/hr ac
2 in. between the railroad tunmnel
and the Burial Ground. Maximum
radiation intensity of 120 particles
found outside the H-Area was 300
mrad/hr.

5 A

Rails and roadbed were contaminated.

Railroad beds were slighcly contami-
nated.

Slight railroad bed contaminacion as
cooling water splashed from che car.

Rail contamination occurred.

Contaminated 20 mrad/hr.

|44
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The hiscorical frequency for slight contamination of the railroad bed is
approximate:v 0.3/yr for 70-ton cask operations. In the early 1960s,
packaging :techniques were modified including covering the load with canvas
sheeting. This change in packaging reduced the frequency to approximately
0.2/yr and zreatly lessened the severity of contamination along cthe railrocad
oed. also. wacter leak surveillance during transport of 70-ton cask cars
minimizes the magnitude of spills onto the roadbed.

Railroad -:uipment, including the tracks, has been contaminated in the
railroad tunnei of F-Area and H-Area Canyons on numerous occasions. The
causes Jerz air reversals from the canyon, contamination dropped from items

bein;, lLoaced or unloaded, and splashing water from ;0-ton casks on cars.

adway Conrtamjinpatic

The historical frequency of reported transportation incidencs contaminating
onsite roaaways within 200-F and 200-H Areas is 0.39/yr and outside the areas

is 0.26/vr, All incidents except cwo were caused bv ctrailers used to
transpor- saste soluctions. Table E-8 shows cthe roadway contamination
occurrences involving high-level waste, unshielded crailers containing

degraded soivent., and 100-Area low-level trailers.

Roadways in the Burial Ground were contaminated (80,000 c/m beta-gamma) when
steam cleaned yokes were returned to 200-F Area canyon.

Transportation of uranyl nitrate trailers on the site roads has not caused
road contamination, However, in one instance solution leaked from an
Inspection manhole gasket onco the 300-Area shipping scales during weighing.
Twelve spots on the scales ranged from 6000 to 80,000 d/m alpha,

High Radiac:ion Inrensities During Shipment

High radiation intensities during transport of radioactive macterials are
generally associated with canyon equipment going to the Burial Ground. Table
E-9 summarizes the radiation exposure rates during these shipments in the
period 1960 through 1982.

After 1968 cthe frequency of high radiation intensities associated with canyon
equipment shipments decreased. Changes in techniques such as permitting re-
gasketing oI jumpers in canvon facilities and partial decontamination of
large eau:iozent prior to sending to the Burial Ground have concributed to
this reduczion. Using a shielded high-level waste trailer for hauling spent
solvent Irom F- and H-Areas reduced exposure rates by a factor of 100 or
greater ~o < 1.2 R/hr. However, during 1969 exposure rates of 8 to 12 R/hr
~were reported for 3 series of solvent shipments. From 1974 to 1982, the
maximum rzaiatlon exposure rate reported was 10 R/hr at 15 ft. This shipmenc
was from 3uilding 242-3F and inciuded a tank from the concentrate transfer
system thac vas not decontaminated before shipping.

Z-16




TABLE E-8.

Roadway Contamination
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Incident

Consequences

Comments

High-lLevel “zsze Trajler:

In 1970, contamination
was transferTa2d outside
the exciusico area
around Builcizz 776-A
to the adjacent roadway
{40,000 d/m z.pha). A
check wvalve wis held
open by a pieze of
debris.

Liquid spills >r line
ruptures.

ded Trziler Co

In April., 1%:i2. a
degraded solvant leaked
during transczrt from
H-Area to the 3urial
Ground (the s.xth load
in a series c¢Z trans-
fers). The criver
suddenly brakad at the
crossing near H-Area.

Loading & unloading
operations.

Tires were contaminated
in the Building 776-A
loading dock. High level
waste packed up out of a
floor drain after the
trailer was loaded,
decontaminated, and sur-
veyed. The road within
the exclusion area was
contaminaced 2x108 d/m
aipna.

Tires were contaminated
four times during the
£illing or unfilling
operations.

ded Solvent:

1-1/2 miles (spots of up
to 8000 ¢/m) of roadway
contaminated from the
railroad crossing to the
Burial Ground. About 1
gal of solvent leaked
from a front hatch.

Enough solvent spilled
zo contaminate the
roadwav around che
trailer five rimes.

z-17

This waste crailer has
a hisctory of small
amounts of contamina-
tion on its catch pan
around the fill, dis-
charge, and vent lines
after transport between
Building 776-A and
211-F. No highway con-
taminacion resulted.

Highwav contaminatiocn
was prevented by decon-
taminating the trailer
and its tires before
transport.

The hatch was not leak-
tight due to cthe wrong
type of nuts and lack
of inspection. Roadway
replacement cost was
$8700. (TID 5360,

Supl. 3).

The trailer and tires
were partially decon-
taminated to permic
transport to the Burial
Ground wichout contami-
nating roadway bevond
loading area.
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TABLE E-8. Roadway Contamination (Continued)
Incident - Consequences Comments
100-Area fow-lLevel Trajler:
In October. 1964, trans- Maximum roadway contami- The drain hose was not

from Building 211-F to
Building i05-C, a drain
hose came loose in tran-
+'sit to Building 105-C.
_-In October, 1975, with-
.in the 100-C Area the
‘%railer leaked while
" being driven to mix
“caustic potash added to
the trailer contents.

In Qctober, 1981, con-

_taminated water spilled
when the truck stopped

at three Area security

gates,

nation was 10,000 d/m
alpha and 80,000 c¢/m beta-
gamma .

About 2,000 ft. of road-
way was contaminated 500
to 40,000 ¢/m beta-gamma
and 200-100 d/m alpha.
(3

30 gallons of low-level
waste leaked onto the
roadway. The roadway was
contaminated 4000 c/m
beta-gamma.

secured and leaked at
the gatehouse and along
the route taken within
the exclusion area.

During the intentional
mixing of contencs,
solurion leaked from a
cracked weid and a
crimped gasket.

Contaminated water came
through drain holes of

an empty scrap cask to

the roadway.

5ix spills on other occasions during the loading of this
trailer contaminated the roadway around the trailer.

E-18
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TABLE E-$. Radiation Exposure Rates During Shipmenc Of Canyon Equipment

(1960-1982)

Type of Zguipment

Exposure Rate Category by Shipmencs*

Pipe sections (jumpers)

Centrifuges &
evaporators

Pumps
Other equipment
Casks, obsolete canyon

equipment & umper
shipments

0.5 to SR/hr 6 to 25R/hr > 25R/hr
16 8 5
3 3 1
12 1 0
2 1 1
8 3 2

* Dose rate set by the
the shipment.

Health Protection Department for personnel handling

trl
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Except IZor l00-Area sand filter back flush sludge, shipments in low-level
trailers usually do not have associated radiation problems. In July 1970,
aload conzaining an estimated 375 Ci radiated 3R/hr at 1 ft from the trailer.

There wers three incidents involving evaporators with unusually high
radiation lntensities moved by rail with spacer cars between the carrier car
and the lccomotove:

Radiation Level atr 50 Feet Intensicy in the
Date from the Evaporator Locomotive
June 12387 33 R/hr 120 mR/hr
July 1963 3 R/hr N/A
March 197% 10 R/hr 10 mR/hr

Burial oI =the March 1975 evaporator (contained 59,700 Ci after extensive
decontamination) was authorized by Test Authorization 2-875. A special
loadout procedure and a practice run were used to minimize exposures during
cransporc.

Between 1973 and 1976 the maximum radiation exposure rates were 10 rem/hr at
18 in from drums containing californium wastes. The maximum californium
content in the four largest shipments was 735 micrograms.

Frequency of future radiation intensities are unpredictable since the
conditions Zor each incident varies. There has been a decrease in incidents
since 1969 due to improvements in processes, programs. decontamination
efforts. procedures, technology, and design.

Aerial 2ispersal : crem

There are =0 recorded incidents of aerial dispersal of hazardous materials
during transportation onsite at the SRP.

Natural "henomena

T&T dJispatcrers and the Emergency Control Center work _together to assure
against :ransport of radiocactive macterials during adverse weather conditions,

An earthduas<e above Intemsity VII on the Modified Mercalli Scale (MM) is not
expectea i the SRP based on 10 yrs of earthquake data (5). an Intensity of
VIII or w2ore must occur before steering of vehicles are affected and damage to
buildings =egins.

There are six recorded transportation incidents that have occurred at the SRP
which can 5e attributed to adverse weather conditions. There are no recorded
incidents ¢I transportation accidents at the SRP which can be attributed to
earthquaske.

[ ¥]
]
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Aircraft Incteractions

In 33 years of operation of the SRP sice, one single-engine plane landed on an
onsite highwav during a period of low ctraffic density. The pilot avoided
highway wvehicles. A security patrol helicopter crashed on the site in
September 1985.

The frequency of unauthorized flights over the restricted airspace was about
100/yr until 1976 when air space restriction over the site was lifted. Based
on data from Bush Field Airport, Augusta, Georgia, the frequency of flights
over =the site is estimated to have increased to 4000/yr. Current
considerations are in progress by DOE to reimpose the air space restrictions.

The probability of an aircraft crash is assumed to be leO'g/flight mile (6).
With 4000 overflights, the probabiltiy of an airxcraft crash anywnere within
the SRP site boundaries is 2x10'5/yr (2). Trucks carrying enough radiocactive
materials to be of concern, travel on plant highways and railroads for a ctotal
of 1000 hryvr. The ctarget area of the largest highway vehicle is 2.3x10°4
miles. Therefore, the calculated frequency of a plane crashing onto a cask
car or rruck is around leO'l /yr.

Ej,:e

No fires have been reported in cargo space oa SRP trucks or rail flatcars
during the transport of radicactive materials. Therefore, calculations of
risks are estimated using non-SRP data (7,3).

Eleven fires have occurred in radicactive waste packages before and after
transport. These incidents occurred at a frequency of 0.38/yr and are listed
in Table E-10. along with 537 other fires involving trucks. The probability
per venhicle mile of all vehicie fires is approximately 5x10°". The eight
fires involving SRP rail operations are described in Table E-ll.

Human Error

The physical and mental condition of the vehicle operator may be responsible
for creating an accident situation. Conditions which fall into this category
are:

inactention or human error,

4ajor pnvsical impairment (heart attack or strokel,
Jrug induced drowsiness, or

Loss of consciousness.

Most wehicular accidents wnich have been reported have been caused by operator
inattention, such as running stop signs, driving off the highway, or
misjudging distances.

[£}]
.
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TABLE E-10. Fires Involving Trucks

Cescription of Incident Number of Incidents

Fires Invoi—wing Radioactive Waste

ages Before and e
Waste (swices) in a box ignited. 1
Spontaneocus ignition of load lugger pan. ' 5
Waste burst into flame when dumped from truck onto the 1

Burial Ground.

Wastes ignited by spontaneous ignition in trench after 2
being dumpec.

Uranium, abrasive wheel wastes ignited before transfer 1
to a load lugger pan.

Zinc powder ignited when placed in a can before transfer 1
to a load lugger pan,

Other nonradiocactive fires

Carburetor fires in 25 years (a frequency of one per year). 25
In cab of vehicle - carelessness with smoking materials. 10
Electrical short, 8
Brakes (includes an ORNL Truck making a delivery to the site). 4
011 on engine. 3
Grass fire caused by fuel pump fire. 1
Flammables <nto exhaust system. 5
Wooden ctrucx bed ignited by hot exhaust. 1

E-22
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TABLE E-11. Fires Involving SRP Rall Operations .

Number of

incident Iincidents
Fires in cross ties. 4
Fire in grass adjacent to the roadbed. 1
Fire in a car of sodium nitrate where paper on L

the floor spontaneously ignited.

Journal box on a coal car caught fire delivering to 1
the 400-Area.

p—

An electrical fire occurred in the No. 2 traction
motor of a .ocomotive.

0
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Accident reports from 1973 to 1982 indicate that there are an estimated 17
truck accidents (including pick up trucks) per year which ocecur during
backing and are caused by operator inattention. The two railroad crossing
accidents described earlier were caused by inattention of cthe vehicle
operators. Also, operator inattention contributed to at least three pulpwood
truck accicents. These incidents have not invelved or threatened a vehicle
carrying radioactive or other hazardous materials. Most of the truck and rail
accidents involve the operator’s lack of attention.

Six to eight cases of vehicles moving when driverless were reported. The
most frequent cause was from not setting the brake. The probability is
extremeiy small that this tvpe of occurrence would involve a cruck carrying
hazardous materials.

Barricades were installed in 1983 on SRP Roads 2, 3, 6 and other roads at
Highway 125 intersections to prevent through-traffic vehicles from straying
from Highway 125 onto site highways. Prior to these barricades, about 15
vehicles strayed from Highway 125 onto site roads annually. The probabilicy
for vehicles carrying 400-Area and TNX shipments to become involved in a
coilision with through traffic is small while traveiling on Highway 125.

Vendor and other commercial trucks are also subject to the same operator
problems while onsite. Vendor vehicles are operated during low traffic
density periods onsite beyond 713-A or directly cto Construction Central
Shops. There was one incident reported involving an overturned gasoline
tanker when the driver turned onto Road 1 near Jackson, South Carolina.
Packaging errors are often the major causes of spills, leaks, concamination
during onsite transport, and fires. The SRP system is estimated to detect
greater than 90X of packaging errors. For undetected errors the probability
of having reportable consequences is estimated to be 20 to 30%.

The number of packaging errors for onsite shipments has decreased primarily
due to the :se of checkoff sheets, improved procedures. supervisory audits,
and equiocmenc improvements. A study (8) of plutonium shipments evaluated the
use of checkoff sheecs. The checkoff sheets improved safety conditions during
packaging. Furthermore, detailed SRP-SRL procedures, associated data sheet
improvements, and equipment upgrades (e.g., catch pans, collection pots under
valves, and secondary containments arocund the vessels), have decreased the
potential consequences of operator error.

Incorrectly installed gaskets permit leakage of contents particularly in
transportingz iiquids or powders. Such problems have occurred on the UNH
trailers. ’sw-level waste trailers, spent solvent trailers. and casks.

Incompiete cackaging can defeat protective barriers and lead Gto potential
problems such as leakage from boxed waste., combinations of chemicals and
waste cthat 2ay cause spontaneous ignition, and contaminacion. Casks with
damaged llcds cannot be sealed with a gasket, In the mid-1970s che targec
cask was used for more than two years without repair of a damaged closure,
Damaged lids are now repaired by the 100-Area maintenance before the next
use. The more significant packaging problems such as faulty gaskets and
damaged lids are described in Table E-12.

[a
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TABLE E-12. Improper Packaging Cccurrences
Number of

Container Incident Occurrences Comments
232-H Spent MYelt Tritium Leak 1 Gasket was omitted.
Cask

Targr.t tas< Leakage 4 Faulty Gaskets.
Target Cask Damaged Lids N/A Now repaired before
Cask . use.

70-Ton Fuel Leakage of Cooling N/A Improper sealing of
Element Casx Water Lid Gasket.

70-Ton fFue:
Element Casx

Shipping Container

Doorstops

Doorscops

Boxed Pluctorium
Wastes

Inadequate
Package

Buckets of Slugs Left N/A

in Cask when returned
e~ 0N A ner Fram 100

-ty
LU LAV Tl Ladag LiViie AVwe

Areas
Valving Errors with 4
Significant Conse-
quence
Contamination 1
Decontaminated Con- 1
tainer with Vial that
Radiaced

- Contamination in the 1

Cargo Space, 703-A,
REA Truck, Air Freight
Facilities

Personnel and Truck 1
Contaminated

Loose Lids.

Frequency for valving .
errors = 0.05/yr.

4 x 108 d/m alpha.

500 rad/hr ac 3 in,

4 x 10% d/m alpha.

Package was placed on
truck with forklift.

[£3]
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Shipping errors have occurred from 100-Areas to the 200-Area Canyons, but
have not influenced the hazard potential during normal transport. The
following shipping errors have posed processing hazards:

. Wrong blend, 2 cases involving 4 carloads,
. Zirconium-clad material, incompatible with process,
. Short cooled slugs, 78 days cooled rather than the required 1490

or more days cooling,
. Mark VI-J elements shipped in a Mark VI bundle,

* 1959, s 70-ton cask returned to the 100-L Area with the fuel
still in the cask, causing a gamma alarm to sound in the
disassembly area (the cask lid was latched),

. Through 1959, six cases involving loose slugs in casis without
latched lids, after unloading in the railroad ctunnel returned
to the 100-Areas have occurred, but since then no additional
cases have been reported, and

. The presumed shipping of more or less than was actually shipped
such as when 13 g of Pu-238 was presumably shipped to Mound
Labhoratory but was later found in a B-Line tank, .

Shipping errors involving discrepancies of contents occur at a frequency of
1.3x10°"/hr according to the Systems Analysis of RBOF Operacions (9). Infor-
mation concerning the processing consequences can be found in DPSTSY-200-1,
(1) and shipping errors associated with RBOF are described in DPSTSY-200-4,
(9) Section 2.4.1.2.

of lo

The frequency of reported loss of load from trucks is 0.39/yr. In all cases,
no radiocacrivity has leaked or spilled from the package.

No package containing radiocactive materials has been lost during rail
operations. There were two incidents where loss of load occurred during rail
operations:

. A large piece of canyon equipment fell from the flatcar during
transit when a 2300-V power line was struck.

. An  agitator on a flatcar hit overhead lines. <the =:tiedown
chains broke, and the agitator fell from the car.

Loss of load almost occurred when a Fermi cask was transperted without
tiedowns from H-Area to Central Shops on a vendor’'s trailer. However, the
T&T Department installed tiedowns before the cask was shipped offsite. At
least cthree irradiated fuel casks have been received from offsite with
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inadequate tiedown arrangements. Table E-13 reports the seven incidents
involving losses of loads from trucks.

Equipment Failure

Table E-14 lists recorded SRP incidents in which transportation equipment
essential =o safe operations has malfunctioned or failed during use at the

SRP.

In addition. three reports suggest that ctruck trailers arriving at the SRP
were operaced at reduced speed because of structural deficiencies.

[$2}
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TABLE E-13. Reported Losses of Loads from Trucks¥

Srum filled with D70 fell from a truck. No observable damage.

Izpty Slug Cask was chrown from a trailer between the 100 and
200 Areas.

- cans of resin on pallets bound together by masking tape fell
2ff during a cturn.

“ne target cask slid off its trailer near Building 232-H. The
trailer was moved after tiedowns were removed and rthe wheels
ran off the pavement.

Y

Sample Alsle truck at Building 221-H. No sampie vials were
oroken.

A cart containing casks with empty vials fell out or the back
of an H-Area Sample Aisle truck at an area gate. The cart
ind the back door were improperly latched.

A box marked "Radiocactive” slid off a turning truck. The

roadway was not contaminated.

A cart containing filled sample casks fell out of an H-Area

Information presented here was current in 1984.

(&3}
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TABLE E£-14. Truck Maintenance for SRP Vehicles Assigned to Onsite
. Transportation of Radioactive Materials
iucident Vehicle Type Comments

Cracked welids

Tifch wnheeis

King pins

Wheel lugs

Steering wneel
came off

Brake failures*

Sticking or
locking orakes

Trailezs used to haul
large casks or shielded
canks

Traccors

HM trailers & byproduct
trailers. 1In 1976 a

king pin on a Uranyl
Nitrate trailer failed
after 20 years of service

Several tvpes of trucks
and trailers

T&T gasoline ctruck on
Road C

DOE owned trucks

Logging trucks on SRP
roads

Commercial vehicle

Tractor-Trailer

Frequency = 0.7/yr

Repairs common
Inspected now ultra-
sonically every 5 years

or whenever there is
"due cause"

Frequentiv replaced
Ran off rgad, did not
overturn

4 incidents

5 failures, 2 ovs.zurms,
damage to 2 barricades

Hit barricade #5
Jack-knifed - 2 other

incidents caused brakes
co burn

* All new trailers, large trucks and many older vehicles (by back-ficting)
are eguipped now with a braking system which requires adequate air
pressure to release the brakes - A "Fail-Safe" sysctem.
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APPENDIX F
MAXTMUM PERMISSTIBLE INTAKE VALUES (MPI)
FOR RADIONUCLIDES TRANSPORTED AT THE SRP

(Appendix to Chapter 5.0)

F-1



WSRC-RP-89-715

TABLE F-1. Radiological Data for Radicactive Materials Shipped at SRP .
—

MPI of

Nuclide
Isotope MPI, uCi#* per curie
237y 0.033 3.0 x 10/
23%p, 0.017 5.9 x 10/
263 0.053 1.9 x i0’
261 0.054 1.9 x 10/
238p,, 0.020 5.0 x 107
2ben 0.011 9.1 x 107
252¢¢ 0.027 3.7 x 107
90g, 3.58 2.8 x 10?
137¢ 14 6.9 x 102
106g,, 8.78 1.1 x 103
Mixed
Fission )
Products <10 (Est) <l x 10°
Iy 620 1.6 x 103
234y 0.88 1.1 x 108
235y 0.23 4.4 x 108
236y 0.92 1.1 x 108

*DPST-66-57%, Hazaxd from Short-Time Inhalation of Radionuclides.

MPI = Maximum Permissible Intake
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TABLE F-1. Radiological Data for Radioactive Materials Shipped at SRP .
(Continued)
— — ——
MPI of
Activicy Nuclide
Isotope Ci/g MPI, uCi* MPI, gm per curie
237xp 0.00063 0.033 1.9 x 10% 3.0 x 107
239py 0.061 0.017 1.6 x 106 5.9 % 107
2435 0.18 0.053 3.4 x 109 1.9 x 107
261ap 0.28 0.054 5.3 x 106 1.9 x 107
238p, 16.8 0.020 8.4 x 108 5.0 x 107
2b440p 81 0.011 7.4 x 10° 9.1 x 107
252¢¢ 537 0.027 2.0 x 1010 3.7 x 107
905 141 3.58 3.9 x 107 2.8 x 10°
137¢s 98 144 6.8 x 107 6.9 x 103
106gy, 3.360 8.78 3.7 x 108 1.1 x 109
Mixed Fission  >180 day . <10 (Est) - <1 x 107
Products cooled
3y -- 620 -- 1.6 x 103
234y 6.1 x 10°3 0.88 6.9 x 103 1.1 x 103
235y 2.1 x 1078 0.23 9.1 4.4 x 108
236y 6.4 x 1073 0.92 7.0 x 102 1.1 x 108
238y 3.4 x 1077 0.24 0.14 4.2 x 108

*DPST-66-579. Hagzard from Shorct-Time Inha on _of Radionuclides.
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APPENDIX G
EVALUATION OF IMPACT OF RELEASE OF HEAVIER-THAN-AIR
VAPORS IN ATMOSPHERIC DISPERSION

(Appendix to Chapcter 5.0)
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APPENDIX G. EVALUATION OF IMPACT OF RELFASE OF HEAVIER-THAN-AIR VAPORS
IN ATMOSPHERIC DISPERSION

Some of the hazardous materials considered in this evaluation are transported
as liquids under pressure in tanks, usually cylinders. At normal atmospheric
pressure and ambient temperatures, some of the materials are gases denser than
air. The specific material of most concern is chlorine.

If a chlorine tank is punctured, penetrated, or opened to the atmosphere by an
accident, escaping liquid chlorine partially flashes as a cold, denser-than-
air gas and the remainder drains as a liquid. The liquid then boils releasing
gas as heat is drawn from the surroundings. The denser-than-air vapor can
persist for some distance as a stratified cloud which remains near the surface
as it is transported by wind forces. The cloud eventually mixes sufficiencly
with the surrounding atmosphere such that the released vapor can be considered
a contaminant transported by normal atmospheric processes. Once such
concentrations of a dense contaminant are sufficiencly reduced, dispersion and
dilution estizates can be made with the normal mecthodology employed for such
calculations 'in chis case, Pasquill atmospheric dispersion categories and
parameters) .

This appendix discusses background and sources of information concerning the
impact of dense vapors on dispersion (Section G-1), an evaluation to estimate
the magnitude of the release of the dense vapor of most concern (chlorine) in
the event of a ctransportation aceident involving a chlorine cylinder (Section
G-2), and an evaluation of the significance of dense-vapor effects relative to
normal dispersion/mixing estimates in terms of time/distance of persistence
of effects (Section G-3).

G-1 BACKGROUND

The following discussion on the impact of denser-than-air gases on dispersion
of released vapor was taken primarily from two references on the subject
(1,2). In Reference 2, Munger provides an integrated theory for evaluating
dense gas dispersion culminating in a criteria for judging when a Gaussian
model can be used, i.e., when dense gas effects are no longer significant.
Blackmore, in Reference 1, provides experimental evidence for determining when
dense gas effects are no longer significant. Since both references present
their results in terms of similar dimensionless parameters, the Richardson
number or the square root of the Richardson number, their criceria can be

compared. Ziackmore's criteria were found to be more restrictive and were
based on experiments performed at a variety of locations under a variety of
conditions. Zecause of cthe supporting experimental evidence available in
Blackmore (1.. its criteria are used for estimating the point at which the

transition > use of a standard Gaussian plume model is appropriate.
Blackmore's criteria were integrated into Munger's method for che scoping
calculations raported here.

It should be noted that entrained liquid was not considered to be part of

the vapor mass, Estimates of the fraction of liquid entrained as_ droplecs
can be made. The entrained liquid acts as an aerosol. Conditions involving

G-2
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entrainment »f liquid also involve significant entrainment of air. As the
entrained _izuid evaporates, it is mixed and diluted with the entrained air
and dense-gas effects are not expected to result.

G-2 VAPCR ZILEASE

If a vesse: containing a liquid which flashes to vapor at ambient condition
fails cacas:crophically, it is reasonable to assume that any vapor release

will be ‘rscantaneous. The magnitude of the release is determined by the
material <->rm and chemical properties as well as by the storage
chars-ceriszizs. The more difficult assessment is for ligquids for which boch

flashing zo : gas phase and/or entrainment of the liquid must be considered.

The amount >f material which flashes to a gaseous state upon container

failure wili. depend on the storage pressure and temperature, the ambient
temperature. and the boiling point of the liquid. Stored liquids which flash
upon container failure are either pressurized and/or refrigerared. The

amount ‘lasred can be estimated by thermodynamic calculations. A caleculation
for chlorire under typical storage conditions indicates abouct I0% flashes
initially.

Pressurized _iquids are also subject to entraimment into the surrounding air
upon container failure. Munger conservatively recommends that pressurized
liquids be considered as completely entrained, while pressurized and refrig-
erated liguids be considered as about 50% entrained (2). For the purpose of
estimating :he impact and persistence of dense-gas effects, it is assumed
that 50% of a one-ton chlorine c¢ylinder (or 1000 lbs) is released as a vapor
cloud over a relatively short time. It is further assumed that the rest of
the chlorine inventory remains in the cylinder as liquid and is subjected to
slow evaporation or drainage over a longer period of time. To determine the
persistence >f dense-gas effects the calculations here are focused on the
initial r=iease phase.

The second chase of release invelving evaporation of the released liquid is
more compiicaced than the first. The two significant factors determining the
nature of :-e second release phase are: the boiling point of the liquid in
relation co :the temperature of the substrate (whose temperature may be higher
than ambient for a blacktop road on a day with bright sunlight), and the area
of the spill, especially if it is not confined. Conceivably, if the boiling
point of the liquid is much lower than the temperature of the substrate and if
the pool arza is unconfined, the release can be relatively rapid. The rate of
release :ncr:zases for rapid spreading of the pool (assuming the liquid is not
very viscous:. The mass released can be significant in comparison to the
first ophase of release. However, the release period is Likely to be
significancl ionger,

Calculations nave been made to estimate the release rate or source cterm for
the second e-aporative phase of release. Calculations are scoping in nature
because of =he lack of definitive information such as Initial material
temperature, ambient temperatures of the ground or the air, and data on spill
rates and ccol sizes. The example presented is for chlorine evaporation.
Estimates I5r other materials are listed in Table G-1.

G-3
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For purposes of estimating evaporation rates from a volatile spill, a
simplified one-dimensional model for the simultaneous heat and mass transfer
problem was developed. Assuming that the spill is configured in the form of
a thin laver, that the underlying earth is impermeable, and that entrainment
of liquid Ziroplets is negligible, an energy balance at the spill [ree surface

give
m"hfg = qrad * dconv - 9cond (2-1)

where, as :llustrated in Figure 2.1, m" is the evaporation rlux, hfg is the
heat of waporization, and qradq. Gconv: 2Nd qcopnd are radiation, convection,
and conduc=ion heat fluxes, respectively.

oT, Ambient Air

g rad Jeone ril"ilf'

- - o = — Spiil Free Surface
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FIGURE 2.1. Energy Balance at the Spill Free Surface

Considering radfation exchange between environs at temperature T, and the
spill surface at (a priori unknown) temperature Tg, the radiative flux 1is
taken as

4 4

qrag = “{Te - Tg) (2-2)
where ¢ s the Stefan-Boltzman constant and, further, it is assumed that aill

surfaces are black. For convection,

dQconv = MTe - Tg) (2-3)
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where h is the convective heat transfer coefficient, a funccion of local
meteorological conditions and, possibly, the blowing rate.

Assuming that the thermal resistance of the evaporating layer is negligible,
9eond LS simply {1]

kg
deond ™ (Tg - Tg) (2-4)
,-'lrra £ c

where k, (s thermal conductivity, ag is cthermal diffusivicy, ¢ is ctime, and
Tg is the (undisturbed) temperature of the ground.

Substituting Egqs. (2-2) through (2-4) into Eq. (2-1) gives

_kg

m"hep = 7(Tg - TE) + h(Te - Tg) + (Tg - Tg) (2-5)

jwagt

where the evaporation flux is eliminated [1] by means of

. By - kg
@"hfg = Kghp = Kg ;—_-1— (2-6)

In Eq. (2-6). Kg is the mass transfer coefficient (a complex function of the
local velocictv field), By is the mass-transfer driving force, and me/mg are
mass fractions of evaporating species in the bulk flow and at the
vapor/liquid interface, respectively. An internally consistent approximation
to the mass transfer coefficient is

. la(l + By
K - K _E_"_ (2-7)
m

where Ké is the mass transfer coefficient in the limit m" - 0. Substituting
Eq. (2-7) into Eq. (2-6) yields

. Mg
o - {J; n(l + Bp) - Ké In [1 + —'—l—_'—;—} (2-8)
s

where m, is taken to be negligibly small. Values of K& are obtained from the
Chilton-Colburn analogy [2] where

G-6
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Hup CE
Jn ® a(pnyi/s = 2 (2-9)

for heat transfer, and

Ty cf
3D T Gea/s T2 (2-10)
for mass ctransfer. In Eqs. (2-9) and (2-10), Nup/n are Nusselr numbers for

heat and =ass transfer, respectively, while Pr is the Prandtl number, Sc is
the Schmic¢:z number, Re is the Reynolds number, and cg is the skin friction
coefficient.

Combining Zgs. (2-9) and (2-10) gives
Nup - Nug(Pr/Sc)'/3 = Nugle!/? (2-11)

where

Le = Pr/Sc = pDcp/k (2-12)
is the Lewis pnumber, a function of the gas density, g, the binary diffusion
coefficent, D, the mixture specific heat, Cp, and thermal conductivity, k.

Assuming Le:/3 {s of order unity,

Nuk = Sug (2-13)
that is.

hL  43L (2-14)

x oD

(For evaporation of chlorine inte air, Pr/Sc = 0.5 [1], giving Lel/3 = 0.8).

In Eq. :(2-.4), L is the characteristic length of the spill: rearranging the
expression

. ~aD n Pr h
¥ = 7 = T T = T
G e cpeSc ¢, Le (2-15)
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which, with s:zewhat larger error, can be simplified further to give

| =3

K& = — (2-16)

[g]
\

Substitutine I:. (2-16) into Eq. (2-8) gives the final expression for the
evaporacive Zlux, i.e., '

. . Mg
m" = == -:[l + —I—j—;;— ] (2-17)

where mg; is r2.ated to Tg in terms of vapor pressure. Substituting Eq. (2-17)

into Eq. (2-I gives
h ng kg
— hgg ln[L ST e ] - o(Tg - Tg) + h(Ta - Tg) + —— (Tg - Tg) (2-18)
cp 5 Jxagt

which provides, for given functional dependence of mg, time-dependent values
of interfacis. temperature, Tg and, hence, m".

For a binary =ixture,

XSM .
mg = —— (2-19)

et = (L - xg)Maqr

where M/M;;. are molecular weights of evaporating species and air,
respectively. .hereas,

Xs = Psits)/Pe (2-20)
Is the mole Iriction of evaporating species. In Eq. (2-20), P; is the vapor
pressure of tn: svaporating species and P, is the ambient air pressure.
Ffor chlorine. :ne cemperature of the surface of the pool was found cto be
ibout -33° 7 This vaiue for T; yielded an evaporation mass fracci?n atter
one hour of :zzut 0.77 and an evaporation rate of 5.0 1lb mass/hr ft<. This

rate corresscris to a value of 5.5 1b mass/hr f£el reported in Reference 5

Using a spiil area of 110 ft? the total release rate is 550 lb mass/hr.
Given that r:uzhly 20X of the chlorine flashes during the initial storage tank
failure and i3 lb evaporates in the first hour, nearly all of the 1000 1b
assumed to Te -:leased is predicred to evaporate in the first hour.

[
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For gasoline. the temperature of the surface of the pool was assumed to be
about 150° F. This value for T; yielded a mass fraction of about 0.12 in the
first hour and an evaporation rate of 0.098 1lb mass/hr £e2. Using a spill
area of roughiv 8000 sq ft, the total rclease rate is roughly 800 lbm/hr.

G-3 PERSISTEINCE OF DENSE GAS EFFECTS

The calculations of consequences resulting from atmospheric reiease of HMs
involve calculation of concentrations versus distances so that a ctoxicity
measure can -2 employed for determining the furthest distance at which a
health threat exists. The calculation can be subdivided into chree steps.

The first step is to calculate the release magnitude as a function of time
(Section G-2 and Table G-1). The second step is to determine the distance to
which dense-gas effects are important and, thereby at what point a transition
to standard Gaussian plume calculations can be made. The third step is to use
AXAIR resulrs for the SRP, possibly modified, to determine the concentration
versus distance co evaluate hazards.

A dense gas like chlorine will eventually be mixed with enough air such that
the plume dispersion can be modeled with a standard Gaussian approach, The
objective of this section is to determine how long dense-gas considerations
are important.

The other macerials listed in Table G-1 are either solids or were liquids
whose boiling temperatures are greater than ambient conditions except for
liquid hydrogen floride. Liquid hydrogen fluoride evaporates or flashes into
a gas which is lighter than air. For the other materials, gasoline produces
vapors heavier than air. However, these are produced at a slower, evaporative
rate. Hence. che source strength is very unlikely co cause significanc dense
gas effects. Note also that a demse gas in small quantities quickly mixes
with air and Secomes dilute due to atmospheric turbulence.

Both Blackmore (1) and Munger, et al. (2) include criteria for determining
the transition point. Munger, et al. uses the following approach. The
velocity of the dense cloud edge is chosen based on a formula for
one-dimensional density infusion,

R ¢ [l - san/p (3-1)

at
Where:

= radius of cloud

= velocity of the radius of the cloud
= = zonstant roughly equal to 1.0
gravitational acceleration

= density of the cloud

a = density of air

= eifective height of cloud

To Bge O™
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The criteria Zor the determination of the dominance of atmospheric turbulence
are:

aR ceu (3-2)

at
where:
u is the mean wind speed.

Combining Equations 3-1 and 3-2, the criterion can be restated as:

u>/ gis - pa)h/p (3-3)

Blackmore in Reference 1 also provides a criterion and complimentary experi-
mental evidence. This criterion is established in terms of a dimensioniess
variable, the Richardson number (Ri), and also another dimensionless wvalue,
the ratio of the initial spreading velocity to the mean wind speed, called
Ny, Experizents show that lateral plume spread is not significant for
NL2<0.02 and that vertical mixing was not important £for Ri<38. These
parameters are defined as follows:

Ny = Jgls - padh/p /u . (3-4)
Ri = (g(; - pa)h/p)/u*? (3-5)

where u* is :the friction velocity and the other terms are defined earlier.
Dividing Equation 3-5 by Equation 3-4 squared, one obtains:

RiI = wu~
— — (3-6)
Np2 - u*?

The friction veiocity can be related to the flow velocity by the equation:

w2 .z onul (3-7)

-

where Cp is the drag coefficienc.

Equation 3-6 czn be rewritten as:

Ri =

NLZ

|

(3-8)

)
[
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Using Cp = .0043 which is the flat plate value Cp at the transition Reynolds
number,

- - % (3-9)

Blackmore ..) indicates that Ri/NL2 = 400. Two conclusions can be drawn.
Firsc, the cata indicate that considering the pool as a flat place is appro-
priate. Second, and much more important, with Ri and Ny replaced by a con-
stant, laceral plume spread and vertical mixing effects can bochn be measured
with one parameter.

With this conclusion in mind, using the criteria of NLZ <.02 and rearranging
Equation 3-4, one obtains:

u > Jgug - pajh/p (3-10)
This equation ig similar in form but different in scale from that in
Reference 2 (Munger, et al.) Because the scale values are consistent with

experimencai evidence and representative of lateral and vertical mixing,
Blackmore's criteria, Equation 3-10 was used in the scoping study for
chlorine.

A scoping calculation was performed to determine the time and distance for
which dense gas effects would persist. The calculation starts with a 1000 1b

chlorine -apor release. The initial conditions are established by an
assumption based on Munger, et al., that a violent container failure results
in mixing of 20 times as much air as the released vapor. The density of

chlorine is 3.22 g/L and the density of air is 1.29 g/L. Combining them at a
20 to 1 ratio yields an effective density of the cloud of 1.39 g/L.

Given the above described input conditions, one can solve Equacion 3-10 to
determine the height of the cloud for which density effects would no longer
be important. Since the volume of the cloud is known also, the radius of the
cloud can be determined. Equation 3-9 also can yield the velocity of the
cloud edge. By using the velocity obtained when the criteria are satisfied, a
lower bound velocity of the cloud edge is found. That lower bound velocity
can be used =o determine an upper bound estimate of the time that dense gas
effects would persist.

For the above situation, the cloud height at the time dense-gas effects no
longer cersist is 0.21 m. The corresponding cloud radius is 20.7 m and the
corresponding cloud edge velocity is 0.4 m/s. Therefore dividing 20.7 m by
0.4 m/s vieids less than one minute. That is dense-gas effects persist for
only a shor: period of time and for a much smaller distance than the distance
measures in AXAIR, i.e., 1 mile. Therefore, dense-gas effects need not be
considered explicitly for the cases considered in this analysis.

G-11
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CHLORINE

Summar» C: ‘oxic Effects

Exposure :in cause pulmonary effects (bronchitis, pneumonia, emphysema),
cardiac eifacts. gastrointestinal svmproms, and neuroses. Acute exposure can
result In culmonary edema and death. Chiorine is a primary irritant of the
eve, nose. cthroat, and the entire iining of the respiratory =zract. Liquid
chlorine {5 corrosive cto the skin and eyes. Death from exposure resulits from
irritation of the respiratory ctract., There may be a delay of several hours

between cxc-osure and onset of pulmonary erffects.

Effects - animals

Underhii. as cited in NIOSH 1976) exposed 4 dogs to varying concentrations
of chlorine gas for 30 minutes. The results were as follows:

Concencration {ppm) Resulit (f# dead/toral exposed)
30 L/9 (11%3
~-u0-500 5/17 (29%)
200-60Q 4/10 (40%)
£00-700 14721 (67%)
300 11/18 (61X)
00 not given (91%)

Barbour :s cited in NIOSH 1976) exposed four dogs to varying concentrations
of chlorire gas for 30 minutes. The results were as follows:

Concercration (ppm) Effect
24-30 Irritation, lacrimation, salivation, vomiting
~23-200 Dyspena, depressed muscile accivicy
$13-900 Death
Effeccs '~ -umansg

Several s:tiiies have been conducted in which humans have been exposed to

various ::nczentrations of chlorine gas. The results are summarized in the
following :=able. In addition, Patty (1981) 1lists cthe lowest <ctoxic
concenctrizi:n (TC)4) producing respiratory distress in man at 15 ppm. The

lowest concanctration reported to cause death in humans is 430 ppm after a 30
minute 2xTcsure.,
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Lengch of
Concentration Exposure
Study {(ppm} {(minutes) Effect
Matt 1.3 7 Unpleasant burning of eves
and nose.

2.5 5 Severe burning of eyes,
mouth and throat.

3.5-4 16 Nasal congestion and
coughing.

Rupp and Henschler 0.03 -- Tickling of nose.

0.06 -- Tickling of throac.

0.45 -- Burning of conjunctivae..

1.0 .. Headache. shorcness of
breatch.

>1.0 -- Uncomfortable to all
subjects.
Beck 0.05 -- No effect.

0.09 -- Tickling and stinging of
nose, weak cough, dry
throat.

0.2 -- Slight sensation in
conjuctivae, itching nose
within 4-20 minutes.

1.0 -- 7/10 subjects had symptoms
including headache, burning
and stinging eyes, and
¢ough. 1/10 had labored
breathing. This concenctra-
tion became unbearable
after 20 minuces.

0.3 -- Stinging-in throart.

0.36 -- Choking in L subiecrt.

1.4 -- Irritation of conjucctivae,

slight headache.
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ent Stzndards

ACGIZ 7LV and OSHA PEL = 1.0 ppm (3 mg/m3)
ACGIZ 3T7EL = 3 ppm (9 mg/m3)

NIQOSE -ecommended standard = 0.5 ppm (0.7 mg/mJ)

L MAL %% LCp gk
1 zza 3 ppm 430 ppm
% s__owable limit; this is the TLV.
*%  “zximum allowaple 1limic. This is the STEL. This concentration is

recommended as the maximum upper exposure limit since exposure te 3
som may irritate the eyes and respiratory tracrc.

**% -west lethal concentration.

Conclusions and Rationale
Although subjects In experimental studies experienced unpleasant effects of

chlorine exposure at levels of 1 ppm and higher, 3 ppm (the STEL), should be
tolerable :-:r a short period of time.

Developmer: »f an Emergency Exposure Level ip Water

There are -~o Federal guidelines, criteria, or standards for chlorine in

vater. Therefore, the emergency exposure limit is based on the average
acceptable Zaily intake for chlorine. A tentative ADI (acceptable daily
intake) s chlorine 1is reported to be 0.3 mg/kg/day (Dourson 1985).

Assuming that a 70-kg person drinks 2 liters of water per day, the intake of
chlorine Irsaz drinking water would be 10.5 mg/L. Although it is recognized
that this ~vzlue is not entirely approvriate for use in the evaluation of acute
exposure. -~ other data are available.

Referencss

ACGIH. Lria TLVs. Threshold Limit VYalues for Chemical Substances and
Physical 2:z=2nts in the Work Environment with Intended Changes for 1984-85.
American Cconference of Govermmental Industrial Hygienists. Cincinnaci, OH.

n
ISBM: (-725712-54-6,
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NIOSH. .975%. Criteria for a Recommended Standard; Occupationai Exposure to
Chlorine. Yational Institute for Occupational Safety and Healcth. Yashington

D.C. DHEw (NIOSH) Publication No. 76-141.

Patty’s Industrial Hygienme and Toxology. 198l. 3rd revised ed. Vol. 2B.
Clayton &D. llayton, FE (eds.). John Wiley and Sons.
Personal communication. 1985. SAIC staff wich Michael Dourson, COffice of

Drinking water, U.S. Environmental Protection Agency, Cincinpati, Ohio, (513)
569-7544,
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GASOLINE

Summary of Toxic Effecrts

Gasoline apors irritate cthe eyes, nose, and throat and cause headache,

blurred +ision, dizziness, =mausea, and anesthesia. Ingesction of gasoline
causes central nervous system depression with svmptoms of depression,
drowsiness. zremors and convulsioens, Aspiration of vomitus containing

gasoline can cause chemical pneumonitis and pulmonary edema (a buildup of
fluid in the iLungs) which can be fatal.

Airborpe iovels ect
160-270 ppm Eye and cthroat irritation in several hours

{ACGIH 1984).
350 ppm No effect (Patry 1981).

500-900 ppm Eye, nose and throac irritation in one hour
(ACGIH 1984).

900-1000 ppm Threshold for toxic effects (ACGIH 1984).

900 ppm TC1o -- Slight dizziness, irritation of eyes,
nose and throat in one hour (Yaglin and Warren
as cited in Patty 1981).

10,000 ppm Nose and throat irritation in 2 minutes,
dizziness in 4 minutes, intoxication in 4 to 10
minuctes (Patcy 1981).

30,000 ppm LCyy ~-- Lethal dose for =the mouse (RTECS
1981-1982).

Current Standards for Exposure ro Gasoline

] ACGIH -- TLV, 300 ppm (900 mg/m3), safe exposure limic.

e  ACGIH -- STEL, 300 ppm (1500 mg/mY). safe Zor short-term
zuposure., Exposure 1is based on a I5 minute cime-weighted
iverage not to be exceeded any time during a work dav.

) i) ppm -- This level should cause only minimai irritacion over
2 10 minute exposure period.
. -0.000 ppm -- Immediately dangerous to life and nealch.
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Developmers :% EZmergency Exposure Limit for Air

Lk MAL** AlLx4%% IDLH**%%
77 opm Y00 ppm 1,300 ppm 10,000
* :_._owable limit; this is the STEL
«* “ivimum allowable limit. Exposure to this limit should not exceed

Dl minutes.

*+* sbsolute upper exposure Llimit based on physical effects. This
~zvel is one tenth the lower explosion limic.

*%*x T-mediately dangerous to life and health.

References
ACGIH. 128.,  TLV's. Threshold Limit Yalues for Chemical Substances in the
Work Envir--menc Adopted by ACGIH for 1984-85. american Conference of

Government .~dustrial Hygienists. Cincinnaci, OH. ISBN: 0-936712-34-6

Patty's Incuscrial Hygiene and Toxicology. 1981. 3rd revised edition. Vol.
IIB. Clav:z:zn GD, Clayton FE (eds.). John Wiley and Sons, Inc.

RTECS. 1%81-82. Regi o) oxi cts of Chemj Substances. Vol.
1-3. DHHS YIOSH) Publication No. 83-107.
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HYDROGEN FLUORIDE

Summary of Toxie Effects

Hydrogen fluoride (HF) is highly corrosive and a severe irritant to the eyes,
nose, and respiratory tract, Exposure to doses as low as 30 ppm for 30
minutes can be lethal te man (RTECS 1981-82). Although bone disease
(osteoscierosis) can develop after chronic exposure cto low levels, only Cthe
irritating effects are considered in the development of exposure limits for
short-term exposures to atmospneric HF.

Effects Tn Ani

Machle (as cited in NIOSH 1976) exposed rabbits and guinea pigs to 24-8,000
mg/m3 of hvdrogen fluoride for 5 minutes to 41 hours. Eye and respiratory
tract Irritation was observed at all levels; however, these effects were mild
and not ‘mmediate in animals exposed to 24 and 50 mg/m3 for 2-15 minutes.
Weakness and the "appearance of illness" was apparent in all animals exposed
to more than 500 mg/m3 for 15 minures. No deaths were observed at 1000 mg/m3
for up to 30 minutes of exposure or at 100 mg/m3 for 5 hours or 24 mg/m3 for
41 hours. Death occured in 1-3 hours in rabbits and guinea pigs exposed to
250 ppm. At 50 ppm, guinea pigs died after one day exposure and rabbits were
moribund after 3 days. At 10 ppm (8 mg/m3) no mortality occured after 5 days
though labored breathing and eye irritations were noted in guinea pigs.
Ronzani {as cited in NIOSH 1976) indicated that 3 ppm (2.5 mg/m3) is a no-
effect level (NOEL) following experimencs with HF at 7.5, 5, and 3 ppm (6, &4,
2.4 mg/mB). No pathology was observed in pigeons, rabbits and guinea pigs
exposed o 3} ppm for 30 days.

Rosenholtz (as cited in NIOSH 1976) exposed rats to single exposures of HF.
The resuits are listed below.

LCsp (mg[mB) o ure utes
4060 S
2200 15
1670 30
070 60

Higgins et al. Jas cited in NIOSH 1976) reported an LCgp for racs ac 18,200
and for =ice at 2247 ppm following 3 minuces of exposure.

Summary of Toxic Effects In Animals

In all of the above studies primary effects were on the respiratory tract
with pathologic tissue change also found in kidneys and liver. Exposures of
up to 3 hours at concentrations between 200-20,000 mg/m3 resulted in severe
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irritation of che respiratory tract and eyes and death in most of the
animals. ¥idney damage was noted following exposure of 309 animals to 15

mg/m3.

Effects In Zumans

Machle {(as cited in NIOSH 1976) exposed humans to various concentrations of
HF. The results are summarized below.

Concentzation (mggm31 Effect

26 Mild eye, throat and nose irritation.
This level could be toierated for several
minures.

50 Tickling and discomfort In respiratory
tract.

100 Highest tolerable concencration. Skin
smarted within one minute. !arked eye and

respiratory tract irritation.

Largent (as cited in NIOSH 1976) exposed 5 people for 6 hours/day for 10-590
days. The results are summarized below.

Concentratio mg/m> Effect
1.6 No adverse effect.
2.1-3.9 Mild eye irritation, slight irritation of
nose. Exposure to this level for 10 days

caused cutaneous erythema in one person.

RTECS (1982-82) listed the following values for exposure <to hydrogen
fluoride:

sSpecies Rouce ose End Point
Human Inhalation 110 ppm/l minute TCio
Human Inhalation | 50 ppm/30 minutes LC1iq
Rat Inhalation 1276 ppm/1l hour LC=p
Rac Intrapericoneal 25 mg/kg ~sQ
Mouse Inhalation 456 ppm/1 hour LCz0
Monkev Inhalation 177 ppu/l hour LCsp
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Rabbi= Inhalation 260 mg/m3/7 hour LCig .

Guirea ?ig Inhalation 4327 ppm/15 minutes LCsq

. :4SIl-upper limit -- 10 ppm (ceiling) this is the basis for the
zaximum upper limit.

. sZGTH-TLVY TWA -- 3 ppm (2.5 mg/m3) as fluoride; established to
woid irritation on skin, eyes and respirateory tract and to
revent deleterious effects of skeletal fluorosis (increased
one density or osteosclerosis).

e  ACGIH-STEL -- 6 ppm (5.0 mg/m3) as fluoride.

. SI0SH - recommended ceiling - 5 mg/m3 for 15 minutes - to
crevent acute irritacion.

Developmen: »f an Emexrgency Exposure Limit for Air

] Ailowable Limiv = 2.5 mg (F)/m3 or 3 ppm.
This is the TLV. Experience indicates that adults can be
sxposed to this level with no adverse effects.

) illowable Upper Limit = 5 mg/m3 or 6 ppm for 15 minutes.
Tmis is the STEL. There should be lictle or no irritation
rasulting from short exposures to this level. Exposures
zreater than 15 minutes may irritate the eye and respiratory
TTact.

. Yaximum Upper Limit - 8 mg/m3.
Zxposure to 8 mg/m3 is advisable only in extreme emergency
situations. Mild eye, skin, and respiratory tract irritation
can be expected to occur after a few minutes exposure. The

zifects will become more severe with time or with increasing
s:ncentrations. Exposure should not exceed 5 minuctes.

Developmen: :f an Emergency Exposure Limit for Water

Developmen: st standards for HF in the water supply is based on the following
assumptions:

1) The average adult drinks two liters of water daily. .

2)  Tre average adult male weighs 70 kg.
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3 Single doses causing acute effects would have the same effects
i7 spread out over l6-hour day in the drinking water. Alcthough
this is not quite accurate, it introduces a safety factor which
mav counteract, to some degree, the greater sensitivicy of the
voung, aged, and infirm to toxic chemicals.

A level of . ppm fluoride in the water supply is generally considered to be
safe. As reported in the NIOSH Criteria Document (1976), several studies
have been jrerrformed on persons exposed for years to water leveis of 8 ppm.
No acute erfects were reported to be present in these persons, but findings
of osteoscierosis after years of exposure were common in persons exposed to
this level. Thus, it would appear that 8 ppm would be an acceptable level
(should <eiicit no acute ctoxic effects) in an emergency sictuation, but
exposure to this level should not be allowed for an extended period of time.

The level at which minimal symptoms (nausea, vomiting, stomach cramps) begin
to appear =~as been reported to be 1/50 the lethal dose or 100 mg.
Considering :=ne assumptions listed above, the level at which these symptoms
are expeczec -0 occur in the average adult male would be 530 ppm.

. Al_owable Limit = 1 ppm (1 mg F/L drinking water). This level
is considered absolutely safe and is standardly added to public
drinking water.

. Allowable Upper Limit = 8 ppm (8 mg F/L drinking water). This
level should be safe in an emergency situation. Consumption of
this level should not exceed 24 hours.

] Unsafe Level = 50 ppm. Toxic effects (nausea, vomiting,
stomach cramps) can be expected from consumption of water
containing 50 ppm.

ngergnces
ACGIH. 1984 . TLVs. eshold Limjt Value Chemical Su ances ig t
W Environzent Adopt by ACG 4-85. American Conference of

Government  ndustrial Hygienists. Cincinnati, OH. ISBN: 0-936712-.-54-6.
NIOSH. 1976. Crjiterij o ed d ; upatjona

Hydrogen =luoride. Nacional Institute for Occupational Safety and Health.
Washington, Z.C. DHEW (NIOSH) Publication Number 76-143.

1981. 3rd revised edition. Vol.

IIB. Georzs 2. and Florence E. Clayton (eds.). John Wilev and Sons, Inc.
Proctor . :ughes JP, 1978, Chemical Hazards of the Workplace. J.P.
Lippencot:z [:. -

RTECS. 198.-82. Registry of Toxic Effects of Chemical Substances. Vol.
1-3. DHHS I0SH) Pub. No. 83-108. .
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NITRIC ACID

Summary o Toxigc Effects

Splashes :I liquid nitrie acid in the eyes may cause permanenc damage .
Inhalation causes dryness of the throat and nose, cough, chest pain,
difficuity breathing, and pulmonary edema <(buildup of fluid in lungs).
Nitrie acid also causes severe skin burns and corrosion of cthe mucous
membrane .

Effects of Mitric Acid Exposure in Animals

Gray et ai. (as cited in NIOSH 1976) conducted several studies of nitric acid
exposure In rats. After exposing animals by inhalation to 40, 56, and 96 hr,

Gray conciuded that exposure to more than 8 ppm may be injurious. In a
second studv, Gray et al. determined the LCsg of red fuming and white fuming
nitric acii to be 310 and 334 ppm respectively. Chronic exposure to & ppa

nitric acid for 4 hours/day, 5 days/week for 6 months had no effect. On this
basis a maximum acceptable concentration (MAC) of 5 ppm was suggescted. Diggle
and Gage ‘as cited in NIOSH 1976) exposed rats to 25 ppm for an unknown length
of time. Yo toxic effects were reported.

gurrent Standa o o to N
TLV = 2 ppm (5 mg/m3)
STEL = 4 ppm (10 mg/m3)

ACGIH - 2 ppm (3 mg/m3) Chosen to prevent pulmonaryvy irritation and
corrosive effect on teeth.

Co usiorn and Rationale

There are no data on the acute effects in humans of exposure to low
concentrations of nitric acid. Therefore, animal experiments must be used for
the formulation of emergency standards. NOELs (No Observable Effect Levels)
in the rat were reported to be 8 ppm and 25 ppm in two different studies.
Taking <he worst possible case (which includes safetvy factors for
extrapoiaticn of animal data to man), 8 ppm is recommended as the maximum
exposure _zvel to be permitted in emergency situatiomns.

Developmenz Sf an Emergency Exposure Limit in Water

Currencly :zzere are no Federal guidelines, criteria or standards for acids in
water. The coxicity of these compounds in drinking water is thus evaluated by
examining tze change in pH of the water. Criteria for pH in drinking water
for the protection of human health are 5-9.
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PHOSPHORIC ACID

S arv of Toxic Effects

Exposure > phosphoric acid mists and dusts causes irritation to the eyes,

upper respiratory tract, and skin. The risk of pulmonary edema resulting
from the :inhalation of mist or spray is remote. Skin and eve burns may
result <:rom spiashes of concentrated solution. Prolonged or repeated

exposures mavy cause dermatitis.

E cts of Phosphoric Acid Exposu in Ma

Unacclimatized workers could not tolerate exposure to fumes of phosphoric
acid at a concentration of 100 mg/m though "hardened" workers could endure
this level. Unacclxmated workers could easily tolerace 1 mg/m Exposure to
3,6 and 11.3 mg/m produced coughing. Concentrations of 0.8- S.a mg/m3 were
noticeable but not uncomfortable (NIOSH 1981).

Current Standard o] osure Co ospho cid

TLY = 1 mg/m3

STEL = 3 mg/m>

velopment of a osu A4 W

Currencly there are no Federal guidelines, criteria or standards for acid 1in
water. The toxicity of these compounds in drinking water is thus evaluated
by examining the change in pH of the wacter. Criteria for pH in drinking
water for :he protection of human health are 5-9.

References
ACGIH. 284, TLVs. i Vv Chemic Substa

cal Ape t Wo v W ended Changes for 4-
American cConference of Governmental Industrial Hygienists. Cincinnaci, OH
ISBN: -936712-54-6,
Gosselin. iodge, Smith and Gleason. 1976. Clinical Toxology of Commercial
Products. Tourth edition. Williams and Wilkins Co., Baltimore. MD,
NIQOSH. _981. Occupatjional Health Guideljnes for Chemical Hazards. DHHS

(NICSH) ?ub. Neo. 81-123.

Proctor YH. Hughes, JP. 1978, Chemical Hazards of the Workplace, J.P.
Lippencozt To.
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Siteig, M. 1981. Handbook of Toxic _and Hazardous Chemizals. Noyes

Publicatiorns. Park Ridge, NJ.

4-15



WSRC-RP-89-715
SODIUM HYDROXIDE

Summary of Toxjc Effeccts

Sodium hvcroxide is highly corrosive to the eyes, skin, and mucous membranes.
Low leveis can cause skin irritation in a short period of time. Exposure to
0.03 N (0..2%) can cause erythema in one hour. Ingestion of sodium hydroxide
can cause violent pain of the esophagus and stomacihh and severe corrosion of
the lips. zouch, pharynx, and tongue. Contact with 1 N sodium nydroxide (2X)
for one minute can cause eve injury. [t can cause bDlindness wichin a few
seconds oI contact,

Sodium hycroxide is an upper respiratory tract irritanc. Inhalation of dust
or concentrated mist may damage the upper resiratory ctract and lungs.
Effects of inhalation may vary from mild irritation of the nose and chroat to
severe pneumonlia depending on the concentration and duracion of exposure.

urrent Scandards fo sure to Sodium Hydroxide

Ceiling Limit = 2 mg/m3

NIOSH recommended standard = 0.2 mg/m3

evelopmen:t of a e Exposure [»]

Exposure to airborne concentrations as low as 0,2 mg/m3 causes eve irritation
in some individuals. Because of this NIOSH established a recommended standard
of 0.2 mgya°. A ceiling of 2 mg/m3 was established by the ACGIH. Since even
this level :an cause some irritation. it is recommended that the ACGIH ceiling
of 2 mg,m- -oC be exceeded and that it be adopted as the emergencv scandard.

evelopmenz of a osure it Hace
Currently. :there are no Federal guidelines, criteria, or standards for acids
(or bases) in water. The toxicity of these compunds in drinking water is

thus evaluated by examining the change in pH of the water. Criteria for pH
in drinkinz vater for the protection of human health are 5-9.

Refererces

ACGIH. R TLV's. Threshold Zimit ‘Yalues for Chemical sSubscances and
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ISBN: ©-%I:712-34-6.

Gosselin, Z:dge, Smith and Gleason. 1976. Clinical Toxicology of Commercial

Pxoducts. Fourth Edition. Williams and Wilkens Co. Baltimore, MD.
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Washington. 2.C. DHEW (NIOSH) Publication No. 46-105.
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SODIUM HYPOCHLORITE

Summary of Toxic Effects

Sodium hvvochlorite is a corrosive agent. It 1is irritacing cto mucous
membranes. eves, and skin.

Although sodium hypochlorite may become an inhalation hazard if misted, the
release of free chlorine from sodium hypochlorite solutions is likely to be
the most significant problem in emergency situations. The concentration of
available chlorine in solution increases as the pH is reduced, and heating
the solution releases free chlorine. Standards developed for chlorine gas
apply to chlorine released from sodium hypochlorite solutions. There are no
OSHA standards or NIOSH or ACGIH recommended standards for sodium
hypochlorice.

AL¥ MAL#* AUL#xx

L ppm 3 ppm 5 ppm (5 minuctes)

* Allowable limit; this is the TLV for Chlorine.
** Maximum allowable limit. This is the STEL for chlorine.

**% sbsolute upper limic. This level may cause extreme discomfort
within very short exposure periods. Persons not wearing
respirators should not remain in areas where the concentration is 5
rrm or higher for more than 5 minutes without full face masks.

ve lopment o Eme E sure i Wate

If 1ingested, sodium hypochlorite is 1irritating and causes pain and
inflammation to the pharynx, larynx, esophogus and stomach. It is moderately

poisonous by ingestion. The toxicity is related to the amount of free
chlorine iz selucion. Usually only rather large doses of 5% sodium
hypochlorize (i.e., 1 quarc) are lethal. 0.5% sodium hypochlorite should
cause &t zost only mild injury. Sodium hypochlorite is sometimes used to
purify drirking water, 0.1% sodium hypochlorite does not cause adverse
effects. I sodium hypochlorite enters a waterway it becomes rapidly diluted

to harmliess _evels.

There are no Federal guidelines, criteria, or standards for sodium
hypochlorite in water; therefore, the emergency exposure limit is based on
the presence of free chlorine. A tentative ADI (acceptable daily intake) for
chlorine is reported to be 0.3 mg/kg/day (Dourson 1985). Assuming that a 70
kg person <rinks two liters of water per day, the intake of chlorine from
drinking water would be 10.5 mg/L. Although it is recognized that this value
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is not entirely appropriate for use in the evaluation of acute exposure, no
other data zre available.
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SULFURIC ACID

Summary of Toxic Effects

Sulfuric acid is a strong irritanc of the eyes, respiratorvy tract, and skin.
Concenctrated sulfuric acid causes burns of the skin and mucous membranes;
dilute suifuric acid sprays and mists irritate the skin, respiratory tract,

and mucous membranes and cause dermacitis. Concact with sulfuric acid can
result in irreparable damage to the eyes. Chronic exposure can cause erosion
of dencal enamel, Some tolerance develops after repeared exposure to low

levels of suifuric acid, and acclimated persons can tolerate levels three to
four times nigher than that tolerated by persons not previously exposed.

Effects in Humans

Several inhalation studies have been conducted in humans. Exposure to
airborne concentrations of sulfuric acid were generally for 10-20 minutes.
The resuits are summarized below.

Concentration
Stugdy (mglmj) Effect
Dorsch (as cited 0.5 Hardly noticable annoyance,
in NIOSH 1974) slight change in pulmonary
function.
>1.0 No significant respiratory
changes.
2.0 Changes in pulmonary function.
Dorsch (as cited 0.5-2.0 Slight annoyance in terms of
in NIOSH) taste, odor, and irritaciom.
Amdur (as cited 1.0 Detected by 2/15 individuals.
in NIOSH)
3.0 Detected by 15/15 individuals.
5.0 Objectionable to some persons;
deep breach usually caused cough;
alterations in respiratory
patterns.
Bushtueva as cited 0.7 Tickling and scratching of in
NIOSH) throat.
1-2 Irritation of base of esophagus;
eye irritation in 40% of exposed
persons
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2-6 Acute irritaction  of mucous
membranes; pronounced cough: ave
irritation in 100% of exposed
persons.

Current Stincards for Exposure to Sulfuric Acid

5 mg;mf *YS Department of Labor

ra

:ng/::i ~“tah Department of Health

1 mg,/m- ACGIH TLV (8-hour TWA)

1 mg/m- SIOSH

Developmens -< in ctmergency Exposure Limit in Ajr
AL¥® MAL*X* AlLAd>x IDLH***%%
1 mg/m: pa mg/m3 5 mg/m3 80 mg/m3

* A'lowable limit:; this is the TLV.

*% Maximum allowable limit. Exposure to this level should not exceed
30 minutes.

*%% tssolute upper exposure limit. This level will cause discomfort
Sz should not cause serious effects.

**%* [zediately dangerous to life and healch.

Co usion :nd Rationale

One mg/m3 can be tolerated well (TLV). Two mg/m3 may cause mild irritation
but is readily tolerated for a short time. At five mg/m?, eye and chroat
irritation =zay be objectionable; <coughing is <o be expected. This
concentracizn results in an increased respiratory rate and an impaired
ventilator~ :zpacity. This level can be tolerated for a very brief period of
time In emercancy situation.

Developmen: I an Smergency Exposure Limit ip Water

Currenclw, :-ere are no Federal guidelines. criteria. or standards for acids
in warter. The toxicity of these compounds in drinking water 1is thus
evaluated - examining the change in pH of che water. Criteria for pH in
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1,1,1-TRICHLOROETHANE

Summary of Toxic Effects

1,1,1l-Trich:ioroechane (TCE) causes central nervous system depression, with
symptoms cuch as dizziness, drowsiness, incoordination, decreased reaction
time, unconcsciousness, and death. It is an eye and skin irritanc and can be
absorbed chrough the skin to a moderate degree. The odor threshold is 16 to

400 ppm.

Effects in rumans

The following ctable summarizes the effects of 1,1,l-trichlorocethane
experienced at various concentrations.

Concentration
Study {mg/m3) Effect
Salvini et al. (as 350 None.
cited in NICSH 1976)
Stewart et al. {(as 500 Some beginning anesthectic
cited in NIOSH 1976) response in a few persons. No
disturbances of reflexes or
central nervgous system response.
800-1,000 Some persons show minor central
nervous system impairment.
Torkelson ez al. (as 900-1,000 Some persons experienced light-
cited in NICSH 1976) for 20 min. headedness, incoordination and
slight loss of equilibrium;
transient mild eye and nose
irritatcion.
2,000 Disturbance of equilibrium.
for 5 min
10,000 Marked incoordination.
for 30 min.
Proctor and Hughes 20.000 Coma and possibly deach.

1981 for 60 min.

Current Scancdards for Exposure to 1.1, 1-Trichloroethane

TLV = 300 ppm (1900 mg/m3)

STEL = =30 ppm (2450 mg/m3)
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NIOSH recommended standard = 200 ppm; STEL, 350 ppm

IDHL - 1000 ppm (5400 mg/m3)

Developmer: »f ap Emerge Exposur i
AL* IDLH**
G0 opm 1000 ppm
* illowable limic; levels higher than this may produce central

Tervous system depression.

wok -zmediatley dangerous to 1life and health: some soffects are
experienced at this level, though thev are reversible. This level
:in be tolerated for 30 minutes.

Developmer=z of an Emergency Exposure Limic in Water

The proposed maximum contaminant level (MCL) for 1,l,l-ctrichloroethane in
drinking water is 200 ug/L (Federal Register 1985). At this levei, rhere are
no known cr anticipated adverse effects on human health.
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APPENDIX I
3ASIC DATA FOR ANALYSES OF RADIOACTIVE MATERIAL RELEASES IN
TRANSPORTATION ACCIDENTS AND INCIDENTS
AT THE SRP

"Appendix to Chapter 5.0)

—1
.
p—



WSRC-RP-89-715

. APPENDIX I. 3ASIC DATA FOR ANALYSES OF RADICACTIVE MATERIAL RELEASES
IN TRANSPORTATION ACCIDENTS AND INCIDENTS AT THE
SAVANNAH RIVER PLANT

This appencdix presents tables of basic data used to develop hazard indices
for the transportation of radioactive materials at the SRP. Included are the

following:
1} Summary descriptions of the types of shipments of radiocactive
Taterials.
2} istimates of ctocal annual shipment miles for each cype of
shipment.

3) Esctimated accident probabilities (rate/mile) for each type of
shipment. These probabilities take into consideration the
cshipment mode, SRP historical acecident/incident darta, national
sceident data, and SRP administractive controls.

4) Estimated frequencies for incidents/accidents that would resulr
in releases of radicactive materials. These are reporced, as
appropriate, both for normal transport during which there may
be releases due o package preparation errors or packaging
defects, and for transport accidents. These values are the

. zultiple of the accident ‘or incident rate (in events/vehicle
mile) and the annual transport miles at the SRP for each ship-
Tentc type,

5) Estimates of releases, in curies, for the accidents or
lncidents. These estimates are reported for alpha emitting
isotopes, beta-gamma emitting isotopes, and tritium.

&) Zxpected values of annual releases in curies/year (Ci/yr).
This wvalue is the product of the accident/incident Zfrequency
and the amount of curies released.

7) Expected values for the hazard index in maximum permissible
intake/year (MPI/yr). These values are the product of cthe
conversion factors (curies to MPI) for each isotope whose
release is postulated and the expected values of annual
releases.

The rtables inciude footnotes. as appropriate, to explain assumptions or
observatiorns zermain to the development of data entries.

There are Iifteen tables (Tabies I[-1 through I-15) each containing data for a
particular zrouping of shipments. The shipment groupings are:

I-1 Cask Containing Irradiated Assemblies
. I-2 Solid Wastes - TRU Wastes in Drums

I-3 Solid Wastes - Non-TRU Wastes

I-4  Analyvical Samples up to 200 ml Each

I[-2
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“nshielded Trailers - 100-Areas
“nshielded Waste Trailers - Building 776-A .
shielded Tanks on High-Level Trailers
Shielded Tanks on Other Trailers
zffsice Shipments

0 Fackaged Cases

1 Lliquids for Reprocessing

2 Solid Products for Fabrication of Experiments

3 Yisgellaneous Shipments

4

5

L B
e el e i - IR - A

“astes and Obsolete Equipment
ffsite Shipments by Rail

o H

Table I[-1¢ summarizes the release data presented in Table [-1 chrough I-15.
Presented Zor each shipment type are the expected values of annual releases
by radiation type and the expected values for MPI/yr. The shipments which
have the highest hazard indices are identified. Consequences and risk from
accidents involving these shipments are analyzed in the transportation safety

analysis.

Table I-." »pJresents approximate mileage distances between areas. These
distances w<ere used to develop total transport miles presented in Tables I-1
through I-.Z.

REFERENCES
1. C. V. Hodge and A. A. Harretct. Transportation Accident Risks ip the
Nuciear Power Induscry 1975-2020. Report NSS §191.1, Nuclear and
Systems Sciences Group, Anaheim, CA, November 1974, (Prepared for

Office of Radiation Programs, EPA.)

2, W. 4. Brobst, "The Probability of Transportation Accidents.”
Deparz=ent of Defense Explosives Safety Board l4ch Annual Explosives
Safet Seminar in New Orleans, LA, November 10, 1972, United States
Atomic EZnergy Commission, Washington, DC (1972).

3. R. K. Clarke, J. T. Foley, W. F. Hartman, and D. W. Larson. Severities

of Transportation Accidents, Volumes 1 - Summary, P 28. Sandia
Laboratories Report SLA-74-001, Albuquerque, NM (1976).

4, R. E. Rhoads, J. L. Buelt, G. W. Dawson, T. W. Horst, P. L. Peterson,
and 2. &, Ross. An Assessment of the Risk of Transporting Gascline by
TRUCH. 2ML-21233. Pacific Northwest Laboratory, Richland. WA (1978).
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TABLE I-17. Distances Between Areas (from the SRP Site Map)

Trip Description Distancce, mile
100-K area to Burial Ground 8-1/2
100-C srea to 100-K Area 4
100-C Area to 100-P Area 3-1/2
100-K irea to 100-P Area 8
100-K zrea to Building 232-H 6-3/4
100-C ~rea to Building 232-H b-1/2 Average 6.9
L00-? 2rea to Building 232-H 8-1/4
F area zo L00-K, 100-C Area, J/4 greater than the
and _00-P Area distance to Building 232-H
100-M irea to 100-P Area 15-1/4
Average 13
300-M Area to 100-C Area 10-1/2
300-M Area to 100-K Area 13
Building 241-F to 100-C Area 5-3/8
400 Area to 100-P Area 13-1/4
400 Area to 100-C Area 9-1/2
400 Area to 100-K Area 7

Maximum trip 100-K Area to 100-C Area

to 100-P Area to 400 Area 25
UNH Trailer to weight staction 10
Buildinz 772-A ctrailers to Building 2I1-F T-3/4
Buildi=g 772-F to Building 772-a 7-1/2

200-4 irea to Building 772-F.
sampies, ete., also 200-F Area
to iT3-H Area, neptunium soelution 2-1/2

200-H area to Building 235-F 2-3/4
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(Continued) .

Distances Between Areas (from the SRP Site Map)

® TABLE I-17.

Trip Description

Distance, mile

Building 235-F to Building 321-M 7-1/2
Building 777-M to 400-Area 11
Building 777-M to Building 710-U 4
Plant boundary toward Jackson, SC

by highway
100-F Area 13-3/4
1C0-C Area 9
100-K Area 11-1/2
200-F Area 9-1/4
200-H Area 9-1/4
3/700 Area 3-3/8
Solv 5
200-F Area to Burial Ground 2-1/4
200-H Area to Burial Ground 1-3/4
Buiiding 773-A to 200-H Area 9-3/8 RBOF

9-3/4 south loading dock

Building 773-A to Burial Ground 8
Building 773-A to Building 221-F 7-1/4
200-F Area to Burial Ground 2
2C00-H Area to Burial Ground 1-1/2
3uiliding 773-A to Building 221-F

o 3ullding 221-H to Burial Ground 12
200-F Area to 200-H Area to Burial Ground 5
Rail
100-C Area to 200-H Area 10-1/2

I-28
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I TABLE I-17. Distances Between Areas (from the SRP Site Map) (Continuaed)

Trip Description Distance, nile

100-C ~rea to 200-F Area 13-1/6

100-% zrea to Z200-H Area 11-1/2

"00-K asrea ro 200-F Area 14-1/4

100-P irea to 200-H Area 9-.1/2

100-P Area to 200-F Area 12-1/4

Average of the three areas to 200-H Area 10-1/2

Overai. sverage of rail trips 12

—
'

o]

O
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APPENDIX .. METEOROLOGICAL DISPERSION FACTCORS

The meteor:.cgical dispersion factors used to perform the dose calculacions

for acciden: zonsequences are explained in this Addendum. For a more detailed
explanacicr of procedures, computer codes, and parties invoived rerer to A. J.
Garrett sm¢ D. D. Hoel's June 4, 1982, Technical Division Savannah River
Laboracor SRL) Memorandum DPST-82-512, whiech 1is addressed to T. V.
Crawford. Tor documentation of the adjusctments to the meteoroiogical data
taken at :he SRP, see D. D. Hoel and S. J. Garrectt’s aAugust 6, 1982,
memorandur 3 T. Y. Crawford: "Wind rose sctatiscics used in che L-Reactor SAR
Calculactiors" "no document number given). Memorandum DPST-82-512 1is

summari-ced celow.

For 5 vears (1975-1979) a series of samples were collected of 5-second bursts
of wind dataz from the C, K, P, F, and H Areas 61 m meteorclogical towers. The

sampies zererated information on wind speed and wind direction. Standard
deviations :7 zhe fluctuations in the horizontal and vertical wind components
were ther -:ilculated based on L5-minute averages.

The data arng calculations have been checked, and limiting values were used to
screen proo.em data sets. Many of the data were rejected. with the result

that about .3 vears (67%) of good data were selected by the quality assurance
codes for :se from the 5 years of records for all towers.

These data w<ere originally gathered for use in the SRP WIND Emergency Response
System and now are archived for use in research and safecty analysis
applicatiors. During the process of gathering the data, several computer
codes were written to insure the quality of and manipulate the data.

One such ccapucer code, called WINDROSE, statistically manipulated the data
that is r:2Zlzcred in the Wind Rose Data Plots seen in the Addendum to this
Appendix.

For the 352R. 1- and 2-hour averages of the l>5-minute data were required both
for the iose calculations and for medel wvalidation. Since the averaging

procedure <iIfers according te the variable, it is described in detail below.

The 15-minuze averages, from which the 1- and 2-hour averages were derived,
are defined bvy the following equations. The 1l5-minute average wind direction
is

8; = T I 3, (1)
P j

where . 1z zhe number of observed wind directions, 9j. The wind speed is

defined i~ :ne same manner as in Equation 3 below. The standard deviacion of

the horizornzal wind fluctuations is defined as
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gy = (2)
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A similar equations, obtained by replacing Gj by ¢j in Equation 2, is used for
che standard ceviacion of the vertical wind flucrtuations, 783 - The notation,
$, represents c-he departure of the total wind velocity "vecror from the

horizontal piane.

For the 1- and 2-hour averages, the simplest variable to average is U, the
scalar wind speed. If N is che number of l5-minuce averages, and U is cthe 1-
or 2-hour average. then

.

U - (3

{1«
[

N oo

Average wind direction must de compuced by breaking the average wind vectors
for a 15-minuce period into u and v scalar components sucn that

wy = U; cos 93

vy = Uj sin 8i, (4)

where @4 is the average wind direction for the 15-minute period--thus,

1 N
u=-- Z u
No. D T
(3
A
voe - z 7y
Nyt

The average components are recombined to give the mean wind direction © over a
l- or 2-hour period as

[N I |

8 - can’- [ } (6)

The standard -eviations of the fluctuations in the horizontal and vertical
components oI the wind directiom, og and o4, computed as described by Garrett
and Murp'nyl =ust be averaged in a way that includes the meander of the mean
wind over :uccessive 15-minute intervals. That is, the contributions of
variaEions of 8: (i1=1, 2, ...N) to dg must be included. It can be shown
that og is defined by

J-3
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— 1 N 2 -
T = [— z (agy + (8 - 81)2]]1/2. (7)
¥ i =1
Equation : is used to find o; simply by replacing & by 4. Alchough the

average wertical components of the wind direccion is zero over long time
periods over flat terrain, it can be significanctly different from zero over
15-minute intervals, so Equation 7 musc be used.

Note rhat atmospheric stability is computed using og and o4 rather than
dT/dz? since direct measurement of og and o4 is more accurate than estimating
atmospheric stability from dT/dz.

Pasquill stability wind roses for 2-hour averaged meteorological data, which
is used as input for the compucter codes, shown here for the D, K, P, F, and H
producticn areas on the Savannah River Plant. The SRP site map in Figure 1
shows the relative locations of each of these areas. For each of these areas,
nine wind rose plots are included--one for each of the seven Pasquill
stability classes. one for dataz that could not be cliassified into a particular
stabilicy class, and an overall summary rose that includes all stabilities.

The Pasaulll stabilities determined from og (or o4 if g is not available) by

-

Pendergasc‘ for SRP are as shown in Table 1.
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TABLE 1. Pasquill Stability Wind Rose

Pasquill

Stabilicy Turbulence Limits Classification
A og 2 23 oy 2 12 Extremely Unstable
B 18 £0g <23 9 <o45%g12 Moderately Unstable
C 13 £0g<18 7 <0459 Slightly Unstable
D 8 € og <13 4 <og <7 Neutral
E b < og <8 2 <ay4<b Slightly Stable
F 2 <0g <4 l <a4 22 Moderately Stable
G ag < 2 og < 1 Extremely Stable
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SAVANMAH RUVER PLANT
SITE MAP

H arw ¢ n okt g

FIGURE 1. Savannah River Plant Site Map
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LEGEND
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