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1.1 Facility Overview 4 

 
The Radiochemical Processing Laboratory (RPL), formerly designated 325 Building, is located in the 

300 Area of the Hanford Site.  The Columbia River is to the east, North Richland and the main campus of 
the Pacific Northwest National Laboratory (PNNL) to the south, and Hanford Site to the west and north. 
 

The RPL was designed and constructed to perform general radiochemical research, development, 
demonstration, and analytical services.  It consists of a central section containing general purpose 
laboratories for low-level radiochemical work; a South (front) wing containing office space, locker 
rooms, a lunch room and maintenance shops; the High-Level Radiochemistry Facility (HLRF) in the East 
wing and the Shielded Analytical Laboratory (SAL) in the West wing provided with shielded enclosures 
(hot cells) with remote manipulators for high-level radiochemical work.  Adjacent to the facility on the 
east side of the building is an enclosed fenced area designated as the East Storage Yard that is used for 
storage of radioactive materials and contaminated equipment. 
 

Laboratory operations and activities in RPL involve research and development in radiochemical 
process science and engineering; evaluation, analysis, and testing of radioactive, radiochemical, chemical, 
and physical material properties; development and experimentation in the design and application of 
radiation generating devices; and the development and conduct of analytical procedures in support of 
research activities.  Because the RPL is a research and development facility, work conducted in the 
facility frequently changes consistent with programmatic objectives. 
 

1.2 Facility Hazard Categorization 26 

 
The hazard categorization for the RPL was performed in accordance with the U. S. Department of 

Energy (DOE) standard DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques 
for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports, Change Notice 1, September, 
1997 and meets the requirements of §830.202(b) of 10 CFR 830. 
 

The RPL radiological inventory, by radionuclide, was compared to the categorization threshold 
quantities identified in DOE-STD-1027-92, and based on specific radioactive material inventories present 
in the RPL, it was determined that the RPL was a Hazard Category 2 Nonreactor Nuclear Facility.  Based 
on the hazard category screening, the anticipated work at RPL, and the radioactive material quantities 
analyzed in this RPL Documented Safety Analysis (DSA), the RPL is designated as a Hazard Category 2 
Nonreactor Nuclear Facility. 
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PNNL has identified and evaluated the hazards associated with the RPL and the work performed at 
the RPL.  The most significant hazards associated with RPL operations involve radiation and radioactive 
materials associated with RPL research and development work.  Analysis of a representative set of 
postulated bounding accidents involving these hazards has been performed.  The results of the accident 
analysis are summarized in Table 7.1. 
 

The hazards and accident analyses described in this DSA demonstrate that the set of RPL hazard 
controls will ensure safe operations of the RPL.  This DSA and the associated hazard controls constitute 
the RPL safety basis.  Based on the information and analyses described in this DSA, PNNL has concluded 
that performing work consistent with the RPL safety basis will provide reasonable assurance of adequate 
protection of workers, the public, and the environment. 
 

1.4 Documented Safety Analysis Format 15 

 
The format and content of this DSA are based on the applicable requirements of 10 CFR 830, 

Subpart B, Safety Basis Requirements and the guidance provided in DOE-STD-3009-94, Preparation 
Guide for U.S. Department of Energy Nonreactor Nuclear Facility Documented Safety Analyses, using a 
graded approach.  A description of the graded approach taken to prepare this DSA is included in 
Appendix A. 
 

The following paragraphs describe the contents and level of detail of each chapter and appendix 
included in the DSA. 
 

Chapter 1, Summary – This Chapter describes briefly the background and mission of the facility, 
defines the hazard category of the facility, and describes the content of each of the chapters and 
appendices contained in the DSA. 
 

Chapter 2 is reserved. 
 

Chapter 3, Site Description – This Chapter discusses the site characteristics including natural 
phenomena hazards considered in the safety analysis.  The site characteristics include meteorological 
data, seismic data, high winds, ash fall, and floods.  It also identifies adjacent industrial operations, and 
the nearest location of the offsite population.  Further, this Chapter addresses the impacts of adjacent 
facilities on RPL operations. 
 

Chapter 4, Facility and Operations Description – This Chapter describes the facility and its 
operations.  The description focuses on major facility features necessary to understand the design and 
operation of the facility in relation to the hazard and accident analyses.  The content of this Chapter 
includes a description of the facility, operations, and building systems. 
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Chapter 5, Organization and Safety Management Programs – This Chapter describes the PNNL 
organization, the RPL organization, and safety management programs that are in place to ensure safe 
operation of the RPL facility.  The discussion focuses on the PNNL and RPL organizations that support 
safe work at the RPL, their relationships, and responsibilities.  The specific safety management programs 
that are established as hazard controls are also described. 
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Chapter 6, Hazards Analysis – This Chapter presents the results of the hazard identification and 

evaluation performed for the RPL facility.  The Hazards Analysis is a comprehensive evaluation of 
potential process related, natural phenomena, and external hazards that can affect the public, workers, and 
the environment. 
 

Chapter 7, Accident Analysis – This Chapter evaluates the risk of facility operation under accident 
conditions.  It qualitatively and quantitatively evaluates the operation of the facility to determine accident 
frequencies and potential dose consequences.  The results of the accident analysis are used as the basis to 
identify potential safety class SSCs and TSRs. 
 

Chapter 8, Safety Structures, Systems, and Components – This Chapter provides details on the 
facility (SSCs) that are classified as safety class or safety significant SSCs, that is, SSCs relied on in the 
safety analysis to prevent or mitigate accidents.  Descriptions are provided of the attributes required to 
support the safety functions identified in the hazard and accident analyses and support applicable TSRs. 
 

Chapter 9, References – This Chapter contains the references cited in the report. 
 

Chapter 10, Glossary – This Chapter contains the glossary. 
 

Appendix A – This appendix defines the Graded Approach for the DSA. 
 

Appendix B – This appendix contains the U.S. Department of Energy, Richland Operations Office 
(DOE-RL) Safety Evaluation Reports. 
 

The TSRs developed based on this DSA are presented in a separate document, PNNL-TSR-RPL, 
Radiochemical Processing Laboratory Technical Safety Requirements. 
 

http://facilities.pnl.gov/weblinks/Safety_Basis_Documents/rpl-ser.pdf
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This chapter briefly describes those features of the Hanford Site that are relevant to safe operation of 
the RPL.  More detailed information can be found in Jamison (1982), U.S. Census Bureau (2000), and 
Neitzel (2003). 
 

3.1 Location 8 

 
The RPL is located in the 300 Area of the Hanford Site, which occupies a mostly flat, semiarid area 

of about 1,400 km2 (560 mi2) in southeastern Washington, just north of the confluences of the Snake and 
Yakima rivers with the Columbia River.  The Columbia River flows through the Hanford Site and forms 
part of the eastern boundary.  The city of Richland is located on the southeast boundary with the 
Rattlesnake Hills on the southwest, and the Yakima and Umtanum Ridges on the west.  Most of Hanford 
is a low plateau or terrace approximately 60 m (200 ft) above the Columbia River, generally sloping from 
the north to the south side of the site.  Two small east-west ridges, Gable Butte and Gable Mountain, rise 
above the plateau in the central part of the Hanford Site.  The Tri-cities of Richland, Kennewick, and 
Pasco, constitute the largest populations near the site and are located along the Columbia River a short 
distance downstream from the site.  With the exception of the City of Richland, the area surrounding 
Hanford is predominantly agricultural and is sparsely populated. 
 

Access to the site is administratively controlled by the DOE.  Public visitors to the site are subject to 
the controls imposed by DOE and enforced by the site security forces.  The nearest point to the RPL not 
subject to DOE access control is on the west bank of the Columbia River, which is approximately 570 m 
(1,900 ft) east of the facility.  Public access to the 300 Area is restricted, with administrative controls as 
the first line of defense.  Access from the west bank of the Columbia River, which is approximately 
570 m (1,900 ft) east of the RPL, is controlled by chain-link fence and postings.  Should a member of the 
public choose to ignore the postings at any access point, close proximity to the RPL is possible.  
However, an unbadged individual loitering in the vicinity of the RPL would be obvious to onsite staff and 
reported.  Security forces are available to take prompt action should this occur.  Public access as close as 
the parking lot immediately to the south of RPL is also possible.  This point of access is unchanged for 
many years and is under the control of security.  Access inside the RPL is controlled by electronic 
passkey. 
 

Figure 3.1 shows the Hanford Site and the location of the facilities and areas within the site.  
Figure 3.2 shows the location of the RPL within the 300 Area. 

 

3.2 Population 38 

 
Population in the area immediately adjacent to the Hanford Site is sparse, located primarily at farms 

and in farming communities to the north, east, and west.  The Tri-Cities of Kennewick, Pasco, and 
Richland, located to the south and southeast of the Hanford Site, represent the major population 
concentrations in the area.  According to the 2000 census, there were approximately 192,000 people 
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living in Benton and Franklin counties.  These two counties account for the largest portion of the 
population residing in the area surrounding the Hanford Site.  For regional population comparisons, 
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Figure 3.3 shows the 2000 census populations (U.S. Census Bureau) of the communities in the vicinity of 
the Hanford Site. 
 

Land use within an 80-km (50-mi) radius of the Hanford Site includes residential, suburban, corporate 
city, agricultural, industrial, commercial, scenic, recreational, and general-use land areas.  The 
predominant use of land within the 80-km (50-mi) radius is agricultural, with farms located along or near 
the site boundaries. 
 

3.3 Geology 11 

 
The Hanford Site lies in the Pasco Basin, a structural and topographical low point of eastern 

Washington and the Columbia River Basalt Plateau.  The region is underlain by three major geological 
units:  1) the sequential beds of the basaltic lavas and interbed sediments of the Columbia River Basalt 
Group at the base, 2) the Miocene-Pliocene Age Ringold Formation, and 3) the Quaternary glaciofluvial 
sands and gravels and associated sediments of the late Pleistocene-Age at the surface. 
 

The surface geology of the Hanford Site is characterized by a 0.33- to 1-m (1- to 3-ft) layer of light 
brown, fine, slightly silty (wind-deposited) sand, sparsely covered by vegetation, mostly sagebrush and 
grasses.  Underlying the surface sands is a mixture of sand and gravel ranging in depth to about 60 m 
(200 ft).  Over most of the site, basaltic bedrock starts at a depth of approximately 60-m (200-ft) and 
extends downward over 3,000 m (10,000 ft). 
 

Altitudes range from a low of about 105-m (345-ft) above mean sea level in the southeastern part of 
the Hanford Site to a maximum altitude of 1,091-m (3,580-ft) at the crest of Rattlesnake Mountain to the 
west.  Numerous geologic faults have been hypothesized through expert examination of topographic 
expression and aerial photographs.  The most important postulated fault is the 
Rattlesnake-Wallula-Milton Freewater segment and the Rattlesnake-Wallula segment of the 
Olympic-Wallowa Lineament.  To date, no strike-slip faults of any magnitude have been demonstrated by 
field evidence in the Pasco Basin. 
 

3.4 Seismology 33 

 
The historic record of earthquakes in the Pacific Northwest covers 150 years, from about 1840, 

although the first 50 years of this record is probably incomplete.  The potential for earthquakes at the 
Hanford Site was studied extensively by the Washington Public Power Supply System (WPPSS) to obtain 
a basis for the seismic design of its nuclear power plant, WNP-2.  The data obtained during these studies 
were subjected to thorough review by the U.S. Nuclear Regulatory Commission (NRC) and the U.S. 
Geologic Survey.  More recently, these findings have been used to obtain estimates of the probabilities of 
the seismic potential at specific sites within the Hanford reservation. 
 
3.4.1 Measures of the Strength of Historic Earthquakes in the Region 43 
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The seismicity of the Columbia Plateau is relatively low in comparison with other areas of the Pacific 
Northwest.  Earthquakes having intensities of VI on the Modified Mercalli Intensity scale (MMI), or 
Richter Magnitudes (RM) of RM 5, or larger have occurred only along the boundaries of the plateau.  The 
largest of these events occurred near Milton-Freewater in 1936, producing ground-shaking effects and 
damage that correspond to MMI VII in the region of Milton-Freewater.  This earthquake had a magnitude 
of RM 5.75.  The other recorded earthquakes had intensities of MMI VI and were observed near Yakima 
(1892), Umatilla (1893), and Milton-Freewater (1921).  In the central portion of the Columbia Plateau, 
smaller earthquakes occurred in 1918 and 1973 north of the Hanford Site near the Saddle Mountains.  
These two events produced MMI V effects near the Saddle Mountains and had magnitudes of about 
RM 4.4.  The most intense ground shaking at the Hanford Site from the earthquakes described above has 
not exceeded MMI IV, an intensity so small that observers do not always recognize that an earthquake has 
occurred.  
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Figure 3.4 presents an approximate comparison of three commonly used measures of 
earthquake strength. 
 

The maximum intensity at the epicenter of eastern Washington earthquakes can be correlated with 
their instrumentally determined magnitudes:  MMI V, VI, and VII roughly correspond to Richter 
magnitude ranges of about 4.0 to 4.5, 4.5 to 5.5, and 5.5 to 6.0 (Rohay 1989).  No instruments were 
available to record the eastern Washington events, so empirical formulas derived largely from California 
earthquakes were used to predict the epicentral accelerations expected from earthquakes in the region, as 
given in Figure 3.4 (Woodward-Clyde Consultants 1989).  The acceleration is a measure of the forces to 
which a structure will be subjected and, in general, decreases with distance from the epicenter.  The 
remaining column in Figure 3.4 refers to the seismic zones defined in the Uniform Building Code (UBC) 
for the purpose of specifying building standards in various regions of the United States.  The Hanford Site 
is in UBC Seismic Zone 2, as defined in the codes during the 1950s and 1960s.  Hanford is now classified 
as a Zone 2B region, with accelerations at the higher end of accelerations for Zone 2. 
 
3.4.2 Seismic Studies of the WNP-2 Site 27 
 

The earthquake potential of geologic structures and zones in the central Columbia Plateau were 
estimated during the licensing of nuclear power plants at the Hanford Site (NRC 1982). 
 

The seismic design of WNP-2 is based on a safe-shutdown earthquake (SSE) of 0.25g-peak horizontal 
acceleration.  The SSE defines the design acceleration for which safe-shutdown systems that protect the 
reactor core must remain functional.  A probabilistic seismic exposure analysis (which used a range of 
maximum magnitude earthquakes for each fault that could contribute significantly to ground motion) was 
used to estimate a return period of 10,000 years for exceedance of 0.25g (Supply System 1981).  For the 
WNP-2 site, potential earthquakes in the magnitude range of 4 to 5 associated with the Gable Mountain 
structure dominated the exceedance probability calculations compared to other potential sources.  A 
revised analysis (Woodward-Clyde Consultants 1982), based on a determination that the southeastern 
segment of the Gable Mountain structure was most probably a separate structure (NRC 1982), resulted in 
a 25,000-year estimated return period for exceeding 0.25g.  The return period for exceeding the operating 
basis earthquake (OBE is 0.125g, one-half the acceleration for the SSE) was 5,000 years.  The OBE is the 
level of earthquake design for which the plant is expected to remain operational.  Earthquakes in the 
magnitude range 4 to 5 produced approximately half of this seismic exposure. 
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3.4.3 Waste Treatment Plant (WTP) Seismic Study 1 
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In early 2005, the WTP project developed an updated characterization of the site seismic conditions 
specific to the WTP (Rohay 2005).  Subsequent analysis based on the updated characterization identified 
that the updated WTP seismic model could be applied site-wide.  The impact of the revised WTP seismic 
model is that for earthquakes of a given return period, the Hanford Site seismic acceleration could be 
between 15-38% greater than previously calculated. 
 
3.4.4 Earthquake Frequency at the 300 Area 9 
 

The Hanford Site is located in an area primarily susceptible to micro- and small-magnitude 
earthquakes (Tallman 1989).  A micro-earthquake is defined as an earthquake with horizontal ground 
accelerations less than 0.003g (or 3 on the Modified Mercalli scale).  A small-magnitude earthquake is 
defined as an earthquake with horizontal ground accelerations ranging from 0.003 to 0.035g (or ranging 
from 3.0 to 5.0 on the Richter scale).  Moderate earthquakes with horizontal ground accelerations ranging 
from 0.035 to 0.43g (or ranging from 5.0 to 7.0 on the Richter scale) are also possible, but at much lower 
probabilities than the micro- or small-magnitude earthquakes (Tallman 1989). 
 

Figure 3.5 shows the predicted peak horizontal ground accelerations at the Hanford Site for various 
return periods.  Predicted accelerations in the 300 Area are relatively low compared to other areas at the 
Site. 
 

3.5 Volcanology 23 

 
Termination of the basaltic flows in the Pasco Basin occurred about eight million years ago.  The 

nearest active volcanic area is the Cascade Mountain range, approximately 160 km (100 mi.) west of the 
Hanford Site.  Based on volcanic activity of the mountain range, a few inches of ashfall at Hanford is 
possible.  Lava and mudflows, both of which are associated with active volcanoes, present no problems.  
No lava flow from any vent in the Cascade volcanoes has moved more than 24 km (15 mi.) from its 
source, and no valleys lead from the Cascade volcanoes to Hanford. 
 

3.6 Meteorology 32 

 
The Hanford Site lies east of the Cascade Mountains and, as a result, has a semiarid climate reflecting 

the rain-shadow effect that the mountains have in blocking most of the moisture carried in from the 
Pacific Ocean by the prevailing westerly winds.  The summer season is characterized by hot, clear, dry 
weather with occasional strong winds and some clouds associated with mild disturbances moving in from 
the Pacific.  In the winter, the intrusion of clouds and limited rainfall is associated with the relatively 
intense weather disturbances moving eastward over the Pacific Northwest.  These are occasionally 
interrupted by intrusions of continental polar air masses moving southward from Canada, which bring 
colder, dryer air to Hanford. 
 

The local topography also affects the climate of the area.  Because of the distribution of hills, ridges, 
and intervening valleys feeding into the Hanford Site, the winds in various parts of Hanford have routine 
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directions.  The topography not only channels the winds that result from large-scale atmospheric pressure 
patterns, but also funnels the drainage winds that flow up or down the sloping valleys in response to 
differential heating and cooling of the ground. 
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Since 1945, continuous observation and recording of meteorological conditions have been carried out 

at the Hanford Meteorological Station (HMS) located near the 200 West Area.  Additional monitoring of 
meteorological conditions has been performed since 1979 by the Hanford Wind Telemetry Network, 
which consists of 30 active wind stations.  The stations are located in and around the Hanford Site at 
locations where, because of the terrain, the wind flow may be unique.  Monitored locations include 
several stations in the 100, 200, 300, and 400 Areas as well as others on the Hanford Site and in nearby 
communities. 
 

Monthly averages and extremes of temperature, dew point, and humidity are contained in Hoitink and 
Burk (2002).  Ranges of daily maximum temperatures vary from normal maxima of 2°C (35°F) in late 
December and early January to 35°C (95°F) in late July.  The record maximum temperature is about 45°C 
(113°F), and the record minimum temperature is -31°C (-23°F).  For the period 1946 through 2001, the 
average monthly temperatures range from a low of -0.9°C (30°F) in January to a high of 24.6°C (76°F) in 
July.  Precipitation measurements have been made at the HMS since 1945.  Average annual precipitation 
at the HMS is 16 cm (6.3 in.).  In the wettest year on record, 1995, 31.3 cm (12.3 in.) was measured; in 
the driest year, 1976, only 7.6 cm (3 in.) was measured. 
 

The predominant wind direction over most of the region is southwesterly.  However, because of local 
topographic influences, the predominant wind direction over much of Hanford is northwesterly.  Peak 
wind gusts of 97 km/h (60 mph) or more are expected on the average of once every 2 years.  Windstorms 
can occur during any time of year.  The all-time record peak wind recorded at the 15-m level of the HMS 
tower was a gust of 130 km/h (81 mph) that occurred during the Hanford windstorm of January 11, 1972.  
A gust of 138 km/h (86 mph) would be expected to occur about once every 100 years (Stone et al. 1983). 
 

Wind data used to support analyses was collected at the 300 Area wind station (Station 11) between 
1983 and 1996 for ground level and elevated winds.  The wind characteristics, with respect to direction 
and speed at ground level are similar to elevated winds (i.e., winds at approximately 61 m [200 ft] above 
ground).  At both elevations, winds blow most frequently from the southwest (10-12% of the time), and 
relatively high occurrences are also observed for winds from the south-southwest, southeast, north, or 
north-northwest (8-10% of the time from each direction).  At ground level, the most frequent wind speeds 
ranged from 0.9 to 4.7 m/s (2.0 to 10 mph), whereas elevated wind speeds were most often in the 2.7 to 
4.7 m/s (6.0 to 10 mph) range.  The average wind speed at elevation, 4.3 m/s (9.6 mph), was somewhat 
higher than the average 3.5-m/s (7.8-mph) observed at ground level. 
 

Tornadoes are rare in the area, averaging less than one per year for the entire state of Washington 
(Wolford 1960).  Twenty-one tornadoes were recorded within 160 km (100 mi.) of the HMS between 
1916 and 1982 (Stone et al. 1983).  No loss of life or major damage was associated with them.  The 
probability of a tornado striking any point on the Hanford Site is estimated to be about 3 x 10-6 per year  
(Simpson 1971).  The maximum tornado wind speed for the Hanford Site is estimated to be 280 km/h 
(174 mph), consisting of a tangential speed of 240 km/h (150 mph) plus a translational speed of 40 km/h 
(25 mph) (Simpson 1971). 
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The average annual number of thunderstorm days is 10, but the number has varied from 3 to 23.  
Thunderstorms may occur in any month; however, the thunderstorm season essentially includes only the 
months of April through September (
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Hoitink and Burk 2002).  Severe thunderstorms are rare.  For the 
thunderstorm day frequency experienced at Hanford, an annual lightning strike frequency of about 0.02, 
or one strike in 50 years, is estimated for a structure 30 by 35 m (98 by 115 ft) and a height of about 10 m 
(33 ft) (ERDA 1975). 
 

3.7 Hydrology 8 

 
The Hanford Site lies along the Columbia River just upstream from its confluence with the Yakima 

River.  The average annual precipitation of about 160-mm (6-in.) mostly evaporates, resulting in small 
amounts of water available for runoff or infiltration on the gently undulating topography around the 
300 Area.  The major surface runoff drainages in the region are Cold Creek and Dry Creek located to the 
west. 
 

The Columbia River has a long-term, annual, average flow rate of about 3,600 m3/s (1.3 x 105 cfs).  
The Yakima River flow rate averages about 90 m3/s (3,200 cfs).  The flow rates of the Columbia are 
influenced by water usage and upstream reservoir projects.  The reservoirs provide active storage of more 
than 4.6 x 1010 m3 (1.6 x 1012 ft3) of water. 
 
3.7.1 Flooding 21 
 

Large Columbia River floods have occurred in the past (DOE 1987).  The maximum historical flood 
on record occurred June 7, 1894.  The largest recent flood took place in 1948.  Major floods on the 
Columbia River are typically the result of rapid melting of the winter snow pack over a wide area, 
augmented by above-normal precipitation.  The likelihood of large-scale flooding has been reduced by the 
construction of several flood control/water storage dams upstream of the Hanford Site. 
 

Evaluation of flood potential generally starts with the concept of the probable maximum flood (PMF), 
which is determined from the upper limit of precipitation falling on a drainage area and other hydrologic 
factors, such as antecedent moisture conditions, snowmelt, and tributary conditions that could result in 
maximum runoff.  The PMF for the Columbia River below Priest Rapids Dam has been calculated to be 
40,000 m3/s (1.4 million cfs).  According to the U.S. Army Corps of Engineers’ projections, the PMF 
would result in a ground-water level of 116 m (380 ft) above msl (the RPL ground floor is 123 m [403 ft] 
and the basement is 118 m [387 ft] above msl) (Jamison 1982). 
 

Potential dam failures on the Columbia River have been evaluated.  Upstream failures could arise 
from a number of causes, with the magnitude of the resulting flood depending on the degree of breaching 
at the dam.  The Corps of Engineers evaluated a number of scenarios on the effects of failures of 
Grand Coulee Dam, including a 50% breach.  The 50% breach scenario represents the largest realistically 
conceivable flow resulting from either a natural or human-induced breach (DOE 1986).  This postulated 
flood would inundate the 300 Area and much of the City of Richland. 
 

A structural analysis of the RPL to determine the building response to the forces generated should a 
50% breach occur in Grand Coulee and the subsequent failure of all downstream dams has not been 



 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page 3.7 

performed.  A flood of this magnitude would inundate the RPL, and due to the impact or the force of 
water and debris or sediment suspended in the floodwaters, building structure could fail, potentially 
releasing radioactive material to the environment.  Emergency response actions would reduce short-term 
impacts to onsite and offsite individuals.  It can be assumed that soil located in the flood zone would be 
contaminated due to the failure of all facilities located in the flood zone and the subsequent release of 
hazardous materials. 
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The Hanford Site and the 300 Area, because of their inland location on a regulated river, are not 

subject to tidal phenomena, surges, seiches, or tsunami. 
 

Historically, the Columbia River has never experienced complete flow stoppage or significant 
flooding due to ice blockage.  The construction of Grand Coulee Dam and other dams on the Columbia 
River has drastically altered the flow and temperature cycles, aiding in the reduction of timing and 
intensity of conditions that could potentially contribute to ice blockage and flooding.  WPPSS concluded, 
for WNP-2, that the potential for ice blockage or the combination of blockage and flooding behind ice 
dams was so low as to be insignificant (Supply System 1981). 
 

3.8 Nearby Industrial, Transportation, and Military Facilities 18 

 
The non-DOE commercial industrial facilities nearest to the RPL are a nuclear fuel manufacturing 

facility, a low-level waste radioactive waste treatment facility, and a commercial nuclear power plant.  
Major airline and rail facilities are located in the city of Pasco, approximately 19 km (12 mi) east and 
south of the Hanford Site.  The Tri-Cities Airport, in Pasco, is served by major commercial airlines, plus 
several local charter companies.  Smaller airfields are located in Richland and Kennewick; the Richland 
facility is closest to the RPL at about 6 km (4 mi) south of the Hanford Site.  The railroad facilities in 
Pasco are a major switching site for this region. 
 

No military facilities are located near the 300 Area.  There is a major ammunition storage depot 
located near Umatilla, Oregon, approximately 56 km (35 mi) south of the Hanford Site.  The storage 
depot houses chemical weapons.  The RPL is located more than 10 miles beyond the farthest-reaching 
protective action zone surrounding the depot (CSEPP 1996).  The U.S. Army Yakima Firing Range is 
located over 40 km (25 mi) northwest of the 300 Area.  There is little likelihood of any potential 
interactions between any of these facilities and the operations in the RPL; therefore, these facilities are 
not considered in this DSA. 
 

Transportation routes in the area of the RPL include Stevens Drive (the primary access road for the 
Hanford Site), railroad tracks, the Columbia River, and surface streets within the 300 Area.  Stevens 
Drive and the railroad tracks are located west of the RPL just outside the western boundary of the 
300 Area, and the Columbia River forms the eastern boundary of the 300 Area.  The traffic on Stevens 
Drive is generally the Hanford workforce and supply trucks.  The railroad is used, periodically, to move 
materials to and from the Hanford Site.  The nearby section of the Columbia River is too shallow to 
support anything larger than fishing and pleasure craft.  Due to the shallow depth, barges traveling up 
river must dock and unload at a docking location south of the 300 Area. 
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From its construction in 1943-44 through the duration of the Cold War period, the 300 Area has been 
the site for manufacturing of fuel for Hanford’s reactors and most of the research and development 
activities conducted at the Hanford Site.  Since the end of the Cold War era, the 300 Area is primarily 
devoted to research and development (R&D) with laboratory-scale through pilot-scale activities.  Many 
300 Area facilities have transitioned from an “operational” status to some stage in a Deactivation & 
Decommissioning (D&D) process.  Facilities in the vicinity of the RPL could potentially affect the RPL 
from release of radioactive and nonradioactive hazardous materials or from exposure to fire or explosion.  
D&D activities in the 300 Area could result in unplanned interruptions in electrical service, water, and 
external communications (e.g., phones, alarm systems).  D&D activities involving the use of heavy 
equipment in the vicinity of the RPL could also cause inadvertent physical impacts to the RPL, such as 
vehicle collisions with SSCs or loss of control of crane loads that impact the RPL. 
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Potential exposures to the RPL from fire/explosion are addressed in the RPL Fire Hazards Analysis 

(FHA).  The FHA determined the exposures from adjacent facilities are not a threat to the RPL.  Potential 
exposures to the RPL from radioactive and nonradioactive hazardous material releases from nearby 
facilities would not initiate accidents in the RPL.  Protection of personnel from such events is addressed 
by emergency procedures and plans maintained by the 300 Area contractors and the DOE.  As noted in 
Section 7.1 of this DSA, no credit is taken for personnel action to prevent or mitigate occurrences of the 
analyzed accidents in the DSA.  Therefore, the evacuation or other actions to protect personnel from these 
events will not increase the potential for occurrence of accidents in the RPL. 
 

Similarly, events in the RPL would not significantly affect other DOE facilities.  Execution of 
emergency procedures could result in evacuation or sheltering of portions of the 300 Area to provide 
adequate protection of the onsite population.  Significant health effects would not be expected due to the 
limited onsite dose potential as presented in the accident analysis of Chapter 7. 
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2 Figure 3.1.  Map of the Hanford Site 
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 1 
2 Figure 3.2.  Location of RPL (325 Building) in the 300 Area 
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Figure 3.3.  Population of Cities within 80 Kilometers of the Hanford Meteorological Station 
According to the 2000 U.S. Census 
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2 Figure 3.4.  Commonly used Measures of Earthquake Strength 
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Figure 3.5.  Comparison of Seismic Hazard for Various Regions of the Hanford Site 
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This chapter describes the operations conducted in the RPL; the general facility layout and design; 
and building systems.  The hazards associated with facility operations are summarized in this chapter to 
aid in the overall understanding of the facility and its operations.  The detailed analysis is provided in 
Chapter 6, “Hazard Analysis.”  Facility SSCs that perform safety functions are also included in this 
chapter, at a summary level.  Safety SSC designations (i.e., safety class and safety significant) and the 
more detailed descriptions of SSCs that are relied on in the accident analysis to perform a safety function 
are described in Chapter 8, “Safety Structures, Systems, and Components.” 
 

4.1 Operations Description 12 

 
The scope of work or operations in the RPL includes 1) radiochemical material, process, and 

component science and engineering research and development; 2) facility research and development 
support operations including radiation control and waste management; and 3) building operations, which 
include building systems operations, inspection, testing, maintenance, modification, and refurbishment.  
The potential hazards associated with the work activities and operations in the RPL are summarized in the 
subsections that follow.  This hazard information is provided to illustrate the types of hazards that may be 
present in the facility or associated with facility operations.  The detailed hazard evaluation for the facility 
is discussed in Chapter 6. 
 
4.1.1 Research and Development Operations 23 
 
4.1.1.1 Description 25 
 

Laboratory operations and activities in the RPL involve research and development in radiochemical 
process science and engineering; evaluation, analysis, and testing of radioactive, radiochemical, chemical, 
and physical material properties; development and experimentation in the design and application of 
radiation generating devices (RGDs); and the development and conduct of analytical procedures in 
support of research activities.  Specific examples of radiochemical work routinely conducted in the 
facility include the following: 
 

• Radiochemical and physical characterization, at various stages of processing, of tank wastes, 
spent fuel, contaminated soils, and proposed final waste forms such as glass and ceramics. 

• Chemical process development for retrieving, transporting, treating and extracting radioactive 
materials. 

• Radioactive material immobilization and stabilization process development and testing. 
• Development and preparation of radioactive material standards for laboratory use. 
• Radioisotope research, process development, and extractions. 
• Research, development, and engineering related to RGDs. 
• Nuclear material evaluation. 
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Work on radioactive materials in the RPL involves activities and operations that are typically 
characterized by use of small quantities of hazardous or radioactive materials for individual experimental 
or analytical procedures.  The research and development activities may be conducted in hot cells, glove 
boxes, fume hoods, and on laboratory bench-tops, depending on the radioactive or hazardous nature of the 
work.  Hot cells are used for work with high dose-rate materials where the additional shielding provided 
by the hot cell walls and remote handling capability provided by the manipulators is necessary for 
protection of the worker from unnecessary occupational radiation exposure.  Glove boxes are used to 
provide control and confinement of dispersible radioactive materials as necessary for the work activity.  
Fume hoods are used for low level radiochemical work to primarily protect the worker from chemical 
fumes and to provide a limited degree of confinement for radioactive materials.  Work with radioactive 
materials on bench-tops is limited to activities with a low possibility of spreading contamination.  
Individual projects frequently involve working in, and transferring materials between, more than one of 
these locations.  For example, sample preparation or dilution may be performed in a hot cell or glove box, 
followed by analytical measurements on the sample in a laboratory fume hood. 
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Traditional and specialized laboratory apparatus are present in the facility for use in research and 

development operations.  Laboratory apparatus that may present potential hazards include, but are not 
limited to, autoclaves, small laboratory furnaces and ovens, hot-plates, motors, pressurized equipment, 
lasers, welding equipment, confined laser-activated analytical equipment, and RGDs. 
 

The RPL is a laboratory facility, and as such, the specific research, development, and demonstration 
activities conducted within the RPL are continually changing.  However, the general nature (in terms of 
hazards and hazardous materials) of the radiochemical work performed in the facility remains relatively 
constant. 
 
4.1.1.2 Research and Development Operations Hazards Summary 26 
 

Radiochemical research and development activities involve the use of a variety of chemicals, 
radioactive materials, and radiochemical mixtures.  Fissionable radioactive materials are also present in 
the facility. 
 
Radioactive Material Hazards 
 

Research and development work in the RPL may involve radioactive material in solid, powder, liquid 
and gaseous forms.  The radioactive materials in the facility may be pure isotopic forms; they may be in a 
material matrix such as glass and ceramics; encapsulated (e.g., sealed sources or RGDs); as mixtures 
(e.g., tank wastes); or any other form necessary to the research activities being conducted.  Radioactive 
wastes are generated as a result of the work activities. 
 

As discussed in Section 1.2, the RPL is designated as a DOE Hazard Category 2 Nonreactor Nuclear 
Facility based on the total inventories of radiological materials that could be present in the facility.  As 
discussed in Section 4.1.1.1 above, research and development work activities in the RPL normally 
involve small material quantities that represent a small fraction of the total building inventory of 
radioactive materials.  Limits have been established for radioactive materials at the RPL.  These limits are 
introduced in the Hazards Analysis Matrix in Chapter 6 and are based on the accident analysis in 
Chapter 7. 
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In addition to the radioactive material hazards described above, work at the RPL may involve 

fissionable materials.  The inventory of fissionable materials present in the RPL is sufficient to invoke the 
nuclear criticality safety requirements of DOE Order DOE O 420.1A, Facility Safety.  However, the 
current quantities of fissionable materials in storage locations and specific authorized work activities do 
not present a nuclear criticality hazard.  There are currently no chemical or mechanical production 
processes at the RPL that could aggregate fissionable materials in such a way as to produce a nuclear 
criticality hazard. 
 
Chemical Hazards 
 

A broad variety of chemicals are used in laboratory operations, although typical quantities in use or 
present in an individual laboratory are relatively small.  These chemicals may include flammable and 
combustible liquids; reactives; toxics; oxidizers; organics; corrosives; and various compressed gases (e.g., 
flammable, oxidizing, toxic and inert).  Chemical inventories in the facility are managed in the PNNL 
Chemical Management System (CMS) to limits established in the RPL Facility Use Agreement (FUA).  
The chemical limits in the FUA are administrative limits established by PNNL and are not the result of 
the hazard or accident analysis in this DSA.  Chemicals are managed below levels requiring accident 
analysis for potential events involving chemical releases.  The hazards presented by chemicals are 
implicitly included in the hazard and accident analyses as the source of fires, explosions, and spills that 
may potentially lead to release of radioactive materials. 
 
Biological Material Hazards 
 

Laboratory analysis and research activities may involve biological materials.  Biological cultures may 
be grown and spiked with various tracers, including radioactive materials, and analyzed with a variety of 
processes and equipment available in the RPL.  Biological hazards are managed in accordance with the 
PNNL Biological Materials SBMS subject area and limits established in the RPL FUA.  A Biological 
Work Permit (BWP) is required to possess biological materials more hazardous than Biosafety Level 1 
(BSL-1).  Biosafety Level 1 is suitable for work involving well-characterized non-pathogenic agents not 
known to consistently cause disease in healthy adult humans, and of minimal potential hazard to 
laboratory personnel and the environment.  Biosafety Level 2 is similar to BSL-1 and is suitable for work 
involving agents of moderate potential hazard to personnel and the environment.  Containment controls 
are established per the guidelines published in Biosafety in Microbiological and Biomedical Laboratories 
(GPO 1999) and the PNNL Biological Materials SBMS subject area.  Per the PNNL Biological Materials 
SBMS subject area, DOE approval must be obtained before BSL-3 work can be conducted. 
 
Occupational and Other Hazards 
 

Work at the RPL involves occupational hazards.  The occupational hazards are those typically found 
in performing research and development work with laboratory materials and apparatus; or performing 
laboratory operations, maintenance, or modification work.  There are no unusual occupational hazards 
associated with RPL work that are not addressed by established occupational safety regulatory 
requirements and associated industry standards.  The identification and evaluation of specific 
non-radiological occupational hazards in the RPL is discussed in Chapter 6. 
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Laboratories may contain equipment or laboratory apparatus hazards that can act as accident initiators 
or contribute to accidental release of radioactive material.  Examples include high-temperature/ 
high-pressure autoclaves; laboratory furnaces, ovens, and hot plates; open flame and welding; pressurized 
apparatus; and electrical or mechanical systems and components.  In addition to material and equipment 
hazards, laboratory operations can involve transient hazards such as materials used for packaging, spill 
mitigation, cleaning, radioactive material control, radiation shielding, or personnel protection.  These 
materials may be combustible products and/or wastes, that if ignited, can contribute to the severity of fires 
involving radioactive materials.  These hazards are evaluated as potential event initiators in the 
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Chapter 6 
hazards analysis. 
 

In summary, work performed in the RPL can potentially involve chemical, radioactive, industrial, and 
occupational hazards or combinations thereof.  The hazards analysis performed for the facility, and 
documented in Chapter 6, evaluates the hazards associated with laboratory operations and the potential 
for these hazards to cause or contribute to the accidental release of radioactive materials. 
 
4.1.2 Building and Support Operations 16 
 
4.1.2.1 Description 18 
 

Building operations include those activities that provide the necessary facility capabilities and 
functions to support the research and development mission.  These activities include operation, testing, 
and maintenance of building SSCs and providing other support functions necessary for the mission of the 
facility. 
 

There are a number of laboratory support operations within the facility.  The operations that involve 
potential hazards that may be relevant to the DSA, and subject to consideration in the DSA hazard 
analysis in Chapter 6, include the following: 
 

• Waste management including characterization, examination, compaction, handling and storage. 
• Hazardous material handling. 
• Hazardous waste treatment. 
• Radiation safety. 
• Radioactive material control operations. 
• Fabrication, maintenance and repair services, including those provided by the craft shops located 

in Rooms 205 and 206. 
• Building modification/construction activities. 

 
Radioactive waste examination (i.e., x-ray) and compaction operations are performed in Room 43 in 

the RPL basement.  These operations are performed for compactable radioactive wastes generated in the 
RPL and other PNNL facilities.  Non-Destructive Analysis (NDA) of packaged waste is performed in 
basement Room 22.  Compactable wastes awaiting compaction may be staged in metal boxes or drums in 
the RPL basement. 
 

Hazardous waste treatment and packaging activities are performed in laboratory Rooms 520 and 528 
and involve characterization, neutralization and other treatment of chemical and radioactive wastes for 
packaging storage, transportation and disposal.  As described in Section 4.2.5, Rooms 520 and 528 are 



 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page 4.5 

specifically designed and permitted to perform hazardous waste operations.  The specific design of these 
rooms is based on hazardous material regulations and is not the result of the DSA hazard or accident 
analysis.  The unique fire protection features specific to the design of these rooms (i.e., fire resistive 
construction, fire sprinkler run-off collection system, and explosion proof electrical equipment) are not 
relied on in the accident analysis. 
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The shop facility in the RPL, Rooms 205 and 206, contains machine tools, a welding booth, and work 

areas for fabrication, maintenance and repair of laboratory apparatus and equipment. 
 

Radiation control activities in the building provide protection against personnel exposures to radiation 
and control of contamination.  These activities include radioactive material and radiation monitoring; 
facility, equipment, and personnel decontamination; performance of contamination and radiation surveys, 
and implementing radiation and contamination control requirements (e.g., establishing radiation and 
contamination areas). 
 
4.1.2.2 Building and Support Hazards Summary 16 
 

Building operations and maintenance activities may involve work with radioactive materials; 
chemicals; high-energy systems (electrical or mechanical); and ignition sources (e.g., open flame, 
welding, cutting or grinding). 
 
Radioactive Material Hazards 

Radioactive material hazards associated with building operations are typically associated with 
laboratory and facility waste handling, packaging, and treatment and storage activities.  Other sources of 
radioactive material hazards include High-efficiency particulate air (HEPA) filters and contaminated 
building systems and areas.  Some radioactive wastes are processed and packaged for disposal in the 
Hazardous Waste Treatment Unit (HWTU) in Rooms 520 and 528.  Room 524 serves the HWTU as a 
storage room with limited activity involving the fume hood.  Other radioactive wastes are packaged in the 
drum compactor in basement Room 43.  Radiation control staff use sealed sources for instrument checks. 
 
Chemical Hazards 

Chemicals are used in the shop activities (e.g., welding gases, solvents, aerosols, and lubricants), 
maintenance, equipment operation, and construction activities.   As with chemicals used in research 
activities, the chemical hazards associated with building operations are tracked and managed by the CMS.  
Chemical wastes are handled, treated and temporarily stored in the RPL by waste management. 
 
Occupational and Other Hazards 

Building operations and support work activities at the RPL involve occupational hazards.  The 
occupational hazards are those typical of performing operations, maintenance, modification, and waste 
management work activities associated with hazardous materials, laboratory and facility equipment, 
high-energy facility systems, and facility construction or refurbishment.  There are no unusual 
occupational hazards associated with RPL work that are not addressed by established occupational safety 
regulatory requirements and associated industry standards.   The identification and evaluation of specific 
non-radiological occupational hazards in the RPL is discussed in Chapter 6. 
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Other hazards associated with building support operations that may have the potential to result in or 
contribute to events involving release of radioactive material include use, handling, and storage of 
flammable and combustible materials that may contribute fuel to fires should they occur in the work area.  
Open flame, welding, cutting and grinding operations associated with shop fabrication activities or 
building modification and maintenance present ignition sources.  Combustible materials and ignition 
sources are fire hazards that are evaluated as potential event initiators in the 
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Chapter 6 hazard analysis. 
 
4.1.3 Operational Safety Experience 8 
 

The RPL has been operating since construction was completed in late 1953.  During the 
approximately 50 years of operations in the RPL, there have been no significant releases of radioactive or 
hazardous materials to the environment, overexposure of workers to radiation or radioactive materials, or 
major accidents.  Operational safety experience was considered in the development of the facility hazards 
analysis, which in turn was used in establishing the bounding set of accidents for the facility.  The facility 
operating experience provides a relative measure of the adequacy of hazard controls related to safe 
performance of work in the facility. 
 

Large fires can be a significant contributor to facility risk as documented in Chapters 6 and 7 of this 
DSA.  Based on review of historical Hanford Fire Department (HFD) incident reports, actual fires are an 
infrequent occurrence in the RPL.  The HFD incident reports from 1984 to present (a time span that 
exceeds PNNL’s operation of the facility) identify 4 events that occurred internal to the RPL over that 
time frame and one external to the building that occurred during roofing repairs.  All of the fires 
self-extinguished or were extinguished in the incipient stage.  None of the fires resulted in significant 
damage to the facility or release of radioactive materials. 
 

4.2 Facility Description 26 

 
The original portion of the RPL was completed in 1953.  The facility has since been modified and 

refurbished to meet changing missions and to replace aging equipment and facilities, including the 
addition of the shielded facilities (i.e., hot cells) at the east and west sides of the building.  In addition to 
the main structure which houses the laboratories, the main exhaust fans and final stage of the HEPA 
filters for the building are housed in a detached structure located at the northwest corner of the facility.  A 
fenced storage yard is located on the east side of the building and provides storage for radioactive 
materials.  The storage yard also contains a waste tank vault for the facility that is not in use 
(Section 4.2.2.1).  An outdoor gas cylinder storage dock is located on the northeast side of the building.  
The layout of the building is illustrated in Figure 4.1, Figure 4.2, and Figure 4.3. 
 

The building is a two-story structure with a basement.  The building frame is steel and exterior walls 
are insulated fluted steel panels.  Basement and foundation walls are concrete.  The building roof is metal 
decking with built-up covering meeting fire protection criteria for limited- or non-combustible design.  
The first and second floors are metal decks topped with concrete.  Laboratory area floors are typically 
finished with vinyl sheet or tile.  The new first floor offices and second floor office areas are carpeted.  
Basement and mechanical room floors are concrete.  Some basement laboratories have vinyl tile floor 
covering.  Most original laboratory partition walls are of a metal, movable type.  New, replaced, or 
modified partitions are typically metal stud and gypsum board installations.  Some basement partitions are 
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concrete or concrete block.  Suspended ceilings are perforated metal pans backed with rock wool pads or 
acoustical ceiling panels.  The non-combustible construction of the RPL contributes, in part, to 
minimizing the potential for large fires in the facility.  The fire protection program controls the use of 
combustible materials in facility modifications. 
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The total length and width of the building are approximately 82 m (269 ft) and 108 m (354 ft), 

respectively.  The height of the building is approximately 12 m (40 ft).  The smaller of the length-width 
dimension and the height dimension are the basis for building wake factor of 990 m2 used in the dose 
consequence analysis in Chapter 7 for postulated accident scenarios.  The building footprint is 
approximately 6000 m2 (64,500 ft2) and is used in the aircraft impact analysis for the facility. 
 

The RPL is divided into a large number of individual laboratory spaces; shielded facilities; office, 
staff support and administrative areas; and mechanical equipment spaces.  The majority of the 
laboratories are located on the first floor with additional laboratory space in the basement.  The shielded 
facilities are located at the east and west ends of the first floor.  Offices, conference rooms, lunch rooms 
and other administrative areas used by research, operations, and support staff are located on the south end 
of the 1st floor, the basement mezzanine, and the 2nd floor.  Mechanical and electrical equipment is located 
in the basement, on the 2nd floor, and external to the building. 
 

The potential hazards associated with the facility, but unique from those associated with specific work 
activities and operations as described in Section 4.1 are summarized in the subsections that follow.  This 
hazard information is provided to illustrate the types of hazards that may be present in the facility.  The 
more detailed hazard evaluation for the facility is discussed in Chapter 6. 
 
4.2.1 General Purpose Laboratories 25 
 
4.2.1.1 Description 27 
 

Laboratories in the RPL are arranged to support laboratory-scale work with radioactive, chemical, and 
radiochemical materials.  Laboratories are separated from adjacent space by non-combustible partition 
walls.  Ceilings that are not formed by the floor or roof deck above, are typically of metal pan or 
suspended acoustical tile design.  Casework, such as laboratory benches and cabinets, is typically 
fabricated of noncombustible materials. 
 

Many of the laboratories have fume hoods which exhaust to primary HEPA filters in the basement 
and then to the main building exhaust system and final stage HEPA filters.  Fume hoods are typically of 
non-combustible construction with stainless steel tray bottoms and steel bases.  In addition to the hoods, 
some laboratories contain glove boxes to provide an additional level of confinement for work with 
dispersible radioactive materials.  Air flow rates within hoods and glove boxes are periodically verified 
and balanced to maintain negative pressure between occupied laboratory space and the interior of the 
hoods or glove boxes.  Laboratories and associated equipment are periodically refurbished or modified to 
meet new research mission or activity requirements. 
 
4.2.1.2 Laboratory Hazard Summary 44 
 

Hazards associated with laboratory research and development and other work related activities are 
described in Section 4.1.  Non-work activity related hazards located internal to laboratory spaces may 
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include pressurized equipment and piping, electrical energy, and mechanical energy associated with 
building systems. 
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4.2.2 High-Level Radiochemistry Facility 4 
 
4.2.2.1 Description 6 
 

The High-Level Radiochemistry Facility (HLRF) is located on the east side of RPL and was 
constructed in 1960.  The facility is a steel-framed structure with partial height reinforced concrete walls.  
The remaining height of the walls is finished with insulated fluted metal siding.  The main component of 
the HLRF is the shielded facilities (i.e., hot cells).  The HLRF also includes separate laboratory areas on 
the first floor north of the cells and also above the cells.  Roll-up doors on the north end of Room 603 and 
the east truck lock (Room 610) provide access for equipment and waste cask trailers.  A manipulator 
maintenance and repair shop is located immediately to the north of the truck lock.  The basement area 
below the cells contains exhaust ventilation ducting, primary HEPA filters, and liquid waste tanks 
connected to the cells. 
 

The shielded facility within the HLRF consists of three interconnecting cells (A-Cell, B-Cell, and 
C-Cell) and supporting facilities designed to provide remote handling, confinement and radiation 
shielding for work with high exposure-rate radionuclides.  The cells are located on the first-floor level and 
supported by reinforced-concrete structures.  The cells are constructed of thick, high-density, concrete 
walls and ceiling; high-density lead glass, oil-filled windows to view in-cell work; shielded double-door 
pass-throughs; and iron shield doors that provide access to the cells from the rear access gallery 
(Room 603).  Remote in-cell operations using manipulators are performed at the “front face” (west side) 
operating gallery (Room 601).  Movement of materials into or out of the hot cells takes place in 
Room 603.  Air flow to the cells is from the gallery area and is exhausted to a plenum at the basement 
level.  Drains in the hot cell floors are connected to slab tanks in basement Room 40A located below the 
cells.  These drain lines are open to the tanks but are not used as part of normal operations. 
 

The laboratory to the north of the hot cell gallery, Room 604, contains a large glove box that was 
previously used for developing a process for dissolving plutonium oxide and leaching 
plutonium-contaminated scrap and waste.  This research activity is complete and current activities are 
focused on the cleanup of the glove boxes and the disposal of the waste. 
 

A laboratory is located directly above the hot cells on the second floor of the HLRF, Room 611A, and 
includes a fume hood and equipment penetrations to the cells.  This laboratory has been used to support 
tritium work in the cells. 
 

The rear gallery area, Room 603, is used for hot cell support operations including such activities as 
accessing the hot cells; handling radioactive material transportation and waste casks; and for repairing 
manipulators.  The full length of the cask-handling area is serviced by a bridge crane, which is used to 
handle liquid waste casks.  A truck lock provides access to the rear gallery and is the means of moving 
waste and other shipping casks into the facility.  The truck lock is of sufficient length that a liquid waste 
cask trailer can be parked in the truck lock and isolated from the outside. 
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The rear gallery area also contains a liquid transfer station, diversion box and liquid transfer hood 
used in the past to transfer liquid wastes from the building waste tanks and other locations to shipping 
casks. Waste tanks are located below the hot cells and in the vaults located below grade in the east storage 
yard.  None of the HLRF tanks or the liquid transfer system are in use, however; floor drains in the hot 
cells remain open to the associated slab tanks in Room 40A.  The slab tanks are located within a stainless 
steel secondary containment and are equipped with level monitoring and alarms.  The alarms are indicated 
on the HLRF operating gallery annunciator panel and the Power Operators Annunciator Panel in 
Room 900. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

19 
20 
21 
22 
23 
24 
25 

27 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

44 
45 
46 
47 

 
There are three vaults containing liquid waste storage tanks located below grade in the East Storage 

Yard.  The vault tanks have not been in use for several years and have been flushed.  The tank liquid level 
instrumentation indicates that the tanks are empty however, the 1514-L (400-gal) tank in the A-Vault, is 
suspected to contain a heel of 1 to 2 inches of high-level radioactive waste.  Concrete cover blocks 
provide shielding and protection over the vaults.  The cover blocks are coated with a foam roofing 
material to weatherize the installation.  The vaults and tanks are exhausted through the building 
ventilation system. 
 
4.2.2.2 HLRF Hazard Summary 18 
 

Hazards in the HLRF are similar to those in the general purpose laboratories with the exception of the 
presence of high exposure-rate radioactive materials that require the shielding and remote handling 
capability of the hot cells.  Chemicals are typically used in small quantities in the hot cells to minimize 
fire hazards and waste generation.  The oil used in the hot cell shield windows is a high flashpoint mineral 
oil. 
 
4.2.3 Shielded Analytical Laboratory 26 
 
4.2.3.1 Description 28 
 

The Shielded Analytical Laboratory (SAL) located on the west side of the RPL (Figure 4.2) was 
completed in 1960 and contains six hot cells.  These cells are enclosed in shield walls of either high 
density concrete or iron.  Hollow sheet metal partitions divide the cells into three groups of two 
interconnected cells.  The cells are served by the front (Room 201) and rear face (Room 200) galleries, 
similar to those described for the HLRF.  The six cells are enclosed in a steel-framed, reinforced concrete 
structure.  The east side of the cells is the operating gallery with high-density, lead glass viewing 
windows having the same shielding effect as the walls.  These cells are used for analytical chemistry 
operations on small amounts of highly radioactive materials.  Air flow to the cells is from the gallery and 
is exhausted from the bottom of the cell.  The basement area below the cells in Room 32 contains exhaust 
ventilation ducting, primary HEPA filters, and a liquid waste tank connected to the hot cell drains.  
Room 203 of the SAL contains two stand-alone all-metal hot cells.  These cells are exhausted to the main 
exhaust system. 
 
4.2.3.2 Shielded Analytical Laboratory Hazard Summary 43 
 

Hazards in the SAL are similar to those in the general-purpose laboratories with the exception of the 
presence of high exposure-rate radioactive materials.  Chemicals are typically used in small quantities in 
the hot cells to minimize fire hazards and waste generation. 
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4.2.4 Basement and Mezzanine 2 
 
4.2.4.1 Description 4 
 

The mezzanine at the south end of the basement contains office space for building occupants.  The 
basement, which can be accessed from the mezzanine, contains building equipment and systems, general 
purpose laboratories, and storage space.  The floors and walls of the basement are concrete.  Mezzanine 
partitions are steel stud and gypsum board construction.  The basement and mezzanine ceiling is formed 
by the first floor metal decking except in some basement laboratory spaces that have suspended ceilings. 
 

Much of the basement is open space (Figure 4.1) and contains piping, ventilation ductwork, electrical 
systems and components, and mechanical equipment that support research and development activities as 
well as building operations.  Examples of this equipment include the following: 
 

• Heating, ventilation and air conditioning (HVAC) equipment including the main building 
exhaust ductwork, primary HEPA filters (for the building’s hoods, glove boxes, room exhaust 
vents, etc.), and the safety-significant main exhaust plenum. 

• Electrical distribution equipment. 
• Laboratory vacuum and air-sampling vacuum equipment. 
• Compressed air system components, including the safety-significant backup air compressor. 
• Sanitary and process water piping. 
• Radioactive liquid waste system tanks, piping, equipment, and controls. 
• The fire sprinkler run-off collection tank for the HWTU. 
• Low-level waste drum-compactor. 
• Fire sprinkler system risers and associated sprinkler piping. 

 
Piped services to the 1st floor laboratories typically enter the laboratories from the basement level 

through pipe-chases in the laboratory corridor walls. 
 

There are two all-metal, pedestal-mounted hot cells in Room 23 of the basement with 22.9-cm- (9-in) 
thick walls, floor, and roof similar in design to those in Room 203 of the SAL (Section 4.2.3).  Several 
autoclaves are located in laboratory Room 48. 
 
4.2.4.2 Basement and Mezzanine Hazard Summary 35 
 

The mezzanine is office space and contains common office equipment and materials considered as 
ordinary fire hazards for office space. 
 

Basement laboratories are considered general purpose laboratories.  Hazards associated with general 
purpose laboratories are summarized in Section 4.2.1.2 and may include chemical and radiological 
hazards.  The drum compactor room contains compaction equipment with hydraulic fluids and an x-ray 
machine for waste inspection.  Basement areas are used for equipment and material storage as well as 
staging of combustible waste materials awaiting compaction.  Combustible materials associated with this 
storage (e.g., pallets, boxes, crates, and packaging) can contribute to fire risks and are managed through 
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the fire protection program.  Other hazards in the basement are those typically associated with industrial 
electrical and mechanical equipment (e.g., electrical and kinetic energy). 
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4.2.5 Hazardous Waste Treatment Unit 4 
 
4.2.5.1 Description 6 
 

The HWTU located in Room 520 and 528, is designed to building standards appropriate for 
hazardous occupancies and includes, 1-hour fire-rated walls, automatic sprinkler system in the rooms and 
individual hoods, fire detection in the rooms and the 528 glovebox, a 5000 gallon sprinkler runoff 
collection tank (located in the basement) with runoff collection sumps at room exit doors; sealed floors; 
and explosion-proof light fixtures in hoods.  The fume hoods and glovebox located in the HWTU exhaust 
to the main building exhaust system.  Room 520 contains a separate ventilated flammable storage room.  
Waste treatment processes in Rooms 520 and 528 are conducted on small quantities of diverse dangerous 
waste generated from research, development, and analytical chemistry activities.  The fire protection 
design features of the Room 520 and 528 HWTU were installed to meet regulatory and fire code 
provisions for permitted hazardous waste treatment, storage, and disposal (TSD) facilities and are not 
specifically relied on in the hazard or accident analysis in Chapter 6 and Chapter 7. 
 
4.2.5.2 Hazardous Waste Treatment Unit Hazard Summary 20 
 

Hazardous wastes treated in the Room 520 and 528 HWTU are collected from laboratories in the RPL 
and other PNNL facilities.  The nature and quantity of the hazards is similar to those in the general 
purpose laboratories. 
 
4.2.6 Filter Building 26 
 
4.2.6.1 Description 28 
 

The filter building is located on the northwest side of the RPL (Figure 4.2).  The building is 
non-combustible steel and concrete construction and is divided into two major parts; the south side that 
houses four separate filter rooms and the north side that houses the exhaust fans and motors.  The 
majority of the Radioactive Exhaust Ventilation System (REVS) is housed in the filter building including, 
the exhaust fans, final stage HEPA filters, dampers, and associated ductwork.  For the purpose of this 
document, a final stage HEPA filter bank is defined as the physical assembly of the (39) filters in a single 
filter room.  A concrete-and-steel plenum and exhaust tunnel below the building connects with the main 
plenum located in the RPL basement.  Exhaust fans discharge air through an overhead plenum to the RPL 
exhaust stack.  Manual transfer switches that are used to realign exhaust fan power from the Main 
Switchgear Standby Power bus to the Emergency Power Switchboard are located on the exterior of the 
north wall.  The REVS is discussed in greater detail in Chapter 8, Section 8.2.1, and the Faulted Electrical 
Power System is discussed in Chapter 8, Section 8.2.3. 
 
4.2.6.2 Filter Building Hazard Summary 43 
 

The filter building contains electrical and mechanical hazards associated with the exhaust fans.  
Radioactive materials may be present on the HEPA filters and internal to the plenums and ductwork. 
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4.2.7.1 Description 3 
 

The East Storage Yard is a fenced enclosure on the east side of the building.  Inside of the fenced area 
is a second enclosure constructed of stacked concrete blocks that provide a shielded space for storage of 
containers of radioactive materials.  The individual concrete blocks measure approximately 2 feet wide by 
2 feet high by 6 feet long and are stacked to a height of 8 feet.  The top of each block has a raised tongue 
running longitudinally down the center of the block that fits in a groove on the bottom of the block above 
it.  This tongue and groove joint design provides some degree of stability to the individual stacks.  A 
seismic brace installed across the top of the enclosure wall provides additional structural stability.  
Containers that do not require shielding may be stored in the East Storage Yard outside of the concrete 
block enclosure. 
 

In addition to container storage, the East Storage Yard contains the vault cover blocks for the waste 
tank vaults (described in Section 4.2.2.1); HEPA filtered fresh air intakes for the vaults, a power 
transformer; and other stored equipment. 
 
4.2.7.2 East Storage Yard Hazard Summary 19 
 

Hazards in the East Storage Yard are mainly associated with radioactive materials in stored 
containers.  Combustible materials include limited amounts of wood (e.g., drum pallets and plywood 
sheets laid on the ground to support forklift operations).  There are provisions to cover the gravel area 
with steel decking which would further reduce the need for wood in the ESY.  The transformer contains 
high flashpoint combustible liquid and is located in the northeast corner of the yard.  The transformer is 
shielded from the vault cover by a concrete block wall and the ground is sloped away from the waste 
storage areas. 
 

4.3 Building Systems 29 

 
This section provides a summary, informational, description of the primary building systems.  For 

those systems or components identified within this section as performing a safety function, the safety 
functions and attributes of these systems and components are described in greater detail in Chapter 8. 
 
4.3.1 Ventilation 35 
 
4.3.1.1 General Description 37 
 

The RPL Building ventilation systems are designed to provide environmental controls within the 
facility including confinement of radioactive materials, removal of chemical fumes, temperature control, 
humidity control, and occupant comfort.  The systems are diagrammed in Figure 4.4 and Figure 4.5. 
 

The main supply and exhaust ventilation systems are designed as a single pass system (i.e., no 
recirculation).  Cascading pressure levels are used to maintain proper airflow balance and direction.  The 
system is designed to supply air to clean areas or areas of limited hazards (e.g., corridors) and exhaust air 
in the direction of progressively more hazardous/contaminated areas.  This design establishes the 
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laboratories at a negative pressure with respect to the corridors, and hoods, glove boxes and hot cells at a 
negative pressure with respect to the laboratories.  The supply and exhaust systems operate to maintain 
the first floor and basement of the building negative to atmospheric pressure.  The exhaust air from 
radiological controlled areas (RCAs), after passing through primary HEPA filters, is collected in the 
exhaust fan inlet plenum, passes through the fans and is discharged to the exhaust stack. 
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A separate fan supplies air to Rooms 23, 23A, 23B and 209.  Room 23, which contains two small hot 

cells, is exhausted to the main exhaust system.  Rooms 23A, 23B, and 209 air can be exhausted to the 
main exhaust system or recirculated.  The recirculated air passes through one stage of HEPA filtration 
before returning to the rooms. 
 

Additional ventilation systems serve the front administrative areas, the shop area, and the second 
floor office areas.  These systems are single pass and recirculated air systems primarily for occupant 
comfort and do not serve hazardous environments. 
 
4.3.1.2 Supply Air System Description 16 
 

Supply air to the majority of the building is provided by four main air supply fans that are located in 
the East Equipment Room on the second floor.  Other smaller air supply fans provide supply air to 
specific areas of the building that require special temperature and/or humidity control. 
 

The main air supply intake plenums provide 100% outside air from air intakes on the northeast side of 
the building.  Each plenum contains equipment for temperature and humidity adjustment and control.  
During normal operation, three of the four fan units operate with the fourth on standby.  The four air 
supply fans discharge into a common supply air plenum.  The supply air is ducted from the supply 
plenum to various portions of the building.  As described in Section 4.3.1.1, supply air is provided to less 
hazardous areas such as building corridors and hot cell galleries, and exhausted by the building exhaust 
system through laboratory exhaust, fume hoods, glove boxes and hot cells. 
 

Two other air supply fans serve areas in the west wing of the building.  One unit supplies 100% 
outside air to Room 202 that is subsequently exhausted by the main building exhaust system.  The other 
unit supplies air to Room 209 (located on the first floor) and Rooms 23, 23A, and 23B (located in the 
basement).  The air supplied to Room 23 is exhausted by the main building exhaust system, while the air 
from the other rooms is recirculated through a return air system or exhausted by the main building system.  
The recirculated air system is equipped with one stage of testable HEPA filters on the upstream side of 
the supply fan. 
 

The machine shop, instrument shop, and associated office (Rooms 204-206) on the first floor are 
served by a packaged-type, roof-mounted air conditioning unit.  The majority of the air supplied to these 
areas is recirculated.  A small, roof-mounted exhaust fan that discharges directly outdoors is connected to 
hoods serving a welding bench and a sandblasting box. 
 

The second floor offices and east equipment rooms are supplied based on outside air temperatures and 
office area requirements.  The economizer type HVAC unit supplies a mixture of outside air and return air 
to meet the required indoor air temperature in the most efficient manner.  The south administrative area of 
the first floor is provided with once through and recirculation systems that provide occupant comfort. 
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4.3.1.3 Exhaust Air System Description 2 
 

The building ventilation exhaust systems serve radiological and non-radiological areas.  Exhaust air 
from RCAs is exhausted through HEPA filters and the exhaust from non-RCAs is exhausted straight to 
the atmosphere.  
 
Exhaust System for Radiological Areas 
 

The ventilation exhaust system for RCAs consists of the exhaust fans, filters, ductwork, plenums and 
the building stack that provide the motive force, filtration, and flow path from the RCAs.  The exhaust air 
from radiological controlled spaces passes through primary HEPA filters and is collected in the exhaust 
plenum on the west side of the basement.  From the plenum, the air travels through the underground 
exhaust tunnel to the final HEPA filter inlet plenum below the final HEPA filter banks.  After passing 
through the final HEPA filters, the exhaust is collected in the exhaust fan inlet plenum, passes through the 
fans and is discharged to the exhaust stack.  The final HEPA filters, fans, and associated ductwork are 
located in the Filter Building.  Normal operation of the main building exhaust system is three of four 
exhaust fans operating, with the fourth fan on standby. 
 

The stack exhaust is monitored and sampled for radioactive material emissions as appropriate for the 
work being performed in the facility and as required by state permits.  The monitoring and sampling of 
the building exhaust is a non-safety function and is described in Section 4.3.4.3. 
 

The exhaust system HEPA filters are periodically tested and are changed out when the airflow 
through the filter becomes restricted to the point that flow and differential pressure specifications are not 
met or the particulate removal efficiency of the filter is below the minimum value of 99.95% as 
determined by testing.  
 

A portion of the main exhaust ventilation system is classified as safety-significant because it provides 
significant defense-in-depth for certain postulated accident conditions.  This portion of the system is 
designated as the REVS.  The REVS consists of the exhaust plenum from the basement to the HEPA 
filters, the final stage HEPA filters and housings in the filter building, exhaust fans, dampers, the stack 
and ductwork connecting these components.  The REVS is described in detail in Chapter 8.  The REVS is 
not relied on to mitigate radioactive material releases in the Chapter 7 accident analysis.  However, REVS 
provides additional, defense-in-depth protection to on-site workers and the public in the event of an 
accidental release of radioactive materials.  Therefore, the REVS is classified as safety significant because 
of its defense-in-depth safety function.  The remainder of the exhaust ducting in the building is not 
necessary to accomplish the defense-in-depth safety function of filtering radioactive material releases 
from postulated accidents.  
 

The exhaust ventilation system ductwork is constructed of formed 16 to 18 gauge stainless steel.  This 
ductwork has a limiting design pressure of 10 inches water gauge (0.002 MPag) based on design standards 
for this type of duct published by the Sheet Metal and Air Conditioning Contractors National Association.  
The thin-walled stainless steel duct can be assumed to be the weakest portion of the ventilation system as 
the plenum and tunnel are constructed of heavier gage material with stiffeners, welded joints and 
reinforcing on the outside of the commercial steel.  Reviews of design information and discussions with 
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facility operations personnel did not identify a means to release material directly to an uncontrolled area 
or outside the building as a result of duct failure.  Duct failure within the facility could lead to spread of 
contamination and potential exposures to workers but would not lead to direct release of radioactive 
material from the building.  Therefore, if any material were to be released due to failure of the ductwork, 
it would remain in the building or pass through the final stage of HEPA filtration via the basement 
plenum.  In addition to credited controls, this filtration capability provides significant defense-in-depth in 
the event of an accidental release of radioactive materials.  Thus, the portion of the exhaust system 
starting at the plenum in the RPL basement and passing on through to the stack is designated as 
safety-significant while the ductwork upstream of the plenum is not considered safety-significant. 
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In addition to evaluating random duct failures within the facility, explosion event scenarios in 

Chapter 7 prompted evaluation of the exhaust system for explosion impacts.  As stated above, the 
ductwork is thin-gauge metal with a relatively low design pressure.  The ductwork from the laboratories 
travels an indirect path prior to reaching the final HEPA filters and this tortuous path greatly increases the 
possibility that a pressure wave will be dissipated, and that a seam, a 90-degree elbow, or other weaker 
portion of the duct would fail providing relief prior to over-pressurizing the final HEPA filters. 
 
Exhaust System for Non-radiological Area 
 

Air is exhausted from the first floor administrative area (south wing offices, lunchroom, conference 
room and change rooms) by exhaust fan HVE-5-F, which is located in the South Equipment Room on the 
second floor.  The exhaust air from this fan is discharged unfiltered through the roof.  Even if it is 
assumed that exhaust fan HVE-5-F operates with the building main exhaust fans shutdown, the static 
pressure developed by the fan is not sufficient to develop a significant negative pressure in the 
radiologically controlled portion of the building.  Rest rooms on the first and second floor (except those in 
the HLRF change room area) are exhausted by small exhaust fans. 
 

A percentage of the return air from the recirculating HVAC unit serving the second floor office area 
will be exhausted outdoors. 
 
4.3.1.4 Ventilation System Interlocks 31 
 

The four main supply fans and the four main REVS exhaust fans are interlocked to operate as fan 
pairs.  A fan pair consists of one supply fan and one exhaust fan.  Typical operation is with three fan pairs 
operating and one pair as backup.  The interlocks are configured such that a supply fan can operate only if 
the corresponding exhaust fan is running.  The loss of an operating exhaust fan will automatically shut 
down the corresponding supply fan and initiate startup of the backup exhaust fan.  The backup supply fan 
can then be manually started. 
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4.3.2 Electrical Services 1 
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Electrical power to RPL systems can be provided from multiple sources.  There are two sources of 
offsite power to the building.  A 300 Area or building dedicated diesel generator provide backup power to 
specific building loads in the event offsite power is lost.  A portion of the electrical system is classified as 
a defense-in-depth, safety-significant, system and is designated as the Faulted Electrical Power System.  
The safety-significant portion of the system is summarized below and discussed in detail in Chapter 8, 
Section 8.2.3. 
 
4.3.2.1 Normal Electrical Power Description 10 
 

The electrical power supplied to the building from the C3-L136 line (refer to Figure 8.4) is designated 
as Normal Electrical Power.  During normal operations, Normal Electric Power is supplied to the Main 
Switchgear Normal Power bus and then to the Main Switchgear Standby Power bus through the bus 
tie-breaker.  The normal and standby switchgear are located in Room 904 on the 2nd floor of the RPL. 
 
4.3.2.2 Emergency Electrical Power Description 17 
 

A second offsite power line is the standby power preferred source if normal power is lost.  If normal 
power is lost, Breaker F3X11 that supplies the normal power bus opens, the bus tie breaker between the 
normal and standby power bus opens, and Breaker F3X12 closes providing standby power to electrical 
loads determined as essential to building operations (i.e., not necessarily relied on in the safety analysis).  
The use of the designation “emergency” is based on PNNL's equipment identification tags and is not 
intended to imply that this equipment is required to meet the full requirements of IEEE 446, NFPA 110, 
and NFPA 70 Article 700.  Diesel generators provide backup to the standby power preferred source.  One 
diesel generator is located in the 3621B/C Building and can provide backup power to 300 Area facilities, 
including the RPL.  The RPL also has a dedicated diesel generator located on the west side of the facility.  
Automatic transfer switch, E3XATS-1 (not an RPL component), automatically transfers to the building 
dedicated diesel on loss of preferred standby power. 
 

The Emergency Power Switchboard (located west of RPL) can provide power to safety-significant 
loads connected to the Main Switchgear Standby Power bus from either the standby power preferred 
source or diesel generators.  The switchboard can also provide power directly to building exhaust fans and 
other safety-significant equipment in the event the standby switchgear is lost. 
 

Safety-significant electrical loads connected to the Main Switchgear Standby Power bus include, the 
REVS fans, criticality and fire alarm systems, and the backup air compressor.  Safety-significant loads 
that can be powered directly from the Emergency Power Switchboard include the four exhaust fans and 
the criticality and fire alarm systems. 
 
4.3.2.3 Faulted Electrical Power System Description 41 
 

The Faulted Electrical Power System is the safety-significant portion of the RPL building electrical 
power system and was designated to clearly identify the components within the building electrical system 
that provide defense-in-depth, safety-significant functions.  The system consists primarily of the main 
power buses, the motor control centers and power panels of the RPL electrical distribution system that 
supply power to safety-significant loads during normal and off-normal conditions.  The system is 
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described in detail in Chapter 8, Section 8.2.3.  The loss of power in the RPL is neither an accident 
initiator/precursor nor is it directly assumed as a concurrent or coincident condition of the event scenarios 
in the accident analysis.  The system is designated as safety-significant because it acts as a support system 
to other safety-significant systems that require electrical power. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

32 

34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 

 
Safety-significant systems powered from the Faulted Electrical Power System include, the REVS 

fans; criticality and fire alarms; and the backup air compressor.  Although powered from the Faulted 
Electrical Power System, the safety-significant portion of the fire alarm system relies on a dedicated 
battery backup during a loss of AC power. 
 
4.3.3 Fire Protection Systems 11 
 

A fire alarm system is installed in the building and provides for detection, alarm notification of 
occupants, and notification of emergency services (i.e., HFD).  Heat detectors, smoke detectors, and water 
flow alarms provide for detection of fires.  Heat detection is typically installed in areas that are not 
directly protected by automatic sprinklers and where potential hazards warrant detection capability such 
as hot cells, glove boxes, and the REVS exhaust plenum.  Smoke detectors are used in limited special 
applications within the facility.  Water flow alarm devices are installed on each sprinkler system at the 
main riser and throughout the building.  Manual pull stations located throughout the facility allow 
personnel to activate the fire alarm.  Portions of the fire alarm system are designated safety-significant as 
described in Chapter 8, Section 8.2.4.1. 
 

The internal areas of the building are protected throughout by five separate automatic sprinkler 
systems that are supplied from the 300 Area sanitary water system.  Fire suppression for the north loading 
dock and gas cylinder storage area is provided by a dry pipe automatic sprinkler system.  The automatic 
sprinkler systems are safety-significant systems as described in Chapter 8, Section 8.2.4.2. 
 

In addition to the fire alarm and suppression systems, emergency lighting, exit signage, and protected 
exit stair enclosures provide for the protection and evacuation of building occupants in the event of fires. 
 
4.3.4 Laboratory Support and Utility Systems Descriptions 31 
 
4.3.4.1 Piped Utilities 33 
 

Piped utilities (services) are distributed to the laboratories in pipe chases located in the corridor walls 
with most of the services being fed from header pipes in the basement.  The piped utilities and services do 
not perform a safety function relied on in the hazard or accident analysis and are described here for the 
purpose of understanding the building systems, operations, and associated hazards.  Piped utilities and 
services in the RPL include the following: 

• laboratory (process) water 
• sanitary (potable) water 
• normal compressed air (see Chapter 8 for description of safety-significant portion of compressed 

air system) 
• P-10 gas to personnel contamination monitors (PCMs) and some laboratory equipment 
• laboratory vacuum 
• air sampler vacuum. 
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Water for normal building services is received from the 300 Area water supply.  Sanitary, process, 
and fire suppression water is provided by individual branch lines. 
 

Steam is used within the facility for building heating and processes.  Steam for heat is supplied to the 
RPL from two natural gas fired boilers located in the 325 Boiler Annex Building southwest of the RPL.  
The hazards associated with the location of the boiler annex in proximity to the RPL are discussed in 
Section 3.8 and evaluated in the hazards analysis. 
 

A dedicated air compressor located on the northeast side of the building provides compressed air for 
laboratory use and pneumatic HVAC controls.  Air dryers and storage tanks for the system are located in 
the basement.  A backup compressor in the northeast corner of the basement provides a backup air supply 
for ventilation control systems.  The backup air compressor supports the defense-in-depth 
safety-significant function of the REVS, and is described in Chapter 8, Section 8.2.2. 
 

There are two separate vacuum systems in the building.  The laboratory vacuum system supplies 
vacuum for laboratory use.  The air sampling vacuum system provides the vacuum for the stack 
monitoring system and the fixed air samplers located throughout the building.  Laboratory vacuum and 
vacuum air sampling system equipment are located in the basement. 
 

Compressed and cryogenic gases used in the building are typically provided by individual cylinders 
located in, or near, the laboratory that requires the gas.  Gas for PCMs is piped from cylinders attached to 
a manifold on the north dock gas bottle storage area.  Portable liquid Argon and Nitrogen Dewars are 
located in the basement and the gas is piped to limited locations on the first floor. 
 
4.3.4.2 Waste Management Systems 26 
 

Radioactive wastes are generated as part of laboratory operations.  The radioactive material hazards 
associated with the waste streams have been evaluated in the hazard and accident analyses as appropriate.  
The primary waste streams and associated building systems are described in the paragraphs that follow. 
 

Radioactive Liquid Waste System (RLWS).  Radioactive liquid (laboratory) wastes are typically 
processed within the RPL HWTU (Section 4.2.5).  The building’s original RLWS was designed to collect 
building radioactive liquid waste streams and pipe them to other 300 Area facilities for processing and 
disposal.  The system was modified in 1997-1998 to isolate the pipes leaving the RPL and direct 
radioactive liquid waste drains from building laboratories to a new collection tank and associated support 
systems located in the south portion of the basement.  The modification also included piping to transfer 
the waste from the collection tank to a transportation cask-trailer in the HLRF truck lock.  However, due 
to circumstances outside the RPL, commissioning of the new modifications was never completed.  Blank 
flanges are installed in the system pipes leading to the collection tank and drains throughout the RPL are 
plugged to prevent drainage into the system.  This portion of the RLWS system is out-of-service and there 
are currently no plans to complete system commissioning. 
 

The 1254-L (330-gal) holding tank in Room 32 collects drainage from the SAL hot cells and contains 
radioactive liquid waste from previous hot cell operations.  The transfer line from the Room 32 holding 
tank to the main RLWS has been blanked and isolated.  A small diameter transfer line has been installed 
from the Room 32 holding tank to SAL Cell #6.  This transfer line is used to transfer liquids from the 
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Room 32 tank to SAL Cell #6 for treatment and disposal.  The waste tanks associated with the HLRF are 
not in use as described in Section 
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4.2.2. 
 

Retention Process Sewer System.  The retention process sewer (RPS) is connected to cooling water 
drains, floor drains, and laboratory waste water systems that are normally free of radioactive 
contamination but have a potential for becoming radioactively contaminated.  The RPS is routed through 
a monitoring station in the RPL basement that is equipped to provide an alarm if radioactivity is detected 
above a preset level.  The RPS flows to the 307 basins and ultimately to the 300 Area Treated Effluent 
Disposal Facility (TEDF).  Flow is automatically diverted at the 307 facility to a dedicated basin in the 
event of an alarm from the monitoring station. 
 

Solid Radioactive Waste.  Solid radioactive wastes from research and building operations are 
packaged and shipped from the facility.  Building low-level compactable wastes (e.g., laboratory solid 
wastes) may be compacted in the drum compactor in Room 43 before being packaged and shipped.  Solid 
wastes may be stored in the East Storage Yard prior to shipment. 
 

Airborne Emissions.  The control and monitoring of airborne releases are addressed in the RPL 
Facility Effluent Monitoring Plan (FEMP 2001).  Emission control and monitoring requirements are 
found in facility-specific air permits issued by the Washington State Department of Health (WDOH) and 
the Washington State Department of Ecology (WDOE) for the RPL.  The effluent stream in the exhaust 
stack is monitored and/or sampled to determine releases of alpha- and beta-emitting radionuclides, and 
131I, and tritium, when required by State and Federal regulations.  (See Section 4.3.4.3 for additional 
information on emissions monitoring and sampling.) 
 
4.3.4.3 Radiation Monitoring and Sampling 25 
 

Monitoring and sampling systems are not relied on in the accident analysis described in Chapter 7 and 
may change with changing project activities and monitoring requirements within the building.  The 
systems are described in this section for information and understanding of building operations. 
 

Radiation Emission Monitoring and Sampling.  The exhaust air from radiological areas of the RPL 
exits the building through a stack.  The stack exhaust is sampled and monitored by continuous air 
monitors (CAMs) to detect radionuclides (e.g., alpha and beta/gamma emitters and tritium) as required to 
meet federal and state regulations.  The stack-CAM systems provide operating personnel with an alarm 
when instrument count-rates exceed established setpoints.  These setpoints are not relied on in the 
accident analysis and are used to indicate releases and document compliance with air emission permit 
regulations. 
 

Airborne Activity Monitors/Samplers.  Portable CAMs are located in laboratories, hot cell 
operating galleries, and support areas where there is a potential for airborne radioactivity.  These monitors 
have local alarms that annunciate when the count rate exceeds a preset level.  These instruments are used 
for radiation monitoring, protection, and control, and are not relied on in the accident analysis. 
 

High Radiation Monitors.  Area radiation monitors (ARMs) located in the HLRF hot cell area alarm 
at the detector, at the annunciator panel in Room 601, and at the annunciator in the Power Operator’s 
Office.  Area radiation monitors are installed in the basement Room 57E to monitor the areas around the 
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RLWS tank.  The RLWS monitors actuate alarms at the panel located on the mezzanine and in the Power 
Operators Office.  These instruments are used for radiation monitoring, protection, and control, and are 
not relied on in the accident analysis.  The RLWS monitors are not in service (see RLWS discussion in 
Section 4.3.4.2). 
 

Personnel Contamination Monitors.  Portable alpha- and beta/gamma monitoring instruments are 
available at each laboratory containing radioactive contamination areas.  These instruments are used to 
survey personnel exiting these areas.  Personnel contamination monitors are available at exits from 
routinely used radiological buffer areas.  These instruments are used for radiation monitoring, protection, 
and control, and are not relied on in the accident analysis. 
 

Criticality Alarm System.  The criticality alarm system is designed to detect neutron radiation from 
criticality events and sound an alarm to initiate evacuation of personnel from the facility.  The system is 
not relied on in the accident analysis in Chapter 7, but is considered safety-significant (Chapter 8) because 
of its role in protecting the worker from potentially significant consequences. 
 

Nuclear Accident Dosimetry.  Nuclear accident dosimeters (NADs) provide exposure data in the 
event of a criticality.  They are located to allow easy retrieval following an event, while providing 
coverage of the areas to which personnel have routine access and where fissionable materials are handled.  
The dosimetry is used for post-criticality accident dose analysis, but is not relied on in the accident 
analysis in Chapter 7. 
 
4.3.4.4 Annunciator and Communications Systems 23 
 

Annunciator and communication systems in the RPL are not relied on in the accident analysis 
described in Chapter 7.  The systems are described in this section for information and understanding of 
building operations. 
 

An alarm annunciator panel is located in the Power Operator Office (Room 900) and provides alarm 
indication for certain building monitoring functions.  The alarm annunciator provides for early detection 
of certain process, system, or equipment failures or alarm points (e.g., exhaust fan failures, power failures, 
low or high pressures on system piping, and high sump levels). 
 

The Facilities Management Control System (FMCS) monitors and controls major systems in PNNL 
facilities and has operations consoles located in the 350 Building.  The system is designed to 
communicate abnormal conditions to the operator.  Off-shift alarms are reported to PNNL’s security 
control room located at the Research Operations Building, thus allowing the shift operators to be 
dispatched to the problem source. 
 

A commercial telephone system is provided for the building.  A telephone connected to the Hanford 
Site crash alarm system is available for receipt of emergency instructions and information.  The building 
is equipped with a public address system that provides a means to make building-wide announcements.  
The 300 Area emergency sirens provide notification for protective actions in the event of a Hanford Site 
or 300 Area emergency. 
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This chapter describes the PNNL organization, the RPL organization, and the safety management 
programs that support performing work safely at the RPL. 
 

The PNNL and RPL organizations that support safe work at the RPL, their relationships, and 
responsibilities are described in Section 5.1.  Safety management programs related to protection of 
workers, the environment, and the public are described in Section 5.2.  The specific safety management 
programs that have been established as hazards controls in the RPL hazards analysis described in 
Chapter 6 are identified in Section 5.3. 
 

5.1 Organization 13 

 
DOE has the responsibility to oversee PNNL’s management of the RPL.  In this capacity, DOE 

exercises approval authority over certain significant aspects of the RPL operations and provides an 
ongoing review of RPL operations and the supporting PNNL management functions.  DOE also provides 
funding as necessary to implement safety management programs, upgrade facility safety, and maintain the 
material condition of the RPL. 
 

A functional representation of the PNNL administrative organization as it relates specifically to the 
RPL is illustrated in Figure 5.1.  Figure 5.2 illustrates the operational organization that is responsible for 
the safe performance of work at the RPL.  The Nuclear Operations Director is the senior line manager in 
the RPL operational organization and is ultimately responsible for the safe operation of the RPL. 
 

The following is a functional description of the PNNL administrative organization as it relates to the 
RPL. 
 
5.1.1 Pacific Northwest National Laboratory Director 29 
 

The Laboratory Director has the responsibility for establishing PNNL’s management commitment to 
safety and establishing Laboratory policies consistent with that commitment.  The Laboratory Director 
commits resources and holds PNNL management and staff accountable as necessary to conduct safe 
Laboratory operations in accordance with Laboratory policy. 
 
5.1.2 Safety Review Council 36 
 

The Safety Review Council (SRC) provides the Laboratory Director with expert safety reviews and 
advice on select activities that have significant safety implications.  The council approves key safety basis 
documents prior to submittal to the DOE.  The SRC consists of a permanent chairperson and 
administrator combined with an ad hoc group of senior staff members and may include consultants.  The 
SRC chairperson is appointed by, and reports to, the Deputy Director of Operations.  Other SRC members 
are selected by the chairperson as appropriate for each review. 
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Figure 5.1.  PNNL Administrative Organization Related to the RPL 
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Figure 5.2.  Operational and Programmatic Responsibilities for Performing Work Safely at the RPL 
 
5.1.3 Director for Facilities and Operations 4 
 

The Director for Facilities and Operations (F&O) is responsible for the overall management of PNNL 
facilities, including the RPL.  The Director for Facilities and Operations has shutdown authority for 
operations and activities that pose a significant and immediate threat to safe operations.  The Facility and 
Operations functions that support safe RPL operations are described in the following subsections. 
 
5.1.4 Nuclear Operations Director 11 
 

The Nuclear Operations Director is the resident senior line manager of the RPL and is responsible for 
overall RPL operations.  In particular, the Nuclear Operations Director is responsible for the RPL safety 
basis, ensuring RPL operations are conducted within the safety basis, and implementation of the 
Unreviewed Safety Question (USQ) process.  All of the functions shown in Figure 5.1 and Figure 5.2 
support the Nuclear Operations Director in fulfilling these responsibilities.  Baseline safety basis 
maintenance, compliance, and USQ process implementation is carried out by the RPL Building Manager.  
The Nuclear Operations Director is directly accountable to the PNNL Laboratory Director for the safe 
operation of the RPL. 
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The Independent Review Committee (IRC) is a technical expert forum that assists in the 
development, maintenance, and implementation of RPL policies and practices.  The IRC performs 
reviews of procedures and other technical documents associated with RPL programmatic research and 
development (R&D) activities.  The IRC also serves as an advisory committee to the Nuclear Operations 
Director for review of new programmatic R&D activities in the RPL.  IRC reviews of technical 
documentation and new work activities include verification that RPL activities will be consistent with the 
RPL safety basis and other requirements. 
 
5.1.4.2 Facility Management 11 
 

Facility management is responsible for operating and maintaining PNNL facilities, including the 
RPL.  The functions of facility management are directly related to the safe operations of the RPL and are 
described in the following sections. 
 
Building Operations and RPL Building Management 
 

The building operations function manages PNNL facility operations.  RPL building management is 
the RPL-specific element of building operations.  RPL building management is accountable to the 
Nuclear Operations Director for providing facility services as described in the RPL Facility Use 
Agreement (FUA) (the FUA is described in Section 5.2.9.1).  Key responsibilities of RPL building 
management related to the safe operations of RPL include the following: 
 

• managing the operation and maintenance of building SSCs 
• providing for the prioritization, planning, and control of building-related work activities 
• serving as the principal point-of-contact with DOE in regard to RPL building operations 
• stewardship of the facility safety basis and FUA 
• managing implementation of the Emergency Preparedness Program (Section 5.2.12), as it relates 

to the RPL 
• managing implementation of the Event Reporting Program (Section 5.2.16), as it relates to the 

RPL. 
 
5.1.4.3 Facility Engineering and Construction Project Management 34 
 

The Facility Engineering and Construction Project Management function; (1) engineers and designs 
SSCs, (2) provides configuration management for SSCs, (3) provides engineering analysis services, and 
(4) manages major modifications; for PNNL facilities, including the RPL. 
 
5.1.4.4 Maintenance & Fabrication 40 
 

The maintenance and fabrication function provides trained and qualified labor resources (crafts and 
operators) for facility operations and maintenance functions.  The maintenance and fabrication function 
provides the processes and resources necessary to repair and maintain PNNL facilities, including the RPL. 
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The key elements of the PNNL Safeguards and Security and Emergency Preparedness function 
related to safe operations of the RPL are described in the following sections. 
 
Safeguards and Security 
 

The Safeguards and Security function establishes and maintains Laboratory-level protection strategies 
and policies that implement DOE and national safeguards and security requirements and initiatives.  The 
Safeguards and Security function has the primary responsibility for developing a protection strategy for 
the Laboratory including the RPL.  Safeguards and Security is responsible for documenting 
Laboratory-level procedures necessary to meet the protection strategy and performing oversight regarding 
compliance with these procedures. 
 
Emergency Preparedness 
 

The emergency preparedness function establishes and maintains the Laboratory-level emergency 
planning infrastructure and assists the RPL operations organization in developing a building emergency 
procedure, providing training, and conducting and evaluating emergency preparedness training and drills.  
Additional details on the Emergency Preparedness Program are provided in Section 5.2.12. 
 
5.1.5 User Groups 22 
 

Programmatic R&D work at PNNL is performed under six research organizations: 
 

• Energy Science and Technology Directorate (ESTD) 
• Environmental Technology Directorate (ETD) 
• Fundamental Science Directorate (FSD) 
• National Security Directorate (NSD) 
• Computational and Information Sciences Directorate (CISD) 
• Environmental and Molecular Sciences Laboratory (EMSL). 

 
The Radiochemical Science and Engineering Group, which is a component of ETD, performs most of 

the programmatic R&D work at RPL.  However, user groups from any of the research directorates may 
perform programmatic R&D work at the RPL.  All research groups that do programmatic R&D work in 
the RPL are accountable to the Nuclear Operations Director (Section 5.1.4) for the safe performance of 
work. 
 

The PNNL and RPL safety management programs described in Section 5.2 define laboratory policy 
for performing programmatic R&D work safely and in accordance with the RPL safety basis and other 
requirements.  User groups are responsible for assessing hazards associated with their work, conducting 
work in compliance with safety management programs, conducting work within the operational boundary 
defined in the RPL FUA (Section 5.2.9.1), and integrating their activities with facility operations and 
other RPL programmatic work.  RPL building management and safety management program specialists 
assist user groups in meeting these responsibilities. 
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The Director for Environment, Safety, Health And Quality (ESH&Q) is responsible for formulating 
PNNL safety and environmental programs and assessing their overall adequacy.  ESH&Q is responsible 
for determining the ESH&Q-related requirements applicable to PNNL work activities, providing support 
to line management and staff for compliance with requirements, and recommending and providing 
oversight.  The ESH&Q functions that support safe RPL operations are described in the following 
subsections. 
 
5.1.6.1 Quality and Integrated Safety 10 
 

Quality and Integrated Safety is responsible for the PNNL Integrated Quality, Environment, Safety 
and Health (IQES&H) management system.  The Quality and Integrated Safety function also establishes 
and maintains the PNNL Integrated Environment, Safety and Health (IES&H) Program, the Quality 
Assurance Program (QAP), and the Integrated Operations System (IOPS).  These safety management 
programs and IOPS are described in Sections 5.2.1, 5.2.11, and 5.2.9.1 respectively. 
 

Quality and Integrated Safety also provides quality assurance and assessment subject matter experts 
that provide technical support to PNNL organizations in performing self-assessments and implementing 
quality assurance requirements. 
 
5.1.6.2 Safety and Health 22 
 

Safety and health develops and maintains PNNL safety management programs.  Safety and Health 
additionally maintains a staff of safety specialists that support the implementation of these programs by 
providing field services and consultation to other PNNL organizations.  The key functional elements of 
Safety and Health that support the safe operation of RPL are outlined below. 
 
Radiological Control 
 

The Radiological Control function develops and maintains the Radiation Protection Program and 
supports the implementation of radiological controls at PNNL that protect staff from unnecessary 
exposure to ionizing radiation, protect facilities and equipment from contamination with radioactive 
material, protect the environment from the spread of radioactive material, and promotes compliance with 
applicable requirements.  The Radiological Control function administers the Radiation Protection 
Program described in Section 5.2.3. 
 
Fire Protection 
 

The Fire Protection function develops the PNNL Fire Protection Program and maintains a program, 
and supports the implementation of that program, to provide protection for staff, facilities, and programs 
at PNNL from fires.  The Fire Protection function administers the Fire Protection Program described in 
Section 5.2.8. 
 



 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page 5.7 

Criticality Safety 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

23 
24 
25 
26 
27 
28 
29 
30 
31 

33 
34 
35 
36 
37 
38 

40 
41 
42 
43 
44 

 
The Criticality Safety function develops, maintains, and supports the implementation of a program, 

which defines Laboratory policy for the safe handling, storage, and use of fissionable materials in order to 
prevent inadvertent criticality.  The criticality safety function administers the Nuclear Criticality Safety 
Program described in Section 5.2.2. 
 
Safety Analysis 
 

Safety Analysis establishes the policy for performing safety analysis and implementing requirements 
that are associated with DOE hazard category 1, 2, or 3 nonreactor nuclear facilities at PNNL.  The Safety 
Analysis function also provides consultation and review services to RPL building management 
(Section 5.1.4.2), which is responsible for implementing these policies and requirements at the RPL. 
 
Worker Safety and Health 
 

The Worker Safety and Health function develops, maintains, and supports the implementation of 
programs to provide a safe and healthful workplace at PNNL with respect to industrial and biological 
hazards.  The Worker Safety and Health function administers the Worker Safety and Health programs 
described in Section 5.2.14. 
 
5.1.6.3 Environmental 22 
 

The Environmental function is responsible for providing environmental, waste, and effluent 
management services at PNNL.  These services include evaluating environmental requirements, 
establishing environmental and waste management policy, and overseeing the implementation of 
environmental programs.  The Environmental function provides expert assistance to the Laboratory with 
regard to identifying and correcting environmental problems, pollution prevention, and reducing the 
environmental impact of laboratory waste and effluent.  The Environmental function oversees the 
radioactive and hazardous waste management processes that are described in Section 5.2.5. 
 
5.1.6.4 Standards Based Management Systems 32 
 

Standards Based Management Systems administers the PNNL Standards Based Management System 
(SBMS), supports the development and integration of SBMS content, and administers the PNNL 
requirements management infrastructure.  The SBMS is a key information management system related to 
governing and coordinating Laboratory operations and is described in Section 5.2.9.1. 
 
5.1.6.5 Training and Qualification 39 
 

The Training and Qualification function establishes Laboratory-wide training and qualification policy 
and standards and maintains a system for training delivery and documentation.  Training and 
Qualification administers the training functions described in Section 5.2.9.2. 
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Integrated Planning and Assessment establishes the processes and tools used by PNNL to assess 
Laboratory performance and compliance with applicable requirements.  Assessments that are specifically 
related to the safe operation of the RPL are discussed in Section 5.2.15. 
 

5.2 Safety Management Programs 7 

 
This section describes the safety management programs at PNNL that relate to the safe operation of 

the RPL. 
 
5.2.1 Integrated Environment, Safety and Health Program 12 
 

PNNL has implemented a Safety Management System (SMS) that conforms to 48 CFR 970.5223-1; 
Integration of Environment, Safety and Health into Work Planning and Execution; and is consistent with 
the core functions and guiding principles of DOE P 450.4, Safety Management System Policy.  The PNNL 
SMS is referred to as the IES&H Program and has been validated by DOE. 
 

The IES&H Program is integrated with the Quality Assurance Program (described in Section 5.2.11) 
under the PNNL IQES&H management system.  The IQES&H management system integrates the IES&H 
Program, the Quality Assurance Program, and other major safety and environmental programs at the 
PNNL (e.g., the Voluntary Protection Program (VPP) and the ISO 14001 Environmental Management 
System Program). 
 
5.2.2 Prevention of Inadvertent Criticality 25 
 

Work in the RPL may involve handling, storage, and use of fissionable materials as described in 
Section 4.1.  PNNL has implemented a comprehensive Nuclear Criticality Safety Program to provide for 
the safe handling, storage, and use of fissionable materials.  The program conforms to the applicable 
requirements of DOE Order DOE O 420.1A, Facility Safety, and the ANSI nuclear criticality safety 
standards referenced therein.  The program includes the following primary elements: 
 

• limits and administrative controls on fissionable materials to provide for safe handling, storage, 
and use of fissionable materials 

• requirements for labeling fissionable materials and posting information at work and storage 
locations 

• actions to be taken in the event of an actual or potential limit violation or criticality 
• training and qualification program for staff members responsible for handling fissionable 

materials in operations where criticality safety controls & procedures are implemented and those 
staff having access to laboratory spaces that contain fissionable material 

• assessments to verify compliance with programs and procedures that implement criticality safety 
requirements 

• actions to assess proposed work to identify ways to achieve criticality safety. 
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Criticality prevention requirements dictate application of the double contingency principle, which 
requires that preventative measures are in place so that at least two unlikely, independent, and concurrent 
changes must occur to these preventative measures before criticality is possible.  Criticality Safety 
Specifications (CSS) have been prepared for each room or area within the RPL that may contain greater 
than exempt quantities of fissionable materials.  The limits contained in these CSSs implement the double 
contingency principle based on an evaluation of normal operations and credible accident scenarios.  The 
CSSs are maintained by the Criticality Safety function.  CSSs are prepared and peer-reviewed by 
qualified criticality safety engineers and approved by RPL management. 
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Periodic criticality safety assessments are performed by ESH&Q to verify compliance with 

procedures, CSSs, and other criticality safety requirements. 
 
5.2.3 Radiation Protection 13 
 

The Radiological Control function has established, and maintains, a PNNL Radiation Protection 
Program that complies with 10 CFR 835, Occupational Radiation Protection.  The program has been 
reviewed and approved by DOE in accordance with the provisions of 10 CFR 835.  All work activities at 
the RPL that involve radiological materials or occupational exposure to ionizing radiation are performed 
under the PNNL Radiation Protection Program. 
 
5.2.4 Hazardous Material Protection 21 
 

The Worker Safety and Health function has established and maintains a PNNL Chemical Hygiene 
Plan, a Hazard Communication Program, a Hazard Assessment Program, a Chemical Management 
System (CMS) Program, and a Chronic Beryllium Disease Prevention Program.  Specific standards and 
procedures related to the use of hazardous materials (for example, working with chemicals, compressed 
gases, etc.) are provided in the SBMS, IOPS, and other implementing procedures (Section 5.2.9.1). 
 

PNNL staff that use or supervise the use of hazardous materials are required to assess the hazards, 
evaluate the risks, and implement appropriate controls, prior to work with hazardous material.  Prescribed 
controls are documented in appropriate work control documents (i.e., chemical process permits, 
procedures, project plans, etc.).  Safety & Health (S&H) Representatives assist in the development and 
review of work control documentation. 
 

Building-specific FUAs (Section 5.2.9.1) identify the allowable quantities of hazardous materials in 
PNNL facilities, including the RPL.  The model building codes were used to develop PNNL’s technical 
basis for allowable quantities of hazardous materials in PNNL facilities.  Chemical inventories within the 
RPL are tracked via the CMS to verify that quantities of chemicals remain within FUA limits.  The CMS 
is also a readily available source of up-to-date safety and health information on individual chemicals in 
the RPL. 
 

Title 29 CFR 1910.119, Process Safety Management of Highly Hazardous Chemicals, establishes the 
quantities of hazardous chemicals that can lead to catastrophic consequences.  These quantities, referred 
to as Threshold Quantities (TQs), are defined in Appendix A of 29 CFR 1910.119 and establish when the 
elements of process safety management, as defined in the regulation, may need to be addressed.  
Hazardous chemical inventories at the RPL are managed to less than TQs via the CMS. 
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5.2.5 Radioactive and Hazardous Waste Management 2 
 

The radioactive and hazardous waste management systems are described in the following sections by 
waste form and type. 
 
5.2.5.1 Liquid Waste 7 
 

The RPL has two liquid waste discharge systems: the sanitary sewer (SNS) system and the retention 
process sewer system.  The SNS discharges to the 300 Area SNS, which is ultimately discharged to the 
City of Richland Publicly Owned Treatment Works under contract with DOE.  The retention process 
sewer is ultimately discharged, via the 307 basins, to the 300 Area Treated Effluent Disposal Facility, 
which is operated by a Hanford Site waste management contractor under the Project Hanford 
Management Contract.  The Hanford Site contractor monitors Treated Effluent Disposal Facility 
discharges under applicable requirements. 
 

Nonradioactive, hazardous liquid wastes do not enter a waste discharge system, but are collected in 
temporary storage areas within the building.  These liquid wastes are then transferred to the 
331C Building for ultimate disposal. 
 
5.2.5.2 Airborne and Gaseous Wastes 21 
 

Airborne and gaseous radioactive material that is routinely exhausted to the atmosphere may be 
considered waste.  A functional description of the ventilation system, including the HEPA filtration and 
airborne sampling and monitoring systems is provided in Section 4.3.1.3. 
 

Under normal operations, the radionuclides released from the RPL are dependent on the current work 
in the facility.  These effluents are monitored and controlled in accordance with PNNL effluent 
monitoring programs and procedures and associated environmental permits. 
 

Nonradioactive constituents of airborne and gaseous wastes are generally limited to vapors from oils, 
solvents, and cleaning solutions, and those vapors generated during experiments or during specific project 
activities.  These activities could involve inorganic salts, oxides, hydroxides, and heavy metals.  
Nonradioactive pollutant emissions are managed so that routine airborne and gaseous releases remain 
below federal, state, and local requirements. 
 
5.2.5.3 Solid Wastes 37 
 

Solid low-level, transuranic, and high-level radioactive wastes, hazardous wastes, and mixed wastes 
(radioactive plus hazardous) are segregated from other waste types and from each other.  They are 
packaged, stored, and, if possible, shipped to the waste handling contractor’s waste disposal sites.  Solid 
radioactive wastes are categorized based on the level of radioactivity.  Solid hazardous and radioactive 
mixed wastes are collected and monitored in satellite accumulation areas. These solid wastes are then 
transferred to the 331C Building or the HWTU at the RPL for treatment and ultimate disposal. 
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This section discusses initial testing, in service surveillance, and maintenance of RPL safety SSCs 
(safety SSC designations and detailed descriptions of SSCs that perform safety functions are described in 
Chapter 8, “Safety Structures, Systems, and Components”). 
 
5.2.6.1 Initial Testing 7 
 

PNNL facility design procedures require testing to verify proper operation of safety SSCs prior to 
returning them to service following facility modifications.  Documents that implement post-modification 
testing are developed based on operational requirements and SSC safety functions (as described in the 
DSA).  Documents implementing modifications and associated tests (e.g., plans, permits, procedures, etc.) 
are prepared and peer reviewed by technical disciplines, ESH&Q staff, and line-management, as 
appropriate. 
 
5.2.6.2 In-service Surveillance 16 
 

The in-service surveillance specifications for RPL safety SSCs, and the basis for these specifications, 
are provided in the RPL Technical Safety Requirements (TSR), which is approved by DOE.  The RPL 
TSR document is part of the RPL safety basis and is developed and approved in accordance with the 
applicable requirements of 10 CFR 830, Appendix B, Safety Basis Requirements.  The Nuclear 
Operations Director is responsible for completing TSR surveillance requirements. 
 
5.2.6.3 Maintenance 24 
 

The Building Operations function (Section 5.1.4.2) has established a maintenance program that 
implements DOE Order 433.1, Maintenance Management Program for DOE Nuclear Facilities.  
Implementation of DOE Order 433.1 is described in the Maintenance Implementation Plan, which was 
developed in response to the order and approved by DOE. 
 
5.2.7 Conduct of Operations 31 
 

Conduct of operations at the RPL is performed in accordance with the SBMS and RPL-specific 
administrative documentation (Section 5.2.9.1), in particular the RPL Operations Manual and associated 
implementing procedures.  This administrative documentation implements applicable guidance in 
DOE O 5480.19, Conduct of Operations Requirements for DOE Facilities, using a graded approach.  
PNNL’s implementation of DOE O 5480.19 criteria is documented in the PNNL RPL Operations Manual. 
 
5.2.8 Fire Protection 39 
 

PNNL has established and maintains a Fire Protection Program that implements the applicable 
requirements of DOE Order DOE O 420.1A, Facility Safety.  This laboratory-wide program applies to all 
DOE facilities operated by PNNL including the RPL.  DOE fire protection requirements that are unique 
or specific to nuclear facilities (e.g., performance of a fire hazards analysis) are implemented at the RPL.  
The following outlines key elements of the program. 
 



 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page 5.12 

5.2.8.1 Fire Protection Program Responsibilities 1 
 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

The ESH&Q organization is responsible for administration of the PNNL Fire Protection Program, 
including development of program requirements, guidance, and procedures.  The ESH&Q fire protection 
staff provides support to building operations and Laboratory management for implementation of the Fire 
Protection Program. The staff is also responsible for performing engineering reviews of facility 
modifications, facility inspections, conducting building fire assessments, and maintaining the RPL fire 
hazards analysis. 
 

PNNL management and staff, including user groups that occupy laboratory space within RPL, are 
responsible for implementation of the Fire Protection Program, as applicable to their respective work 
areas and activities.  Examples of these responsibilities include maintaining good housekeeping, safe 
laboratory practices, maintaining unobstructed emergency egress routes, and knowing proper emergency 
response for fire events.  These responsibilities are met through training and working within the 
administrative documentation described in Section 5.2.9.1. 
 

The Facilities and Operations Directorate is responsible for implementation of fire protection 
requirements as they apply to the operations, engineering design, modification, and maintenance of the 
RPL.  RPL building management (Section 5.1.4.2) is responsible for performance of routine inspections 
of fire protection systems, general building housekeeping, and maintaining building fire protection 
systems in operating condition.  Engineering is responsible for performing design and modifications of 
the RPL in accordance with Fire Protection Program requirements.  Facilities and Operations is also 
responsible for implementation of emergency planning for fire events in the RPL. 
 

RPL user groups that occupy laboratory space within RPL are responsible for maintaining laboratory 
space and conducting work in accordance with PNNL Fire Protection Program requirements. 
 

The Hanford Fire Department provides fire protective services for RPL.  The Hanford Fire 
Department also performs some testing associated with RPL fire suppression systems.  Water supplies for 
fire protection are provided by Hanford site contractor(s) responsible for the site utilities.  PNNL 
organizations, including Facilities and Operations, and ES&H, interface with the Hanford Site utilities 
contractor(s) to make sure that water supplies are adequate for fire protection needs. 
 
5.2.8.2 Fire Prevention 34 
 

Fire prevention is accomplished through administrative and engineered control of ignition sources 
and combustible materials. 
 

Administrative measures include control of combustible and flammable materials; control of ignition 
sources including a permit process for hot work, proper workspace housekeeping, facility and equipment 
modification design reviews and approvals, and periodic facility inspections and assessments. 
 

Engineered controls include facility SSCs and equipment that minimize the potential for fire and the 
propagation of fires. 
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In the event that a fire occurs, the RPL is equipped with fire detection and alarm systems, automatic 
suppression systems, and portable fire extinguishers.  The fire alarm, detection and suppression systems 
are discussed in Section 8.2.4. 
 

In addition to the systems within the building, the Hanford Fire Department provides fire-fighting 
capabilities for the RPL. 
 

Outages and impairments impacting fire protection systems are controlled and tracked through 
formal, documented systems to minimize the fire risks while systems are out-of-service. 
 
5.2.8.4 Life Safety 13 
 

PNNL applies the National Fire Protection Association (NFPA) Life Safety Code, NFPA 101, for 
facility emergency egress and fire protection features that provide for the safety of facility occupants of 
the RPL. 
 
5.2.8.5 Fire Response 19 
 

The RPL-specific fire response actions are described in the Building Emergency Procedure 
(Section 5.2.12).  The RPL, because of its unique hazards, has procedures or response actions that are 
tailored to the facility operations.  RPL operations and user group staff receive training on proper fire 
response actions. 
 
5.2.8.6 Fire Inspections 26 
 

RPL building management is responsible for performing periodic inspections of the RPL.  In 
addition, the ESH&Q fire protection staff perform periodic inspections of the RPL and notify building 
management of deficiencies.  The fire protection staff may also perform safety reviews of operations 
involving special hazards, such as flammable or explosive materials or gases.  In addition to the periodic 
fire inspections, comprehensive fire assessments of the facility are also performed. 
 
5.2.8.7 RPL Fire Hazards Analysis 34 
 

A Fire Hazard Analysis (FHA) has been performed for the RPL.  The FHA conforms to applicable 
requirements of DOE O 420.1A and is updated, as necessary, to reflect changes in facility fire hazards or 
protective measures.  The scenarios in the FHA provide the basis for fire event scenarios evaluated in 
Chapters 6 and 7. 
 
5.2.9 Procedures and Training 41 
 

RPL procedures are a component of a larger set of PNNL administrative documentation.  For clarity, 
a description of the complete set of PNNL administrative documentation is included in Section 5.2.9.1.  
PNNL staff training and qualification as it relates to the safe operation of the RPL is described in 
Section 5.2.9.2. 
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Administrative documentation refers to the complete set of information, related to the RPL, which is 
used to safely perform work at PNNL.  Administrative documentation consists of the PNNL 
institutional-level Standards Based Management System and RPL-specific documentation.  An overview 
of administrative documentation is shown in Figure 5.3 and is described in the following sections. 
 
Standards Based Management System 
 

The SBMS is based on policies set forth by the Laboratory Director and the external requirements 
that are applicable to the Laboratory.  The major components of the SBMS are: 
 

• Laboratory policies and standards – Statements that help to establish the operating philosophy 
and intent for the organization and its staff, and define expectations for performance. 

 
• Management Systems – These are the highest-level descriptions of Laboratory processes.  

Management systems describe how policies, standards, and requirements are translated into 
Laboratory processes and define the responsibilities associated with implementing the 
management system. 

 
• Program Descriptions – Provide more detailed descriptions of Laboratory processes.  Among 

other things, program descriptions document agreement on processes that involve multiple 
groups. 

 
• Subject Areas – Consist of Laboratory-level procedures and guidelines for performing work. 

 
• Facility Use Agreements  – Define the operating boundaries and requirements (including roles 

and responsibilities) for each facility.  A key role of the FUA is to document agreement between 
facility management and the user groups that occupy and perform work in the facility.  The RPL 
FUA references the RPL DSA and TSR documents in defining the operating boundary of the 
RPL. 

 
The SBMS is a web-based information system administered by the SBMS function. 

 
RPL Specific Documentation 
 

The RPL Operations Manual is an RPL-specific extension of the SBMS that addresses the particular 
working environment of the RPL.  The function of the manual is to communicate to all RPL staff the 
standards and requirements associated with working in the RPL. 
 

The RPL Laboratory Handbook facilitates implementation of task-level ESH&Q planning and work 
requirements at the RPL.  The handbook facilitates implementation of many of the permits required to 
perform tasks involving specific types of hazards (for example, chemical work permits, radiation work 
permits, confined space entry permits, etc.). 
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Figure 5.3.  PNNL and RPL Administrative Documentation 
 

PNNL maintains an IOPS.  The RPL-specific IOPS facilitates communication of information in 
PNNL and RPL administrative documentation to workers.  IOPS is a web-based tool that presents 
information from a task perspective.  This is often referred to as “bench-top delivery” of information and 
requirements.  IOPS presents information related to, and facilitating, the following: 
 

• communication of safe Laboratory practices  9 
• providing staff with specific workspace hazard awareness 
• identification and control of workspace hazards for new work 
• identifying, obtaining, and documenting appropriate training for workspace access 
• requesting and authorizing access to workspaces. 

 
Organization and Project-specific Manuals and Procedures 
 

PNNL organizations have established manuals and procedures to govern task and group specific 
activities at PNNL and the RPL.  These manuals and procedures implement the requirements of SBMS 
and RPL-specific documentation, as applicable to the activities addressed. 
 

Organization and Project-specific Manuals and Procedures 

RPL Documentation 

RPL Laboratory HandbookRPL Operations Manual

Standards Based Management System 
Laboratory Policy and 

Standards

Management Systems

Program Descriptions Subject Areas Facility Use Agreement 
(FUA)

Safety Basis Policy and Mission External Requirements 
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In order to perform work safely, PNNL administrative documentation implements technical reviews 

and controls as necessary to verify that: 1) risks associated with proposed work have been adequately 
evaluated and identified to staff and appropriate management, 2) work changes or modifications to 
facilities or equipment have received appropriate safety reviews, 3) ongoing work is being conducted 
safely and within applicable requirements including the RPL safety basis, and 4) appropriate management 
attention has been given to safety concerns in performing work.  The following outlines key review and 
control features of PNNL administrative documentation as they apply to the safe operation of the RPL. 
 

In addition to involving RPL operations and management staff in project design reviews, pre-job 
meetings are held as appropriate.  Self-assessments and walkthroughs are also performed to promote 
safety awareness. 
 

Technical reviews of procedures and specifications are conducted, when appropriate, to verify that 
controls placed on work are adequate and appropriate for the safe conduct of the work. 
 

Facility modifications that affect the safe operation of the RPL require preparation of design control 
documentation in accordance with established standards and procedures.  A facility modification permit is 
required before work can be done that involves a change to form, fit, or function of safety SSCs.  
Technical reviews are performed for modification permits and design changes.  The level of design 
review is dependent on several factors, including design change scope, uniqueness, and potential or actual 
impact on facility safety. 
 

The RPL Operations Manual describes the process followed to determine if proposed new 
programmatic R&D work falls within the RPL safety basis.  Changes that may impact the safety basis are 
evaluated using the PNNL USQ process, which implements the requirements of 10 CFR 830.203, 
Unreviewed Safety Question Process.  USQ determinations are conducted on proposed activities, facility 
modifications, and discovery issues to determine if they fall within the RPL safety basis.  Major 
modifications (as defined in 10 CFR 830.3) to the RPL require the preparation of a Preliminary DSA 
prior to commencing procurement or construction related to the modification. 
 
5.2.9.2 Training and Qualification 33 
 

Training for RPL occupants and support personnel is based on the requirements in 
DOE Order 5480.20A, Personnel Selection, Qualification, and Training Requirements for DOE Nuclear 
Facilities.  These training requirements are implemented by the organizations that occupy or support the 
operation of the RPL.  PNNL training requirements and standards in SBMS provide a uniform method for 
identifying, performing, and documenting the required indoctrination and training of PNNL staff. 
 

RPL line management is responsible for ensuring that staff receives general and job-specific training 
and retraining based on the work and work location of their staff.  RPL training and retraining status is 
maintained by a training coordinator. 
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Consistent with the guidance of DOE-STD-3009-94, this section addresses Human Factors 
Engineering as it relates to RPL safety SSCs.  RPL safety SSCs are identified in Chapter 8. 
 

PNNL conducted a human factors engineering assessment using the Life Cycle Asset Management 
Good Practice Guide GPG-FM-027, Human Factors Engineering.  As discussed in the guide, the 
assessment considered "environmental conditions under which operations/maintenance must be 
performed, system complexity, potential hazards to which humans might be exposed, and the 
consequences of human error during system operation/maintenance.”  The checklist provided in the guide 
was used. 
 

The RPL safety SSCs are proven, existing systems of low complexity with little expected human 
involvement required to accomplish their safety functions.  Therefore, in accordance with the guide, the 
assessment concluded that no formal HFE is required.  

 
5.2.11 Quality Assurance 17 
 

The Quality and Integrated Safety function has established, and maintains, a PNNL QAP that 
complies with 10 CFR 830, Subpart A, Quality Assurance Requirements.  The program has been 
reviewed and approved by DOE in accordance with the provisions of 10 CFR 830.  Activities at the RPL 
that are subject to quality assurance requirements are performed under the QAP. 
 
5.2.12 Emergency Preparedness Program 24 
 

PNNL has established and maintains an Emergency Preparedness (EP) program that provides for the 
coordination and direction of planning, preparedness, and response to emergency conditions and 
off-normal events.  The PNNL EP program implements PNNL’s responsibilities under DOE/RL-94-02, 
Hanford Emergency Plan, which coordinates the site-wide implementation of DOE O 151.1B, 
Comprehensive Emergency Management System, and associated aspects of DOE M 231.1-2, Occurrence 
Reporting and Processing of Operations Information.  An RPL Building Emergency Procedure (BEP) 
provides instructions for RPL staff in emergency situations. 
 

Building occupants receive training in the BEP.  There are periodic drills in the RPL, which include 
operational, tabletop, and evacuation drills. 
 

Emergency equipment including fire control equipment, personnel protective equipment, and spill 
control supplies, are maintained for use in the event of an RPL emergency. 
 

As noted in Section 7.1, no credit is taken for personnel action to prevent occurrence or mitigate 
consequences of analyzed accidents.  Therefore, personnel evacuation or other actions taken under the EP 
or BEP to protect workers or the public will not affect the probability or consequences of postulated 
accidents or the controls derived from this DSA.  Operation of RPL systems and equipment necessary to 
support emergency response activities will be performed in accordance with the RPL TSRs and approved 
RPL procedures. 
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There are no decontamination and decommissioning (D&D) activities currently planned for the RPL.  
Prior to initiating D&D activities at the RPL, the safety basis will be revised to address the planned D&D 
activities. 
 
5.2.14 Worker Safety and Health 7 
 

The PNNL Worker Safety and Health management system has been established to provide a safe and 
healthful workplace to all employees, visitors, vendors, and subcontractors of the Laboratory.  The 
management system addresses the identification, evaluation, and control of occupational hazards in the 
workplace.  Occupational hazards associated with RPL work are described and evaluated in Chapter 6. 
 

The management system is designed to provide a level of protection that meets or exceeds the 
applicable objectives and criteria established in DOE directives, Occupational Safety & Health 
Administration (OSHA) regulations, and Washington State Department of Labor and Industries 
regulations.  The following is an informational discussion of the PNNL worker safety and health 
management system as it relates to the RPL safety basis. 
 

PNNL’s safety management processes are structured around integrated system management concepts.  
The IES&H Program (Section 5.2.1) encompasses the policies, standards, and procedures that define and 
control how work is performed at the Laboratory and provides the current basis for worker safety 
management within PNNL. 
 

The IES&H Program provides for worker safety by ensuring that work hazards are identified, 
evaluated, controlled, and reassessed in a manner that provides protection of the facility worker, as well 
as the site worker, the public, and the environment.  This is accomplished through a multi-tiered process 
that evaluates the hazards and risks associated with a given project or activity at the institutional, facility, 
and activity level.  The tools for implementation of IES&H are embedded in the PNNL SBMS, IOPS, and 
include the programmatic and administrative elements discussed throughout this Chapter. The five core 
functions that will be performed are as follows: 

• define scope of work 
• analyze Hazards 
• develop and implement controls 
• perform work 
• feedback and improvement. 

 
Work that is brought into RPL must pass through several stages of hazard and risk evaluation before 

it can proceed.  The potential risks associated with new project work are first evaluated at the institutional 
level via the Electronic Prep & Risk process.  If the work is accepted, the hazards and risks are further 
assessed during project planning and in accordance with facility requirements, including the DSA and 
Facility Use Agreement. At each stage of the review, controls are implemented to support the safe 
performance of the work, as appropriate. 
 



 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page 5.19 

Non-programmatic R&D work, such as services or maintenance that do not have an initial Electronic 
Prep & Risk evaluation, are reviewed by RPL building management (Section 
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5.1.4.2).  This review occurs 
prior to the commencement of the work to establish the appropriate level of control (procedures, work 
packages, permits, etc.) for the activity being performed. 
 

Each space (laboratories and other work areas) in the RPL has a Cognizant Space Manager (CSM) 
who is responsible for all aspects of operations in that space.  The Cognizant Space Managers are 
responsible for identifying the hazards in their space, assessing these hazards, and ensuring staff in their 
space are qualified to do their work in that space. 
 
5.2.15 Assessments 11 
 

PNNL has established integrated planning and assessment processes that identify, evaluate, and 
correct compliance and safety deficiencies, as well as identify opportunities to improve Laboratory 
processes.  PNNL’s integrated assessment process includes several methods that that may be used to 
accomplish assessments, including a self-assessment process.  The self-assessment process has provisions 
for planning, conducting, and documenting self-assessments as well as evaluating results and developing 
and implementing corrective actions, where appropriate.  Self-assessments are conducted by PNNL 
managers and staff.  Organizational units are responsible for establishing self-assessment topics and 
schedules, which are subject to management review and approval.  The integrated planning and 
assessment process is implemented for the Laboratory through the SBMS.  RPL-specific implementation 
of the SBMS self-assessment process is addressed in the RPL Operations Manual (Section 5.2.9.1). 
 
5.2.16 Event Reporting 24 
 

The building operations function (Section 5.1.4.2) has established and maintains a PNNL event 
reporting program that implements the applicable requirements of DOE M 231.1-2, Occurrence 
Reporting and Processing of Operations Information. 
 
5.2.17 Radioactive Material Evaluation Program 30 
 

PNNL has established and maintains an RPL Radioactive Material Evaluation Program that tracks 
and evaluates radioactive material inventories in the RPL so that inventories are managed within the 
safety basis.  Specifically, the Radioactive Material Evaluation Program verifies that; 1) dose 
consequences from potential accidents remain bounded by the RPL accident analyses (as described in 
Chapter 7), 2) TSR radioactive material limits are not exceeded, and 3) quantities of fissionable materials 
are limited to prevent criticality. 
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An RPL procedure defines the radioactive material inventory controls to be implemented through the 
Radioactive Material Evaluation Program to meet the requirements outlined above.  This process, 
illustrated in 

1 
2 
3 

6 

8 

10 

11 

Figure 5.4, includes the following functions: 

• specifies the inventory basis for consequences determined in the accident analysis 4 

• establishes operating controls for managing the RPL’s radioactive material inventory within the 5 
inventory basis 

• provides a process for periodic certification that radioactive material inventories are within 7 
applicable operating controls 

• provides a process for recovering from exceeding an operating control. 9 
 

Figure 5.4.  Radioactive Material Inventory Management Process 
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5.3 Safety Management Program Hazard Controls 1 
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Several of the safety management programs described in Section 5.2 are identified as hazard controls 
in the hazards analysis described in Chapter 6.  Accordingly, these safety management programs, and the 
essential characteristics of these programs, are included in RPL Technical Safety Requirements as 
required by 10 CFR 830.205, Technical Safety Requirements.  The safety management programs that 
have been identified as hazard controls, and the reason why these are considered key safety management 
programs in the DSA, are identified below: 
 

• Radioactive Material Evaluation Program (Section 5.2.17) 

The Radioactive Material Evaluation Program is necessary to verify that assumptions in the RPL 
safety analysis regarding radiological material inventories bound actual RPL inventories of these 
materials. 

 
• Radiation Protection Program (Section 5.2.3) 

The Radiation Protection Program is essential to controlling radiological materials and personnel 
radiation exposures in the RPL.  Control of radiological materials through implementation of the 
Radiation Protection Program contributes to ensuring that the inventory controls established 
under the Radioactive Material Inventory Management Process accurately reflect facility material 
inventory. 

 
• Fire Protection Program (Section 5.2.8) 

The RPL safety analysis shows that the dominant contributors to facility accident risks are 
potential fires or explosions.  The Fire Protection Program is an essential element in managing 
this risk.  The implementation of a fire protection program establishes a level of protection that is 
considered in evaluating the likelihood of fires in the RPL safety analysis. 

 
• Nuclear Criticality Safety Program (Section 5.2.2) 

The Nuclear Criticality Safety Program is relied upon to establish specific work controls such that 
the likelihood of an unplanned criticality event associated with the storage, handling, or use of 
fissionable materials remains extremely unlikely or less frequent as assumed in the RPL safety 
analysis. 

 
• Worker Safety and Health Management System (Section 5.2.14) 

The Worker Safety and Health management system implements programs and processes that 
protect all workers in the RPL from hazardous materials and other occupational hazards 
associated with work in the RPL.  In addition, worker safety practices implemented under the 
management system provide defense-in-depth protection against abnormal events involving RPL 
hazards through a combination of design, protection, and administrative controls that function to 
prevent or minimize adverse impacts from the hazards.  This prevents or reduces the seriousness 
of potential event initiators, which contributes to the overall facility safety. 
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6.0 Hazards Analysis 1 
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The hazard analysis described in this chapter addresses the systematic identification and evaluation of 
hazards associated with the RPL.  The hazards analysis process also addresses the selection of a set of 
representative postulated accidents for quantitative consequence analysis.  The Hazards analysis, and the 
RPL accident analysis described in Chapter 7, support the identification of hazard controls including 
SSCs and safety management programs.  The results of hazards and accident analyses provide insight into 
the importance of safety management programs and safety SSCs and, therefore, provide information that 
is necessary to establish RPL Technical Safety Requirements (TSRs), and to classify safety SSCs. 
 

6.1 Requirements 12 

 
The performance and documentation of a hazards analysis for the RPL, a category 2 non-reactor 

nuclear facility (Section 1.2), is a requirement in 10 CFR 830, Nuclear Safety Management, under 
Subpart B, Safety Basis Requirements.  The hazards analysis description in this chapter was prepared 
using the guidance provided in DOE-STD-3009-94, Chapter 3, Hazard and Accident Analysis, using a 
graded approach.  The graded approach taken for the RPL DSA, including the approach taken to hazards 
analysis is discussed in Appendix A, “The Graded Approach.” 
 

6.2 Hazards Analysis Methodology 21 

 
The hazards analysis information presented in this chapter is the result of several efforts that have 

been undertaken over the years to identify and evaluate hazards specifically associated with the RPL.  
This section summarizes the key activities at PNNL that have resulted in the development of the 
RPL-specific hazards analysis information incorporated in this DSA.  The following information is 
presented in this section: 

 
• Section 6.2.1 describes the RPL Preliminary Hazards Analysis (PHA) performed in connection 

with the initial RPL Safety Analysis Report (SAR).  The PHA primarily addressed the analysis of 
hazards associated with work in the RPL and operation of RPL building support systems. 

 
• Section 6.2.2 describes significant activities that were performed in addition to the RPL PHA that 

focused on specific work activities associated with the RPL. 
 

• Section 6.2.3 describes analysis activities associated with external man-made and natural 
phenomenon hazards. 

 
• Section 6.2.4 describes the approach taken to incorporate RPL hazards analysis information 

described in Sections 6.2.1 through 6.2.3 in this DSA. 
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6.2.1 Preliminary Hazards Analysis (PHA) 1 
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The RPL PHA was originally developed in support of the RPL SAR, which was developed to meet 
DOE O 5480.23, Nuclear Safety Analysis Reports, and was incorporated in the 1996 revision of the SAR 
as an appendix. 
 

The PHA was performed by a multi-disciplinary team of knowledgeable individuals.  The process 
started with the development of preparatory information:  (1) hazards and energy sources, 2) 
material-at-risk, and 3) possible activities conducted in the RPL.  The information was developed from 
several sources, including RPL design documents, past SARs, one-line diagrams, facility walk-through 
inspections, and discussions with operations and engineering staff and building management. 
 

The hazards analysis was then performed using a modified energy barrier approach, in which 
potential abnormal events are identified by considering hazards as sources of energy that can breach 
control or confinement barriers.  Tasks related to each activity, as well as the failure of the associated 
personnel, equipment, and systems, were considered in the analysis.  The hazards analysis was organized 
to address each general area of the RPL as well as each support system of the RPL that contained 
significant quantities of radioactive materials.  Table 6.1 outlines the key hazards that were considered in 
the PHA and Table 6.2 illustrates how each RPL area and support system was evaluated with respect to 
the hazards.  Unique hazards identified subsequent to the original PHA have been added to Table 6.2 as 
necessary. 
 

Due to the nature of the programmatic research and development work performed at the RPL, it 
would not be practical to identify and evaluate each individual current or anticipated RPL work activity 
involving hazardous material or equipment and the specific potential event scenarios that would be 
associated with each activity.  Accordingly, a graded approach was taken to the analysis by identifying 
and evaluating specific abnormal events that were considered to be bounding in terms of consequences 
for a group of similar event sequences within a given event frequency category.  Engineering judgment 
was used to assign frequency and consequence categories to each event identified in the PHA.  These 
judgments were subjected to multi-disciplinary reviews that included personnel with extensive experience 
in actual PNNL laboratory operations.  The frequency and consequence categories established for the 
PHA are equivalent to the frequency and consequence categories described in Sections 6.3.1.1 and 
6.3.1.2. 
 

Table 6.1.  Checklist of General Hazardous Energy Sources 

Acceleration Fire Radiation - ionizing 
Contamination Heat and temperature Radiation - non-ionizing 
Corrosion Leakage Structural Damage or Failure 
Chemical Reaction Moisture Toxic materials 
Oxidation (pyrophoric) Power source failure Vibration and noise 
Electrical Pressure Weather and environment 
Explosion  Low temperature (cryogenics) 
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Table 6.2.  List of Hazards Found in General Work Areas of the RPL 1 

Area Hazards Identified (examples) 
Acceleration (fall/drop of hazardous material container, fall drop of object onto 
container, missiles). 
Contamination (holdup material on glovebox surfaces). 
Corrosion (corroded pipes, lab sinks). 
Chemical reaction (generally small quantities of solvents and process chemicals, 
cleaning agents, etc.). 
Electrical (electric powered equipment, batteries). 
Explosion (hydrogen gas generation, solvents). 
Fire (combustible materials, small quantities of flammable gases in bottles, solvents). 
Heat/temperature (ovens, furnaces, flammable gases and liquids). 
Leakage (bottled chemicals, bottled radioactive liquids, chemical and radioactive sewer). 
Oxidation (sodium metal, plutonium metal in contact with air). 
Pressure (vacuum equipment and systems, air balance maintained by HVAC system, 
compressed gas bottles). 
Radiation (low external radiation levels, potential for airborne particles, inadvertent 
criticality). 
Structural damage or failure (see acceleration). 
Toxic Materials (small quantities of acids, caustics, organic chemicals). 
Weather and Environment (seismic event, fire, flood, snowfall, ashfall, etc., could 
contribute to structural failure of the building). 

Central Laboratory 

Biological Material Exposure (generally small quantities, limited to Biosafety Level 1 or 
Biosafety Level 2). 
Acceleration (fall/drop of hazardous material container, missiles). 
Contamination (fixed contamination in operating galleries, fixed and loose 
contamination in cells). 
Chemical reaction (generally small quantities of solvents and process chemicals, 
cleaning agents, etc.). 
Electrical (electric power supply system in cells). 
Explosion (small quantities of solvents, hydrogen gas generation). 
Fire (combustible materials, small quantities of flammable gases in bottles, solvents). 
Heat/temperature (ovens, furnaces, flammable gases and liquids). 
Pressure (vacuum equipment and systems, air balance maintained by HVAC system). 
Radiation (high radiation levels in cells, low radiation levels in gallery, potential for 
airborne particles, inadvertent criticality). 
Structural damage or failure (see acceleration). 
Toxic materials (small quantities of acids, caustics, organic chemicals). 

Hot Cells and 
Operating Galleries 

Weather and environment (see Laboratory Areas). 
Contamination (activation products in steel, residue/heels in tank). 
Explosion (potential hydrogen gas generation). 
Leakage (radioactive liquids in tank). 

Tank Vaults 

Radiation (high external dose rates; potential airborne radioactive material in vault and in 
tanks). 
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Table 6.2.  List of Hazards Found in General Work Areas of the RPL (Continued) 1 

Area Hazards Identified (examples) 
Contamination (loaded HEPA filters, holdup in ductwork). 
Explosion (HVAC dilutes potentially-explosive atmospheres in cells and lab areas). 
Moisture (potential water contact with HEPA filters). 
Power source failure (loss of air balance, loss of confinement capabilities, however, 
removes energy source for dispersion of radioactive materials outside building). 

Pressure (could lead to HEPA filter failure). 
Radiation (high external dose rates; particulate in ductwork). 
Structural damage or failure (exhaust fan failure(s) resulting in loss of air balance, loss 
of confinement. 

HVAC System 

Vibration and noise (excessive vibration could result in fan failure). 
Acceleration (fall/drop of waste container or shipping cask). 
Contamination (external contamination on some containers or casks). 
Chemical reaction (small quantities of solvents and decontamination solutions). 
Electrical (electric-powered pumps, vacuum system). 
Explosion (radiogenic generation of hydrogen gas in some containers/casks, solvents). 
Fire (combustible materials, solvents). 
Leakage (radioactive liquids in piping, vacuum system, and shipping containers). 
Pressure (vacuum system, HVAC system confinement). 

Cask Handling Area 

Radiation (low radiation levels in area, potential to receive/ship highly radioactive liquids 
and solids). 
Acceleration (fall/drop of Pu can, missile, storage rack failure). 
Contamination (dispersible powder in room). 
Moisture (inadvertent criticality not physically possible without water or other 
moderator). 
Pressure (HVAC system maintains confinement). 

Fissionable Material 
Storage Room  

Radiation (low external radiation levels, potential for inadvertent criticality, potential 
Pu aerosol). 
Contamination (chemical and radioactive contamination in drains, sumps, pipes). 
Chemical reaction (inadvertent mixing of non-compatible chemicals in sinks, sumps, 
drains). 
Explosion (same as chemical reaction; also could result from criticality in sump). 
Leakage (liquids moved through pipes subjected to corrosive environment, potential for 
undetected leaks). 

Radioactive Liquid 
Waste System 

Radiation (inadvertent discharge of radioactive or chemical liquids to incorrect sewer 
system, potential for inadvertent criticality in glovebox sumps). 

 2 
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6.2.2 Other Sources of RPL Operational Hazards Analysis Information 1 
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After completion of the original RPL PHA, a number of activities that involved the detailed analysis 
of specific RPL operational hazards were completed.  These activities resulted in development of 
additional hazards information that supplemented or refined hazards information in the original PHA.  
This information was incorporated in subsequent versions of the RPL SAR.  The following are key 
activities that involved development of significant additional RPL hazards information: 

• RPL Fire Hazards Analysis (PNNL-FHA-RPL) – A detailed Fire Hazards Analysis (FHA) was 8 
performed for the RPL in 1999.  The initial FHA was performed in accordance with 
DOE Order 5480.7A, Fire Protection.  Following completion of the FHA, the PHA fire scenarios 
in the RPL SAR were updated to be consistent with the FHA.  The FHA was updated on an 
annual basis to reflect changes in the facility and its operations and was revised in 2001 to reflect 
DOE Order 420.1, Facility Safety, which superseded DOE Order 5480.7A.  Annual updates to the 
FHA were reflected in subsequent versions of the RPL SAR, as appropriate.  The evaluation and 
analysis of FHA information for incorporation in the RPL safety analysis is documented in 
RPL-SA-R3, Fire Scenario Development. 

• Lead Test Assembly (LTA) Program Supplemental Analysis – This supplemental analysis was 
completed in 2001 and included detailed identification and evaluation of the hazards associated 
with handling and performing examinations of tritium-producing burnable poison rods that were 
irradiated in a commercial nuclear reactor.  The hazards analysis methodology used was the same 
as the PHA methodology described in Section 6.2.1 and focused on hazards associated with 
working with tritium inventories that were higher than those typically encountered in the RPL. 

• East Storage Yard (ESY) Analysis - In 2001, a supplemental safety analysis was completed that 
addressed all RPL radioactive material handling operations outside of the RPL building and the 
storage of radioactive material in the RPL ESY.  The hazards analysis methodology used was 
similar to the PHA methodology described in Section 6.2.1 except that separate consequences 
were not estimated for RPL workers and other Hanford site workers in the vicinity of the RPL, 
since the postulated events would occur outside the facility and affect each group similarly. 

 
In addition to the PHA and major analysis efforts described above, RPL hazards information has been 

reviewed and periodically updated to reflect modifications to the facility and changes in operations 
through the Unreviewed Safety Question and annual RPL DSA update processes. 
 
6.2.3 Evaluations of External Hazards 34 
 

The following section describes natural phenomenon and man-made hazards that were considered in 
the evaluation of hazards that could affect the RPL.  Section 6.2.3.1 describes RPL natural phenomena 
hazards (NPH) design criteria and evaluations of the RPL’s response to natural phenomena that were 
performed after the RPL was built.  Section 6.2.3.2 describes evaluations of external man-made hazards 
associated with facilities and activities near the RPL.  Note:  Discussions of likelihood of events 
throughout this section refer to event frequency categories that are defined in Section 6.3.1.1. 
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6.2.3.1 Natural Phenomena Hazards 1 
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This section describes NPH design criteria applied during the initial design and construction of the 
RPL and to subsequent additions to the building.  This section also presents the results of evaluations of 
the potential effects of natural phenomena on the RPL. 
 
RPL NPH-related Design Criteria 
 

The permanent structure of the RPL building consists of the original central portion of the building 
and several major additions.  The central portion of the building was designed to the 1949 Uniform 
Building Code (UBC).  The building was designed and built to UBC requirements for location in Seismic 
Probability Zone 2.  The building was designed to withstand wind loadings of not less than 98 kg/m2 
(20 lb/ft2) for the vertical projections of the building, a roof live load for the process area of no less than 
147 kg/m2 (30 lbs/ft2), and 98 kg/m2 (20 lb/ft2) for the office and service areas. 
 

Major additions to the RPL were designed to UBC design criteria and applicable Hanford site NPH 
design criteria (Hanford Plant Standard [HPS] SDC-4.1) that were in effect at the time the additions were 
being designed. 
 

The Table 6.3 summarizes the building additions and the criteria applied during the design and 
construction of the additions: 
 

Table 6.3.  NPH Design Criteria for RPL Building Additions 

Building Addition Completed/Operational Criteria 

325A, High-Level Radiochemistry Facility (HRLF) Late 1950’s UBC 1955 

325B, Shielded Analytical Laboratory (SAL) Early 1960’s UBC 1959, 
HPS SDC-4.1, Rev. 0 

325C Early 1960’s UBC 1959, 
HPS SDC-4.1, Rev. 0 

Filter Building Early 1970’s UBC 1969,  
HPS SDC-4.1, Rev. 6 

325A Truck lock and manipulator repair shop 1978 UBC 1975, 
HPS SDC-4.1, Rev. 7 

Exhaust stack and plenum modifications 1991 UBC 1989,  
HPS SDC-4.1, Rev. 9 

 24 
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A dynamic seismic analysis of the RPL was performed in 1992 by an independent organization 

(Wagenblast 1992).  The analysis was performed to determine if the RPL would meet the seismic and 
wind loading criteria of HPS SDC-4.1, Standard Arch-Civil Design Criteria, Design Loads for Facilities, 
Revision 11.   At the time the analysis was performed, HPS SDC-4.1 specified design criteria for Hanford 
site facilities that would meet applicable DOE requirements for both new and existing facilities. 
 

The analysis first considered the bounding Hanford site seismic event specified in HPS SDC-4.1 that 
would be applied to the design of a new “high hazard” facility 1  The analysis concluded that many of the 
building structural steel columns would be overstressed by the 0.20g horizontal acceleration associated 
with the bounding Hanford site seismic event. 
 

As provided for in HPS SDC-4.1, additional analysis was performed using the guidance in 
UCRL-15910 (Kennedy et al. 1989), which provides alternate seismic design criteria for existing facilities 
using site-specific seismic data.   The analysis determined that a seismic event resulting in 0.139g 
horizontal acceleration was appropriate for evaluating the RPL.  The analysis concluded that the building 
structure would withstand such a seismic event with the exception of two second-floor steel columns, 
which would be overstressed.  The effect of the overloaded columns on the surrounding RPL structure 
was evaluated in the analysis and it was concluded that the surrounding structural members of the RPL 
had sufficient reserve strength to accommodate the load redistribution from the two overloaded columns. 
 

Analysis of Potential Seismic Events 25 
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Figure 6.1 shows the approximate correlation between commonly used earthquake magnitude scales, 

300 Area-specific horizontal ground accelerations, and the event frequency categories used in this DSA 
(Section 6.3.1.1).  The correlations for earthquake return periods, ground accelerations, and the event 
frequency categories is based on the 300 Area-specific seismic hazard information discussed in 
Section 3.4.4 and shown in Figure 3.5.  Parameters for evaluating potential seismic events were 
established based on the information summarized in Figure 6.1 and criteria applied to the seismic 
structural evaluation of the RPL as described below. 

 
1 The “high hazard” category was part of a categorization scheme used to apply NPH design criteria to 

the evaluation of DOE facilities in HPS SDC-4.1 and UCRL-15910 (  et al. 1989) at the time 
the RPL dynamic structural analysis was performed.  In general, DOE hazard category 2 nonreactor 
nuclear facilities such as the RPL would have been designated “high hazard” facilities under 
HPS SDC-4.1 and UCRL-15910. 

Kennedy
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Figure 6.1.  Correlation Between Earthquake Scales, Ground Acceleration, and Frequency Categories 1 
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As shown in Figure 6.1, a horizontal ground acceleration of 0.139g is associated with 300 Area 
seismic events in the Unlikely frequency category.  Since the 0.139g seismic event was determined to be 
the appropriate seismic evaluation criteria for the RPL, the 0.139g seismic event was considered to be an 
appropriate basis for evaluating seismic events in the Unlikely frequency range in the RPL accident 
analysis (Section 
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7.6.3). 
 

A seismic event resulting in 0.02g horizontal ground acceleration was selected as the basis for 
evaluating seismic events in the Anticipated frequency range in the RPL accident analysis since, as shown 
in Figure 6.1, a 0.02g seismic event conservatively bounds events in the Anticipated frequency category. 
 

An evaluation of a seismic event in the Extremely Unlikely frequency range was also included in the 
RPL accident analysis in order to examine the potential consequences of a seismic event that exceeded the 
RPL seismic evaluation criteria.  A seismic event resulting in a 0.20g horizontal acceleration was selected 
for analysis since this event bounds a 10,000 year return period earthquake (10E-4 events per year) and 
was the most stringent design criteria (i.e., the Hanford 300 Area “design basis” seismic event) that would 
have been applied to the construction of a new “high hazard” facility such as the RPL in the 300 Area. 
 

In early 2005, the WTP project developed an updated characterization of the site seismic conditions 
specific to the WTP (Rohay 2005).  Subsequent analysis based on the updated characterization identified 
that the updated WTP seismic model could be applied site-wide.  The impact of the revised WTP seismic 
model is that for earthquakes of a given return period, the Hanford Site seismic acceleration could be 
between 15-38% greater than previously calculated.  This new information was evaluated in the RPL 
USQ process.  Based on the uncertainty the WTP seismic model introduces to the knowledge and 
understanding of the Hanford Site seismic response profile as it applies to the RPL, this new information 
was conservatively determined to constitute a positive USQ (RPL-2005-184D). 
 

The postulated consequences of seismic events evaluated in Section 7.6.1 are based on conservative 
qualitative assumptions regarding impacts on systems, processes, and material at risk.  These assumptions 
are not sensitive to fractional (less than order of magnitude) changes in the return periodicity or horizontal 
acceleration of seismic events.  The seismic response spectra/seismic hazard curves of the Hanford 300 
Area are discernibly lower (~20-25%) than the 200 Area (Wagenblast 1992) for earthquakes of a given 
frequency.  Therefore, the postulated increase in seismic magnitude associated with the updated WTP 
seismic model is not judged to be sufficient to change the consequences of seismic events as analyzed in 
Section 7.6.1.  The RPL has limited remaining programmatic life, with programmatic activities currently 
scheduled to be terminated in 2010.  The probability of a significant seismic event occurring during the 
remaining facility life is considered to be low, and the additional uncertainty in the RPL seismic analysis 
introduced by the WTP seismic model is considered to be bounded within the analysis of seismic events 
provided in Section 7.6.1. 
 

In regards to outdoor handling, transfer and storage of radioactive material, natural phenomenon, 
including seismic events, are considered significant only with regard to storage activities.  Due to their 
short duration, handling and transfer activities are not considered significant contributors to risk 
associated with natural phenomenon hazards.  Seismic concerns relevant to the storage of radioactive 
material in the East Storage Yard primarily involve the toppling of the concrete shielding blocks onto 
stored containers.  The concrete blocks are of considerable mass and have some lateral stability from  



 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page 6.10 

tongue and groove joints.  A seismic brace installed across the top of the enclosure wall provides 
additional structural stability.  An evaluation of the shielding blocks concluded that the concrete shielding 
blocks and containers are stable in horizontal ground acceleration up to 0.075g (
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RPL-SA-R7).  The 
analysis did not take credit for the seismic braces.  On the basis of the evaluation, it is concluded that 
concrete shielding blocks will not interact with containers stored in the East Storage Yard for Anticipated 
seismic events, but may for less likely seismic events. 
 
Extreme Winds 
 

As discussed in Section 6.2.3.1, the RPL was originally designed to UBC design criteria, including 
criteria related to wind resistance.  The dynamic structural analysis described in Section 6.2.3.1 
(Wagenblast 1992) also included dynamic analysis of the building response to extreme wind speeds using 
the later relevant design criteria of UCRL-15910.  The requirements contained in UCRL-15910, for 
high-hazard facilities recommended evaluating the facility considering a 144 km/h (90 mi/h) wind and 
wind driven missiles (a 2 in x 4 in timber plank weighing 15 lbs at 50 mi/h). 
 

The results of the analysis indicate that only one building wall support member might be overloaded 
as the result of a 144 km/h (90 mi/h) wind event.  The support member is associated with the South wall 
of the HRLF (325A addition).  The overload condition in the analysis results from a maximum postulated 
negative pressure condition, for which the wall was not originally designed. 
 

In 1990, wind gusts that measured up to 72 mph at the 300 Area meteorological station did not 
adversely impact the facility structure or outer walls. 
 

On the basis of the above, the occurrence of significant RPL structural damage due to extreme winds 
is considered to be in the Extremely Unlikely frequency category. 
 

Wind-driven missiles could penetrate the outer skin of portions of the RPL.  Wind-driven missiles 
with sufficient energy and appropriate trajectory to penetrate the RPL, and other potential intervening 
barriers (e.g., building interior walls, hot cell walls, etc.) and then to strike dispersible radioactive 
material, was judged to be in Extremely Unlikely frequency category.  The consequences of damage to 
the RPL from Extremely Unlikely wind events is considered to be bounded by the consequences 
associated with an Extremely Unlikely seismic event. 
 
Volcanic Ash and Snow 
 

As discussed in Section 6.2.3.1, the RPL was originally designed to applicable UBC and Hanford site 
design criteria, including criteria related to roof loads, which were in effect when the RPL was designed 
and constructed.  A comparison was made of the initial RPL design criteria and relevant recent Hanford 
site ash fall and snow load design criteria of HNF-PRO-097, Engineering Design and Evaluation 
(Natural Phenomena Hazard), Revision 2.  HNF-PRO-097 establishes design criteria for new Hanford 
facilities that implement the NPH-related general design criteria in DOE O 420.1A, Facility Safety, and 
DOE-STD-1020, Natural Phenomena Hazards Design and Evaluation Criteria for Department of Energy 
Facilities.  HNF-PRO-097 indicates that for facility such as the RPL, a 20 lb/ft2  live load roof design is 
adequate to address both snow and ash fall loading at the Hanford site.  As described in Section 6.2.3.1, 
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the RPL initial design criterion meets this specification.  On this basis, RPL structural failure scenarios 
due to snow or ash fall are not included in the hazards analysis. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

 
Large concentrations of volcanic ash in the atmosphere could affect the operation of the RPL 

ventilation system.  Based on local volcanology (Section 3.5), the likelihood of volcanic event resulting in 
sufficient concentrations of ash in the area to disable the RPL ventilation system for an extended period of 
time is considered to be an Extremely Unlikely event.  The consequences of such an event would be 
similar to those associated with more likely ventilation system failure event scenarios, which are 
addressed in the hazards analysis. 
 
Flooding 
 

Flooding hazards associated with the 300 Area of Hanford and the RPL are discussed in 
Section 3.7.1. 
 
Range Fires 
 

Range fires are possible on the Hanford Site due to lightning strikes or human activity and were 
considered in the RPL FHA (Section 6.2.2).  The analysis concluded that the considerable clear areas in 
the 300 Area provide an adequate fire break and that the Hanford Fire Department and other responding 
organizations or mutual aid providers are expected to control any range fire that would occur near the 
300 Area. 
 
6.2.3.2 Man-made Hazards 24 
 
300 Area Steam Boilers 
 

In 1998, the 300 Area central steam plant was replaced by natural gas fired boilers located in six new 
boiler annex buildings at various locations in the 300 Area.  The project also included construction of new 
300 Area natural gas distribution pipelines to serve the boilers.  The boiler annex buildings were equipped 
with service connections to allow the connection of temporary transportable oil-fired boiler units as a 
potential back-up for the installed boilers. 
 

Minimum safe separation distances were established between the new boiler annex buildings, natural 
gas pipelines and existing 300 Area nuclear facilities (including the RPL) in PNNL-11660, Minimum 
Separation Distances for Natural Gas Pipeline and Boilers in the 300 Areas, Hanford Site.  The 
minimum separation distances were complied with in the design and construction of the boiler annexes 
and associated pipelines. 
 

The analyses documented in PNNL-11660 considered a comprehensive set of explosion and fire 
scenarios associated with the new boilers, boiler annex buildings, associated natural gas supply pipelines, 
potential temporary boilers, and refueling operations associated with temporary boilers.  The analysis 
concluded that the specified minimum separation distances would preclude unacceptable damage to the 
RPL (i.e., penetration of the building outer skin) from the fire exposure or shock overpressure effects 
resulting from credible boiler, boiler annex, or pipeline explosion and fire events.  However, penetration 
of the outer skin of the RPL by missiles resulting from large explosion events could not be precluded 
using practical minimum separation distances. 
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As discussed in PNNL-11660, given the design and safety features associated with modern boilers, 
the likelihood of large explosions is judged to be in the range of Unlikely to Extremely Unlikely.  The 
likelihood of an explosion event resulting in missiles with sufficient energy and appropriate trajectory to 
penetrate the boiler annex building, exterior of the RPL, and other potential intervening barriers (e.g., 
building interior walls, hot cell walls, etc.) and then to strike dispersible radioactive material, was judged 
to be in the range of Extremely Unlikely to Incredible.  The consequences of such an event are considered 
to be bounded by the consequences associated with Extremely Unlikely explosion and fire event 
scenarios. 
 
Other 300 Area Facilities 
 

As discussed in Section 3.8, fire hazards associated with other 300 Area Hanford facilities are 
addressed in the RPL FHA (Section 6.2.2).  D&D activities in the 300 Area could result in unplanned 
interruptions in electrical service, water, and external communications (e.g., phones, alarm systems).  
D&D activities involving the use of heavy equipment in the vicinity of the RPL could also cause 
inadvertent physical impacts to the RPL, such as vehicle collisions with SSCs or loss of control of crane 
loads/heavy lifts that impact the RPL. 
 

Electrical service and external communications are not credited in the accident analysis in Chapter 7 
in the determination of accident frequencies or consequences.  Unplanned interruptions in electrical 
service and external communications caused by 300 Area D&D activities will not change the assumptions 
or analysis contained in Chapter 7.  Unplanned interruptions in water supplies that support the RPL fire 
suppression system would be readily identified through fire suppression system alarms or physical 
observation.  Minor interruptions in portions of the fire water supply systems are considered to occur at 
Anticipated frequencies.  Existing TSR requirements and procedures adequately address interruption of 
fire water supplies.  Because of redundant flow paths and water supplies serving the RPL, a major 
interruption in fire water supply to the RPL would not be expected to occur as a result of 300 Area D&D 
activities. 
 

Inadvertent physical impacts to the RPL from heavy equipment or loss of control of crane 
loads/heavy loads could potentially cause damage to equipment important to safety or initiate localized 
accidents (e.g., spills, fires, explosions).  Because of the nature of routine laboratory activities, only small 
quantities of dispersible radioactive material inside the RPL would typically be directly vulnerable to 
impacts from 300 Area D&D activities.  Radioactive material contained in the ESY would also be 
vulnerable to impacts from 300 Area D&D activities.  Initiation of fires, spills, or explosions could 
potentially involve larger quantities of radioactive material than direct impact by heavy equipment or 
crane loads.  Localized fires, spills, and explosions are evaluated as Anticipated accidents in Chapter 7.  
Unlikely accidents involving larger (i.e., entire room) inventories of radioactive material are also 
evaluated in Chapter 7.  These analyses are non-mechanistic in that specific initiators are not analyzed in 
detail.  Although inadvertent physical impacts from heavy equipment or crane loads could potentially 
initiate fires, spills, and explosions, the progression and consequences of such events are bounded by the 
accident analyses documented in Chapter 7. 
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An aircraft impact analysis (RPL-SA-R7) was performed for the RPL using the guidance of 

Section 3.5.2.1 of NUREG-0800, U.S. Nuclear Regulatory Commission Standard Review Plan 
(NRC 1981) in conjunction with approaches identified for facilities at several DOE sites.  The frequency 
of an aircraft impact at the RPL (including the East Storage Yard) was calculated to be 9.80E-7 per year. 
 

On the basis of the aircraft impact analysis, the likelihood of an aircraft striking the RPL is estimated 
to be on the border between the Extremely Unlikely and Incredible event frequency categories.  The 
dominant source of air traffic that can affect the RPL is the Richland Airport, which handles mostly light 
aircraft.  The consequences of a light aircraft crash involving the RPL are considered to be bounded by 
those associated with the Extremely Unlikely seismic event scenario, which involves RPL structural 
failure and multiple process upsets. 
 
Surface Transportation 
 

As discussed in Section 3.8 and illustrated in Figure 3.2, there are no public transportation routes in 
close proximity to the RPL.  Accordingly, events involving public transportation activities are not 
expected to significantly affect the RPL.  Vehicle traffic in the vicinity of the RPL is light and limited to 
low speed authorized vehicles such as delivery trucks and service vehicles.  Based on the nature of the 
vehicle traffic near the RPL and ESY: 
 

• The likelihood of vehicle collision with the RPL of sufficient energy to cause substantial damage 
to the building is considered to be in the Extremely Unlikely frequency category.  The 
consequences of such an event are considered to be bounded by the consequences associated with 
an Extremely Unlikely seismic event. 

 
• The likelihood a vehicle colliding with shield blocks in the ESY with sufficient energy to topple 

shield blocks onto containers is considered to be in the Extremely Unlikely range.  The 
consequences of such an event are considered to be bounded by the consequences associated with 
an Extremely Unlikely seismic event. 

 
• The likelihood of a significant vehicle collision with containers in the ESY is considered to be in 

the unlikely frequency range.  The consequences of such an event are considered to be bounded 
by the consequences associated with Unlikely container handling accidents. 

 
Hanford Patrol 
 

Hanford Patrol may conduct security-related activities in, or near, the RPL.  The potential hazards and 
related controls are addressed by DOE.  The DOE-RL has provided the following direction 
(03-ABD-0059): 
 

• Only inert canine training aids can be used in Hazard Category 2 and 3 nuclear facilities. 
 

• Patrol’s procedure controlling the issuance and use of highly explosive materials was directed to 
be modified to clearly state that introduction of explosive materials into Hazard Category 2 and 3 
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nuclear facilities is not allowed.  (Note:  This restriction does not apply during response to an 
actual event). 
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• The Fluor Hanford, Inc. organization responsible for nuclear safety must review and concur on 4 

any change to those procedural steps.  The DOE-RL Nuclear safety organization will be kept 
informed of these changes prior to their implementation. 

 
Routine security-related activities include duty-related carrying of firearms by security officers.  

Security officers authorized to carry firearms are periodically trained on proper control and use of these 
weapons.  Therefore, the probability of inadvertent discharge of firearms in, or near, the RPL during 
routine security activities is qualitatively considered to occur at an Unlikely frequency.  Inadvertent 
discharge of firearms could potentially cause minor damage to equipment important to safety or initiate 
localized accidents (e.g., spills, fires, explosions).  Damage to equipment would be limited to localized 
equipment degradation, and could initiate a fire, spill, or explosion.  Because of the nature of routine 
laboratory activities, only small quantities of dispersible radioactive material would typically be directly 
vulnerable to inadvertent discharge of firearms carried by security officers.  Initiation of fires, spills, or 
explosions could potentially involve larger quantities of radioactive material than direct impact by bullets.  
Localized fires, spills, and explosions are evaluated as Anticipated accidents in Chapter 7.  Unlikely 
accidents involving larger (i.e., entire room) inventories of radioactive material are also evaluated in 
Chapter 7.  These analyses are non-mechanistic in that specific initiators are not analyzed in detail.  
Although inadvertent discharge of firearms could potentially initiate fires, spills, and explosions, the 
progression and consequences of such events are bounded by analysis of Anticipated and Unlikely events 
as documented in the Chapter 7.  Accordingly, Hanford Patrol activities are not explicitly identified or 
evaluated in the DSA hazards analysis or accident analysis. 
 
6.2.4 Documented Safety Analysis Hazards Analysis Summary 26 
 

For the preparation of this DSA, existing RPL hazards analysis information (as described in 
Sections 6.2.1 through 6.2.3 above) was compiled, summarized, updated (where appropriate), and 
reviewed for incorporation in this chapter.  The following hazards, or events involving hazards, were 
screened-out of the hazards analysis process either during the original hazards analysis activity or during 
the process of incorporating hazards analysis information in the DSA. 
 

• Non-radiological hazards that are fully addressed by general occupational safety standards and 
PNNL laboratory-wide safety practices. 

 
The non-radiological hazards described above were eliminated from further hazard evaluation 
and accident analysis since they are addressed by appropriate PNNL worker safety practices and 
do not warrant RPL-specific analysis.  However, non-radiological worker hazards and events 
associated with these hazards were consolidated, summarized, and identified in Table 6.5.  These 
hazards, and the controls associated with them, are discussed in Section 6.3.4. 
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• Worker radiological hazards that are fully addressed by compliance with the radiation protection 1 
requirements of 10 CFR 835, Occupational Radiation Protection. 2 
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The RPL has areas that are controlled due to radiation levels or radiological contamination.  
Where the hazards associated with working in these areas are controlled through compliance with 
established radiological control practices (e.g., protective clothing, controlled areas and postings, 
access controls, etc.) implemented under 10 CFR 835, the hazards are not specifically identified 
or evaluated in the hazards analysis.  The PNNL Radiation Protection Program that implements 
the radiation protection requirements of 10 CFR 835 is described in Section 5.2.3. 

 
• Event scenarios that were judged to be in the “Incredible” frequency category (Section 6.3.1.2) in 

the original hazards analysis activity. 
 

6.3 Hazard Analysis Results 14 

 
This section describes the results of the hazards analysis associated with the RPL and the work 

performed at the RPL as described in Section 4.1.  Section 6.3.1 summarizes the results of the hazard 
evaluations described in Section 6.2 and displays the complete set of event scenarios involving RPL 
radioactive and fissionable material hazards.  Section 6.3.2 summarizes the defense-in-depth measures 
taken to address radioactive and fissionable material hazards so that work at the RPL is adequately safe.  
Section 6.3.3 describes non-radiological hazardous material safety measures.  Section 6.3.4 summarizes 
non-radiological worker safety hazards and the measures taken to address those hazards. 
 
6.3.1 Hazard and Event Scenario Identification 24 
 

Results of the RPL hazards analysis are presented in Table 6.4, “Hazards Analysis Event Matrix”.  
The table identifies the set of hazards and credible potential event scenarios that could occur at the RPL 
and that warrant additional hazard evaluation in the DSA. 
 

Event scenarios include an identification of the hazard, characterization of the event scenario, the 
frequency category, consequence categories, and the hazard controls associated with the event that are 
reflected in the RPL safety analysis (as described in Chapter 7).  The event scenarios also identify 
additional safety measures that contribute to preventing, or mitigating the consequences of, an event 
scenario, but are not specifically considered in the RPL safety analysis. 
 

The following subsections describe the frequency and consequence categories used in Table 6.4. 
 
6.3.1.1 Event Frequency Categories 38 
 

The hazards analysis event scenarios in Table 6.4 are assigned to frequency categories based on 
estimates of the likelihood of the scenario.  These categories are used in conjunction with consequence 
estimates to determine if detailed accident analysis associated with the event scenario is warranted and to 
aid the selection of bounding event scenarios for accident analysis.  Event frequency categorization is 
based on qualitative estimation of the frequency of the entire set of events included within a general event 
scenario described Table 6.4. 
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Frequency categories used in the hazards analysis are as follows: 

 
• Anticipated (A) (1 to 10-2 per year) – event may occur several times during the lifetime of the 4 

facility. 
 

• Unlikely (U) (10-2 to 10-4 per year) – events that are not anticipated to occur during the lifetime of 7 
the facility. 

 
• Extremely Unlikely (EU) (10-4 to 10-6 per year) – events that are considered credible but 

probably will not occur during the lifetime of the facility. 
 

• Incredible (I) (< 10-6 per year) – all other events. 
 
6.3.1.2 Hazards Analysis Consequence Categories 15 
 

The hazards analysis event scenarios in Table 6.4 describe the estimated radiological dose 
consequences of potential events using consequence categories.  In most cases, consequence 
categorization for each event scenario is based on the estimated consequences of the bounding event 
represented by the scenario.  For certain “Anticipated” event scenarios with a very wide range of potential 
consequences to facility workers, consequences are described as a range in order to more accurately 
characterize the risk to workers associated with these potential events. 
 

No credit is taken for active safety SSCs in reducing the consequence estimates for the event 
scenarios.  Although the consequence estimates do not take credit for specific administrative controls, the 
estimated consequences assume that work activities and the hazardous materials associated with the work 
activities are consistent with the descriptions provided in Section 4.1.  The consequence estimates assume 
that passive barriers (e.g., glove boxes, hot cells, vaults, building boundaries, etc.) confine hazardous 
materials, unless the event can result in significant damage to the barrier. 
 

Consequences are estimated separately for RPL workers, onsite individuals (i.e., Hanford site workers 
that may be in the vicinity of the RPL), and offsite individuals (i.e., the public).  The consequence 
estimates assume that onsite and offsite individuals are at locations described in Section 7.1.1, “Offsite 
Maximally Exposed Individual and Representative Onsite Individual.” 



 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page 6.17 

Table 6.4.  Hazards Analysis Event Matrix 
Line 
Item 

Hazard/ 
Energy 
Source 

Events (Specific Situations) Frequency Consequence Hazard Controls Additional Safety Measures 

1.0 Explosions1 - Indoor Events 
1.1 Radioactive 

Material/ 
General 
chemical 
explosion 

Explosion/over-pressurization breach (damaged 
seals, viewing window, HEPA filter, etc.) of hot 
cell or glovebox due to improper use of reactive 
materials or ignition of combustible vapors/gases.  
Hot cell or glovebox remains substantially intact.  
Small amount of radioactive material is released 
within the facility. 

REVS4 
 
Hazardous materials controls 
 
Hot cell and glovebox ventilation 
 
Procedures and training 

1.2 Radioactive 
Material/ 
General 
chemical 
explosion 

Explosion in laboratory space or fume hood due to 
improper use of reactive materials or due to 
improper use of reactive materials or ignition of 
combustible vapors/gases.  Small amount of 
radioactive material is dispersed within the facility.

A Facility Worker:   
Insignificant to Moderate 
  
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radioactive Material Limit2 - Room 
 
Rad Material Eval Program3

 

REVS 
 
Hazardous materials controls 
 
Fume hood and room ventilation 
 
Procedures and training 

1.3 Radioactive 
Material/ 
General 
chemical 
explosion 

Explosion/over-pressurization breach (damaged 
seals, viewing window, HEPA filter, etc.) of hot 
cell or glovebox due to improper use of reactive 
materials or ignition of combustible vapors/gases.  
Significant damage to hot cell or glovebox occurs, 
but radioactive material is contained within the 
facility. 

REVS 
 
Hazardous materials controls 
 
Hot cell and glovebox ventilation 
 
Procedures and training  

1.4 Radioactive 
Material/ 
General 
chemical 
explosion 

Explosion in laboratory space or fume hood due to 
improper use of reactive materials or ignition of 
combustible vapors/gases.   Moderate amount (up 
to room limit quantities) of radioactive material is 
dispersed within the facility. 

U Facility Worker:   
Moderate to Major 
  
Onsite Worker:  Minor 
 
Offsite:  Minor 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 

REVS 
 
Hazardous materials controls 
 
Fume hood and room ventilation 
 
Procedures and training 

                                                      
1 The term “explosion” in this table is a general term referring to high energy release events, deflagrations, and explosions. 
2 Limitation placed on holdup and in-process materials in specified locations of the RPL (Section 7.1). 
3 See Section 5.2.17. 
4 The Radioactive Exhaust Ventilation System (Section 8.2.1). 
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Line 
Item 

Hazard/ 
Energy 
Source 

Events (Specific Situations) Frequency Consequence Hazard Controls Additional Safety Measures 

1.5 Radioactive 
Material/ 
General 
Chemical 
Explosion 

Explosion/over-pressurization (damaged seals, 
viewing window, etc.) of hot cell or glovebox due 
to improper use of reactive materials or ignition of 
combustible vapors/gases.  Explosion reaches hot 
cell or glovebox and causes damage to building 
exterior wall.  Radioactive material is released 
from the facility. 

1.6 Radioactive 
Material/ 
General  
Chemical 
Explosion 

Explosion in laboratory space or fume hood due to 
improper use of reactive materials or ignition of 
combustible vapors/gases.  Explosion causes 
damage to building exterior wall.  Radioactive 
material is released from the facility. 

EU 
 

Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Moderate 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 

Hazardous materials controls 
 
Procedures and training 
 

1.7 Radioactive 
Material/ 
Resin 
Chemical 
Explosion 

Explosion/over-pressurization breach (damaged 
seals, viewing window, HEPA filter, etc.) of hot 
cell or glovebox due to a resin explosion resulting 
from improper maintenance or operation of an 
ion-exchanger column.  Radioactive material is 
released within the facility. 

U Facility Worker:   
Insignificant to Moderate 
 
Onsite Worker:  Minor 
 
Offsite:  Insignificant 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 

REVS 
 
Inspection and maintenance of ion 
exchange columns 
 
Ion exchange column operating 
procedures 

1.8 Radioactive 
Material/ 
Hydrogen 
Explosion 

Hydrogen due to radiolytic decomposition of liquid 
radioactive waste stored in a facility tank is ignited 
causing small amount of radioactive material to be 
released into the facility. 1  

U Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

 REVS 
 
Design features:  Tanks located in 
vaults/isolated locations that 
contain spilled wastes and limit 
potential for ignition sources. 

1.9 Radioactive 
Material/ 
Hydrogen 
Explosion 

Hydrogen due to radiolytic decomposition of liquid 
radioactive waste stored in a facility tank is ignited 
causing material to be expelled from tank.  Some 
material is released from facility or outside tank 
vault. 1  

EU/I Facility Worker:  Moderate 
 
Onsite Worker:  Minor 
 
Offsite:  Minor 

 REVS 
 
Design features:  Tanks located in 
vaults/isolated locations that 
contain spilled wastes and limit 
potential for ignition sources. 

                                                      
1 Tanks are not currently being used to store substantial volume of radioactive wastes (residual liquid and contamination only). 
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2.0 Fires - Indoor Events 
 

2.1 Radioactive 
Material/Fire 

Fire initiates in laboratory work area (e.g., 
glovebox, hood, or bench).  Fire is extinguished 
manually or by automatic suppression, confining 
damage to local area. 

A Facility Worker: 
Insignificant to Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Fire Protection Program1 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

REVS 

2.2 Radioactive 
Material/Fire 

Fire initiates in laboratory work area (e.g., 
glovebox, hood, or bench).  Fire is not controlled 
or suppressed in the early stages and sufficient fuel 
is present for fire to reach flashover conditions and 
involves the entire room.  Fire is suppressed by 
sprinklers and/or fire department before further 
spread. 

U Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor 

Fire Protection Program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

REVS 

2.3 Radioactive 
Material/Fire 

Fire initiates in laboratory work area (e.g., 
glovebox, hood, or bench).  Fire is not controlled 
or suppressed in the early stages and sufficient fuel 
is present for fire to reach flashover conditions and 
propagates to adjacent spaces.  Fire is eventually 
suppressed by fire department. 

EU Facility Worker:  Major 
 
Onsite Worker:  Minor 
 
Offsite:  Minor 

Fire Protection Program 
 
Radioactive Material Limit - Area 
 
Rad Material Eval Program 
 

REVS 

2.4 Radioactive 
Material/Fire 

Fire initiates in basement room or general area.  
Fire spreads to other combustibles but is 
extinguished manually or by automatic 
suppression, confining damage to localized area. 

A Facility Worker:   
Insignificant to Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Fire Protection Program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

REVS 

2.5 Radioactive 
Material/Fire 

Fire initiates in basement room or general area.  
Flashover conditions are reached.  Manual and 
automatic fire suppression is unsuccessful.  Fire 
propagates throughout basement.  Fire department 
suppresses fire. 

EU/I Facility Worker:  Moderate 
 
Onsite Worker:  Minor 
 
Offsite:  Minor 

Fire Protection Program 
 
Radioactive Material Limit - Area 
 
Rad Material Eval Program 
 

REVS 

                                                      
1 See Section 5.2.8. 
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2.6 Radioactive 
Material/Fire 

Fire initiates in hot cell (HRLF or SAL).  Fire 
spreads to other combustibles in cell, but is 
self-extinguishing, manually suppressed, or by 
automatic suppression, confining damage to cell. 

A Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Fire Protection Program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

REVS 

2.7 Radioactive 
Material/Fire 

Fire initiates in hot cell (HRLF or SAL).  Early 
suppression is unsuccessful.  Combustibles are 
sufficient to cause flame impingement on window 
and subsequent window failure (leakage).  Hot cell 
HEPAs plug.    Fire department suppresses fire. 

U Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor 

Fire Protection Program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

REVS 

2.8 Radioactive 
Material/Fire 

Fire initiates in hot cell (HRLF or SAL).  Early 
suppression efforts fail and hot cell is breached.  
Fire propagates to hot cell service area.  Automatic 
sprinklers and/or fire department suppress fire. 

EU Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor 

Fire Protection Program 
 
Radioactive Material Limit - Area 
 
Rad Material Eval Program 
 

REVS 

2.9 Radioactive 
Material/Fire 

Fire initiates in hot cell service/gallery area.  Fire 
extinguished manually or by automatic 
suppression, confining damage to localized area. 

A Facility Worker:  
Insignificant to Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Fire Protection Program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

REVS 

2.10 Radioactive 
Material/Fire 

Fire initiates in hot cell service/gallery area.  Fire is 
not controlled or suppressed in the early stages and 
propagates to other combustibles.  Automatic 
sprinklers and/or fire department suppress fire. 

U Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor 

Fire Protection Program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

REVS 

2.11 Radioactive 
Material/Fire 

Fire initiates in hot cell service/gallery area.  
Sufficient fuel is present for fire to reach flashover 
conditions resulting in full involvement of 
gallery/service areas.   Fire causes hot cell 
windows to fail.  Manual suppression by fire 
department extinguishes fire. 

EU/I Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor 

Fire Protection Program 
 
Radioactive Material Limit - Area 
 
Rad Material Eval Program 
 

REVS 
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2.12 Radioactive 
Material/Fire 

Fire initiates in HLRF truck lock.  Fire is 
extinguished manually or by automatic 
suppression, confining damage to localized area. 

A Facility Worker:  
Insignificant to Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Fire Protection Program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

REVS 

2.13 Radioactive 
Material/Fire 

Fire initiates in HLRF truck lock.  Fire is not 
controlled or suppressed in the early stages and 
sufficient fuel is present for fire to reach flashover 
conditions and involves entire truck lock. 

U Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor 

Fire Protection Program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 

REVS 

2.14 Radioactive 
Material/Fire 

Fire initiates in HLRF truck lock.   Fire is not 
controlled or suppressed in the early stages and 
sufficient fuel is present for fire to reach flashover 
conditions.  Roll-up doors fail or are open and fire 
propagates to hot cell service area.  Automatic 
sprinklers and/or fire department suppress fire. 

EU/I Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Moderate 

Fire Protection Program 
 
Radioactive Material Limit - Area 
 
Rad Material Eval Program 
 

REVS 

2.15 Radioactive 
Material/Fire 

Fire initiates in first or second floor office space.  
Fire is extinguished manually or by automatic 
suppression, confining damage to office areas. 

A Facility Worker:  
Insignificant to Major 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Fire Protection Program 
 

 

2.16 Radioactive 
Material/Fire 

Fire initiates in second floor office space.  Fire is 
not controlled or suppressed in the early stages and 
sufficient fuel is present for fire to reach flashover 
conditions and spread to adjacent offices and 
mechanical equipment room, involving radioactive 
holdup material. 

EU Facility Worker:  Major 
 
Onsite Worker:  Minor 
 
Offsite:  Minor 

Fire Protection Program 
 

REVS 
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3.0 Handling Events – Indoor 
3.1 Radioactive 

Material/ 
Human error  

Unexpectedly high radiation exposure due to 
receipt of a radioactive material sample that has a 
moderately higher dose rate than-expected. 

A Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program1 
 
 

Procedures and training 

3.2 Radioactive 
Material/ 
Human error 

Unexpectedly high radiation exposure due to 
receipt of a radioactive material sample that has a 
much lower-dose rate than-expected. 

U Facility Worker:  Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program Procedures and training 

3.3 Radioactive  
Material/ 
Kinetic energy  

A small cylinder with radioactive gas is dropped or 
otherwise mishandled (drop/impact/puncture), 
causing a breach in the cylinder.  Radioactive gases 
are released in the facility. 

U Facility Worker:  Moderate 
 
Onsite Worker:  Minor 
 
Offsite:  Insignificant 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

Gas cylinder design 
 
Procedures and training 
 
. 

3.4 Radioactive 
Material/ 
Manual 
dispersal 

Small amount of dispersible radioactive material is 
released in a work area as a result of mishap (e.g., 
spill or drop) improper work practices, or 
laboratory apparatus failure in fume hood or 
general laboratory work space. 

A Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program Procedures and training. 
 
REVS 

3.5 Radioactive 
Material/ 
Manual 
dispersal 

Large amount of dispersible radioactive material is 
released in a work area as a result of mishap (e.g., 
spill or drop) improper work practices, or 
laboratory apparatus failure in fume hood or 
general laboratory work space. 

U Facility Worker:  Moderate 
 
Onsite Worker:  Minor 
 
Offsite:  Minor 

Radiation protection program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

Procedures and training. 
 
REVS 

3.6 Radioactive 
Material/ 
Kinetic energy 

Radioactive material sample falls or is dropped in 
hot cell or glovebox.  Radioactive material is 
contained in hot cell or glovebox. 

A Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 
Radiation protection program 

Edging on hot cell tables 
 
Procedures and training 
 
Hot cell, glovebox, and building 
ventilation 

                                                      
1 See Section 5.2.3. 
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4.0 Loss of Radioactive Material Confinement or Shielding- Indoor Events 
4.1 Radioactive  

Material/ 
Kinetic 
Energy 

Missile generated from failure of compressed gas 
cylinder impacts and breaches radioactive material 
confinement (container, glovebox, etc.) resulting in 
a release of material within the facility. 

U Facility Worker:  Moderate 
 
Onsite Worker:  Minor 
 
Offsite:  Insignificant 

Radioactive Material Limit – Room 
 
Rad Material Eval Program 

Gas cylinder procurement 
(appropriate specification and 
design) 
 
Gas cylinder inspection 
 
Gas cylinder restraints 
 
Training and procedures  
 
REVS 

4.2 Radioactive  
Material/ 
Kinetic 
Energy 

Failure of autoclave or other pressurized laboratory 
apparatus results in pressurized release of 
radioactive material or results in a missile that 
breaches radioactive material confinement 
(container, glovebox, etc.).  Radioactive material is 
released within the facility. 

U Facility Worker:  Moderate 
 
Onsite Worker:  Minor 
 
Offsite:  Insignificant 

Radioactive Material Limit – Room 
 
Rad Material Eval Program 

Lab equipment procurement 
(appropriate specification and 
design) 
 
Lab equipment maintenance and 
inspection 
 
Training and procedures 
 
REVS 

4.3 Radioactive  
Material/ 
Leakage 

Hot cell or glovebox confinement is inadvertently 
breached (e.g., by incorrect maintenance, 
modification, or operations) resulting in the release 
of radioactive material within the facility. 

A Facility Worker:  Minor to 
Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

Procedures and training 
 
Design feature: negative glovebox 
pressure 
 
REVS 

4.4 Radioactive  
Material/ 
Leakage 

Hood confinement is inadvertently breached (e.g., 
by incorrect maintenance, modification, or 
operations) resulting in the release of radioactive 
material within the facility. 

A Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 

Procedures and training 
 
REVS 
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4.5 Radioactive  
Material/ 
Leakage 

Glovebox glove is punctured, torn, or ripped off or 
glovebox seal fails.  Radioactive material within 
the facility. 

A Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 

Preventive maintenance 
 
Design feature: negative glovebox 
pressure 
 
Procedures and training 
 
REVS 

4.6 Radioactive  
Material/ 
Leakage 

HEPA filter, ventilation ductwork, or other 
building fluid system containing radioactive 
material (e.g., Radioactive Liquid Waste System or 
Laboratory Vacuum System) is inadvertently 
breached during construction or maintenance 
activities.  Radioactive materials are released. 

U Facility Worker:  Minor to 
Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program 
 

Procedures and training 
 
REVS 

4.7 Radioactive  
Material/ 
Leakage 

Radioactive liquid leaks (spill) from hot cell due to 
degraded seal (e.g., age degradation, chemical 
attack, seal damaged or improperly installed during 
maintenance, etc.).  

U Facility Worker:  Minor to 
Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 

Design feature: hot cell 
penetrations above floor level to 
prevent spills 
 
Preventive maintenance 
 
REVS 

4.8 Radioactive  
Material/ 
Leakage 

Dispersible radioactive material is released to the 
building due to improperly transferring equipment 
or materials into, or out of, a hot cell or glovebox. 

A Facility Worker:  Minor to 
Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 

Design feature: hot cell/glovebox 
negative pressure 
 
Procedures and training 
 
REVS 

4.9 Radioactive  
Material/ 
Leakage 

Radioactive material leaks from improperly 
packaged or sealed container. 

A Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 

Procedures and training 
 
REVS 
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4.10 Radioactive  
Material/ 
Human error 

Excessive external dose rate caused by breaches in 
hot cell shielding due to maintenance, 
modification, or operations errors. 

A Facility Worker:  Minor to 
Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program 
 
Radioactive Material Limit - Room 
 
Rad Material Eval Program 
 
 

Procedures and training 

5.0 Building System Malfunctions 
5.1 Radioactive 

Material/ 
Leakage 

Building ventilation system fails to maintain 
glovebox or hot cell negative pressure due to 
ventilation system equipment failures, loss of 
electrical power, or control air malfunction.  
Migration of contaminants to the building occurs.  

Preventive maintenance 
 
Design feature:  Faulted Electrical 
Power System (FEPS) supplies 
ventilation system 
 
Monitoring of air balance by 
power operators 
 
D/P Alarms 
 

5.2 Radioactive 
Material/ 
Leakage 

Building ventilation system fails to maintain 
glovebox or hot cell negative pressure due to 
human error (e.g., improper system line-up).  
Migration of contaminants to the building occurs.  

A 
 

Facility Worker:  Minor to 
Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program 
 
Radioactive Material Limits 
 
Rad Material Eval Program 

Procedures and training 
 
D/P Alarms 

5.3 Radioactive 
Material/ 
Leakage 

Ventilation system fans fail to run due to 
equipment failures or human error.  Air balance is 
lost resulting in a backflow of contaminated air 
into facility.  

U Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program Design feature: gravity operated 
backflow damper 
 
Design feature:  FEPS supplies 
ventilation system 
 
Preventive maintenance 
 

5.4 Radioactive 
Material/ 
Leakage 

Exhaust fans (and standby exhaust fans) fail and 
supply fans continue to run resulting in 
contaminated air being forced out buildings 
openings. 

EU Facility worker:  Moderate 
 
Onsite Worker:  Minor  
 
Offsite:  Insignificant 

Radiation protection program Design feature:  fan interlocks 
 
D/P alarms 
 
Preventive maintenance 
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5.5 Radioactive 
Material/ 
Leakage 

Ventilation system primary HEPA filters damaged 
or fails (e.g., moisture intrusion from tank 
overflow, filter media failure, etc.) and some 
captured radioactive material is released from the 
primary filters.  Final HEPA filters are still 
functional. 

U Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program Design feature: redundant HEPA 
filters 
 
Preventive maintenance 

5.6 Radioactive 
Material/ 
Leakage 

Ventilation system primary and secondary HEPA 
filters are damaged or fail.  Radioactive material 
from damaged filters is released from the facility. 

EU Facility Worker:  Minor 
 
Onsite Worker:  Minor 
 
Offsite:  Insignificant 

Radiation protection program Preventive maintenance 
 
Exhaust stack monitoring 

5.7 Radioactive 
Material/ 
Leakage 

Radioactive liquid waste system (RLWS) 
(including the Room 32 Tank transfer line) or 
Laboratory Vacuum System piping, valves, tanks, 
or other components develop a leak.  Small 
quantity of radioactive material is spilled. 

A Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program Preventive maintenance  
 
Surveys and spill procedures 
 
REVS 

5.8 Radioactive 
Material/ 
Leakage 

RLWS (including the Room 32 Tank transfer line) 
or Laboratory Vacuum System piping, valves, 
tanks, or other components leak or fail.  Large 
quantity of radioactive material is spilled. 1 , 2

 

U Facility Worker:  Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radiation protection program Preventive maintenance 
 
Design feature:  Tanks that could 
contain large quantities of highly 
radioactive material have 
secondary confinement (e.g., 
vaults) 
 
Spill procedures 
 
REVS 

5.9 Radioactive 
Material/ 
Leakage 

Radioactive liquid is inadvertently discharged to 
the retention process sewer either through 
personnel error or via the RLWS2.  Radioactive 
material is released to Treated Effluent Disposal 
Facility (TEDF). 

A Facility Worker:  Minor 
 
Onsite Worker:  Minor 
 
Offsite:  Insignificant 

Radiation detectors and diverter 
valve associated with TEDF (not part 
of the RPL facility) 

Procedures and training 
 
Radiation protection program 

                                                      
1 There are no high energy process fluid systems in the RPL that contain radioactive materials. 
2 The RLWS system is not routinely used (see Chapter 4). 
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6.0 Criticality Events 
6.1 Fissionable 

Material/  
NA 
(non-mechanis
tic) 

A criticality occurs during the storage, use, or 
handling of fissionable material in an RPL 
laboratory work space, glovebox, or hot cell. 

EU Facility Worker:  Major 
 
Onsite Worker: Moderate 
 
Offsite:  Minor 
 

Nuclear criticality safety program Criticality alarm system 

6.2 Fissionable 
Material/  
NA 
(non-mechanis
tic) 

A criticality occurs due to improper storage of 
fissionable material in storage room 530. 

EU/I Facility Worker:  Major 
 
Onsite Worker:  Minor 
 
Offsite:  Insignificant 

Nuclear criticality safety program Criticality alarm system 
 

7.0 Externally Initiated Events – RPL Building 
7.1 
 

Radioactive 
Material/ 
Seismic Event 

Low intensity seismic event results in spillage of 
radioactive materials in the building.  No 
significant building damage.  Building HVAC 
systems remain functional. 

A Facility Worker:  Minor 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 

REVS 

7.2 Radioactive 
Material/ 
Seismic Event 

Moderate intensity seismic event results in spillage 
of radioactive materials in the building and partial 
loss of ventilation systems.  Hot cells and building 
remain intact.  Some radioactive material drifts out 
of hot cells and building due to ventilation loss and 
minor damage.  

U Facility Worker:  Minor 
 
Onsite Worker:  Minor 
 
Offsite:  Minor 

Radioactive Material Limits 
 
Rad Material Eval Program 

Design feature:  FEPS 
 
REVS 

7.3 Radioactive 
Material/ 
Seismic Event 

High intensity seismic event results in extensive 
spills.  Building is partially breached.  HVAC 
systems fail.  Hot cells and glove boxes are 
damaged.  Radioactive material is released from 
damaged building. 

EU Facility Worker:  Moderate 
 
Onsite Worker:  Moderate 
 
Offsite:  Moderate 

Radioactive Material Limits 
 
Rad Material Eval Program 

 

7.4 Radioactive 
Material/ 
Extreme 
Winds  

Release of radioactive material due to significant 
damage to the facility structure from high winds or 
wind-driven missile.  

EU Facility Worker:  Moderate 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 
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7.5 Radioactive 
Material/ 
Extreme 
Winds  

Release of radioactive material to the environment 
due to tornado/extreme wind pressure drop causing 
HEPA filter failure. 

EU See 4.6  

7.6 Radioactive 
Material/ 
Kinetic energy 

Missile resulting from an explosion in 325 boiler 
annex penetrates RPL exterior wall and strikes 
dispersible radioactive material. 

EU/I Facility Worker:  Moderate 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 

 

7.7  Radioactive 
Material/ 
Volcanic Ash 

Volcanic ash plugs intake filters resulting in loss of 
building ventilation system function.  Migration of 
contaminants to occupied spaces occurs from 
contaminated areas (hot cells, glovebox, etc.). 

EU Facility Worker:  Moderate 
 
Onsite Worker:  Insignificant 
 
Offsite:  Insignificant 

Radioactive Material Limits 
 
Rad Material Eval Program 

RPL reduced ventilation flow 
emergency procedure 

7.9 Radioactive 
Material/ 
Aircraft Crash 

Aircraft impact causes structural damage and/or 
fire, resulting in loss of confinement and spread of 
radioactive materials inside the facility and ESY. 

EU/I Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor to Moderate 
 

Radioactive Material Limits 
 
Rad Material Eval Program 

 

7.10 Radioactive 
Material/ 
Surface 
Vehicle Crash 

Out-of-control surface vehicle (e.g., truck, 
automobile, or train) breaches building, impact 
additionally causes loss of confinement and spread 
of radioactive material. 

EU Facility Worker:  Major 
 
Onsite Worker:  Moderate 
 
Offsite:  Minor 
 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 

Location of building within 300 
Protected Area - limited exposure 
to surface traffic 
 
Building built up on concrete 
foundation 

7.11 Radioactive 
Material/ 
300 Area 
D&D 
equipment 
impact 

300 Area D&D heavy equipment or loss of control 
of crane load/heavy lift breaches building, impact 
additionally causes loss of confinement and spread 
of radioactive material. 

A Facility Worker:  Minor to 
Moderate 
 
Onsite Worker:  Minor 
 
Offsite:  Insignificant 
 

Radioactive Material Limit - Room 
 
Rad Material Eval Program 

Training and procedures 
 
Location of building within 300 
Protected Area - limited exposure 
to surface traffic 
 
Building built up on concrete 
foundation 
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8.0 Fire/Explosions - Outdoor Events 
8.1 Radioactive 

Material/ 
Fire 

Spontaneous combustion, pyrophoric material 
causes fire in container.  Container fails releasing 
radioactive material. 

U Nearby Workers:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements1

 

Packaging procedures 

8.2 Radioactive 
Material/ 
Fire 

Container containing organic solvent is dropped or 
damaged during handling and contents are spilled.  
Solvent is ignited. 

U Nearby Workers:  Moderate 
 
Offsite:  Moderate 

Radioactive Material Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Fire Protection Program 

8.3 Radioactive 
Material/ 
Fire 

Forklift propane tank leakage leads to fire that 
engulf containers.  Multiple containers fail 
releasing radioactive material. 

EU Nearby Workers:  Moderate 
 
Offsite:  Moderate 

Radioactive Material Limits - 
Outdoor Movement 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Forklift/tank inspections and 
maintenance 
 
Non-combustible waste packaging
 

8.4 Radioactive 
Material/ 
Fire 

Combustible material (e.g., wooden pallets, dried 
vegetation, etc.) catches fire and spreads to 
containers.  Multiple containers fail releasing 
radioactive material. 

EU Nearby Workers:  Moderate 
 
Offsite:  Moderate 

Radioactive Material Limits - 
Outdoor Movement 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Fire Protection Program 
 
Non-combustible waste 
packaging. 

8.5 Radioactive 
Material/ 
Fire 

Vehicle impact ruptures multiple containers.  
Vehicle fuel tank is ruptured during the collision 
and spilled fuel is ignited. 

EU Nearby Workers:  Moderate 
 
Offsite:  Moderate 

Radioactive Material Limits  - 
Outdoor Movement 
 
Rad Material Eval Program 
 
Outdoor container requirements 

Non-combustible waste packaging
 
Location of building within 300 
Protected Area - limited exposure 
to surface traffic 
 

                                                      
1 Includes specifications for acceptable outdoor containers, restriction on stacking containers more than two high, and restriction on storing 

flammable/combustible free liquids (Section 7.1). 
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Line 
Item 

Hazard/ 
Energy 
Source 

Events (Specific Situations) Frequency Consequence Hazard Controls Additional Safety Measures 

8.6 Radioactive 
Material/ 
Fire 

Propane tank, valves, or lines on forklift leak and 
gas is ignited.  Fire causes container failure and 
radioactive material is released. 

EU Nearby Workers:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Forklift/tank inspections and 
maintenance 
 
Non-combustible waste packaging

8.7 Radioactive 
Material/ 
Fire 

Spontaneous ignition ignites container contents and 
fire spreads to adjacent stored containers.  Multiple 
containers fail releasing radioactive material. 

EU Nearby Workers:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit - ESY 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Waste Packaging procedures 
 
Non-combustible waste packaging
 

8.8 Radioactive 
Material/ 
Fire 

Transformer catches fire and spreads to stored 
containers.  Multiple containers fail releasing 
radioactive material. 

EU Nearby Workers:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit - ESY 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Transformer inspection and 
maintenance 
 
Separation from other materials 

8.9 Radioactive 
Material/ 
Explosion  

Propane tank on forklift explodes, ruptures 
container due to overpressure or missile. 

EU Nearby Workers:  Major 
 
Offsite:  Minor 

Radioactive Material Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Forklift/tank inspections and 
maintenance 
 

8.10 Radioactive 
Material/ 
Explosion  

Flammable gas generated in container explodes, 
ruptures container. 

EU Nearby Workers:  Moderate 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Waste Packaging procedures 

8.11 Radioactive 
Material/ 
Explosion 

Propane tank on forklift explodes, causes concrete 
barrier to topple onto and crush stored containers.  
Multiple containers fail releasing radioactive 
material. 

EU Nearby Workers:  Major 
 
Offsite:  Minor 

Radioactive Material Limit - ESY 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Forklift/tank inspection and 
maintenance 
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Line 
Item 

Hazard/ 
Energy 
Source 

Events (Specific Situations) Frequency Consequence Hazard Controls Additional Safety Measures 

9.0 Handling Events – Outdoor 
9.1 Radioactive  

Material/ 
Kinetic 
Energy 

Container falls from forklift and ruptures. A Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Procedures and training 

9.2 Radioactive  
Material/ 
Kinetic 
Energy 

Forklift strikes container.  Container 
punctured/ruptured. 

A Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Procedures and training 

9.3 Radioactive  
Material/ 
Kinetic 
Energy 

Forklift strikes object (building, vehicle, ground) 
and ruptures container. 

A Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Procedures and training 

9.4 Radioactive  
Material/ 
Kinetic 
Energy 

Roll-up door strikes, crushes container. A Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Procedures and training 

9.5 Radioactive  
Material/ 
Kinetic 
Energy 

Container falls from stack and ruptures. A Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Procedures and training 
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Line 
Item 

Hazard/ 
Energy 
Source 

Events (Specific Situations) Frequency Consequence Hazard Controls Additional Safety Measures 

9.6 Radioactive  
Material/ 
Kinetic 
Energy 

Passing vehicle strikes forklift or container and 
ruptures container. 

U Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Procedures and training 

9.7 Radioactive  
Material/ 
Kinetic 
Energy 

Forklift or vehicle strikes concrete barrier, barrier 
topples and crushes stored containers. 

U Nearby Workers:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit – ESY 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Procedures and training 

10.0 Container Failures – Outdoor 

10.1 Radioactive 
Material/ 
Leakage 

Improper packaging results in chemical reaction 
and gas generation inside container.  Seal failure 
due to over pressurization results in radioactive 
material leakage. 

A Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Waste Packaging procedures 
 

10.2 Radioactive 
Material/ 
Pressurized 
Leakage 

Improper packaging results in chemical reaction 
and gas generation inside container.  Seal or 
container rupture due to over pressurization results 
in radioactive material release. 

U Nearby Workers:  Moderate  
 
Offsite:  Moderate 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 

Waste Packaging procedures 
 
 

10.3 Radioactive 
Material/ 
Leakage 

Radioactive material leaks from improperly sealed 
container.  

A Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Waste Packaging procedures 

10.4 Radioactive 
Material/ 
Leakage 

Corrosion degrades container (environmental 
moisture, air pollutants, etc.).  Container leaks 
radioactive material. 

U Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Corrosion-resistant containers and 
coatings 
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Line 
Item 

Hazard/ 
Energy 
Source 

Events (Specific Situations) Frequency Consequence Hazard Controls Additional Safety Measures 

10.5 Radioactive 
Material/ 
NA 

Excessive external dose rate from container due to 
packaging error. 

A Nearby Workers:  Minor 
 
Offsite:  Insignificant. 

Radiation protection program 
 
Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 

Waste Packaging procedures 
 

11.0 Externally Initiated Events – East Storage Yard 
11.1 Radioactive  

Material/ 
Seismic Event 

Seismic event causes vehicle accident and 
container is ruptured. 

U Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

 

11.2 Radioactive  
Material/ 
Seismic Event 

Seismic event topples stacked containers and 
multiple containers are ruptured. 

U Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material Limit – ESY 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

 

11.3 Radioactive  
Material/ 
Seismic Event 

Seismic event topples concrete barrier onto stored 
waste and ruptures containers in enclosure. 

EU Nearby Workers:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit –ESY 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

 

11.4 Radioactive  
Material/ 
Seismic Event 

Seismic event collapses building onto stored 
containers. 

EU Nearby Workers:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit – ESY 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

 

11.5 Radioactive  
Material/ 
Seismic Event 

Seismic event causes structural debris to fall on 
and rupture container. 

EU Nearby Workers:  Minor 
 
Offsite:  Insignificant 
(consequences smaller than 
from building failure itself) 

Radioactive Material Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
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Line 
Item 

Hazard/ 
Energy 
Source 

Events (Specific Situations) Frequency Consequence Hazard Controls Additional Safety Measures 

11.6 High winds/ 
Tornado 

Major winds cause vehicle accident and container 
is ruptured. 

EU Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

 

11.7 Radioactive  
Material/ 
High winds, 
Tornado 

Tornado missile strikes and ruptures container. EU Nearby Workers:  Minor 
 
Offsite:  Insignificant 

Radioactive Material  Limit - 
Container 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Concrete shielding barrier protects 
high-rad containers 

11.8 Radioactive  
Material/ 
High winds, 
Tornado 

Tornado missile strikes concrete barrier causing it 
to topple onto and crush containers. 

EU Nearby Workers:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit – ESY 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

 

11.9 Radioactive  
Material/ 
Range Fire 

Range fire ignites container contents and fire 
spreads to adjacent containers. 

EU Nearby Workers:  Moderate 
 
Offsite:  Minor 

Radioactive Material Limit – ESY 
 
Rad Material Eval Program 
 
Outdoor container requirements 
 

Non-combustible waste packaging

11.10 Radioactive  
Material/ 
Aircraft Crash 

Aircraft impact causes structural damage and/or 
fire, resulting in loss of confinement and spread of 
radioactive material. 

EU/I See 7.9 

11.11 Radioactive 
Material/ 
300 Area 
D&D 
equipment 
impact 

300 Area D&D heavy equipment or loss of control 
of crane load/heavy lift breaches ESY containers 
causing loss of confinement and spread of 
radioactive material. 

A See 7.11 
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RPL worker consequence estimates include consideration of both radiological and nonradiological 
effects (e.g., the effects of fires, explosions, etc.) of the event, since non-radiological effects may 
dominate worker consequences for certain events.  Consequence estimates for onsite and offsite 
individuals only consider the radiological effects of the events, since non-radiological effects are minimal 
at significant distances from the RPL. 
 

The consequence categories used in the hazards analysis are as follows: 
 

• Insignificant – Negligible impacts on people (i.e., estimated worker radiological exposures 9 
would not exceed occupational exposure limits and estimated facility material releases would be 
within allowable limits for normal operations). 

 
• Minor – Estimated radiological doses to onsite and offsite individuals may be significant, but 

would be less than Moderate. 
 

• Moderate – Impacts to the facility worker (radiological and non-radiological) are similar to 
injuries (e.g., burns, electrical shocks, etc.) typically found in industry.  Estimated radiological 
doses to an onsite individual may be greater than 25 REM for an onsite individual and greater 
than 1 REM for an offsite individual. 

 
• Major – Impacts to the facility worker (radiological and non-radiological) may result in a 

fatality.  Estimated radiological doses to an onsite individual may be greater than 100 REM for an 
onsite individual and greater than 25 REM for an offsite individual. 

 
6.3.2 Defense-in-Depth for Radiological Hazards 25 
 

This section summarizes the significant aspects of defense-in-depth associated with RPL radioactive 
and fissionable material hazards.  Defense-in-depth is the fundamental approach to hazard control for the 
RPL even though the facility does not posses the catastrophic accident potential associated with other 
high-hazard facilities.  The concept of defense-in-depth establishes layers of control measures that 
provide multiple barriers to prevent or mitigate a material or energy release that could affect the worker, 
public or the environment. 
 

Defense-in-depth measures include physical and administrative features.  Physical features include 
structures, systems, and components (SSCs) that provide physical barriers to a release, protect or maintain 
those barriers, or mitigate a release if a barrier fails.  Administrative features are safety management 
programs and associated implementing procedures that control work activities.  The following outlines 
the key aspects of defense in depth associated with radioactive and fissionable materials at the RPL. 
 
6.3.2.1 RPL Work Environment 40 
 

A key element of defense-in-depth is providing an appropriate environment for performing work that 
involves hazardous materials.  All RPL work with radioactive and fissionable material is conducted by 
trained and qualified personnel in accordance with approved procedures in a facility designed for these 
activities.  The key features of the PNNL organization and safety management programs that contribute to 
a safe RPL work environment are described in Chapter 5. 
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6.3.2.2 Radioactive Material Safety 2 
 

Limitations are placed on the quantity of radiological materials in order to limit the consequences of 
potential accidents at the RPL.  Radioactive material inventory limits have been established for the 
building, containers and certain areas outside the building, certain areas within the building, as well as 
individual laboratories based on the accident analyses in Chapter 7.  A Radioactive Material Inventory 
Management Process (Section 5.2.17) is used to maintain material inventories at the RPL within 
established limits.  The radioactive material limits and Radioactive Material Inventory Management 
Process are included in the RPL TSRs. 
 

Radioactive material controls at the work activity-level are designed to minimize worker exposures 
and the spread of contamination during research and development work activities that involve handling 
and use of radioactive materials.  These controls may be physical features such as fume hoods, glove 
boxes, hot cells, and special containers, or they may be administrative such as radiation work permits, 
surveys, and procedures.  Radiological controls are implemented in accordance with the PNNL Radiation 
Protection Program (Section 5.2.3) and applicable work procedures (Section 5.2.9.1), as appropriate for 
the level of radiological hazard and the nature of the work being performed.  The Radiation Protection 
Program is included in the RPL TSRs. 
 

For potential accidents inside the RPL that might compromise activity-level radioactive material 
control features and procedures described above, the Radioactive Exhaust Ventilation System (REVS) 
provides additional protection to workers, the public, and environment by providing filtered ventilation 
exhaust from RPL.  The REVS is not relied on for mitigation of accidental release of radioactive 
materials, as evaluated in Chapter 7.  The REVS is described in Chapter 8, Section 8.2.1.  The 
Radioactive Material Inventory Management Process includes requirements associated with containers to 
maintain proper confinement of radioactive materials during handling or storage outside the RPL. 
 
6.3.2.3 Fissionable Material Safety 29 
 

Due to the nature of the work involving fissionable materials at the RPL (Section 4.1), there are no 
facility engineered safety features that are relied upon in the RPL to prevent criticality.  PNNL maintains 
a Nuclear Criticality Safety Program (Section 5.2.2) that provides for safe handling, storage, and use of 
fissionable materials at the RPL.  The Nuclear Criticality Safety Program is included in the RPL TSRs. 
 
6.3.2.4 Emergency Contingency 36 
 

In addition to the above defense-in-depth measures taken to address hazards associated with working 
with radioactive and fissionable material in the RPL, PNNL maintains an Emergency Preparedness 
Program and an RPL-specific implementing procedure (Section 5.2.12) that is intended to minimize the 
consequences to RPL and Hanford site workers, the public, and the environment in the event of an 
accident involving radiological or fissionable materials. 
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6.3.3 Hazardous Material Safety 1 

As described in Section 4.1, work at the RPL often involves hazardous materials.  The type and 
quantities of materials used are typical of those used in research laboratories.  Given the nature of work 
with hazardous materials at the RPL, adequate safety is achieved by implementing programs and 
processes that are consistent with established regulatory requirements and industry standards that address 
working with hazardous materials.  PNNL's approach to working with hazardous materials in a manner 
consistent with applicable regulations and industry standards is described in Section 5.2.4. 

Title 29 CFR 1910.119, Process Safety Management of Highly Hazardous Chemicals, establishes the 
quantities of hazardous chemicals that can lead to catastrophic consequences.  These quantities, referred 
to as Threshold Quantities (TQs), are defined in Appendix A of 29 CFR 1910.119 and establish when the 
elements of process safety management as defined in the regulation may need to be addressed.  In 
general, there are no production processes at the RPL that involve large-scale use of hazardous materials 
at the RPL.  Specifically with regard to 29 CFR 1910.119, total inventories of hazardous chemicals at the 
RPL are managed to less than TQs established in the rule under the hazardous material controls described 
in Section 5.2.4. 

6.3.4 Worker Safety 16 

RPL occupational worker safety hazards are those typically found when performing research and 
development work with laboratory materials and apparatus; or performing laboratory operations, 
maintenance, or modification work.  Table 6.5, “Non-Radiological Worker Safety Hazard Matrix,” 
summarizes the occupational hazards and event scenarios that were identified in the hazards analysis 
activities described in Section 6.2.  There are no unusual occupational hazards associated with RPL work 
that are not addressed by established occupational safety regulatory requirements and associated industry 
standards.  The PNNL Worker Safety and Health Management System (Section 5.2.14) administers the 
implementation of worker safety programs in a manner consistent with the occupational safety regulations 
and industry standards that address worker occupational safety hazards.  The RPL TSRs include a 
requirement for a worker safety program. 

6.4 Accident Selection 27 

The potential event scenarios identified in Table 6.4 were reviewed in order to select event scenarios 
for quantitative accident analysis for the purpose of evaluating hazard controls.  The selection process 
involved placing event scenarios of similar types (e.g., fires, spills, etc) into groups of events with similar 
frequency and consequence estimates (i.e., “risk bins”).  An event scenario was then selected from each 
event group that is considered to be bounding in terms of consequences.  Event scenarios with estimated 
insignificant consequences for onsite and offsite individuals were not considered in the selection process 
since these events do not warrant detailed accident analysis. 

Because research and development work at the RPL (as described in Section 4.1) involves many 
types of activities that change over time, non-mechanistic (i.e., do not involve a specific work activity or 
sequence of initiating events) bounding accident scenarios were developed to conservatively represent the 
selected hazards analysis event scenarios.  Table 6.6 presents the event groups, specific event scenarios 
associated with each event group, the selected bounding event scenario, and the accident scenario that 
was developed to represent each event group.  Chapter 7 describes each representative accident scenario 
and presents the quantitative analysis that was performed for each scenario. 



 

Table 6.5.  Non-Radiological Worker Safety Hazard Matrix 

Item Hazard/ 
Energy Source Event Description 

1 Reactive chemicals/ 
Human error or container failures 

Energetic reaction resulting from improper mixing of a moderate quantity (1) of reactive chemicals causing worker injury from 
external chemical burns and/or inhalation of reaction byproducts. 

2 Toxic chemicals/ 
Human error or container failures 

Moderate quantity(1) of toxic chemicals inadvertently released causing worker injury due to uptake and poisoning. 

3 Toxic material (beryllium)/ 
Human error 

Worker comes into contact with beryllium resulting in uptake resulting in potential for contracting chronic beryllium disease. 

4 Cryogenics/ 
Human error or container failures 

Moderate quantity(1) of cryogenic liquid/gas released resulting in worker injury due to tissue damage (burns/frostbite) or 
suffocation from oxygen displacement. 

5 Flammable liquids/ 
Human error or equipment failures 

Moderate quantity(1) of flammable liquid or gas is released or otherwise come into contact with ignition source (electrical 
short, heating device, etc.) resulting in worker injury from burns, smoke inhalation, or projectiles. 

6 Corrosive chemicals/ 
Human error or container failures 

Moderate quantity(1) of corrosive chemicals inadvertently released causing worker injury due to burns and/or inhalation of 
fumes. 

7 Pyrophoric materials/ 
Human error or container failures 

Moderate quantity(1) of pyrophoric material inadvertently released causing worker injury due to burns and/or inhalation of 
fumes 

8 Kinetic energy/ 
Human error or equipment failure 

During load handling operation (e.g., hoisting, rigging, crane lift, fork-lift operation, etc.), material is dropped on worker or 
worker is struck by moving equipment. 

9 Kinetic energy/ 
Equipment failure 

Hydraulic system pressure boundary failure leads to release of hydraulic fluid resulting in worker injury from contact with 
high-pressure fluid. 

10 Kinetic energy/ 
Human error or equipment failure 

Compressed gas cylinder drops, falls, or fails.  Gas cylinder or part of cylinder becomes a projectile that strikes a worker. 

11 Kinetic Energy/ 
Human error or equipment failure 

Worker slips, trips, or falls from elevation (e.g., dock, ladder, truck, etc.). 

12 Kinetic energy/ 
Human error or equipment failure 

Worker injured by coming into contact with moving equipment (e.g., fans, pumps, etc.) or being struck with projectiles from 
failed rotating equipment (e.g., grinding wheels, drill bits, etc.). 

13 High temperature/ 
Equipment failure 

Steam supply pressure boundary failure results in worker injury from burns. 

14 High temperature/ 
Human error 

Worker comes into contact with open flame (e.g., laboratory burner, torch, etc.) or high temperature surface (oven, piping, 
etc.). 

15 Electricity/ 
Human error or equipment failure 

Worker inadvertently contacts exposed high-voltage source (e.g., connections, wires, etc.) resulting in electrical shock. 

16 Dangerous atmosphere/ 
Human error 

Worker enters unventilated area/confined space that is not suitable for human occupancy.  Asphyxiation or exposure to toxic 
chemicals occurs. 

17 Non-ionizing radiation/ 
Human error 

Worker inadvertently exposed to high magnetic field. 
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Item Hazard/ 
Energy Source Event Description 

18 Non-ionizing radiation/ 
Human error 

Worker inadvertently exposed to high energy laser beam. 

19 Biological materials/ 
Human error or containment failures 

Worker inadvertently comes into contact with or is exposed to non-pathogenic Biosafety Level 1 or Biosafety Level 2 
material. 

(1) “Moderate quantity” refers to a quantity of material associated with typical laboratory operations.  Events involving these quantities of materials might affect one or more 
facility workers, but would have insignificant consequences outside the laboratory.  
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Table 6.6.  Event Scenario Groups and Representative Accidents 1 

Event 
Group 

Representative  
Accident Title 

Frequency 
Category Event Scenarios Selected 

Scenario 

Indoor Events 
1 Localized explosion A 1.1, 1.2 NA12

 

2 Explosion U Explosion Events:  1.3, 1.4, 1.7, 1.8 
Loss of confinement:  4.1 

1.4 

3 Explosion with Building 
Damage 

EU Explosion Events:  1.5, 1.6, 1.9 
Building System Malfunction: 5.4, 5.6 
Externally Initiated Events: 7.6 

1.6 

4 Localized fire A 2.1, 2.4, 2.6, 2.9, 2.12, 2.15 NA1 

5 Room fire U 2.2, 2.7, 2.10, 2.13 2.2/2.13 

6 Area fire EU 2.3, 2.5, 2.8, 2.11, 2.14, 2.16 2.14 

7 Radioactive material 
control error 

A Indoor:  3.1, 3.2 
Outdoor:  10.5 

NA1 

8 Small radioactive material 
spill 

A Handling events:  3.4, 3.6 
Loss of confinement:  4.3, 4.4, 4.5, 4.6, 4.7, 
4.8, 4.9, 4.10 
System malfunctions:  5.1, 5.2, 5.3, 5.7, 5.8 
 

NA1 

9 Radioactive material spill U Handling Events:  3.3, 3.5  
Loss of confinement:  4.2 
System Malfunction: 5.5 

3.5 

10 Criticality event EU/I Criticality Event:  6.1, 6.2 6.1 

Outdoor Events (Material Handling and ESY) 

11 Container fire  U 8.1, 8.2, 8.6  8.2 

12 Multiple container 
collision/fire 

EU 8.3, 8.4, 8.7, 8.8, 8.5 8.5 

13 Container 
over-pressurization 

U 8.9, 8.10, 10.2 10.2 

14 Container handling event A 9.1, 9.2, 9.3, 9.4, 9.5, 9.6, 10.1, 10.3, 10.4 9.2 

15 Multiple container 
handling event 

U 8.11, 9.7 9.7 

Indoor/Outdoor Events 

16 Anticipated seismic event A Seismic Event:  7.1 7.1 

17 Unlikely seismic event U Seismic Event:  7.2, 11.1, 11.2 7.2 

18 Extremely unlikely 
seismic event 

EU Externally Initiated Events, Building:  7.3, 
7.4, 7.5, 7.9, 7.10, 7.11, 7.12 
External Events, ESY:  11.3, 11.4, 11.5, 
11.6, 11.7  

7.3 

 2 

                                                      
12 Quantitative accident analysis not performed for this event group. 
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This chapter presents the accident analysis for the Radiochemical Processing Laboratory (RPL) 
Documented Safety Analysis (DSA).  The estimated frequency and dose consequence of the accident 
scenarios analyzed in this chapter are summarized in Table 7.1. 
 

The major steps in the safety analysis process include development of a Hazards Analysis, selection 
of accident scenarios for detailed evaluation, determination of the risk (that is, frequencies and 
consequences) of representative accidents to bound the facility risk, and identification of necessary hazard 
controls.  The Hazards Analysis and the selection of the accidents analyzed in this chapter are presented 
in Chapter 6.  The general approach and methodology used in the quantitative analysis of the postulated 
accidents are identified in Section 7.1.  The postulated accident scenarios are assigned to “families” of 
accidents that involve similar activities, initiating events, or phenomena.  These accident families are:  
Fires in Section 7.2, Explosions in Section 7.3, Handling Accidents in Section 7.4, Criticality Accident in 
Section 7.5, and Natural Phenomena events in Section 7.6. 
 

In the analysis of the postulated accident scenarios, the event is described, the risk that the event 
presents to the offsite maximum exposed individual (MEI) and a representative onsite individual is 
evaluated, and the need for Technical Safety Requirements (TSRs) is assessed.  Factors important in 
maintaining the frequency and/or consequence of events are used to develop the TSRs.  The radiological 
risk guidelines provided by the U.S. Department of Energy, Richland Operations Office (DOE-RL) are 
used to evaluate the risk associated with each accident scenario to establish when further reduction of 
event frequency and/or dose consequence may be warranted. 
 

7.1 Accident Analysis Methodology, Assumptions, and Technical Bases 26 

 
This section describes the methodology, general assumptions, and technical bases used in the detailed 

evaluation of accident scenarios.  The general approach involved the following steps: 
 

• determine the failure mechanisms involved in the accident scenario 
• qualitatively evaluate the frequency of each selected accident, giving consideration to the 

sequence of events, failure mechanisms, contributing factors, and safety controls 
• determine the radiological material source terms for the selected accident scenarios 
• calculate the radiological consequences (mitigated and unmitigated) of the accidents 
• identify engineered and administrative controls designed to maintain the consequences of 

accidents within those presented in the analysis.  These controls form the basis for derivation of 
the TSRs. 

 
In developing scenario details, and whenever a judgment is needed regarding a variable in the 

analysis, bounding values were typically selected to maximize the estimated consequences.  More 
realistic assumptions were used when they could be justified.  A discussion of the assumptions and 
technical bases common to many or all of the scenarios analyzed in the accident analysis is presented 
below. 
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1 
2 

 
Table 7.1.  Summary of the Radiological Processing Laboratory Accident Analysis 

Onsite Mitigated Consequences Offsite Mitigated Consequences 
Event Frequency,

Year-1 (m) Rem TEDE ( n)  (Bin) (o) Risk 
Class (c) Rem TEDE (b)  (Bin) Risk 

Class (c) 
Fire & Explosions 
7.2 Localized Fire (Pu-239E)  <3.4 (Low) III  <0.66 (Low) III 

Localized Fire (H-3E) 
A 

 <3.0 (Low) III  <0.44 (Low) III 
7.2.1 Room Fire (Pu-239E)  3.4 (Low) III  0.66 (Low) III 

Room Fire (H-3E) 
U 

 3.0 (Low) III  0.44 (Low) III 
7.2.2 Area Fire (Pu-239E)  5.3 (Low) IV  1.0 (Moderate) III 

Area Fire (H-3E) 
EU 

 7.6 (Low) IV  0.98 (Low) IV 
7.2.3 Container Fire  

(Pu-239E and H-3E) 
U  2.4 (Low) III  0.38 (Low) III 

7.2.4 Multiple Container Collision / 
Fire (Pu-239E and H-3E) 

 5.4 (Low) IV  0.95 (Low) IV 

ESY … (Pu-239E and H-3E) 
EU 

 2.4 (Low) IV  0.38 (Low) IV 
7.3 Localized Explosion (Pu-239E)  <1.0 (Low) III  <0.2 (Low) III 

Localized Explosion (H-3E) 
A 

 <1.6 (Low) III  <0.16 (Low) III 
7.3.1 Explosion (Pu-239E)  1.0 (Low) III  0.2 (Low) III 

Explosion (H-3E) 
U 

 1.6 (Low) III  0.16 (Low) III 
7.3.2 Explosion with Building 

Damage (Pu-239E)  2.6 (Low) IV  0.5 (Low) IV 

Explosion with Building 
Damage (H3E) 

EU 
 5.8 (Low) IV  0.62 (Low) IV 

7.3.3 Container Over-pressurization 
(Pu-239E and H-3E) U  2.8 (Low) III  0.47 (Low) III 

Handling Accidents 
7.4.1 Radioactive Material Spill 

(Pu-239E) 
 0.56 (Low) III  0.11 (Low) III 

Radioactive Material Spill 
(H-3E) 

U 
 1.5 (Low) III  0.15 (Low) III 

7.4.2 Outdoor Container Handling 
Event (Pu-239E and H-3E) A  0.97 (Low) III  0.11 (Low) III 

7.4.3 Multiple Container Handling 
Event (Pu-239-E and H-3E) 

 2.4 (Low) III  0.38 (Low) III 

ESY …  (Pu-239E and H-3E) 
U 

 1.4 (Low) III  0.19 (Low) III 
Criticality 
7.5 Criticality Event EU/I 64 (Moderate) III 1.5 (Moderate) III 
Natural Phenomena 
7.6.2 Anticipated Seismic Event 

(Pu-239E) 
 1.2 (Low) III  0.23 (Low) III 

Anticipated Seismic Event  
(H-3E) 

A 
NA  NA  

7.6.3 Unlikely Seismic Event  
(Pu-239E and ESY) 

 3.1 (Low) III  0.51 (Low) III 

Unlikely Seismic Event  
(H-3E and ESY) 

U 
 3.4 (Low) III  0.43 (Low) III 

7.6.4 EU Seismic Event  
(Pu-239E and ESY) 

 8.9 (Low) IV  1.6 (Moderate) III 

EU Seismic Event  
(H-3E and ESY) 

EU 
 16 (Low) IV  1.7 (Moderate) III 

                                                      
(m) A = Anticipated (> 1E-02/y); U = Unlikely (1E-02 to 1E-04/y)/ EU = Extremely Unlikely (1E-04 to 1E-06/y); I – Incredible. 
(n) Consequences presented are not mitigated by HEPA filtration.  In the unmitigated cases, the accident scenario may cause mitigation 

measures to be unavailable.  See the specific scenario analyses for further information. 
(o) DOE-RL radiological risk guidelines (Consequence Bins and Risk Class) are summarized in Section 7.1.11. 
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7.1.1 Offsite Maximally Exposed Individual and Representative Onsite Individual 1 
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The dose consequences from each accident event were determined at two locations that represent the 
maximum exposure to offsite and onsite individuals.  Doses were calculated for the offsite MEI at the 
Hanford Site boundary and for a representative onsite individual located near the event but not directly 
involved with operation of the building.  The dose to the offsite MEI is based on an individual located at 
the 300 Area fence line, 570 m northeast of the facility.  This distance is considered highly conservative, 
because such an individual is assumed to be located on the west bank of the river in a normally restricted 
area.  The dose to the representative onsite individual was calculated at 100 m from the building, which is 
the minimum distance for which the Gaussian plume model (used in dose consequence analysis) is 
applicable. 
 

The location of each receptor was determined from the point of maximum air concentration for a 
ground-level release at the eastern edge of the building, to provide a conservative estimate of the dose to 
the potentially exposed individuals.  This assumption was used for consistency in all DSA events, 
although many of them would result in elevated releases from the stack or thermal lofting rather than 
directly through building openings nearer ground level.  Releases from the building were assumed to be at 
ground level; and, as a result, a building wake model was used to calculate the atmospheric dispersion 
parameters per U.S. Nuclear Regulatory Commission Regulatory Guide 1.145 (NRC 1982), Regulatory 
Guide 1.111 (NRC 1977), and Napier et al 1988.  Derivation of the atmospheric dispersion parameters for 
these locations using the GENII code (Napier et al 1988) is documented in RPL-SA-R4, Radiation Dose 
Analysis for the RPL SAR and Implementing Procedures. 
 
7.1.2 Dose Calculations 24 
 

In evaluating radiation doses to the representative onsite individual and the offsite MEI, both 
receptors were assumed to be fully exposed to inhalation and submersion doses from the passing plume.  
The GENII code version 1.485 was used for the dose calculations (Napier et al 1988).  Doses were 
calculated as the total effective dose equivalent (TEDE).  TEDE is the sum of the external dose and the 
dose from internally deposited radionuclides based on a 50-year commitment period.  Additional details 
and results of the dose modeling are described in RPL-SA-R4, Radiation Dose Analysis for the RPL SAR 
and Implementing Procedures.  No credit was taken for emergency response measures during the plume 
passage. 
 

The RPL dose modeling described in RPL-SA-R4, Radiation Dose Analysis for the RPL SAR and 
Implementing Procedures, is based on the dose conversion factors for workers provided in International 
Commission for Radiological Protection (ICRP) publications 26 (ICRP 1977) and 30 (ICRP 1979), 
reproduced in Federal Guidance Report 11 (FGR 1988).  Updated dose conversion factors for workers 
based on newer biokinetic models of the human respiratory system were published in ICRP-68 
(ICRP 1994).  Updated dose conversion factors for the public were published in ICRP-71 (ICRP 1995) 
and reproduced in Federal Guidance Report 13 (FGR 1999).  For H-3 and Pu-239, the ratios of ICRP-68 
and ICRP-71 to ICRP-30 are provided in Table 7.2. 
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Table 7.2.  Ratio of ICRP-68 and ICRP-71 to ICRP-30 1 

 ICRP-30 (Workers) 
rem/Ci 

ICRP-68 (Workers) 
rem/Ci 

ICRP-71 (Public) 
rem/Ci 

H-3 6.40E+01 6.66E+01 6.66E+01 
Ratio to ICRP-30: - 1.04 1.04 

 
Pu-239 3.08E+08 3.07E+07 5.92E+07 

Ratio to ICRP-30: - 0.10 0.19 
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As shown in Table 7.2, the updated dose conversion factors for H-3 are slightly increased compared 
to ICRP-30.  For Pu-239, the updated dose conversion factors are significantly decreased compared to 
ICRP-30.  In order to provide more accurate dose calculations, these ratios were applied to the standard 
dose per unit release values for Pu-239 and H-3 provided in RPL-SA-R4, Radiation Dose Analysis for the 
RPL SAR and Implementing Procedures.  The accident analysis results for all scenarios except criticality 
are calculated based on these updated values, and therefore are based on ICRP-68 and ICRP-71 for onsite 
and offsite dose respectively.  Because of significant complexities in modeling consequences from the 
criticality accident, these were not updated to the newer ICRP dose conversion factors, and therefore are 
conservative results.  This is consistent with the standard dose calculations for criticality based on the 
Hanford Radidose model used at other Hanford sites.  For criticality accidents, the Hanford Radidose 
model relies on scaling specific ORIGEN2 results and bases the dose consequences on ICRP-30. 
 
7.1.3 High-efficiency Particulate Air Filtration 15 
 

The exhaust air from radiological controlled spaces passes through a bank of primary high-efficiency 
particulate air (HEPA) filters, is collected in a plenum in the basement, and then passes through the final 
banks of HEPA filters located in the RPL Filter building on the northwest side of the RPL before being 
released to the exhaust stack.  The primary and final stages of HEPA filters are tested for efficiency.  No 
credit is taken for radionuclide retention by the primary or final facility HEPA filters or individual 
glovebox filters that may be installed upstream from the primary HEPA filters.  This conservatism should 
be considered in the risk evaluation for hazard controls. 
 
7.1.4 Building Removal Factor 25 
 

Airborne particles in a cloud will be deposited on building surfaces as the material travels through the 
building.  Particle deposition refers to the physical processes in which particles entrained in an aerosol 
plume fall out of the plume and become deposited on surfaces, or, in this case, deposited on walls, 
ceilings, and floors of the RPL.  Physical processes involved include gravitational settling, impaction, 
condensation, chemical plateout, and particle agglomeration.  Building deposition and plateout were not 
assumed to occur in the accidents analyzed in this DSA.  This conservatism should be considered in the 
risk evaluation for hazard controls. 
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7.1.5 Damage Ratio 1 
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The damage ratio is the fraction of the material at risk impacted by an accident.  Damage ratio is only 
applied to the outdoor accidents where containers are impacted and radioactive material is released.  
Materials moved or stored outdoors are assumed to be packaged, at a minimum, in metal containers with 
mechanically sealed (for example, bolted, latched, locked, or welded) lids or other closure devices.  Metal 
containers provide a certain minimum resistance to container failure when subjected to transportation 
hazards. 
 
7.1.6 Plutonium-239 and Tritium Equivalent Inventories 10 
 

The terms “curies of plutonium-239 equivalent” (Ci Pu-239E) and “curies of tritium equivalent” 
(Ci H-3E) are used in the DSA to represent the radioactive material involved in the events.  Pu-239E is 
used to represent radioactive materials in solid, solution, or particulate form that would be subject to 
removal by HEPA filtration.  H-3E is used to represent radioactive materials in gaseous form or volatile 
materials that would pass through HEPA filters with little or no removal.  Pu-239E and H-3E are actually 
Pu-239 and H-3 dose equivalent.  For example, for a given radionuclide, one Ci Pu-239E represents the 
number of Ci of that given radionuclide that would produce the same total effective dose equivalent as 
would one Ci of Pu-239.  The activities of other radionuclides are converted to Pu-239E Ci or H-3E using 
the ratios of the appropriate dose conversion factors and release fractions.  This allows the accident 
analyses to be discussed in terms of these two radionuclides, although other radionuclides could be 
involved. 
 
7.1.7 Components of Radioactive Material Inventories:  Exempt, Holdup, and In-Process 24 

Materials 
 

The accident analyses consider radioactive material to be either “exempt,” “building holdup,” or 
“in-process.”  Exempt radioactive material is defined as that in “qualified containers or forms,” which do 
not have the potential to be released as a result of credible accidents (see following discussion).  Facility 
holdup is radioactive material present as contamination on hoods, glove boxes, ductwork, piping, etc., 
throughout the facility as a result of past and ongoing operations.  Any radioactive material not designated 
as “exempt” or “facility holdup” is considered to be “in-process.” 
 

Qualified Containers or Material Forms.  Radioactive material in “qualified containers or material 
forms” (Section 

34 
35 
36 
37 
38 
39 

8.2.6) has been designated as exempt because it has been determined to not be at risk for 
release during credible events presented in the DSA.  Containers and material forms must be evaluated 
and qualified based on their ability to withstand the events presented in the accident analysis.  Radioactive 
material in qualified containers and forms is not counted in the “in-process” inventory. 
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Building Holdup.  Radioactive material holdup in the building presents a potentially important source 
term for some accident scenarios.  Measurements are performed periodically to determine radionuclide 
holdup content of laboratory hoods and glove boxes, exposed ducts, filters, and piping within the building 
(
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Haggard 1996, including 1998 and 2000 Amendments).  Gamma assay techniques typically employed 
for nondestructive assay (NDA) are used.  Isotopic analysis of contamination smears of the hot cells (SAL 
and HLRF) and surface area of the hot cells was used to determine the estimated holdup values for the hot 
cells.  Based on the results of these NDAs and expected radionuclide compositions of the holdup material 
in the building, building holdup is estimated to be less than 38 Ci Pu-239E.  For conservatism, the 
following radioactive material holdup estimates are used in the accident analysis: 
 

Total Building 55 Ci Pu-239E 
Single Room 10 Ci Pu-239E 
Single Glovebox (noncombustible) 5 Ci Pu-239E 
Combustible Glove boxes (total in the building) 3 Ci Pu-239E 

 
In-Process Materials.  In-process radioactive materials are those in active use within the RPL and 

those that are not stored in containers and forms that would exempt them from consideration in the 
accident analysis.  Two cases are evaluated.  It is assumed that the in-process inventory is either entirely 
Pu-239E (Radioactive Particulates) or entirely H-3E (Radioactive Gases).  Releases are then calculated 
based on accident scenarios and in each case Pu-239E releases from holdup and outdoor sources are 
included if appropriate.  For some accident scenarios, the in-process materials are designated as being 
either in open or closed containers, because they may be subject to different release mechanisms. 
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7.1.8 Components of Outdoor Radioactive Material Handling, Storage, and Transfer 24 

Activities  
 

The RPL transfers and stores radioactive materials outside the building in quantities that may exceed 
hazard category 3 thresholds.  Examples of outdoor activities involving radioactive materials include the 
following: 
 

• transfers of radioactive materials, typically waste materials, from the building to an outdoor 
radioactive material area in the RPL ESY 

• storage of radioactive materials and contaminated equipment in the ESY 
• transfers associated with shipping and receiving of radioactive research and waste materials 
• occasional transfers of radioactive wastes and other radioactive materials from one area of the 

building to another area of the building, via an outdoor route.  Radioactive material is 
handled/transferred to or from a number of locations around the perimeter of the building 
including, but not limited to, the Shielded Analytical Laboratory’s (SAL) dock on the west side, 
the north dock, the High-Level Radiochemistry Facility (HLRF) north rollup door, the east truck 
lock, the south basement ramp, and the ESY. 

 
For outdoor material transfer and storage activities involving quantities exceeding hazard category 3 

thresholds that are within the scope of this analysis, radioactive materials are packaged in sealed metal 
containers.  Typical container types include Department of Transportation (DOT) certified containers, 
lead and/or concrete shielded drums, 55-gallon metal drums, and other metal casks, drums and boxes.  
Many of the containers used for transfer and storage of material have been evaluated for transportation 
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hazards in various safety analysis reports for packaging (SARPs).  Material transfer and storage also make 
very limited use of wood containers (that is, crates and boxes).  For example, a wood crate is used for 
transportation of potentially contaminated hot cell manipulators to and from the manipulator shop in the 
RPL.  When not in use, this crate is stored in the ESY because of residual internal contamination.  Other 
wood crates/boxes may be used periodically to store potentially contaminated equipment.  Use of 
combustible materials is subject to review under the fire protection program. 
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Shipping and receiving activities of radioactive materials to and from the building is managed in 

compliance with regulatory requirements defined for onsite or offsite transportation. For example, 
containers approved for transport on “public roadways” must meet criteria defined by a DOT-approved 
SARP; and containers approved for transport onsite must meet criteria defined by either a DOT-approved 
SARP or a DOE-approved SARP.  Potential accidents resulting in significant material releases from 
containers approved by the DOT for transport on public roadways are not considered credible accidents 
for the RPL DSA.  The radioactive material in these containers is not included as material-at-risk in 
relation to RPL inventory requirements.  However, potential accidents resulting in material releases from 
other containers handled and stored outdoors are analyzed in the following sections of this chapter. 
 

Transfers of radioactive materials (typically waste materials) from the building to the ESY, storage of 
radioactive materials and contaminated equipment in the ESY, and occasional transfers of radioactive 
wastes and other radioactive materials from one area of the building to another area of the building, via an 
outdoor route are accomplished utilizing, at a minimum, sealed metal containers (except as noted for 
radiologically contaminated equipment).  Containers may be stacked during storage and/or handling; 
however, containers are not stacked more than two high.  The Shielded Waste Cask, which is permitted 
for onsite transportation, is primarily used to ship radioactive wastes from the RPL to the Central Waste 
Complex in the 200 Area for disposal.  Bowling ball casks that are used to transfer and store radioactive 
liquids are stored empty in the ESY with the exception of a possible heel.  As an example of the 
material-at-risk, these containers, when packaged for onsite transportation to the CWC, are limited to 
16 Ci Pu-239E per drum and may be loaded to the truck from the facility or from storage in the ESY.  
RPL procedures address the use of sealed metal containers and the implementation of a stacking height 
limit for containers during outdoor transfer and storage activities of radioactive material. 
 

The inventory for outdoor transfer and storage of gaseous radioactive material is limited to 30,000 Ci 
H-3E.  The 30,000 Ci H-3E limit, if fully released, equates to a dose consequence 0.087 rem TEDE to the 
offsite MEI and 0.87 rem TEDE to the representative onsite individual.  Source terms and consequences 
for all postulated accidents involving outdoor transfer and storage of radioactive material include the 
contribution from the 30,000 Ci H-3E limit.  The 30,000 Ci H-3E limit does not apply to tritium 
shipments in casks covered by SARPs that justify the integrity of the casks and permit transportation on 
public roads per the DOT.  As noted previously, radioactive material packaged in casks approved by the 
DOT for transport on public roadways are not considered material-at-risk. 
 

Used protective clothing, which is potentially contaminated, and radiation detection instruments, 
which contain check sources, are stored in outdoor RMAs distinct from the ESY.  These RMAs do not 
have a credible means of exceeding hazard category 3 threshold quantities and are managed via PNNL 
procedures to remain below hazard category 3 threshold quantities. 
 



 

2007 DSA, Revision 0 RPL DSA 
Supersedes:  2006 Revision 0 Page 7.8 

7.1.9 Authorized In-Process Inventories 1 
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The accident analysis is based on radioactive material inventory assumptions, as discussed in each 
event.  Facility operations must remain within these values for the calculated dose consequences 
presented in this chapter to remain bounding.  Table 7.3 presents the inventory basis of the accident 
analysis, and hence the maximum radioactive material inventory allowed by the Safety Basis. 
 

Table 7.3.  Authorized Inventories 

Inventory Basis(1) Location 
Pu-239E, Ci H-3E, Ci 

Room 100 50,000 
Area 300 180,000 

Facility 1500 900,000 
Outdoor Container 100 30,000(2) 

Outdoor Transfer 300 30,000(2) 

ESY 100 30,000(2) 

(1) The inventory basis for a specified location is the Pu-239E value, the 
H-3E value, or the sum of the fractions of these two values relative to 
their respective limits. 

(2) The inventory for outdoor transfer and storage of gaseous radioactive 
material is limited to 30,000 Ci H-3E.  This inventory is in addition 
to the Pu-239E inventory. 
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7.1.10 Airborne Release Fractions and Respirable Fractions 10 
 

Airborne release and respirable fraction assumptions used in the accident analyses are based on data 
presented in DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable Fractions for 
Nonreactor Nuclear Facilities.  The following tables (Table 7.4, Table 7.5, Table 7.6) summarize the 
airborne release fractions (ARFs) and respirable fractions (RFs) for various material forms considered for 
application to releases in the RPL accident scenarios, relative to release assumptions documented in 
DOE-HDBK-3010-94.  This data is presented to provide background on the selection of specific ARF and 
RF values within scenario-specific releases for the various forms of radioactive materials that may be 
present in the RPL and for the various release mechanisms. 
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Fire Scenarios.  Several ARFs and their corresponding RFs were considered for application to RPL 
fire scenarios (

1 
2 
3 
4 

Table 7.4). 
 

Table 7.4.  Release Fractions considered for Thermal Stress Events (Fires) 

ID DOE-HDBK-3010 Release 
Fractions (Fire) 

DOE-HDBK-3010 
(Section #) 

ARF RF ARF*RF 

F1 Uncontained combustible 
contaminated material 

5.2.1.2, 
Page 515 

0.002 1.0 0.002 

F2 Radioactive solutions (e.g., aqueous 
waste or plutonium solutions) 

3.2.1.2,  
Page 3-13 

0.002 1.0 0.002 

F3 Large organic pool fires on porous 
or cracked surfaces  

3.37,  
Page 3-49 

0.005 0.4 0.002 

F4 Contained/packaged combustible 
solids (e.g., Pu oxide and other 
noncombustible wastes, materials) 

5.2.1.1, Page  0.0005 1.0 0.0005 

F5 Noncombustible contaminated 
solids with resuspension from 
thermal effects 

4.4.1.2, 
Page 4-61 
 

0.006 0.01 0.00006 

F6 Uncontained, contaminated organic 
solids, plastic combustibles, such 
PMMA (e.g., glovebox windows) 

5.2.1.4, 
Page 5-16 

0.05 1.0 0.05 

F7 Bulk metals (e.g., Pu metal in bulk 
metal form, large pieces, or chips)  

4.4.1.1.3, 
Page 4-25 

0.0005 0.5 0.00025 

F8 Plutonium oxide and other powders  4.4.1.1, 4.4.1.2 0.006 0.1 0.0006 
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Explosions, Over-Pressurization, or Shock/Vibration.  Several ARFs and their corresponding RFs 
were considered for application to RPL scenarios involving explosion, over-pressurization, and/or 
shock/vibration (

1 
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4 
5 

Table 7.5). 
 

Table 7.5.  Release Fractions considered for Vibration/Shock, Deflagration/Explosion Events 

 
ID 

DOE-HDBK-3010 Release Fractions 
(Explosion, Shock/Vibration) 

DOE-HDBK-3010 
(Section #) 

 
ARF 

 
RF 

 
ARF*RF 

E1 Internal explosion or rapid 
over-pressure of packaged waste 

5.2.2.2 0.001 1.0 0.001 

E2 Venting of pressurized gases over 
contaminated, combustible material 

5.2.2.3, 
Page 5-20 

0.001 1.0 0.001 

E3 External impact of packaged waste 
(uncontained combustible contaminated 
waste, noncombustible contaminated 
solids, and uncontained contaminated 
organic solids are the same as that for 
packaged waste) 

5.2.3.2, 
Page 5-20 

0.001 0.1 0.0001 

E4 Deflagration near metals (for example, 
plutonium metal) 

4.2.2.2, 4.2.2.3 0.001 1.0 0.001 

E5 Explosion or over pressurization of 
plutonium oxide and other powders 
(furnaces) 

4.4.2.3, 
Table 4-12 

0.002 1.0 0.002 

E6 Venting of pressurized powders at 
confinement failure pressures up to 
25psig 

4.4.2.3.2, 
Pages 4-73, 4-74 

0.005 0.4 0.002 

E7 Vibration/shock for suspension of 
powder-like surface contamination 

4.4.3.3.1, 
Page 4-84 

0.001 1.0 0.001 

E8 Vibration/shock on clumps and piles of 
particulate material 

4.4.3.3.1, 
Page 4-84, 4-85 

0.001 0.1 0.0001 

E9 Suspension of powder from a smooth, 
unyielding surface from the pressure 
impulse generated by a deflagration; 
release phenomena are considered to 
cover powders shielded from the direct 
impact of the blast as well.   

4.4.2.2, 
Page 4-69 

0.005 0.3 0.0015 
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Spills or Drops.  Several ARFs and their corresponding RFs were considered for application to RPL 
scenarios involving spill/drop or impact/puncture releases (

1 
2 
3 
4 

Table 7.6). 
 

Table 7.6.  Release Fractions considered for Spills/Drops, Impact/Puncture Events 

 
ID 

DOE-HDBK-3010 Release Fractions 
(Spill/Drop, Impact/Puncture) 

Reference to 
DOE-HDBK-3010 
(Section #) 

 
ARF 

 
RF 

 
ARF*RF 

S1 Release caused by spilling particulate 
materials (e.g., powders) through air for 
a drop height of less than 3 m. 

4.4.3.1.3,  
Page 4-82 

0.002 0.3 0.0006 

S2 Spills/drops or impact of packaged 
waste or contaminated solids  (fairly 
robust container) 

5.2.3.2,  
Page 5-20 

0.001 0.1 0.0001 

S3 Spills/drops or impact of packaged 
waste or contaminated solids 
(unpackaged or lightly packaged) 

5.2.3.2,  
Page 5-20 

0.001 1.0 0.001 

S4 Release assumed to be caused by an 
accidental drop of a container of 
powder in which the lid of the container 
is dislodged by impact with the ground 
and is modeled as vibration or impact 
shock.  ARF/RF recommended by 
DOE-HDBK-3010 is for 
vibration/shock. 

4.4.3.3.2,  
Page 4-87 

0.001 0.1 0.0001 

S5 Impact, spill/drop with suspension of 
clumps/piles of powder 

4.4.3.3.1,  
Pages 4-84, 4-85 

0.001 0.1 0.0001 

S6 Solution spill, 3-m fall distance 3.1, 
Page 3-4 

0.0002 0.5 0.0001 

S7 Resuspension 4.4.4.1.2, 
Page 4-101 

4E-06/hr * 24 hr 

 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

The ARFs and RFs used in the accident analyses were selected to provide conservative analyses for 
the types of activities and materials planned and ongoing within the RPL (Table 7.7).  The RPL 
radioactive material inventory could be present in combustible solvents, radioactive solutions, packaged 
waste, uncontained combustible contaminated material, noncombustible contaminated solids, plutonium 
metals, plutonium oxide and other radioactive powders, or uncontained contaminated organic solids.  The 
release fraction for gases and/or volatile radioactive materials are assumed to be 1.0 (that is, ARF of 1.0, 
RF of 1.0) for all postulated scenarios in which a radioactive gaseous release is identified; and therefore, 
release fractions are for gases and volatiles are not identified in the tables below. 
 

The values identified in Table 7.7 were selected to calculate releases from the postulated RPL 
scenarios.  Engineering judgment was applied with the intent of providing release fractions that are 
conservative for types of materials and operations that may be used in the RPL. 
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Table 7.7.  Release Fractions selected for use in RPL Accident Analyses 1 

Fire Scenarios RPL 
Scenarios 

ARF RF ARF*RF 

F1:  Uncontained combustible contaminated material (open 
in-process material, holdup) 

7.2.1, 7.2.2, 
7.2.3, 7.2.4 

0.002 1.0 0.002 

F6:  Plastic combustibles (holdup associated with plastics) 7.2.1, 7.2.2 0.05 1.0 0.05 
F5:  Noncombustible contaminated solids with resuspension 
from thermal effects (closed/packaged in-process material) 

7.2.2 0.006 0.01 0.00006 

F4:  Contained, packaged combustible solids (packaged 
material) 

7.2.3, 7.2.4 0.0005 1.0 0.0005 

S1:  Spilling particulate material less than 3m 7.2.3, 7.2.4 0.003 0.2 0.0006 
S7:  Resuspension effects (outdoor events) 7.2.3, 7.2.4 4E-06/hr * 24 hr 
Explosion, Over-Pressurization Scenarios Scenarios ARF RF ARF*RF 
E2:  Venting of pressurized gases over contaminated, 
combustible material (open in-process material) 

7.3.1 0.001 1.0 0.001 

E7:  Vibration/shock for suspension of powder-like surface 
contamination (holdup) 

7.3.1, 7.3.2 0.001 1.0 0.001 

E6:  Venting of pressurized powders at confinement failure 
pressures less than 25psig (open in-process material) 

7.3.2, 7.3.3 0.005 0.4 0.002 

E3:  External impact of packaged material (closed in-process 
material) 

7.3.2 0.001 0.1 0.0001 

S7:  Resuspension effects  (outdoor events) 7.3.3 4E-06/hr * 24 hr 
Seismic Scenarios Scenarios ARF RF ARF*RF 
S5/S2:  Vibration/shock/impact: suspension of clumps/piles of 
powder or packaged material in robust containers (in-process 
material) 

7.6.2, 7.6.3, 
7.6.4 

0.001 0.1 0.0001 

E2:  Venting of pressurized gases over contaminated, 
combustible material (holdup) 

7.6.2, 7.6.3, 
7.6.4 

0.001 1.0 0.001 

S1:  Spilling of particulate material less than 3m 
(process upset of in-process material) 

7.6.3, 7.6.4 0.002 0.3 0.0006 

E8/S3:  Vibration/shock/impact for suspension of powder-like 
surface contamination (holdup)(ESY) 

7.6.3, 7.6.4 0.001 1.0 0.001 

E6:  Venting of pressurized powders at confinement failure 
pressures less than 25psig (process upset of in-process 
material) 

7.6.4 0.005 0.4 0.002 

S7:  Resuspension effects 7.6.3, 7.6.4 4E-06/hr * 24 hr 
Handling/Spill Scenarios  ARF RF ARF*RF 
S1:  Spilling particulate material (powder) less than 3m 7.4.1 0.002 0.3 0.0006 
S5/S2/E8:  Spills/drops/impact: suspension of clumps/piles of 
powder or packaged material in robust containers 

7.4.2 0.001 0.1 0.0001 

E7/S3:  Shock/vibration, spill/impact for suspension of 
powder-like surface contamination or lightly packaged material 

7.4.3 0.001 1.0 0.001 

S7:  Resuspension effects 7.4.2, 7.4.3 4E-06/hr * 24 hr 
 2 
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7.1.11 Frequency Categories and Evaluation Guidelines 1 Evaluation Guidelines 1 
  2 2 

PNNL Evaluation Guidelines:  PNNL Evaluation Guidelines:  Frequency may be expressed in qualitative or quantitative terms.  The 
frequency categories commonly used in event analyses are Anticipated, Unlikely, and Extremely 
Unlikely. 

3 
4 
5 
6 

8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

 
• Anticipated (A) events are predicted to occur more than once every 100 years (F ≥10-2 y-1). 7 

 
• Unlikely (U) events are predicted to occur from once every 100 years to once every 10,000 years 9 

(10-2 y-1 > F ≥ 10-4 y-1). 
 

• Extremely Unlikely (EU) events are predicted to occur from once every 10,000 years up to once 
every million years (10-4 y-1 > F ≥ 10-6 y-1). 

 
Events that are predicted to occur at a frequency of less than once in a million years (F < 10-6 y-1) are 

generally not included in the event analysis.  These events are judged to be of sufficiently low probability 
that further analyses and application of additional mitigative strategies are not warranted. 
 

The dose consequence boundaries corresponding to the three frequency bins are not intended to 
designate a level of risk that is or is not acceptable, and should not be used in that manner.  The purpose 
of the boundaries is to establish consequence criteria that are to be applied in determining the need for 
additional analysis or accident mitigation for those events that approach or exceed the criteria.  The final 
determination of risk acceptability should be based on factors associated with each event and not solely 
on the guidelines in Figure 7.1.  Factors that should be considered in the evaluation of risk include, but 
are not limited to, uncertainties in the estimates of frequency and consequence, potential health effects, 
and the feasibility (e.g., cost-benefit) of further risk reduction. 

 

Figure 7.1  PNNL Evaluation Guidelines 

 

Frequency (events/year)

Dose 
(EDE, rem) 

Extremely Unlikely Unlikely Anticipated 

10-4 10-2

0.5 rem 

5 rem 

25 rem 

10-6 
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 1 
2 
3 
4 
5 
6 
7 

All accidents were evaluated against, and demonstrated to be within, the PNNL Evaluation 
Guidelines with the exception of the Anticipated Localized Fire involving particulates.  This accident is 
less than 0.66 rem to the offsite MEI, which could exceed the PNNL Evaluation Guideline of 0.5 rem for 
Anticipated accidents.  No cost-effective controls were identified that would reduce the frequency or 
consequence of this event.  This is discussed further in Section 7.2. 
 

DOE-RL Nuclear Safety Risk Ranking and Control Selection Guidelines:  The Nuclear Safety Risk 
Ranking and Control Selection Guidelines (

8 
9 

10 
11 
12 
13 

DOE-RL 2003) provides DOE-RL guidance for control 
selection based on the relative risk of each analyzed accident.  Table 7.8 provides the DOE-RL Evaluation 
Guidelines and Consequence Bins. 
 

Table 7.8.  Consequence Levels and Risk Evaluation Guidelines 

Consequence Offsite Public Onsite Worker 

High >25 rem TEDE 
>ERPG-2/ TEEL-2 

>100 rem TEDE 
>ERPG-3/ TEEL-3 

Moderate >1 rem TEDE 
>ERPG-1/ TEEL-1 

>25 rem TEDE 
>ERPG-2/ TEEL-2 

Low <moderate consequences <moderate consequences 

 14 
15 
16 
17 
18 

Table 7.9 provides the Qualitative Risk Ranking Bins (I – IV), based on the frequency and 
consequence bin of a given accident scenario. 
 

Table 7.9.  Qualitative Risk Ranking Bins 

Frequency of Occurrence (per year) 

Consequence Beyond Extremely 
Unlikely 
f<10-6/yr 

Extremely 
Unlikely 

10-6/yr<f<10-4/yr 

Unlikely 
10-4/yr<f<10-2/yr 

Anticipated 
10-2/yr<f<10-1/yr 

High III II I I 

Moderate IV III II I 

Low IV IV III III 

 19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

The Nuclear Safety Risk Ranking and Control Selection Guidelines (DOE-RL 2003) provide the 
following guidance for control selection: 
 

“Risk Class I events must be protected with safety structures, systems, and components (SSC) 
and Technical Safety Requirements (TSR).  For offsite public protection, Safety Class SSCs 
and TSRs are required for radiological events >25 rem TEDE in accordance with Appendix A 
of DOE-STD-3009-94, Change Notice 2.  Events which challenge but do not exceed 25 rem 
TEDE offsite should be considered in selection of Safety SSCs and/or TSRs.  Operational 
events resulting in high offsite radiological consequence must be moved forward into 
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accident analysis for determination of safety classification, without consideration of 
frequency. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

 
Risk Class II events must be considered for protection with TSRs and safety SSCs.  The 
consideration of control(s) shall be based on the effectiveness and feasibility of the 
considered controls along with the identified features and layers of defense in depth (DID).  
Operational events resulting in high offsite radiological consequence must be moved forward 
into accident analysis for determination of safety classification, without consideration of 
frequency. 
 
Risk Class III events are generally protected by the safety management programs (SMPs).  
These events may be considered for defense-in-depth SSCs in unique cases. 
 
Risk Class IV events do not require additional measures. 
 
For facility worker protection, significant hazardous events are evaluated for appropriate 
controls in accordance with DOE-STD-3009-94 Change Notice 2.  The activity-specific 
controls (e.g., PPE and hot work permit) should be developed as part of a work control 
process, not as a specific part of the Safety Basis per 10 CFR 830.  The actual implementation 
of work control process should be reviewed as part of the annual ISMS verification.  For 
those events identified in the hazard analysis that require a control that is not contained in an 
SMP, a discrete administrative control should be established. 
 
Defense-in-depth is a philosophy that ensures the facility is operated in a safe manner through 
multiple means.  Defense-in-depth features include the entire suite of safety controls, 
encompassing Safety Class and Safety Significant SSCs, TSRs, safety management 
programs, and other administrative and engineered controls.  Only the significant contributors 
to defense-in-depth should warrant a safety significant SSC designation and those design 
features that provide significant safety benefit covered by the TSR Design Feature section.” 

 
The unmitigated frequency and consequence of each accident were compared to the criteria of the 

Nuclear Safety Risk Ranking and Control Selection Guidelines.  Where necessary, controls were applied 
to reduce accident frequency and/or consequence, and the mitigated risks of the accident were re-assessed 
against the Nuclear Safety Risk Ranking and Control Selection Guidelines.  As shown in Table 7.1, the 
final mitigated risks are Risk Class III or Risk Class IV.  REVS HEPA filtration is not credited with 
providing mitigation for any accident. 
 

All accidents were evaluated against, and demonstrated to be within, the DOE-RL Nuclear Safety 
Risk Ranking and Control Selection Guidelines. 
 

DOE-STD-3009 Evaluation Guideline:  DOE evaluation guideline (EG) is provided in 41 
42 
43 
44 
45 

DOE-STD-3009-94, Appendix A.  The EG is 25 rem TEDE. 
 

All accidents were evaluated against and demonstrated to be within the DOE-STD-3009-94 EG. 
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7.1.12 Personnel Actions 1 
 2 

3 
4 
5 
6 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Because personnel actions are not assumed to mitigate the occurrence of analyzed accidents, no TSR 
is identified related to personnel staffing.  Therefore, no TSR is required for minimum staffing.  Personnel 
selection and training are addressed in Chapter 5. 
 

7.2 Fire Scenarios 7 

 
Fire scenarios that are representative of the hazards in the RPL have been evaluated in RPL Fire 

Hazards Analysis (Section 6.2.2).  The scenarios in the FHA were used to formulate the basis for fire 
accidents to be considered in the DSA.  The development of the DSA fire scenarios is discussed in 
RPL-SA-R3, Fire Scenario Development.  Chemicals present in the facility are typically used in small 
quantities.  Stored quantities of chemicals (that is, those not in use) are also not present in large quantities.  
Laboratory equipment such as hot plates, furnaces, and ovens are present in the facility.  Some open flame 
and welding activities are also periodically performed in the facility.  Fires in RPL could potentially occur 
as the result of equipment failure and/or overheating, chemical reactions, work with open flame or spark 
producing equipment, and hot surfaces in contact with combustibles. 
 

Fire scenarios internal to the RPL have been evaluated relative to the propagation of the fire event 
from localized fires to large post-flashover events. For the purpose of the accident analysis, the scenarios 
derived from the FHA are defined in terms of three stages in fire propagation.  These stages are localized 
involvement (for example, glovebox, hood, benchtop), single room involvement, and multiple room 
involvement.  The analyses of these stages of fire propagation are presented in this section.  Fire scenarios 
have also been evaluated for material transfer and storage activities associated with, but external to, the 
facility. 
 

Localized fires represent the first stage of event propagation in the building.  Localized fires, which 
remain local to the point of origin, could occur in any area of the building and are determined to be 
anticipated events.  Anticipated fires are associated with normal operations, that is, they are expected to 
occur periodically over the life of the facility, and thus are likely to involve more typical material 
inventories that are associated with laboratory activities (as opposed to bounding operational limits).  A 
localized fire is not expected to cause failure or otherwise challenge the building fire protection capability 
or HEPA filtration.  The fire would be extinguished manually, by automatic suppression, or be 
self-limiting, thereby confining damage to the immediate area.  Engineered fire protection features are 
assumed to function during this scenario. 
 

Conservatively assuming bounding operational radioactive material inventory limits, the 
consequences of the localized fire could approach the consequences analyzed for the room fire analyzed 
in Section 7.2.1, 0.66 rem to the offsite MEI and 3.4 rem to the representative onsite individual.  Under 
these conservative assumptions, the offsite consequences could potentially exceed the PNNL Evaluation 
Guideline of 0.5 rem for Anticipated events.  However, as discussed above, Anticipated fires are likely to 
involve typical inventories associated with laboratory activities that represent a fraction of the bounding 
operational limits.  Therefore, the actual consequences of such fires would be expected to be much less 
than those postulated for the room fire, and would not be likely to exceed the PNNL Evaluation Guideline 
for Anticipated events.  Considering the uncertainties in the estimates of frequency and consequence, 
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potential health effects, and the feasibility (e.g., cost-benefit) of further risk reduction, no cost-effective 
controls were identified that would reduce the frequency or consequence of this event to less than the 
PNNL Evaluation Guideline for Anticipated events.  On this basis, consequences from anticipated 
localized fire events are not significant to either the onsite or offsite individuals; and, as a result, dose 
consequences are not quantitatively calculated for anticipated fire events, but are assumed to be 
significantly less than the room fire analyzed in Section 

1 
2 
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4 
5 
6 
7 
8 
9 

10 

12 

14 
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21 
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28 
29 
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31 
32 
33 

35 
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38 

40 
41 
42 

44 
45 
46 

7.2.1.  Fire event data included in 
WHC-SP-1180, Hanford Site Emergency Response Needs (WHC 1996), and HFD incident reports 
specific to the RPL, support the conclusion that fires of significant consequence are not a frequent 
occurrence for DOE facilities in general, and RPL specifically. 

7.2.1 Room Fire 11 
 
7.2.1.1 Event Description 13 
 

This event represents the next stage of fire propagation beyond an anticipated localized event.  It is 
assumed that a fire initiates in a work area where the maximum allowed radioactive material inventory for 
a room is present, early fire suppression does not occur, and combustibles are available in sufficient 
quantities to sustain fire growth and impact the entire radioactive material inventory in the room.  The fire 
is extinguished either by automatic sprinklers, fire department suppression, or is self-limiting, thereby 
confining damage to the room of origin.  A “room” is generally defined as an area enclosed by walls, 
ceilings, and floors.  General “Room” designations in the RPL include the following: 
 

• each enclosed basement room, or a location in the open basement space containing maximum 
inventory 

• each first-floor laboratory 
• each hot cell gallery 
• the entire set of Shielded Analytical Laboratory (SAL) hot cells 
• each hot cell of the High-Level Radiochemistry Facility (HLRF), if segregated. 

 
For a localized fire to propagate to the point of involving an entire room, and maximum source term, 

multiple failures would occur and conditions must be supportive of such an event.  These failures and 
conditions include the following: 
 
• Sufficient combustible material is present to sustain burning and support growth of the fire beyond 34 

the localized event.  The building and laboratory construction is generally of noncombustible or 
limited combustible design; however, laboratory materials and chemicals may be present that could 
contribute to the fire growth. 

 
• Worker fails to immediately extinguish the fire in the incipient or localized stage.  Fire incident 39 

reports for RPL indicate that the fires that have occurred in the RPL have been extinguished at this 
stage. 

 
• The automatic sprinkler system fails to control fire growth.  This is an extremely conservative 43 

assumption.  Most fires are controlled or suppressed in the early stages where sprinkler systems are 
present, tested, and maintained.  Sprinkler protection is provided throughout the building. 
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• Sprinkler operation will summon the Hanford Fire Department (HFD) via the fire alarm system in 1 
the building.  The 300 Area Fire Station is within five minutes of the RPL, but HFD response is 
assumed to not occur or not be effective until the fire has achieved full room involvement.  Fire 
Department actions eventually suppress the fire. 

2 
3 
4 
5 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

20 

 
• Radioactive material inventory is present at maximum allowable limits in dispersible form, and 6 

susceptible to fire exposure and release.  This is conservative because laboratory operations and 
activities are typically performed on relatively small quantities of radioactive materials, and because 
large quantities of radioactive materials are usually stored in substantial containers that are not as 
susceptible to fire damage. 

 
There have been no fires of this magnitude in the 50-year operating history of RPL.  Without controls, 

the frequency of this fire is considered Anticipated based on the frequency of incipient fires such as the 
localized fire discussed in Section 7.2.  The controls provided in LCO 3/4.3, Fire Suppression Systems, 
and AC 5.3.3, Fire Protection Program, are credited with reducing the frequency of this event to 
Unlikely.  Based on these assumptions, it was concluded that the Unlikely fire would involve only a 
single room. 
 
7.2.1.2 Dose Consequence Analysis 19 
 

Radioactive Particulates.  The in-process inventory assumed to be burned in this event was 100 Ci 
Pu-239E.  This inventory could be present in combustible solvents, radioactive solutions, packaged waste, 
uncontained combustible contaminated material, noncombustible contaminated solids, plutonium metals, 
plutonium oxide and other radioactive powders, or uncontained contaminated organic solids.  A combined 
airborne release fraction (ARF) and respirable fraction (RF) of 0.002 was applied to the in-process 
inventory of 100 Ci Pu-239E to address the various forms of radioactive material that could be available 
for release in a fire (
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Table 7.4).  It was also assumed that 10 Ci Pu-239E is burned as radiological holdup 
in the room (Section 7.1.7):  three curies on plastic combustibles (for example, PMMA glovebox 
windows) with an ARF*RF of 0.05 and the remaining seven curies as uncontained combustible 
contaminated material with an ARF*RF of 0.002 (Table 7.7). 
 

Calculated release from burning in-process material 
= (100 Ci Pu-239E) * (0.002 ARF*RF) 
= 0.200 Ci Pu-239E 
 
Calculated release from burning room holdup associated with plastics 
= (3 Ci Pu-239E) * (0.05 ARF*RF) 
= 0.150 Ci Pu-239E 
 
Calculated release from burning remaining room holdup  
= (7 Ci Pu-239E) * (0.002 ARF*RF) 
= 0.014 Ci Pu-239E 

 
The total calculated quantity released to the building HVAC system is estimated to be 0.364 Ci 

Pu-239E. 
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Radioactive Gases.  The in-process radioactive gas inventory assumed to be burned in this event is 
50,000 Ci H-3E.  The release from this fire scenario assumes an ARF*RF of 1.0 with no removal of the 
H-3E gases or volatile materials before release from the building.  Holdup material, which for the most 
part would be radioactive particulate, is released as described above for radioactive particulates. 
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The total calculated quantity released to the building is estimated to be 50,000 Ci H-3E plus 0.164 Ci 

Pu-239E. 
 
7.2.1.3 Release 9 
 

The unmitigated release quantity was calculated based on the assumption that the primary and final 
HEPA filters do not function, there is no deposition of material in the building, and the release occurs at 
ground level.  The unmitigated respirable release quantity from the room fire is 0.364 Ci Pu-239E 
radioactive particulates and 50,000 Ci H-3E plus 0.164 Ci Pu-239E from particulate holdup for 
radioactive gases. 
 

NOTE: Releases would most likely consist of a combination of Pu-239E and H-3E from in-process 
material.  Operations are controlled by managing the sum of the fractions of in-process 
Pu-239E and H-3E inventories compared to their respective room or area limits. 

 
7.2.1.4 Conclusions 21 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
in the following table. 
 

Dose Consequences (rem, TEDE) 
Unmitigated Dose Room Fire (U) 

Onsite Offsite 
Radioactive Particulate Release 3.4 0.66 
Radioactive Gas Release 3.0 0.44 

 26 
Offsite.  The unmitigated radiological dose consequence to the offsite MEI is 0.66 rem TEDE, which 

is Low, Risk Class III, under the DOE-RL EGs for Anticipated and Unlikely events. 
27 
28 
29  

Onsite.  The unmitigated dose consequence onsite (that is, consequence assuming no HEPA filtration) 
is 3.4 rem TEDE at 100 m, which is Low, Risk Class III, under the DOE-RL EGs for Anticipated and 
Unlikely events. 

30 
31 
32 
33  

Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event; thus, controls are needed to track radioactive material inventories 
so they do not exceed those used in this analysis.  The analysis demonstrates that the fire prevention 
measures, fire sprinkler protection, and manual fire fighting capabilities available at the RPL keep the 
unlikely room fire from spreading to an “area.”  Controls are needed for a fire protection program and fire 
suppression systems to provide the necessary fire protection measures, systems, and features that act to 
maintain the frequency of room fires as unlikely occurrences.  Although REVS is not credited with 
mitigation in this event, it provides an additional layer of protection to the representative onsite individual 
and the offsite MEI.  Therefore the REVS is identified as a defense-in-depth system. 
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►►►TSR:  radioactive material tracking process and material limits 
►►►TSR:  fire suppression systems 
►►►TSR:  fire protection program 
 
7.2.2 Area Fire 6 
 
7.2.2.1 Event Description 8 
 

This event represents fires that propagate beyond a single room to involve multiple laboratories or 
large portions of the facility.  In this event, automatic fire suppression and early manual suppression by 
the HFD is assumed to be ineffective in preventing fire propagation.  Sufficient combustibles to maintain 
fire propagation through adjacent laboratory spaces are assumed present.  The fire impact is defined in 
terms of building areas, which were derived from scenarios evaluated in the RPL fire hazards analysis 
(FHA).  Radioactive material is assumed to be present at maximum inventory limits and susceptible to 
release.  The primary and final stages HEPA filters are assumed to fail.  For release of radioactive gases, 
it is assumed that a fire of sufficient heat and duration occurs to cause release of gases or volatile 
materials (as H-3E).  Even if the final stage of HEPA filters remained intact in this fire, the HEPA filters 
are not effective in the removal of radioactive gases or volatile materials.  Fire Department actions 
eventually suppress the fire before it spreads to the entire facility and associated radioactive material 
inventory. 
 

For the purpose of the accident analysis, the following “areas” are defined to bound estimated fire 
damage as identified in the FHA and provide convenient means to manage the radioactive material 
inventory in the facility. 
 

• first-floor laboratories bounded by the 700 and 100 corridors (corridors running East-West 
• first-floor laboratories north of the 700 corridor (corridor running East-West) 
• HLRF 
• SAL 
• basement. 

 
Without controls, the frequency of this fire is qualitatively considered to be Unlikely based on the 

unmitigated frequency of propagation of fires such as the room fire discussed in Section 7.2.1.  With 
controls, this scenario is placed in the Extremely Unlikely frequency category based on the reduction in 
fire frequency provided by LCO 3/4.3, Fire Suppression Systems, and AC 5.3.3, Fire Protection 
Program; and the evaluations contained in the FHA and RPL-SA-R3.  Additionally, the DOE Annual Fire 
Loss Reports, Factory Mutual Loss Prevention Data, and National Fire Protection Association large loss 
fire summaries support the judgment that large uncontrolled fires in facilities with similar levels of fire 
protection are Extremely Unlikely. 
 
7.2.2.2 Dose Consequence Analysis 42 
 

The in-process radioactive material inventory for an “area” is assumed to consist of either 300 Ci 
Pu-239E or 180,000 Ci H-3E. 
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Radioactive Particulates.  The in-process inventory could be present in combustible solvents, 
radioactive solutions, packaged waste, uncontained combustible contaminated material, noncombustible 
contaminated solids, plutonium metals, plutonium oxide and other radioactive powders, or uncontained 
contaminated organic solids.  Selected ARFs and RFs are assumed to bound the various forms of 
radioactive material that could be available for release during a fire (

1 
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16 
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26 
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31 

Table 7.4). 
 

Of the 300 Ci Pu-239E allowed in an area, 150 Ci Pu-239E of in-process material in open containers 
are assumed to burn with an ARF*RF of 0.002.  The fire is then assumed to cause failure of storage 
containers and exposure of the material in the containers to elevated temperatures and, subsequently, to 
resuspension conditions from the thermal effects of the fire (that is, effecting 150 Ci Pu-239E of 
radioactive inventory in closed containers), with an ARF*RF of 0.00006.  The 55 Ci Pu-239E of 
radioactive material holdup is assumed to be distributed between combustible PMMA glovebox surfaces 
and other noncombustible, contaminated surfaces.  An ARF*RF of 0.05 for releases from burning PMMA 
is applied to 3 Ci of holdup associated with combustible glove boxes and an ARF*RF of 0.002 is applied 
to the remaining 52 Ci Pu-239E of holdup (Table 7.7). 

Calculated release from burning in-process material - open containers 
= (150 Ci Pu-239E) * (0.002 ARF*RF) 
= 0.300 Ci Pu-239E. 

Calculated release from burning in-process material - closed containers 
= (150 Ci Pu-239E) * (0.00006 ARF*RF) 
= 0.009 Ci Pu-239E. 

Calculated release from burning holdup associated with plastic 
= (3 Ci Pu-239E) * (0.05 ARF*RF) 
= 0.150 Ci Pu-239E. 

Calculated release from burning remaining holdup 
= (52 Ci Pu-239E) * (0.002 ARF*RF) 
= 0.104 Ci Pu-239E. 

 
The total calculated quantity of radioactive particulate material released to the building HVAC system 

is estimated to be 0.563 Ci Pu-239E. 
 

Radioactive Gases.  For the case involving volatile materials, the entire 180,000 Ci H-3E in-process 
inventory for an “area” is assumed to be at risk for release.   The release from this fire scenario assumes 
an ARF*RF of 1.0 with no removal of the H-3E gases or volatile materials before release from the 
building.  Holdup material, which for the most part would be radioactive particulate, is released as 
described above for radioactive particulates. 

32 
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Calculated release from burning in-process material 
= (180,000 Ci H-3E) * (1.0 ARF*RF) 
= 180,000 Ci H-3E. 
 
Calculated release from burning holdup associated with plastic 
= (3 Ci Pu-239E) * (0.05 ARF*RF) 
= 0.150 Ci Pu-239E. 
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Calculated release from burning remaining holdup 
= (52 Ci Pu-239E) * (0.002 ARF*RF) 
= 0.104 Ci Pu-239E. 

 
The total calculated quantity of material released to the building is 180,000 Ci H-3E from in-process 

radioactive gases and 0.254 Ci Pu-239E from holdup as radioactive particulates. 
 
7.2.2.3 Release 9 
 

The unmitigated release quantities are calculated based on the assumption that the primary and final 
HEPA filters do not function for the entire event, there is no deposition or plateout of material in the 
facility, and the release occurs at ground level.  The unmitigated respirable release quantities from the 
area fire are 0.563 Ci Pu-239E for radioactive particulates and 180,000 Ci H-3E plus 0.254 Ci Pu-239E 
from particulate holdup for radioactive gas scenario. 
 

NOTE: Releases would most likely consist of a combination of Pu-239E and H-3E from in-process 
material.  Operations are controlled by managing the sum of the fractions of in-process 
Pu-239E and H-3E inventories compared to their respective room or area limits. 

 
7.2.2.4 Conclusions 21 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
below. 
 

Dose Consequences  (rem, TEDE) 
Unmitigated Dose Area Fire (EU) 

Onsite Offsite 
Radioactive Particulate Release 5.3 1.0 
Radioactive Gas Release 7.6 0.98 

 26 
Offsite.  The bounding radiological dose consequence to the offsite MEI is 1.0 rem TEDE, which is 

Moderate, Risk Class III, under the DOE-RL EGs for an Extremely Unlikely event. 
27 
28 
29  

Onsite:  The bounding radiological dose consequence onsite is 7.6 rem TEDE at 100 m, which is 
Low, Risk Class IV, under the DOE-RL EGs for an Extremely Unlikely event. 

30 
31 
32  

Hazard Control Summary:  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event; thus, controls are needed to track radioactive material inventories 
so they do not exceed those used in this analysis.  The analysis demonstrates that the fire prevention 
measures, fire sprinkler protection, or manual fire fighting capabilities are available at the RPL to 
maintain the extremely unlikely area fire from spreading beyond an Area.  Controls are needed for a fire 
protection program and fire suppression systems to provide the necessary fire protection measures, 
systems, and features that act to maintain the frequency of area fires as extremely unlikely occurrences. 

33 
34 
35 
36 
37 
38 
39 
40  



 

2007 DSA, Revision 0 RPL DSA 
Supersedes:  2006 Revision 0 Page 7.23 

►►►TSR:  radioactive material tracking process and material limits 1 
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►►►TSR:  fire suppression systems 
►►►TSR:  fire protection program 
 

The bounding dose consequences for the area fire, assuming no mitigation by the HEPA filtration, no 
deposition or plateout of material within the building, and release at ground level, are calculated at 
1.0 rem TEDE to the offsite MEI and 7.6 rem TEDE to the representative onsite individual.  The 
prescriptive calculation method used to generate the initial estimate of onsite dose (Section 7.1) does not 
take into consideration the nature of the event.  The representative onsite individual is assumed to be 
present through the duration of the release and to be standing in the plume.  These exposure assumptions 
are not realistic when considered in the context of human response to accident conditions, emergency 
protective measures that would be implemented in such an event, and realistic release mechanisms 
including fire growth.  Given the time period necessary for a fire to develop to the point of full 
involvement of an area within the RPL (and thus the maximum material inventory), an individual in the 
proximity of the facility during such an event would only be exposed to initial releases, if any, prior to 
evacuation.  In addition, initial releases of particulate materials from this type of an event would likely be 
HEPA filtered and the maximum plume concentrations would not occur until later in the event.  Based on 
these considerations, the actual dose to a representative onsite individual would be a fraction of the 
bounding onsite dose estimate of 7.6 rem TEDE. 
 
7.2.3 Container Fire 21 
 
7.2.3.1 Event Description 23 
 

A container with radioactive material is assumed to be impacted/spilled while being handled or stored 
outdoors.  The container is dropped, fails open, and is ignited.  The inventory could be present in solid 
material contaminated with combustible solvents, packaged waste, uncontained combustible 
contaminated material, noncombustible contaminated solids, plutonium metals, plutonium oxide and 
other radioactive powders, or uncontained contaminated organic solids.  Radioactive gas is also assumed 
to be present in the container.  Flammable/combustible liquids are not packaged for storage in the ESY.  
Incidental non-flammable/non-combustible free liquids may be present.  Outdoor transfer and storage of 
radioactive materials in the quantities assumed in this analysis would require an approved container of 
substantial design (Section 7.1.8).  Based on the likelihood of a handling incident occurring with the 
quantity of radioactive material assumed to be at risk and the material then becoming involved in a fire, 
this accident is considered Unlikely. 
 
7.2.3.2 Dose Consequence Analysis 37 
 

The source term for this accident involves 100 Ci Pu-239E that is spilled and then ignites and burns, 
and 30,000 Ci H-3 that is released as a gas.  For conservatism, 50% of the particulate radioactive material 
is assumed to be released as a spill with an ARF*RF of 0.0006 and then burned as uncontained material 
with an ARF*RF of 0.002.  The other 50% of the particulate material is then burned as contained material 
with an ARF*RF of 0.0005.  Most of the particulate material released in this event would remain at the 
site; however, a fraction of the released particulate material would be resuspended and dispersed by 
wind/weather effects and could be transported to receptor locations (Table 7.7).  The release quantity for 
the radioactive gas portion of this source term is based on an ARF*RF of 1.0. 
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A damage ratio of 0.5 is applied to each particulate component of this event, which assumes 50% of 
the particulate material is released as a spill in the initial impact, the spilled material is subsequently 
burned.  The 50% damage ratio is considered conservative for the types of containers and expected 
accident conditions involving relatively slow speeds and associated impact energy.  One of the more 
likely accidents would result in a forklift tine puncture of a container, actually only releasing a small 
fraction of the container particulate contents, if any, that would then be available to be involved in a fire.  
A damage ratio of 1.0 (100%) is applied to the radioactive gas portion of this source term. 
 

Calculated release from spill of radioactive particulate material 
= (100 Ci Pu-239E) * (0.0006 ARF*RF) * (0.5 damage ratio) 
= 0.030 Ci Pu-239E. 
 
Calculated release from burning of uncontained radioactive particulate material 
= (100 Ci Pu-239E) * (0.002 ARF*RF) * (0.5 damage ratio) 
= 0.100 Ci Pu-239E. 
 
Calculated release from burning of contained radioactive particulate material 
= (100 Ci Pu-239E) * (0.0005 ARF*RF) * (0.5 damage ratio) 
= 0.025 Ci Pu-239E. 
 
Calculated release from particulate resuspension 
= (100 Ci Pu-239E) * (4E-06/hr resuspension) * (24 hours) * (0.5 damage ratio) 
= 0.005 Ci Pu-239E 
 
Calculated radioactive gas release 
= (30,000 Ci H-3E) * (1.0 ARF*RF) * (1.0 damage ratio) 
= 30,000 Ci H-3E. 

 
The total calculated quantity of radioactive material released is 0.16 Ci Pu-239E and 30,000 Ci H-3E. 

 
7.2.3.3 Release 32 
 

Total calculated release for spilling/burning of radioactive material as part of a container fire during 
outdoor transfer or storage activities is 0.16 Ci Pu-239E and 30,000 Ci H-3E. 
 
7.2.3.4 Conclusions 37 
 

The calculated dose consequences to the representative onsite individual and the offsite MEI for an 
unmitigated release are provided below. 
 

Dose Consequences  (rem, TEDE) 
Unmitigated Dose Container Fire (U) 

Onsite Offsite 
Radioactive Particulate and Gas Release 
(ESY, Outdoor Transfer) 2.4 0.38 

 42 
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Offsite.  For outdoor transfer and storage of radiological material, the radiological dose consequences 
(that is, unmitigated) from this event were calculated to be 0.38 rem TEDE to the offsite MEI, which is 
Low, Risk Class III, under the DOE-RL EGs for an Unlikely event. 

1 
2 
3 
4  

Onsite.  For outdoor transfer and storage of radiological material, the radiological dose consequences 
(that is, unmitigated) of this event to the representative onsite individual is less than 2.4 rem TEDE at 
100 m, which is Low, Risk Class III, under the DOE-RL EGs for an Unlikely event. 

5 
6 
7 
8  

Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event; thus, controls are needed to track radioactive material inventories 
so they do not exceed those used in this analysis. 
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►►►TSR:  radioactive material tracking process and material limits 
 
7.2.4  Multiple Container Collision/Fire 15 
 
7.2.4.1 Event Description 17 
 

In this accident scenario, containers are involved in a vehicle collision or other impact that affects 
multiple containers, which is followed by a fire.  The fire involves combustibles in the area of the 
accident (for example, wooden pallets) or small amounts of fuel leaked from the vehicles.  The inventory 
could be present in solid material contaminated with combustible solvents, packaged waste, uncontained 
combustible contaminated material, noncombustible contaminated solids, plutonium metals, plutonium 
oxide and other radioactive powders, or uncontained contaminated organic solids.  Radioactive gas is also 
assumed to be present in the containers.  Flammable/combustible liquids are not packaged for storage in 
the ESY.  Incidental non-flammable/non-combustible free liquids may be present.  Outdoor transfer and 
storage of radioactive materials in the quantities assumed in this analysis would require an approved 
container of substantial design (Section 7.1.8). 
 

The extremely unlikely frequency of this collision/fire scenario is based on a review of the hazards 
associated with the analyzed activities, which includes the following: 
 

• Fires on the forklift or from some other source occurring simultaneously with radioactive material 
transfer activities and resulting in container failure and material release are unlikely.  In general, 
vehicular traffic near the ESY or near the loading docks is limited to vehicles that are picking up 
or delivering materials associated with the RPL and will be moving at slow speeds and with 
appropriate cautions for these activities.  Roadways providing traffic flow to and from other 
locations in the 300 Area pass to the south and east of the RPL.  The roadway to the east of the 
building and the ESY is lightly traveled, speeds are slow, and the road runs parallel to the facility, 
which minimizes the potential for direct impacts on the ESY enclosure except in those events 
where the vehicle is redirected by accident forces or loss of control.  The ESY is protected to 
some extent by the perimeter fence. 

 
• RPL personnel have handled, transferred, and stored containers around the external perimeter of 

the RPL without a major incident involving a release of radioactive material, such as mechanical 
damage to containers, vehicle impact, forklift puncture, or container falls. 
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• Materials moved or stored outdoors are packaged, at a minimum, in metal containers with 2 
mechanically sealed (for example, bolted, latched, locked, or welded) lids or other closure 
devices.  Metal containers provide a certain minimum resistance to container failure when 
subjected to transportation hazards. 

 
• Based on the type of materials (typically contained, dry wastes), the potential for spontaneous 7 

ignition is minimal. 
 

• There is no significant source of energy or kindling (for example, easily ignitable materials that 
aid in the ignition of the solid [wood] fuels present) present in the ESY to cause ignition of the 
combustibles present (primarily wood pallets). 

 
• Pallets of noncombustible containers burning at ground level or stacked drums separated by 

pallets will burn with relatively low energy and such fires are unlikely to fail the containers.  Not 
all containers are on pallets.  Containers are not stacked more than two high. 

 
• The potential for horizontal pallet-to-pallet fire propagation is minimal, as most of the heat will 

convect vertically and away from the pallets.  There is minimal compartmentation to contain the 
heat.  The ground and mass of the shielded containers also act to remove heat from the fire.  

 
• Oil-filled transformers in the ESY is located away from storage and contains high flashpoint oil.  

The ground slopes away from the storage area and is gravel.  Consequently, spilled flammable 
liquids tend to flow away from the transformer and stored containers in the ESY. 

 
7.2.4.2 Dose Consequence Analysis 26 
 

The event was conservatively assumed to involve up to 300 Ci Pu-239E and 30,000 Ci H-3E of 
radioactive material for outdoor transfer or up to 100 Ci Pu-239E and 30,000 Ci H-3E of radioactive 
material for ESY activities.  This can either be a material that is being received at or shipped from the 
RPL, transferred around the perimeter of the building, or stored/handled in the ESY. 
 

There are five components of the release from this accident scenario: 1) spill resulting from container 
impact, 2) burning the contents of the containers released in the impact, 3) burning the material remaining 
in the containers, 4) resuspension of a fraction of the released material and dispersal by wind and weather 
effects, and 5) release of radioactive gas.  A damage ratio of 0.5 is applied to each particulate component 
of this event, which assumes 50% of the particulate material is released as a spill in the initial impact, the 
spilled particulate material is subsequently burned, and the particulate inventory remaining in the 
containers (50%) is subsequently burned.  The 50% damage ratio is considered conservative for the types 
of containers and expected accident conditions involving relatively slow speeds and associated impact 
energy.  A damage ratio of 1.0 (100%) is applied to the radioactive gas component of the source term. 
 

The release quantity for the particulate spill/impact portion of the event was calculated based on an 
ARF*RF of 0.0006 for free fall spills of powders up to three meters.  The release quantity for burning 
uncontained particulate material was calculated based on burning uncontained cellulosic material with an 
ARF*RF of 0.002.  The release quantity for the burning of spilled particulate material was calculated 
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based on an ARF*RF of 0.0005 for packaged mixed waste.  Most of the particulate material released in 
this event would remain at the site; however, a fraction of the released particulate material would be 
resuspended and dispersed by wind and weather effects and could be transported to receptor locations 
(

1 
2 
3 
4 
5 
6 

Table 7.7).  The release quantity for the radioactive gas portion of the source term is based on an 
ARF*RF of 1.0. 
 

Outdoor Transfer 7 
8 
9 
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Calculated release for spill/impact of particulate material 
= (300 Ci Pu-239E) * (0.0006 ARF*RF) * (0.5 damage ratio) 
= 0.090 Ci Pu-239E. 
 
Calculated release from burning of uncontained particulate material 
= (300 Ci Pu-239E) * (0.002 ARF*RF) * (0.5 damage ratio) 
= 0.300 Ci Pu-239E. 
 
Calculated release from burning of contained particulate material 
= (300 Ci Pu-239E) * (0.0005 ARF*RF) * (0.5 damage ratio)  
= 0.075 Ci Pu-239E. 
 
Calculated release from particulate resuspension 
= (300 Ci Pu-239E) * (4E-06/hr resuspension) * 24 hours * (0.5 damage ratio) 
= 0.014 Ci Pu-239E. 
 
Calculated radioactive gas release 
= (30,000 Ci H-3E) * (1.0 ARF*RF) * (1.0 damage ratio) 
= 30,000 Ci H-3E. 

 
The total calculated release for the outdoor transfer event is 0.479 Ci Pu-239E and 30,000 Ci H-3E. 

 
ESY Activities.  The calculated release for this event in the ESY is the same as the Container Fire 

presented in Section 
30 
31 
32 
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45 

7.2.3 at 0.16 Ci Pu-239E and 30,000 Ci H-3E. 
 
7.2.4.3 Release 33 
 

Total calculated release for impact/spill and burning of radioactive material from multiple containers 
during outdoor transfer activities is 0.479 Ci Pu-239E and 30,000 Ci H-3E. 
 

Total calculated release for impact/spill and burning of radioactive material from multiple containers 
during ESY activities is 0.16 Ci Pu-239E and 30,000 Ci H-3E. 
 
7.2.4.4 Conclusions 41 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
below. 
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Dose Consequences (rem, TEDE) 
Unmitigated Dose Multiple Container Collision/Fire (EU) 

Onsite Offsite 
Outdoor Transfer 5.4 0.95 
ESY Activities 2.4 0.38 

 1 
Offsite.  The radiological dose consequences were calculated to be 0.95 rem TEDE to the offsite MEI 

for outdoor transfer and 0.38 rem TEDE to the offsite MEI for ESY activities, both of which are Low, 
Risk Class IV, under the DOE-RL EGs for Extremely Unlikely events. 

2 
3 
4 
5  

Onsite.  The radiological dose consequences to the representative onsite individual were calculated to 
be less than 5.4 rem TEDE at 100 m for outdoor transfer activities and less than 2.4 rem TEDE at 100 m 
for ESY activities, both of which are Low, Risk Class IV, under the DOE-RL EGs for Extremely 
Unlikely events. 

6 
7 
8 
9 

10  
Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 

calculated consequences for this event; thus, controls are needed to track radioactive material inventories 
so they do not exceed those used in this analysis. 
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►►►TSR:  radioactive material tracking process and material limits 
 

7.3 Explosions/Over-pressurizations 17 

 
Volatile and reactive chemicals, flammable gases, flammable liquids, and pressurized equipment (for 

example, autoclaves) are typical hazards that may be present in the RPL.  Laboratory programmatic R&D 
work does not involve large inventories of these hazardous materials; however, personnel errors or 
equipment failures may result in explosion or over pressurization events in glove boxes, hot cells, or any 
other area of the RPL.  Fire and explosion event scenarios were identified and evaluated in the RPL FHA 
and the RPL Preliminary Hazards Analysis (PHA) (Section 6.2.1).  These hazards analyses informed the 
development of the explosion accidents described below. 
 

The majority of work in the RPL involves small quantities of radioactive material and little or no 
material that can cause an explosion or an over pressurization.  Accordingly, the most likely explosion or 
over pressurization events are localized events that involve limited quantities of radioactive material and 
insufficient energy releases to challenge the integrity of the building.  These explosion or an over 
pressurization events are considered to be in the Anticipated frequency range.  The consequences of 
Anticipated explosion and over pressurization events would be smaller than the mitigated consequences 
associated with the explosion accident analyzed in Section 7.3.1.  On this basis, consequences from 
anticipated explosion events are not significant to either the onsite or offsite individuals; and, as a result, 
dose consequences are not quantitatively calculated. 
 

Two explosion scenarios were established for the purpose of analyzing accidents that are more severe 
than the Anticipated accidents described above taking into consideration the types of work performed 
inside the RPL.  An explosion event involving all the radioactive material in a room, but with insufficient 
energy to breach the building is analyzed in Section 7.3.1.  The consequences calculated for this 
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explosion are considered to conservatively bound potential RPL explosions in the Unlikely frequency 
range. 
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A second explosion event is analyzed in Section 7.3.2 in order to evaluate a hypothetical very large 

explosion event inside the RPL.  This accident scenario involves the entire inventory of material in an 
RPL area and has sufficient energy to cause extensive damage to the building.  In consideration of the 
types of hazardous materials in the RPL and the types of work performed in the RPL, such an explosion is 
considered to be in the Extremely Unlikely range. 
 
7.3.1 Explosion 10 
 
7.3.1.1 Event Description 12 
 

An explosion is assumed to occur in an area containing the maximum allowable inventory of 
radioactive material for a room.  Glove boxes are assumed to fail, laboratory ductwork in the vicinity of 
the explosion is damaged, but the explosion is not sufficient in magnitude to fail the external building 
structure.  The inventory could be present in combustible solvents, radioactive solutions, packaged waste, 
uncontained combustible contaminated material, noncombustible contaminated solids, plutonium metals, 
plutonium oxide and other radioactive powders, or uncontained contaminated organic solids. 
 

The following failures or conditions are necessary for explosions to occur: 
 

• failure of controls on use of hazardous chemicals  
• failure of fire protection program element controlling flammable/reactive hazards  
• failure of safe laboratory procedures/practices  
• maximum radioactive material inventories present in dispersible form 
• ventilation system design and operation does not mitigate flammable vapor/gas accumulation and 

robust pressure systems fail. 
 
An explosion affecting the release of bounding room inventory is determined to be an Unlikely event. 

 
7.3.1.2 Dose Consequence Analysis 32 
 

The explosion was assumed to involve 100 Ci Pu-239E or 50,000 Ci H-3E in a single room.  It is 
assumed that the explosion would also cause a shock/vibration release from an estimated 10 Ci Pu-239E 
as holdup material in the room. 
 

Radioactive Particulates.  Several ARFs and their corresponding RFs were considered for accidents 
involving impact, explosion, or over pressurization (

38 
39 
40 
41 
42 
43 
44 
45 
46 

Table 7.5).  An ARF*RF of 0.001 is applied to 
calculate the dose consequence for 100 Ci Pu-239E in-process material and for 10 Ci of Pu-239E of 
holdup material (Table 7.7). 
 

Calculated release for in-process material 
= (100 Ci Pu-239E) * (0.001 ARF*RF) 
= 0.100 Ci Pu-239E. 
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Calculated release for holdup 1 
2 
3 
4 
5 
6 
7 

= (10 Ci Pu-239E) * (0.001 ARF*RF) 
= 0.010 Ci Pu-239E. 

 
The total calculated quantity of radioactive particulate material released by this event is 0.110 Ci 

Pu-239E. 
 

Radioactive Gases.  For a release involving in-process radioactive gases, all of the H-3E is assumed 
to be released and respirable.  Combining the in-process radioactive material of 50,000 Ci H-3E with the 
10 Ci Pu-239E of holdup material results in the following calculated respirable release. 
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Calculated release for in-process material 
= (50,000 Ci H-3E) * (1.0 ARF*RF) 
= 50,000 Ci H-3E 
 
Calculated release from holdup 
= (10 Ci Pu-239E) * (0.001 ARF*RF) 
= 0.010 Ci Pu-239E 

 
The total calculated quantity of material released by this event is 50,000 Ci H-3E plus 0.010 Ci 

Pu-239E. 
 
7.3.1.3 Release 23 
 

The unmitigated release from this event assumes that all of the material made airborne by the 
explosion is released to the environment at ground level with no material deposition or plateout occurring 
in the facility.  The unmitigated release quantity is therefore 0.110 Ci Pu-239E for the case involving 
radioactive particulates or 50,000 Ci H-3E plus 0.010 Ci Pu-239E for the case involving radioactive gas. 
 

NOTE: Releases could involve a combination of Pu-239E and H-3E from in-process material.  
Operations are controlled by managing the sum of the fractions of in-process Pu-239E and 
H-3E inventories relative to their respective limits. 

 
7.3.1.4 Conclusions 34 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
in the following table. 
 

Dose Consequences  (rem, TEDE) 
Unmitigated Dose Explosion (U) 

Onsite Offsite 
Radioactive Particulate Release 1.0 0.2 
Radioactive Gas Release 1.6 0.16 

 39 
Offsite.  The unmitigated dose consequences were calculated to be 0.2 rem TEDE to the offsite MEI 

for radioactive particulates, which is Low, Risk Class III, under the DOE-RL EGs for Anticipated and 
Unlikely events; and 0.16 rem TEDE (that is, 0.146 rem for radioactive gases and 0.018 rem for 

40 
41 
42 
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radioactive particulate holdup) to the offsite MEI for the radioactive gas component, which is Low, Risk 
Class III, under the DOE-RL EGs for Anticipated and Unlikely events. 

1 
2 
3  

Onsite.  The unmitigated radiological dose consequences onsite were calculated to be 1.0 rem TEDE 
at 100 m for radioactive particulates and 1.6 rem TEDE (that is, 1.46 rem for H-3E plus 0.0937 rem for 
radioactive particulate holdup) at 100 m for the radioactive gas component.  These consequences are 
Low, Risk Class III, under the DOE-RL EGs for Anticipated and Unlikely events. 

4 
5 
6 
7 
8  

Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event.  Controls are required to track radioactive material inventories so 
they do not exceed those used in this analysis.  Although REVS is not credited with mitigation in this 
event, it provides an additional layer of protection to the representative onsite individual and the offsite 
MEI.  Therefore the REVS is identified as a defense-in-depth system. 
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►►►TSR:  radioactive material tracking process and material limits 
 
7.3.2 Explosion with Building Damage 17 
 
7.3.2.1 Event Description 19 
 

This event is similar to the accident scenario analyzed in 7.3.1, except it is assumed that the explosion 
occurs with sufficient force and in a location such that larger quantities of radioactive material are 
involved and the facility structure is breached.  Radioactive material is assumed to be present at 
maximum allowable inventory for an area and the entire inventory is subject to affects associated with the 
explosion and dispersed material is released from the facility.  In all likelihood, some of the material 
affected by the explosion would be contained within the building and filtered by the ventilation system.  
For conservatism, the HEPA filters are assumed to be ineffective resulting in an unfiltered release.  The 
release is also conservatively considered to be a ground-level release, ignoring potential lofting effects 
from the explosion.  The inventory could be present as combustible solvents, radioactive solutions, 
packaged waste, uncontained combustible contaminated material, noncombustible contaminated solids, 
plutonium metals, plutonium oxide and other radioactive powders, or uncontained contaminated organic 
solids. 
 

An explosion large enough to result in a breach of the building was assigned to the Extremely 
Unlikely frequency category.  This judgment is based on failures and conditions necessary to cause a 
large explosion:  1) typical operations do not involve large quantities of flammable or reactive chemicals, 
2) failure of equipment leading to release of sufficient quantity and concentration of a flammable or 
volatile chemical in the presence of an ignition source resulting a breach of the building, 3) building 
ventilation system fails to exhaust gases, and 4) probability that an open container with maximum 
quantities of radioactive material in dispersible form would be present. 
 
7.3.2.2 Dose Consequence Analysis 42 
 

Radioactive Particulates.  Several ARFs and their corresponding RFs were considered for accidents 
involving impact, explosion, or over pressurization (

44 
45 
46 

Table 7.5).  An in-process inventory of 300 Ci 
Pu-239E plus 55 Ci Pu-239E of holdup material was assumed to be at risk in an area.  100 Ci Pu-239E, 



 

2007 DSA, Revision 0 RPL DSA 
Supersedes:  2006 Revision 0 Page 7.32 

the maximum amount of material in a room, was assumed to be directly involved in the explosion.  The 
ARF*RF value of 0.002 (value for venting of pressurized powders) was applied to the in-process material 
directly involved in the explosion.  The ARF*RF of 0.0001 (value for impact with packaged material) 
was applied to the balance of the material in the area that was assumed to be disturbed by the explosion, 
but not directly involved in the explosion.  Shock/vibration ARF*RF values of 0.001 was applied to the 
holdup material (
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Table 7.7). 
 

Calculated release from in-process material directly involved in explosion 
= (100 Ci Pu-239E) * (0.002 ARF*RF) 
= 0.200 Ci Pu-239E 
 
Calculated release from in-process material affected by the explosion 
= (200 Ci Pu-239E) * (0.0001 ARF*RF) 
= 0.020 Ci Pu-239E 
 
Calculated release from holdup 
= (55 Ci Pu-239E) * (0.001 ARF*RF) 
= 0.055 Ci Pu-239E 

 
The total calculated release for radioactive particulates is 0.275 Ci Pu-239E. 

 
Radioactive Gases.  For the case involving in-process radioactive gas, the release would involve the 

entire Area inventory of 180,000 Ci H-3E plus 55 Ci Pu-239E from holdup material.  All of the H-3E is 
assumed to be released and respirable.  Combining the in-process radioactive material of 180,000 Ci 
H-3E with the 55 Ci Pu-239E of holdup material results in the following calculated respirable release. 
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Calculated release for in-process material  
= (180,000 Ci H-3E) * (1.0 ARF*RF) 
= 180,000 Ci H-3E 
 
Calculated release from holdup 
= (55 Ci Pu-239E) * (0.001 ARF*RF) 
= 0.055 Ci Pu-239E 

 
The total calculated quantity of material released by this event is 180,000 Ci H-3E plus 0.055 Ci 

Pu-239E. 
 
7.3.2.3 Release 38 
 

The unfiltered release for the Extremely Unlikely explosion was calculated to be 0.275 Ci Pu-239E 
for the case involving radioactive particulates or 180,000 Ci H-3E plus 0.055 Ci Pu-239E holdup for the 
case involving the radioactive gas component.  An unfiltered release is assumed; therefore, the release is 
unmitigated.  In addition, no credit is taken for deposition or plateout of material in the building and the 
release occurs at ground level. 
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NOTE: Releases would most likely consist of a combination of Pu-239E and H-3E from in-process 
material.  Operations are controlled by managing the sum of the fractions of in-process 
Pu-239E and H-3E inventories compared to their respective room or area limits. 
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7.3.2.4 Conclusions 5 

The calculated radioactive dose consequences to the representative onsite individual and the offsite 
MEI are provided below. 
 

Dose Consequences  (rem, TEDE) 
Unmitigated Dose Explosion with Building Damage (EU) 

Onsite Offsite 
Radioactive Particulate Release 2.6 0.5 
Radioactive Gas Release  5.8 0.62 

 9 
Offsite.  The unmitigated dose consequences were calculated to be 0.5 rem TEDE to the offsite MEI 

for radioactive particulates; and 0.62 rem TEDE to the offsite MEI for radioactive gases.  These 
consequences are Low, Risk Class IV, under the DOE-RL EGs for an Extremely Unlikely event. 
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Onsite.  The unmitigated dose consequences were calculated to be 2.6 rem TEDE onsite at 100 m for 
radioactive particulates and 5.8 rem TEDE onsite at 100 m for radioactive gases.  These consequences are 
Low, Risk Class IV, under the DOE-RL EGs for an Extremely Unlikely event. 
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Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event.  Controls are required to track radioactive material inventories so 
they do not exceed those used in this analysis. 
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►►►TSR:  radioactive material tracking process and material limits 
 
7.3.3 Container Over-Pressurization 24 
 
7.3.3.1 Event Description 26 
 

Gas generation is assumed to occur in stored materials over time potentially causing pressure buildup 
in a sealed container.  The container is assumed to over-pressurize, resulting in failure of the container 
and release of the entire contents.  The inventory could be present in solids contaminated with 
combustible solvents, packaged waste, uncontained combustible contaminated material, noncombustible 
contaminated solids, plutonium metals, plutonium oxide and other radioactive powders, or uncontained 
contaminated organic solids.  Radioactive gas is also assumed to be present in the container. 
 

Gas generation is dependent on a number of factors including decay energies, decay rates, and 
density, type and form of hydrogen containing materials.  There have been no known drum pressurization 
events in the RPL.  Containers in the ESY are inspected and drums bulging from buildup of hydrogen 
would likely be identified during these inspections.  Based on operational history, typical waste forms, the 
use of vented drums on TRU wastes, existing surveillance practices, and the assumption that the entire 
allowable inventory for the ESY of 100 Ci Pu-239E and 30,000 Ci H-3E are in one drum and released, 
and no flammable/combustible liquids are allowed in containers stored in the ESY, this event is 
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determined to be Unlikely.  Incidental non-flammable/non-combustible free liquids may be present, but 
such quantities would not affect the frequency of this event. 
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7.3.3.2 Dose Consequence Analysis 4 
 

The over-pressurized container is conservatively assumed to expel 100 Ci Pu-239E and 30,000 Ci 
H-3E.  The ARF*RF applied to the particulates in this event is the value for venting of pressurized 
powders (Table 7.7).  Most of the particulate material released in this event would remain at the site; 
however, a fraction of the released particulate material would be resuspended and dispersed by wind and 
weather effects and could be transported to receptor locations.  An ARF*RF of 1.0 is applied to the 
radioactive gas component of the source term. 
 

Calculated particulate release from over-pressurization 
= (100 Ci Pu-239E) * (0.002 ARF*RF) 
= 0.2 Ci Pu-239E 
 
Calculated particulate release from resuspension 
= (100 Ci Pu-239E) * (4E-06/hr resuspension) * 24 hours 
= 0.0096 Ci Pu-239E 
 
Calculated radioactive gas release from over-pressurization 
= (30,000 Ci H-3E) * (1.0 ARF*RF) 
= 30,000 Ci H-3E 

 
The total calculated release is 0.21 Ci Pu-239E and 30,000 Ci H-3E. 

 
7.3.3.3 Release 27 
 

The total calculated release is 0.21 Ci Pu-239E and 30,000 Ci H-3E. 
 
7.3.3.4 Conclusions 31 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
below. 
 

Dose Consequences (rem, TEDE) 
Unmitigated Dose Container Over-Pressurization (U) 

Onsite Offsite 
Outdoor Transfer or ESY Releases 2.8 0.47 

 36 
Offsite.  The radiological dose consequences were calculated to be 0.47 rem TEDE to the offsite MEI, 

which is Low, Risk Class III, under the DOE-RL EGs for an Unlikely event. 
37 
38 
39  

Onsite.  The radiological dose consequences were calculated to be 2.8 rem TEDE to the 
representative onsite individual at 100 m, which is Low, Risk Class III, under the DOE-RL EGs for an 
Unlikely event. 
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Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event.  Controls are required to track radioactive material inventories so 
they do not exceed those used in this analysis. 
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►►►TSR:  radioactive material tracking process and material limits 
 

7.4 Material Handling Accidents 7 

 
Accidents that involve the loss of physical barriers that are designed to contain radioactive material 

were reviewed to determine the potential for release outside the facility.  Many types of events (primarily 
drops, crushes, spills, shocks, and missile damage), locations (hot cells, laboratories, cask handling area), 
and materials (plutonium process material, holdup, tank wastes, radioactive gases, and process solutions) 
were considered for potential material handling accidents in which physical barriers are lost or breached. 
 

Material handling accidents, by their nature, could occur in any area of the building and are 
determined to be anticipated events.  The majority of work in the RPL involves small quantities of 
radioactive material.  Work with larger quantities of dispersible radioactive materials is performed in 
glove boxes or hot cells.  Accordingly, the most likely handling events that result in radioactive material 
spills have little or no potential for releasing radioactive material from the RPL.  For handling events in 
the Anticipated frequency range, the resulting dose consequences would be much smaller than the 
consequences for the unlikely material handling accident analyzed in Section 7.4.1.  On this basis, 
consequences from anticipated handling events are not significant to either the onsite or offsite 
individuals; and, as a result, dose consequences are not quantitatively calculated. 
 

A material handling event involving a very large spill of dispersible radioactive material was 
established for the purpose of performing a conservative bounding analysis for handling accidents in the 
RPL that are considered to be in the Unlikely to Extremely Unlikely frequency range.  The analysis of 
this event is presented in Section 7.4.1. 
 

Handling accidents may also occur while containers are being handled, moved, and stored around the 
external perimeter of the RPL.  RPL personnel have handled, moved, and stored containers without a 
major incident involving release of radioactive material, such as mechanical damage to containers, 
vehicle impact, forklift puncture, and container falls. 
 
7.4.1 Radioactive Material Spill 35 
 
7.4.1.1 Event Description 37 
 

This scenario involves a large spill that might occur in the RPL.  The spill could occur in the storage 
room, in a hallway during transport of the material, or in a glovebox, fume hood, laboratory, or hot cell.  
A can containing particulate radioactive material was assumed to be spilled during handling.  Small drop 
heights (less than 1.3 m) were considered in this analysis, because there is no reason to lift the cans higher 
than a few feet off the ground.  Such short drop heights are not likely to fail the cans; however, the 
analysis conservatively assumes that the cans fail and allow a portion of the contents to spill out.  This 
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event was also evaluated using H-3E as the in-process material that is released as a result of a handling 
accident or operator error. 
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As noted in Section 7.4, material handling accidents will occur as anticipated events based on the 

potential for operator error.  This accident was placed in the Unlikely frequency category because of the 
conservatisms assumed in the scenario that one container, holding 100 Ci Pu-239E (or 50,000 Ci H-3E), 
would be dropped releasing the entire radioactive content.  Radioactive materials are not typically 
handled in the maximum quantities assumed for this event. 
 
7.4.1.2 Dose Consequence Analysis 10 
 

Radioactive Particulates.   The inventory was assumed to be 100 Ci Pu-239E.  For conservatism 
(
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Table 7.7), the ARF*RF release quantity applied to this scenario is 0.0006 for a free-fall spill.  The 
radioactive material released to the room atmosphere is assumed to exit the building with no mitigation. 
 

Calculated release from drops/spills  
= (100 Ci Pu-239E) * (0.0006 ARF*RF) 
= 0.060 Ci Pu-239E 

 
The total calculated release for radioactive particulates is 0.060 Ci Pu-239E. 

 
Radioactive Gases.  The total calculated release for the case involving radioactive gas is 50,000 Ci  22 
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H-3E.  All of the H-3E that escapes in a handling event was assumed to escape from the building with no 
mitigation. 
 
7.4.1.3 Release 26 
 

The unmitigated release at ground level was calculated to be 0.060 Ci Pu-239E or 50,000 Ci H-3E.  
The unmitigated release does not credit deposition or plateout of material in the building. 
 

NOTE: Releases would most likely consist of a combination of Pu-239E and H-3E from in-process 
material.  Operations are controlled by managing the sum of the fractions of in-process 
Pu-239E and H-3E inventories compared to their respective room or area limits. 

 
7.4.1.4 Conclusions 35 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
below. 
 

Dose Consequences  (rem, TEDE) 
Unmitigated Dose Radioactive Material Spill (U) 

Onsite Offsite 
Radioactive Particulate Release 0.56 0.11 
Radioactive Gas Release 1.5 0.15 

 40 
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Offsite.  The unmitigated dose consequences were calculated to be 0.11 rem TEDE to the offsite MEI 
for radioactive particulates, and 0.15 rem TEDE to the offsite MEI for radioactive gas.  These 
consequences are Low, Risk Class III, under the DOE-RL EGs for Anticipated and Unlikely events. 

1 
2 
3 
4  

Onsite.  The unmitigated dose consequences onsite from radioactive particulates is calculated to be 
0.56 rem TEDE at 100 m.  The unmitigated dose consequences to the representative onsite individual 
from radioactive gas is 1.5 rem TEDE at 100 m.  These consequences are Low, Risk Class III, under the 
DOE-RL EGs for Anticipated and Unlikely events. 
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Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event.  Controls are required to track radioactive material inventories so 
they do not exceed those used in this analysis.  Although REVS is not credited with mitigation in this 
event, it provides an additional layer of protection to the representative onsite individual and the offsite 
MEI.  Therefore the REVS is identified as a defense-in-depth system. 
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►►►TSR:  radioactive material tracking process and material limits 
 
7.4.2 Outdoor Container Handling Event 18 
 
7.4.2.1 Event Description 20 
 

The bounding accident in this category is determined to be an event with a forklift striking and 
puncturing a container outdoors during shipping and receiving, material transfer, or storage activities.  
Other handling events resulting in mechanical damage were judged to be bounded by the above accident 
scenario because of a smaller potential to cause a significant release of material. 
 

RPL personnel have handled, transferred, and stored containers without a major incident involving 
release of radioactive material, or had accidents resulting in mechanical damage to containers, such as 
vehicle impact, forklift puncture, and container falls.  Outdoor transfer/storage of radioactive materials in 
the quantities assumed in this analysis would require an approved container of substantial design 
(Section 7.1.8).  This event is analyzed as an Anticipated event. 
 
7.4.2.2 Dose Consequence Analysis 33 
 

An inventory of 100 Ci Pu-239E and 30,000 Ci H-3E was assumed to be contained in the impacted 
container, which is considered conservative based on typical container inventories of less than 15 Ci 
Pu-239E.  Puncturing of the container causes a hole or tear in the container.  Deformation of the container 
could cause the lid to fail.  The containers used for transfer and storage of radioactive material are 
assumed to be of metal construction with openings that can be mechanically fastened closed.  Based on 
container type and expected impacts, this analysis conservatively assumes a damage ratio of 50% for 
particulate material.  This damage ratio is considered conservative because a puncture type impact does 
not completely destroy the ability of the container to confine particulate material and will not impact all 
particulate material in a container based on the impact volume of the fork tine compared with the typical 
volume of a container.  In addition, although not specified or required by this analysis, a container with 
the assumed quantity of material is likely to be very substantial in design.  Typical materials are solid 
materials that have surface contamination.  There are few, if any, waste packages that have significant 
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quantities of finely divided powders.  A damage ratio of 1.0 (100%) is applied to the radioactive gas 
component of the source term. 
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The release quantity was calculated using ARF*RF 0.0001 for impact involving packaged 

contaminated particulate material.  A damage ratio of 50% was assumed for particulates in the containers.  
Most of the particulate material released in this event would remain at the site; however, a fraction of the 
released particulate material would be resuspended and dispersed by wind and weather effects and could 
be transported to receptor locations (Table 7.7).  The release quantity for the radioactive gas portion of the 
source term is based on an ARF*RF of 1.0. 
 

Calculated particulate release from impact 
= (100 Ci Pu-239E) * (0.0001 ARF*RF) * (0.5 damage ratio) 
= 0.005 Ci Pu-239E 
 
Calculated particulate release from resuspension 
= (100 Ci Pu-239E) * (0.5 damage ratio) * (4E-06/hr resuspension) * 24 hours 
= 0.005 Ci Pu-239E 
 
Calculated radioactive gas release from impact 
= (30,000 Ci H-3E) * (1.0 ARF*RF) * (1.0 damage ratio) 
= 30,000 Ci H-3E 

 
The total calculated release is 0.010 Ci Pu-239E and 30,000 Ci H-3E. 

 
7.4.2.3 Conclusions 25 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
below. 
 

Dose Consequences  (rem, TEDE) 
Unmitigated Dose Outdoor Container Handling Event (A) 

Onsite Offsite 
Outdoor Transfer and ESY 0.97 0.11 

 30 
Offsite.  The radiological dose consequences for accidents associated with outdoor transfer were 

calculated to be 0.11 rem TEDE to the offsite MEI, which is Low, Risk Class III, under the DOE-RL EGs 
for an Anticipated event. 

31 
32 
33 
34  

Onsite.  The radiological dose consequences for accidents associated with outdoor transfer were 
calculated to be 0.97 rem TEDE at 100 m, which is Low, Risk Class III, under the DOE-RL EGs for an 
Anticipated event. 

35 
36 
37 
38  

Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event.  Controls are required to track radioactive material inventories so 
they do not exceed those used in this analysis. 

39 
40 
41 
42 
43 

 
►►► TSR:  radioactive material tracking process and material limits 
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7.4.3 Multiple Container Handling Event 2 
 
7.4.3.1 Event Description 4 
 

This event assumes that a forklift or other vehicle impacts the concrete blocks in the ESY toppling the 
concrete shielding blocks causing damage to containers and a release of radioactive material or in some 
way impacts containers in transit around the building perimeter.  This event is judged as unlikely.  The 
orientation of the block enclosure to area traffic patterns minimizes the chance for vehicle impact on the 
enclosure from the east side of the ESY.  Vehicle impacts are therefore assumed to be bounded in 
frequency by forklift operations, which are conducted periodically in the ESY. 
 

The north wall of the ESY enclosure has the opening for access to containers and is the only wall with 
significant exposure to forklift operations.  The opening is approximately 8 feet wide allowing 
considerable space for maneuvering of the forklift in, and out of, the enclosure.  There is also limited 
potential for the forklift to back into or otherwise strike the enclosure because directional movements of 
the forklift are limited by the relatively small surface area of the ESY.  The ability of a forklift to topple 
the concrete blocks is dependent on the energy of impact overcoming the inertia of the concrete blocks.  
The concrete blocks are of considerable mass and have some lateral stability from tongue and groove 
joints.  A seismic brace installed across the top of the enclosure wall provides additional structural 
stability.  No credit for this seismic bracing is taken for this unlikely handling accident. 
 

Outdoor transfer/storage of radioactive materials in the quantities assumed in this analysis would 
require an approved container of substantial design (Section 7.1.8).  Conservatively, this event is analyzed 
as an Unlikely event. 
 
7.4.3.2 Dose Consequence Analysis 27 
 

The inventory was conservatively assumed to be 300 Ci Pu-239E and 30,000 Ci H-3E for outdoor 
transfer activities, or 100 Ci Pu-239E and 30,000 Ci H-3E for ESY activities.  For conservatism, the 
particulate release quantity was calculated using an ARF*RF value of 0.001 for spills/drops or impact of 
packaged waste or contaminated solids for unpackaged or lightly packaged.  A damage ratio of 50% was 
assumed for particulates in the containers.  This damage ratio is considered conservative because not all 
containers will likely be impacted and the degree of damage to individual containers will vary.  In 
addition, although not specified or required by this analysis, a container with the assumed quantity of 
material is likely to be very substantial in design.  Most of the particulate material released in this event 
would remain at the site; however, a fraction of the released particulate material would be resuspended 
and dispersed by wind and weather effects and could be transported to receptor locations (Table 7.7).  An 
ARF*RF of 1.0 and a damage ratio of 1.0 (100%) are applied to the radioactive gas component of the 
source term. 
 

Outdoor Transfer 42 
43 
44 
45 
46 

Calculated particulate release from spill/drop during outdoor transfer 
= (300 Ci Pu-239E) * (0.001 ARF*RF) * (0.50 damage ratio) 
= 0.150 Ci Pu-239E 
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Calculated particulate release from resuspension  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

= (300 Ci Pu-239E) * (0.50 damage ratio) * (4E-06/hr resuspension) * 24 hours 
= 0.014 Ci Pu-239E 

 
Calculated radioactive gas release from spill/drop 
= (30,000 Ci H-3E) * (1.0 ARF*RF) * (1.0 damage ratio) 
= 30,000 Ci H-3E 

 
The total calculated release for events associated with outdoor transfer activities is 0.164 Ci Pu-239E 

and 30,000 Ci H-3E. 
 

ESY Activities 12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
33 
34 
35 

37 
38 
39 
40 

Calculated particulate release from spill/drop in ESY 
= (100 Ci Pu-239E) * (0.001 ARF*RF) * (0.5 damage ratio) 
= 0.050 Ci Pu-239E 

 
Calculated particulate release from spill/drop resuspension in ESY 
= (100 Ci Pu-239E) * (0.50 damage ratio) * (4E-06/hr resuspension) * 24 hours 
= 0.005 Ci Pu-239E 

 
Calculated radioactive gas release from spill/drop 
= (30,000 Ci H-3E) * (1.0 ARF*RF) * (1.0 damage ratio) 
= 30,000 Ci H-3E 

 
The total calculated release for events associated with ESY activities is 0.055 Ci Pu-239E and 

30,000 Ci H-3E. 
 
7.4.3.3 Release 28 
 

The total calculated release for events associated with outdoor transfer activities is 0.164 Ci Pu-239E 
and 30,000 Ci H-3E. 
 

The total calculated release for events associated with ESY activities is 0.055 Ci Pu-239E and 
30,000 Ci H-3E. 
 
7.4.3.4 Conclusions 36 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
below. 
 

Dose Consequences (rem, TEDE) 
Unmitigated Dose Multiple Container Handling Event (U) 

Onsite Offsite 
Outdoor Transfer 2.4 0.38 
ESY 1.4 0.19 

 41 
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Offsite.  The radiological dose consequences for the case involving outdoor transfer were calculated 
to be 0.38 rem TEDE to the offsite MEI, which is Risk Class III under the DOE-RL EGs  for an Unlikely 
event.  The radiological dose consequences for the case involving ESY activities were calculated to be 
0.19 rem TEDE to the offsite MEI, which is Low, Risk Class III, under the DOE-RL EGs for an Unlikely 
event. 

1 
2 
3 
4 
5 
6  

Onsite.  The radiological dose consequences for the case involving outdoor transfer were calculated to 
be 2.4 rem TEDE onsite at 100 m.  The radiological dose consequences for the case involving ESY 
activities were calculated to be 1.4 rem TEDE onsite at 100 m.  These consequences are Low, Risk 
Class III, under the DOE-RL EGs for an Unlikely event. 

7 
8 
9 

10 
11  

Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event.  Controls are required to track radioactive material inventories so 
they do not exceed those used in this analysis. 

12 
13 
14 
15 
16 
17 

19 

21 
22 
23 
24 
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27 
28 
29 
30 
31 
32 
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34 
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40 
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42 
43 
44 
45 

 
►►► TSR:  radioactive material tracking process and material limits 
 

7.5 Criticality 18 

 
7.5.1 Event Description 20 
 

Fissionable materials are handled and stored in various locations in the RPL.  A criticality event in a 
glovebox was selected for detailed analysis.  Handling and storage of fissionable material uses a 
combination of mass, spacing, geometry, reflection, and moderation limits to provide criticality safety.  
An important criticality control element is limiting the mass of fissionable material batches so that even if 
two batches were inadvertently combined together, criticality would not occur.  A mixing of fissionable 
material with a moderator and over batching by more than a factor of two would be necessary for a 
criticality to occur.  For purposes of this analysis, a non-mechanistic combination of fissionable material 
and water, along with over-batching by a factor of more than two, was assumed as the initiating event. 
 

This criticality is approaching Incredible due to the physical and administrative barriers in place to 
prevent inadvertent criticality; however, the consequences of an Extremely Unlikely event were examined 
to determine safety classification of physical barriers and identification of TSRs. 
 
7.5.2 Dose Consequence Analysis 35 
 

Regulatory Guide 3.35 (NRC 1979) was used as the basis for evaluating an in-solution criticality 
event in the RPL.  The criticality defined in this guide is an initial burst of 1E+18 fissions in the first 
half-second followed by 47 bursts of 1.9E+17 fissions each at 10-min intervals for a total of 
1E+19 fissions.  The total fissions assumed here is far above the median number of fissions estimated for 
historical criticality events, 2E+17 fissions (NRC 1979).  The total fissions assumed here is also 
consistent with predictions of fission yields in homogeneous solutions of metals or solids in water 
(NRC 1979), similar to the conditions that would be required for an inadvertent criticality in the facility.  
The consequences from this event were the sum of the direct radiation dose from the 48 criticality bursts 
plus the dose from airborne releases of radioactive material produced by the criticality bursts.  The 
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excursion was assumed to be terminated after 8 hrs by the evaporation of 100 L of solution, as 
recommended in 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

15 
16 
17 
18 
19 
20 
21 
22 
23 

NRC (1979).  DOE-HDBK-3010-94 (DOE 1994) indicates the 100-L value given in 
NRC (1979) was referenced for release fraction purposes but has no specific technical meaning for real 
systems. 
 

For the airborne releases, the noble gases and halogens would directly exit the building through the 
ventilation system out the stack.  The Pu and Am were assumed to be released as particles ejected from 
the solution during the event.  The onsite and offsite receptors were assumed to remain downwind of the 
building for 8 hrs after initiation of the criticality and were assumed to be exposed to the total airborne 
release and direct radiation produced by the multiple criticality bursts.  These exposure assumptions are 
extremely conservative because criticality alarms would sound and personnel are trained to move rapidly 
out of the vicinity in the event of a criticality alarm. 
 
7.5.3 Release 14 
 

The release quantities from this event were calculated using the methods described in Regulatory 
Guide 3.35.  The unmitigated release quantities were based on the assumption that all the noble gases and 
halogens would directly exit the building through the ventilation system.  The Pu and Am were assumed 
to be released as particles ejected from the solution during the burst.  No plateout or deposition of 
material on the facility walls, ceiling, or ventilation system ducts was assumed to occur.  The release 
quantities in this case are shown in Table 7.10 and Table 7.11. 
 

Table 7.10.  Gaseous Radionuclide Release from Criticality Accident 

Radionuclide Release, Ci Radionuclide Release, Ci 
Kr-83m 
Kr-85m 
Kr-85 
Kr-87 
Kr-88 
Kr-89 

Xe-131m 
Xe-133m 
Xe-133 

1.1E+02 
7.1E+01 
8.1E-04 
4.3E+02 
2.3E+02 
1.3E+04 
1.0E-01 
2.2E+00 
2.7E+01 

Xe-135m 
Xe-135 
Xe-137 
Xe-138 
I-131 
I-132 
I-133 
I-134 
I-135 

3.3E+03 
4.1E+02 
4.9E+04 
1.1E+04 
1.1E+01 
1.2E+03 
1.6E+02 
4.3E+03 
4.5E+02 

 24 
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Table 7.11.  Particulate Radionuclide Release from Criticality Accident 1 

Activity, Ci 

Total Release Radionuclide 

Source Filtered 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 

5.9E-04 
2.7E-05 
5.8E-05 
1.8E-02 
4.3E-07 
2.4E-05 

5.9E-07 
2.7E-08 
5.8E-08 
1.8E-05 
4.3E-10 
2.4E-08 

 2 
3 
4 
5 
6 
7 
8 
9 

10 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

                                                     

All the noble gases and halogens were assumed to directly exit the building through the ventilation 
system, because the HEPA filters are not effective for these forms.  This is conservative because 
NRC (1979) allows credit to be taken for rapid decay of some radionuclides and plateout of iodine on the 
ventilation system.  Neither plateout of radioactive materials nor decay of short-lived radionuclides was 
considered within the facility in determining releases of these materials from the facility stack.  However, 
decay of short-lived radionuclides during passage from the exhaust stack to the receptors was considered 
in the dose calculations. 
 
7.5.4 Conclusions 11 
 

The consequences from radioactive material released from this criticality are 1.3 rem TEDE to the 
offsite MEI and less than 7.9 rem TEDE to the representative onsite individual.  These results are 
applicable to both mitigated and unmitigated releases, as the Pu and Am were not significant contributors 
to the total dose. 
 

The consequences from direct radiation are calculated below.  The memo in RPL-SA-R7(a) provides 
the unshielded gamma and neutron doses at various distances from the criticality event.  The doses at 
100 m and 570 m were used for the representative onsite individual and offsite MEI, respectively.  Some 
shielding would be provided by 0.25-in thick steel glovebox structure and lead shielding layer around the 
glovebox.  However, for conservatism, no credit was taken for either the steel or lead shielding.  The total 
doses are the sum of the gamma and neutron doses, as described in RPL-SA-R7. 
 

The direct radiation doses were calculated to be 56 rem at 100 m (onsite) and less than 0.2 rem at 
570 m (offsite MEI).  These doses are considered very conservative.  The key point of conservatism is the 
total number of fissions assumed here is far above the number of fissions deemed credible based on RPL 
operations.  No shielding was assumed to intervene between the source and receptor when in fact 
shielding is present, including the steel structure of the glovebox (if the criticality occurs in a glovebox), 
lead shielding, storage system structures, and the metal walls of the building.  The doses also do not 
consider evacuation of the area following the initial critical burst, which would be triggered by criticality 
alarms and evacuation signals. 
 

 
(a) See the memorandum from Brackenbush and Nichols to Mahoney dated April 18, 1990. 
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The total consequences of the postulated criticality event are the sum of the direct radiation exposures 
and the exposures from released radioactive material.  Therefore, the total dose to the representative 
onsite individual is 64 rem TEDE (that is, 7.9 rem + 56 rem TEDE = 64 rem TEDE) and to the offsite 
MEI is 1.5 rem TEDE (that is, 1.3 rem + 0.2 rem TEDE = 1.5 rem TEDE). 

1 
2 
3 
4 
5  

Offsite.  The calculated dose consequence of 1.5 rem to the offsite MEI from the criticality event is 
Moderate, Risk Class III, under the DOE-RL EGs for an event in the Extremely Unlikely frequency 
range.  This is an unmitigated dose; therefore, no additional controls are needed. 

6 
7 
8 
9  

Onsite.  The unmitigated onsite dose is calculated to be 64 rem TEDE, which is Moderate, Risk 
Class III, under the DOE-RL EGs for an Extremely Unlikely event.  This dose is of concern, but not 
excessive for an Extremely Unlikely event.  It is not practical to reduce this dose with additional controls.  
The 100-liter solution volume and 48 repeated bursts, assumed in this accident analysis, are extremely 
conservative.  Much lower dose consequences could be calculated using a postulated accident scenario 
more relevant to actual RPL operations, as documented in the RPL 12 RAD Boundary Technical Basis 
memo. 

10 
11 
12 
13 
14 
15 
16 
17  

Hazard Control Summary.  A TSR regarding implementation of administrative and physical controls 
as part of a criticality safety program is needed to ensure the frequency of a criticality scenario is 
maintained in the Extremely Unlikely range or lower. 

18 
19 
20 
21 
22 
23 

25 
26 
27 
28 
29 
30 
31 
32 
33 

 
►►►TSR:  nuclear criticality safety program 
 

7.6 Natural Phenomena 24 

 
As described in Section 6.2.3.1, events associated with 300 Area natural phenomena hazards are 

bounded either by seismic events, which are evaluated in this section, or by representative accidents 
addressed elsewhere in this Chapter.  Potential radiological consequences from three seismic events of 
increasing severity are evaluated in this section.  Table 7.12 summarizes the seismic events analyzed.  
Section 6.2.3.1 describes how these seismic events were established based on 300 Area-specific seismic 
data and the criteria used to evaluate the RPL’s structural response to seismic events. 
 

Table 7.12.  Seismic Events Analyzed 

Seismic Event Analyzed Frequency Category Ground Acceleration Section 

Anticipated seismic event Anticipated 0.02g 7.6.2 

Unlikely seismic event Unlikely 0.139g 7.6.3 

Extremely Unlikely 
seismic event Extremely Unlikely 0.2g 7.6.4 

 34 
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7.6.1 Radiological Release Considerations for Seismic Events 1 
 2 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
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26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
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38 
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46 

7.6.1.1 Material Dispersal 3 
 

Seismic events may cause uncontained, dispersible material to become airborne as a direct result of 
the shaking and vibratory motion associated with the event.  Earthquakes may also cause upset conditions 
such as spills, drops, or breach of containers (hereafter referred to as process upsets) that result in 
confined or normally nondispersible material being released.  In anticipated seismic events, significant 
process upsets are not expected.  As the magnitude of the earthquake increases, more severe process 
upsets may occur. 
 

Radioactive material in qualified containers and forms is considered to be nondispersible during 
seismic events and is not considered radioactive material inventory available for release. 
 
7.6.1.2 Radiological Processing Laboratory HVAC 15 
 

Because the Radiological Processing Laboratory HVAC system, including REVS, has not been 
seismically qualified, the HVAC system is assumed to fail during the unlikely and extremely unlikely 
seismic events.  Aerosols generated by or during the seismic event are assumed to follow an unfiltered 
pathway to be released from the building at ground level.  Radioactive gases released during the seismic 
event would also be released unfiltered. 
 
7.6.1.3 Consideration of Seismic Effects by Radiological Processing Laboratory Location 23 
 

Each location in the Radiological Processing Laboratory that could contain radioactive materials was 
evaluated to determine its vulnerability and potential for release of radioactive particulate materials or 
gases outside the building.  The evaluation is summarized below. 
 
Impact on Hot Cells 
 

Both the HLRF and SAL hot cells would maintain basic structural integrity in the postulated seismic 
events, according to the seismic analysis (Wagenblast 1992).  However, the exhaust ducting may be 
sheared off in the basement and the primary HEPA filters damaged.  The hot cell atmosphere could leak 
through the sheared ducts.  Other paths for escape of hot cell atmosphere include the air intakes from the 
gallery (which have dust stop filters but not HEPA filters) and small leaks around the manipulator boots.  
The driving force for this leakage should not be large.  Thus, the rate of release of the hot cell atmosphere 
to the building would be low because there is little energy available to disperse the material.  However, 
because the hot cells may leak, no credit is taken for material being held-up in the hot cells for the 
unlikely or extremely unlikely seismic events. 
 
Impact on Laboratories and Storage Areas 
 

Laboratory activities use glove boxes, hoods, and laboratory benches for work on a variety of forms 
of radioactive material.  Material is stored in these locations and in drawers, cabinets, and occasionally in 
safes.  Radioactive or fissionable materials, such as plutonium and uranium, are not used or stored for 
extended periods in hoods or on benches.  Damage in the laboratory areas would consist primarily of 
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items falling to the floor or tipping over.  The predominant radiological release scenarios would be those 
resulting from vibration/shock or drops/spills of containers of radioactive material that may be present in 
the laboratories, depending on the strength of the earthquake. 
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Impact on Radiological Processing Laboratory Radioactive Material Holdup 
 

Radioactive material holdup in the RPL is in the form of dust and plated-out material adhering to the 
surfaces of glove boxes, fume hoods, hot cells, exhaust ducts, and the contents of the non-testable 
glovebox and cell filters and the downstream testable filters.  The total facility holdup inventory is 
conservatively estimated to be 55 Ci Pu-239E.  Much of this material would not be easily removed by 
vibration and shock during an earthquake and, thus, would not be readily dispersible during the 
anticipated or unlikely seismic events.  However, as a conservatism, RPL building holdup materials are 
considered in all of the seismic event analyses. 
 
Impact on Radioactive Materials Outside of the Radiological Processing Laboratory 
 

Natural phenomena are considered significant only with regard to storage activities and are not a 
major contributor to short duration activity risks such as outdoor material handling and transfer.  With 
regard to storage activities in the ESY, the seismic concerns are with toppling of the concrete shielding 
blocks onto containers.  As described in Section 6.2.3.1, concrete shielding blocks and containers are 
stable in horizontal ground accelerations up to 0.075g and, therefore, concrete shielding blocks will not 
interact with containers stored in the ESY in an anticipated seismic event.  Concrete shielding 
block/container interactions are considered for unlikely and extremely unlikely seismic events. 
 
Impact on Tank Vault 
 

The seismic analyses of the RPL vault (Kanjilal 1990) showed that there would not be any damage to 
the vault from the design earthquake of 0.139g peak horizontal acceleration.  The effects of the 
earthquake on the liquid waste tanks in the vault were not analyzed in the analysis.  If the tanks fail in a 
seismic event, the vault and associated sump system would contain the material released from the tanks.  
Furthermore, these tanks are empty, except for minimal heels, and there are no plans to use them in the 
future (Section 4.2.2.1). 
 
7.6.2 Anticipated Seismic Event 34 
 
7.6.2.1 Event Description 36 
 

The event represents potential seismic events in the Anticipated frequency range as shown in 
Figure 6.1.  Most events in this frequency range have intensities of MM I to MM IV.  Events of this 
magnitude could cause some disturbance of objects and the higher magnitude events in this range would 
be felt by most people.  In the RPL, no significant structural damage or loss of services would occur. 
 

For anticipated seismic events, only loose radioactive material would be involved and no process 
upsets would be expected to occur.  The RPL does not have appreciable amounts of loose radioactive 
material that would be easily dispersed in an earthquake of this magnitude.  The radiological holdup in the 
building would not be easily removed by jarring during an earthquake of this magnitude, and thus would 
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not be readily dispersible.  However, for conservatism, in-process material and building holdup were 
assumed to be subject to shock/vibration release in an anticipated seismic event. 

1 
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With regard to storage activities in the ESY, no release is assumed to occur as a result of the minor 

seismic event. 
 
7.6.2.2 Dose Consequence Analysis 7 
 

The releases applicable to this event would be the result of shock/vibration of holdup material and of 
particulate in-process material in open containers.  It is assumed that significant process upsets do not 
occur during the anticipated seismic event; therefore, release of radioactive gases as a result of damage to 
the closed systems or the containers confining those gases does not occur. 
 

Radioactive Particulates.  The ARF*RF of 0.0001 for shock/vibration on clumps or piles of powders 
is applied for this event.  The affected source term was assumed to be 50% of the building in-process 
inventory or 750 Ci Pu-239E (
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Table 7.7). 
 

Calculated release from in-process 
= (750 Ci Pu-239E) * (0.0001 ARF*RF) 
= 0.075 Ci Pu-239E 

 
The ARF*RF for vibration/shock of powders deposited on surfaces of 0.001 was applied to the 

facility holdup inventory of 55 Ci Pu-239E. 
 

Calculated release from holdup 
= (55 Ci Pu-239E) * (0.001 ARF*RF) 
= 0.055 Ci Pu-239E 

 
The total calculated release is 0.13 Ci Pu-239E. 

 
7.6.2.3 Release 31 
 

The unmitigated respirable release quantity from the minor seismic event is 0.13 Ci Pu-239E.  The 
unmitigated release quantities were calculated based on the assumption that the release occurs at ground 
level. 
 
7.6.2.4 Conclusions 37 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
below. 
 

Dose Consequences (rem, TEDE) 
Unmitigated Dose Anticipated Seismic Event 

Onsite Offsite 
Radioactive Particulates 1.2 0.23 
Radioactive Gases NA NA 

 42 
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Offsite.  The unmitigated dose consequence was calculated to be 0.23 rem TEDE to the offsite MEI, 
which is Low, Risk Class III, under the DOE-RL EGs for an Anticipated event. 

1 
2 
3  

Onsite.  The unmitigated dose consequences onsite were calculated to be 1.2 rem at 100 m, which is 
Low, Risk Class III, under the DOE-RL EGs for an Anticipated event. 

4 
5 
6  

Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event.  Controls are required to track radioactive material inventories so 
they do not exceed those used in this analysis.  Although REVS is not credited with mitigation in this 
event, it provides an additional layer of protection to the representative onsite individual and the offsite 
MEI.  Therefore the REVS is identified as a defense-in-depth system. 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

18 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

 
►►►TSR:  radioactive material tracking process and material limits 
 

There are no hazard controls that can reduce the frequency of the anticipated seismic event. 
 
7.6.3 Unlikely Seismic Event 17 
 
7.6.3.1 Event Description 19 
 

This event represents potential seismic events in the Unlikely frequency range as shown in Figure 6.1.  
Most events in this frequency range have intensities of MM VI or MM VII.  Events of this magnitude are 
definitely noticeable and may cause limited damage to the facility.  For the analysis of this event, it was 
assumed that one significant process upset occurs.  It was judged that multiple upsets would not normally 
occur until an intensity of about MM VIII.  The MM VIII intensity is centered at about 0.20g, which is 
considerably higher than the ground acceleration associated with moderate seismic event.  In addition to 
assuming that one process upset occurs, it is conservatively assumed that a percentage of the building 
holdup and radioactive material in open containers would be released. 
 

The effects of this event on the radioactive material inventories involved would be relatively small.  
Vibration/shock release of in-process radioactive material, a single upset event involving a spill of an 
open container of radioactive material (that is, Pu-239E), and vibration/shock release of building holdup 
material; or release of radioactive gases (H-3E) from a closed system or container due to operator error 
are postulated to occur within the building.  Consistent with the facility’s structural analysis 
(Section 6.2.3.1), it was assumed that the RPL building structure will remain intact during the unlikely 
seismic event. 
 

A release of material in the ESY from an unlikely seismic event is considered an additional 
contributor.  The event is conservatively assumed to be severe enough to topple the concrete blocks and 
stacked waste containers in the ESY resulting in damage to the containers and the release of radioactive 
material. 
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7.6.3.2 Dose Consequence Analysis 1 
 2 

3 
4 
5 
6 
7 

Two cases were evaluated, one in which the in-process inventory was radioactive particulates 
represented as Pu-239E and the other in which the inventory was radioactive gases represented as H-3E.  
In addition, the impact to the building holdup and the potential release of material stored in the ESY is 
also considered. 
 

Radioactive Particulates.  It was assumed that 100 Ci was spilled in a single process upset, that 
one-half of the total facility inventory of 1500 Ci minus the 100 Ci spilled (that is, 650 Ci Pu-239E) was 
subjected to vibration/shock on clumps and piles.  The balance of the building inventory was assumed to 
be unaffected.  The ARF*RF applied for the spill was 0.0006 and for the vibration/shock on clumps or 
piles of powders applied to the in-process inventory was 0.0001.  The building holdup was assumed to be 
55 Ci Pu-239E.  The release of holdup would occur as a result of vibration/shock loads on the surfaces 
containing holdup material with the ARF*RF of 0.001 (
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Table 7.7). 
 

Calculated release from the spill 
= (100 Ci Pu-239E) * (0.0006 ARF*RF) 
= 0.060 Ci Pu-239E 
 
Calculated release from the in-process material 
= (650 Ci Pu-239E) * (0.0001 ARF*RF) 
= 0.065 Ci Pu-239E  
 
Calculated release from holdup 
= (55 Ci Pu-239E) * (0.001 ARF*RF) 
= 0.055 Ci Pu-239E 

 
The total calculated release is 0.180 Ci Pu-239E. 

 
Radioactive materials from ESY.  The unlikely seismic event is postulated to cause the concrete 

shielding blocks to topple or to cause stacked containers to fall to the ground, break open, and release a 
fraction of their particulate contents and all of their gas contents.  A release fraction of 0.001 was used for 
particulates in calculating the consequences of this release as described in Section 
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7.4.3.2.  The particulate 
material release from the breached containers would be subject to resuspension by prevailing winds after 
the accident.  A particulate resuspension rate of 4E-06/hr for a 24-hour period was applied to this accident 
scenario.  This release fraction was applied to the entire particulate inventory allowed in the ESY (that is, 
100 Ci Pu-239E) with a damage ratio of 50%.  The 50% is considered reasonable because there is not a 
roof structure to collapse on the containers; it is likely that only the highest two layers of blocks will be 
subject to falling during the an unlikely seismic event, and only the top block will gain considerable 
kinetic energy; not all inventory is likely to be within the enclosure or exposed to the falling blocks; not 
all impacted containers will fail; and not all failed containers will release 100% of their particulate 
contents (Table 7.7).  In addition to particulates, the release includes 30,000 Ci H-3E.  An ARF*RF of 1.0 
and a damage ratio of 1.0 (100%) are applied to the radioactive gas component of the ESY source term. 
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Calculated particulate release from ESY 1 
2 
3 
4 
5 
6 
7 
8 
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= (100 Ci Pu-239E) * (0. 001 ARF*RF) * (0.50 damage ratio) 
= 0.05 Ci Pu-239E 
 
Calculated particulate release from ESY resuspension 
= (100 Ci Pu-239E) * (4E-06/hr * 24 hr resuspension) * (0.50 damage ratio) 
= 0.005 Pu-239E 
 
Calculated radioactive gas release from ESY 
= (30,000 Ci H-3E) * (1.0 ARF*RF) * (1.0 damage ratio) 
= 30,000 Ci H-3E 
 
The total calculated release from the ESY is 0.055 Ci Pu-239E and 30,000 Ci H-3E. 
 
Radioactive Gases.  For the radioactive gases (H-3E), it was assumed that a room inventory limit of 

50,000 Ci was released through an operator action, but that the rest of the facility inventory in closed 
systems or containers would be unaffected.  The building holdup was assumed to be 55 Ci Pu-239E.  The 
release of holdup would occur as a result of vibration/shock loads on the surfaces containing holdup 
material with the ARF*RF being 0.001. 
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Calculated release from in-process material 
= 50,000 Ci H-3E * (1.0 ARF*RF) 
= 50,000 Ci H-3E 
 
Calculated release from holdup 
= (55 Ci Pu-239E) * (0.001 ARF*RF) 
= 0.055 Ci Pu-239E 
 
The total calculated release is 50,000 Ci H-3E plus 0.055 Ci Pu-239E. 
 

7.6.3.3 Release 31 
 

The total calculated release from radioactive material particulate from internal building releases plus 
holdup releases and releases from the ESY is 0.235 Ci Pu-239E and 30,000 Ci H-3E. 
 

The total calculated release from the radioactive gas component (building and ESY inventories) is 
80,000 Ci H-3E and from radioactive particulate component (building holdup and ESY) is 0.11 Ci 
Pu-239E. 
 

NOTE: Building releases would most likely consist of a combination of Pu-239E and H-3E from 
in-process material.  Operations are controlled by managing the sum of the fractions of 
in-process Pu-239E and H-3E inventories compared to their respective room or area limits. 
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7.6.3.4 Conclusions 1 
 2 

3 
4 
5 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
below. 
 

Dose Consequences (rem, TEDE) 
Unmitigated Dose Unlikely Seismic Event 

Onsite Offsite 
Radioactive Particulates 3.1 0.51 
Radioactive Gases 3.4 0.43 

 6 
Offsite.  The unmitigated dose consequences for radioactive particulates were calculated to be 

0.51 rem TEDE to the offsite MEI.  The dose consequences for radioactive gases were calculated to be 
0.43 rem TEDE to the offsite MEI.  These consequences are Low, Risk Class III, under DOE-RL EGs for 
an Unlikely event. 
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Onsite.  The unmitigated dose consequence onsite for radioactive particulates was calculated to be 
3.1 rem TEDE at 100 m.  The dose consequence onsite for radioactive gases was calculated to be 3.4 rem 
TEDE at 100 m.  These consequences are Low, Risk Class III, under DOE-RL EGs for an Unlikely event. 
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Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event.  Controls are required to track radioactive material inventories so 
they do not exceed those used in this analysis. 
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►►►TSR:  radioactive material tracking process and material limits 
 

There are no hazard controls that can reduce the frequency of the unlikely seismic event. 
 
7.6.4 Extremely Unlikely Seismic Event 24 
 
7.6.4.1 Event Description 26 
 

For this event, it was assumed that a ground acceleration of about 0.20g occurs.  As shown in 
Figure 6.1, this would approximate the effects of MM VIII intensity.  At MM VIII intensity, panel walls 
may be thrown out of frames and some walls may fall.  At MM IX (approximately 0.3g to 0.6g), 
buildings would be expected to shift off foundations.  An event of MM X intensity (approximately 0.6g to 
1.0g) is required to destroy most masonry and frame structures. 
 

The RPL structural analysis (Section 6.2.3.1) concluded that some structural members would exceed 
their material allowable stress limits per code requirements at the ground acceleration associated with the 
unlikely seismic event.  The failure of the structure to meet the analytical requirements of the 0.20g 
earthquake is based on the criteria for the structure to maintain full functionality and integrity during the 
earthquake.  This assumption is very conservative, because the analysis performed to the 0.20g 
earthquake determines that only some structural members would be overstressed.  The overstressed 
condition does not imply complete structural failure to the point of total collapse.  This overstressed 
condition would be manifested in shifting of structural columns and beams, cracking of foundations, and 
broken underground piping.  The analysis, therefore, supports a conclusion that some damage to, or 
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shifting of, the RPL structure could occur during the 0.20g seismic event, but massive failure to collapse 
would not be expected.  This conclusion is consistent with historical data from past earthquake events and 
their effect on structures designed and built to the Uniform Building Code. 
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Due to the intensity of the extremely unlikely seismic event, multiple process upsets were assumed to 

occur including material spills and an explosion within the building, coincident with the seismic event.  A 
ground acceleration of 0.20g would approximate the effects of a MM VIII intensity event.  At this 
intensity, significant disturbances could occur.  Therefore, the entire radioactive material inventory in the 
building, in-process and holdup, was assumed to be affected by the extremely unlikely seismic event.   A 
release of radioactive material in the ESY resulting from an extremely unlikely seismic event is 
considered an additional contributor.  This event is considered severe enough to topple the concrete 
shielding blocks and stacked containers in the ESY causing extensive damage to containers and release of 
radioactive material. 
 
7.6.4.2 Dose Consequence Analysis 15 
 

Two cases were evaluated, one in which the in-process inventory was radioactive particulates 
represented as Pu-239E and the other in which the inventory was radioactive gases represented as H-3E.  
In addition, the impact to the building holdup and the potential release of material stored in the ESY is 
also considered. 
 

Radioactive Particulates.  The building in-process inventory of 1500 Ci Pu-239E was conservatively 
assumed to be in process in open containers at the time of the seismic event. This is a conservative 
assumption given the current and future planned usage of radioactive material in the facility.  The facility 
holdup inventory is estimated to be about 55 Ci Pu-239E and release of the holdup would occur as a result 
of vibration/shock loads on the surfaces containing holdup material. 
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There are four components to the release of radioactive material from this seismic event: 

 
1. Radioactive materials in process in open containers subject to release from drops, spills, shock 

and vibration. 
2. Radioactive materials in process in open containers subject to release by due to major process 

upsets. 
3. Holdup in the building subject to release from shock and vibration. 
4. Radioactive materials stored in the ESY subject to release or spill from damaged containers and 

resuspension of spilled material. 
 

The in-process building inventory minus the 100 Ci released by the process upsets (that is, 1400 Ci 
Pu-239E) was assumed to be subjected to drops/spills or vibration/shock.  It was assumed that 700 Ci of 
in-process material was subjected to free-fall spill at approximately a 3-m-fall distance with an ARF*RF 
of 0.0006.  In addition, it was assumed that 700 Ci of in-process material was subjected to vibration/shock 
on clumps and piles with an ARF*RF of 0.0001.  The process upset was conservatively assumed to be an 
explosion.  The ARF*RF value of 0.002 (value for venting of pressurized powders) was applied to the 
in-process material involved in the explosion.  The facility holdup inventory is estimated to be about 
55 Ci Pu-239E and release of the holdup would occur as a result of vibration/shock loads on the surfaces 
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containing holdup material.  The ARF*RF for the vibration/shock mechanism applied to the building 
holdup is 0.001. 
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Calculated release from in-process material drops/spills 
= (700 Ci Pu-239E) * (0.0006 ARF*RF) 
= 0.420 Ci Pu-239E 

 
Calculated release from in-process material vibration/shock on clumps and piles 
= (700 Ci Pu-239E) * (0.0001 ARF*RF) 
= 0. 070 Ci Pu-239E 

 
Calculated release from process upsets 
= (100 Ci Pu-239E) * (0.002 ARF*RF) 
= 0.200 Ci Pu-239E 

 
Calculated release from holdup 
= (55 Ci Pu-239E) * (0.001 ARF*RF) 
= 0.055 Ci Pu-239E 

 
Total calculated release for radioactive particulates from the building is 0.745 Ci Pu-239E. 

 
Radioactive Gases.  A corresponding case was developed assuming all in-process material is H-3E 

gases rather than particulate solids.  Fifty percent of the building inventory of 900,000 Ci H-3E is 
assumed to be released from in-process material (that is, 450,000 Ci H-3E), plus 0.055 Ci Pu-239E from 
vibration/shock release of the facility holdup. 
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Total calculated release for radioactive gases from the building is 450,000 Ci H-3E plus 0.055 Ci 

Pu-239E as holdup. 
 

Radioactive Particulates and Gas from Outdoor Events in the ESY.  As with the unlikely seismic 
event, this event postulates that the concrete shielding blocks topple and crush the containers or cause the 
stacked containers to fall to the ground, break open, and release their contents.  However, for this event, 
no damage ratio is used in the calculation.  The release quantity for the radioactive gas portion of the ESY 
source term is based on an ARF*RF of 1.0. 
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Calculated particulate release for vibration/shock 
= (100 Ci Pu-239E) * (0.001 ARF*RF) * (1.0 damage ratio) 
= 0.100 Ci Pu-239E  
 
Calculated particulate release for resuspension 
= (100 Ci Pu-239E) * (4E-06/hr * 24 hr) * (1.0 damage ratio) 
= 0.010 Ci Pu-239E  
 
Calculated radioactive gas release from ESY 
= (30,000 Ci H-3E) * (1.0 ARF*RF) * (1.0 damage ratio) 
= 30,000 Ci H-3E 
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Total release for radioactive materials from the ESY is 0.11 Ci Pu-239E and 30,000 Ci H-3E. 

 
7.6.4.3 Release 4 
 

The total calculated release for radioactive particulates (including building holdup, in-process 
material with free-fall spill of powder and vibration/shock on clumps and piles, deflagration, and ESY 
particulate and gas releases) from the extremely unlikely seismic event is 0.855 Ci Pu-239E and 
30,000 Ci H-3E. 
 

The total calculated release for radioactive gases plus building holdup and ESY particulate and gas 
releases from the extremely unlikely seismic event is 480,000 Ci H-3E plus 0.165 Ci Pu-239E. 
 

NOTE: Building releases would most likely consist of a combination of Pu-239E and H-3E from 
in-process material.  Operations are controlled by managing the sum of the fractions of 
in-process Pu-239E and H-3E inventories compared to their respective room or area limits. 

 
7.6.4.4 Conclusions 18 
 

The calculated consequences to the representative onsite individual and the offsite MEI are provided 
below. 
 

Dose Consequences (rem, TEDE) 
Unmitigated Dose Extremely Unlikely Seismic Event 

Onsite Offsite 
Radioactive Particulates 8.9 1.6 
Radioactive Gases 16 1.7 

 23 
Offsite.  The dose consequences were calculated to be 1.6 rem TEDE to the offsite MEI for 

radioactive particulates and 1.7 rem TEDE to the offsite MEI for radioactive gases.  These consequences 
are Moderate, Risk Class IIII, under DOE-RL EGs for an Extremely Unlikely event.  These are 
unmitigated doses. 
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Onsite.  The onsite dose consequences were calculated to be 8.9 rem TEDE at 100 m for radioactive 
particulates. The onsite dose consequences were calculated to be 16 rem TEDE at 100 m for radioactive 
gases.  These consequences are Low, Risk Class IV, under DOE-RL EGs for an Extremely Unlikely 
event.  These are unmitigated doses. 
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Hazard Control Summary.  An increase in the radiological inventory could result in an increase to the 
calculated consequences for this event.  Controls are required to track radioactive material inventories so 
they do not exceed those used in this analysis. 
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►►►TSR:  radioactive material tracking process and material limits 
 

There are no hazard controls that can reduce the frequency of this seismic event. 
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8.0 Safety Structures, Systems, and Components 1 
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8.1 Safety Classification of Structures, Systems, and Components 4 

 
The safety classification of RPL SSCs is determined in accordance with the guidelines in manual 

PNL-MA-440 and is based on the specific safety functions that are relied on in the accident analysis of 
Chapter 7.  Structures, systems, and components that perform safety functions may be classified as 
safety-class or safety-significant.  For the purpose of this safety analysis report, these two classes of SSCs 
are also referred to as safety SSCs. 
 

Safety-class SSCs have safety functions that are relied upon to provide adequate protection to the 
public in the event of an accident.  Safety-significant SSCs have safety functions that either provide 
adequate protection to workers or provide additional, defense-in-depth, layers of protection to the public 
in the event of an accident.  Safety classifications may be used in determining the standards to be applied 
in the design, manufacturing, construction, procurement, inspection, testing, and maintenance of SSCs 
such that there is an appropriate level of assurance that safety SSCs will perform their intended safety 
functions as assumed in the accident analysis. 
 
8.1.1 Safety-Class SSCs 20 
 

The criteria for designating a SSC as safety-class is documented in manual PNL-MA-440.  The 
evaluation of RPL SSCs to the safety class criteria is provided below and concludes that there are no 
safety class systems or structures within the RPL. 
 
Offsite Dose from Credible Accidents 
 

Accidents selected for safety class evaluation must meet either of the following criteria: 
 

1. accidents exceeding 25 rem to the offsite receptor based on unmitigated dose calculations, or 

2. accidents where credit was taken for an SSC within the unmitigated dose calculations, even 
though the calculated dose consequences may not be shown to exceed 25 rem to the offsite 
receptor. 

 
For the purposes of this evaluation, all accidents presented in Chapter 7 were included.  The 

unmitigated doses from these accidents are well below 25 rem TEDE, therefore, there are no safety class 
SSCs based upon potential offsite dose to the public. 
 
Maintaining Operations within the Safety Limits 
 

There are no Safety Limits specified in PNNL-TSR-RPL; therefore, this criterion does not apply. 
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Prevention of Inadvertent Criticality 1 
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There are SSCs in the RPL that were originally designed to provide for criticality safety under certain 

operating conditions, however; these design features are no longer relied on to provide protection against 
criticality events.  These SSCs include the diamond storage array in Room 530, the vacuum slab tank, and 
the HLRF slab tanks.  Criticality safety program controls on use of fissionable material are such that 
failure of these design features will not result in criticality.  Therefore, these SSCs do not warrant the 
designation “safety class” based on the criterion that they are relied on to prevent an accidental criticality, 
or “safety significant” based on the criterion that they are of particular importance to defense-in-depth or 
worker safety as determined in the hazard and accident analyses. 
 
Monitoring of Radioactive Releases 
 

No accidents are identified in the safety analysis in which monitoring systems are relied on to initiate 
emergency response actions to prevent exceeding, or approaching the 25-rem offsite criterion. 
 
Structures, Systems, and Components Affecting Safety Class Items 
 

There are no SSCs designated as safety class; therefore, there are no SSCs whose failure could 
adversely affect a safety class SSCs. 
 
8.1.2 Safety-Significant Structures, Systems, and Components 22 
 

Safety-significant SSCs are those of particular importance to defense-in-depth or worker safety as 
determined in the hazard and accident analyses.  While a quantitative criterion, such as an exposure 
guideline, is appropriate for designating safety-class SSCs, safety-significant SSCs address risk for all 
individuals within the site and facility boundary and are based on more qualitative criteria.  Establishing a 
quantitative dose/exposure guideline for defining safety-significant SSCs at any one point within the 
facility or site boundary creates an artificial distinction that distorts the process of systematically 
evaluating an SSC for the function performed and its relative importance to safety.  The criteria for 
designating a SSC as safety-significant are provided in manual PNL-MA-440. 
 

The following systems are identified by the hazard or accident analysis as safety significant. 
 

• Radioactive Exhaust Ventilation System (REVS) [Figure 8.1 and Figure 8.2] 
• Faulted Electrical Power System (ES) [Figure 8.4 and Figure 8.5] 
• Criticality Alarm System (CAS) [Figure 8.6 and Figure 8.7] 
• Fire Alarm, Detection and Suppression System 
• Portions of the Compressed Air System (CA) [Figure 8.3] 
• Qualified Containers and Forms (including sealed sources)16. 

 
16 RPL-SA-R6, Radiochemical Processing Laboratory Qualified Containers and Forms Manual 

contains a listing of the qualified containers and forms for the RPL. 



 

2007 DSA, Revision 0 RPL DSA 
Supersedes:  2006 Revision 0 Page 8.3 

8.2 Safety-Significant Structures, Systems, and Components Description 1 
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8.2.1 Radioactive Exhaust Ventilation System 3 
 

Radioactive Exhaust Ventilation System is a subsystem of the building ventilation exhaust system for 
radiological controlled areas.  The defense-in-depth safety function of the REVS is to provide an 
additional, uncredited, layer of protection for onsite workers and the public by filtering radioactive 
material releases associated with certain accidents described in Chapter 7.  Because it is a significant 
contributor to defense-in-depth, the REVS and associated support systems are classified as 
safety-significant, even though the REVS is not credited in the accident analysis in Chapter 7. 
 

The REVS is defined as the portion of the exhaust system consisting of the plenum in the RPL 
basement; the exhaust tunnel to the filter building; the final HEPA filters; control dampers; exhaust fans, 
the stack; and connecting ductwork and housing between these components.  Air flow enters the basement 
plenum from non-REVS ductwork in the basement that serves the radiological controlled areas.  The air 
flow then moves through the exhaust tunnel to the HEPA filter intake header, through the HEPA filters to 
the outlet header, the exhaust fans, the fan discharge header, and out the stack.  Control dampers are 
located on both sides of the HEPA banks and the individual fan inlet and outlet. 
 

Compressed air and electrical power SSCs that support the functionality of the REVS are safety 
significant and are described in Section 8.2.2 and Section 8.2.3, respectively.  Additional information on 
the functional requirements of the compressed air and electrical power SSCs are contained in 
RPL-SDD-REVS, System Design Description: Radioactive Exhaust Ventilation System, and 
RPL-SDD-ES, System Design Description of the Safety-Significant Electrical System. 
 
8.2.1.1 Plenum & Exhaust Tunnel 26 
 

The rectangular basement plenum provides the REVS entry point for air flow from radiological 
control areas and directs the flow to the final stage HEPA filters via the exhaust tunnel to the filter 
building.  The REVS tunnel and plenum are a passive structural component that forms the flow path 
upstream of the HEPA filter intake ducting.  Branch connections to the basement plenum are not 
considered part of REVS.  Should these connections fail, REVS will continue to perform its uncredited, 
defense-in-depth function of providing a filtered flow path. 
 
8.2.1.2 Exhaust Fans (HVE-1-F, HVE-2-F, HVE-3-F, HVE-4-F) 35 
 

The REVS fans are located in the filter building and their defense-in-depth safety function is to 
provide the motive force to draw air from the radiological controlled areas through the final HEPA filter 
banks.  The four exhaust fans are capable of being powered from normal power, standby power, or 
standby diesel generators.  Power is normally distributed to the fan motors from the Main Switchgear 
Standby Power bus but can also be provided directly from the Emergency Power Switchboard through 
manual transfer switches located on the exterior north wall of the filter building. 
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The main exhaust fans are interlocked to the F3X13 (crosstie-breaker; Section 8.2.3.2) such that if 
F3X13 is open, then METASYS control to the exhaust fans is lost and the exhaust fans not in manual 
control trip off-line.  Normal operating configuration is for two exhaust fans to be running in Manual 
Control. 
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8.2.1.3 Final Stage High-efficiency Particulate Air Filters (HVE-19-HEPA, HVE-20-HEPA, 6 

HVE-21-HEPA, HVE-22-HEPA) 
 

The defense-in-depth safety function of the final HEPA filters is to provide filtration of accidental 
releases of radioactive (particulate) materials.  The accident analysis in Chapter 7 does not credit filtration 
for mitigation of accident consequences.  Filters are tested to 99.95 percent efficiency. 
 
8.2.1.4 Dampers 13 
 

Control dampers are installed on both sides of the HEPA filters and exhaust fans (Figure 8.2) and 
support the defense-in-depth safety function of maintaining the REVS flow path.  The dampers are 
pneumatically actuated, spring to open, and air to close.  On loss of compressed air to the actuator or loss 
of electrical power to the solenoids controlling the air to the actuator, the dampers are designed to fully 
open.  Vortex dampers integral to the fans are disabled and blocked in the open position.  These dampers 
may be manually closed if necessary to isolate the associated fan. 
 
8.2.1.5 Stack 22 
 

The stack does not have a specific safety functional requirement other than providing structural 
integrity for the flow-path of air downstream of the exhaust fans.  The air downstream of the exhaust fans 
is filtered.  The height and structural integrity of the stack can affect the flow balance of the building 
ventilation system. 
 
8.2.1.6 Ductwork 29 
 

The connecting ductwork and housings between REVS components provides a passive structural 
function of maintaining a flow path for the air exhausted through the REVS. 
 
8.2.2 Compressed Air System 34 
 

A portion of the compressed air system is designated as defense-in-depth safety-significant because it 
supports the defense-in-depth operation of the REVS.  Specifically, the compressed air system provides 
pressurized air to operate the REVS exhaust fan and filter dampers (Figure 8.3) to support the operability 
of the system.  The emergency air compressor (CA-97-COMP) provides a backup supply to the building 
compressed air system and is considered the defense-in-depth safety-significant source of compressed air.  
The emergency air compressor is operated in the standby mode and will start automatically when building 
compressed air system pressure reaches a preset value.  The emergency air compressor is powered from 
the Main Switchgear Standby Power bus.  Additional description of the safety significant portion of the 
compressed air system is provided in RPL-SDD-REVS. 
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The Faulted Electric Power System (FEPS) is a portion of the building electrical power system that is 
designated as defense-in-depth safety-significant because it provides a reliable source of power 
supporting operation of other safety-significant systems.  The safety function of the faulted electrical 
system is to provide power for the safety-significant systems and components that are relied on to 
mitigate accident consequences or provide additional layers of protection, as described in Chapter 7.  The 
FEPS is that portion of the electrical system beginning where the normal power line enters the building, 
and the preferred power line enters the Emergency Power Switchboard, up to and including the individual 
power buses supplying the safety-significant SSCs (Figure 8.4 and Figure 8.5). 
 

The safety-significant SSCs connected to the faulted power system are the main building exhaust 
fans; the emergency air compressor; the criticality alarm system; and the fire alarm system.  Although 
power is normally supplied through the FEPS to the fire alarm system, the FEPS is not relied on for 
operability of the fire alarm system because the fire alarm system power supply is electrically supervised 
and has a dedicated battery backup.  Other building loads, important to operations and mission objectives 
but not relied on in the accident analysis, are also powered by the FEPS and do not inhibit the capability 
of the FEPS to power the safety significant loads. 
 

Additional information on the functional requirements for the FEPS is found in RPL-SDD-ES 
Electrical Power System Design Description of the Safety-Significant Electrical System. 
 
 The major components and safety functions of the FEPS system are described in the subsections that 
follow. 
 
8.2.3.1 Main Switchgear Normal Power 26 
 

The Main Switchgear Normal Power bus distributes offsite power from the normal supply to safety 
significant loads during normal power operation.  The BPA normal power supply provides electrical 
power to the RPL through breaker F3X11 to the Main Switchgear Normal Power bus and to the Main 
Switchgear Standby Power bus through the bus tiebreaker F3X13.  The safety-significant components in 
the RPL are powered from the Main Switchgear Standby Power bus. 
 
8.2.3.2 Main Switchgear Standby Power 34 
 

The Main Switchgear Standby Power bus provides power to the safety-significant SSCs.  During 
normal power operations, the Main Switchgear Standby Power bus is energized by normal power via 
closed bus tiebreaker F3X13.  During a loss of normal power, the auto transfer mechanism automatically 
opens bus tiebreaker F3X13 and closes the faulted power supply breaker F3X12.  Power is then supplied 
by an alternate BPA or diesel generator source to the emergency power switchboard and then to the Main 
Switchgear Standby Power bus.  Safety-significant loads powered from the standby power bus include the 
REVS exhaust fans; the emergency air compressor; the criticality alarm system; and the fire detection and 
alarm system. 
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8.2.3.3 Emergency Power Switchboard 1 
 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

15 
16 
17 
18 
19 
20 

22 
23 
24 
25 
26 

28 
29 
30 
31 
32 
33 

35 
36 
37 
38 
39 
40 
41 
42 

The Emergency Power Switchboard provides power to the Main Switchgear Standby Power bus 
following a loss of normal power or directly to safety-significant SSCs (with the exception of the 
emergency air compressor) for a loss of the standby switchgear.  The emergency power switchboard is the 
entry point into the RPL electrical system for faulted power.  The emergency power switchgear contains 
three circuit breakers F3X358, F3X359, and F3X360 that can provide power to safety-significant loads.  
Breaker F3X358 connects the emergency switchgear to the Main Standby Switchgear Power bus, which 
provides power to the loads described in Section 8.2.3.2 above.  Breaker F3X359 connects the emergency 
power switchboard to the four REVS exhaust fans via manual transfer switches.  Breaker F3X360 
connects the emergency power switchgear to electrical bus EPF-B-D5 via automatic transfer switch 
S-7-ATS.  Electrical bus EPF-B-D5 provides power to the criticality and fire alarm systems. 
 
8.2.3.4 Standby Motor Control Center SMCC-B-B2: Power to Exhaust fans #1 & #2 14 
 

Motor control center, SMCC-B-B2, of the faulted electrical power system provides power to exhaust 
fans HVE-1-F, HVE-2-F, and the emergency air compressor and is powered from the Main Switchgear 
Standby Power bus.  As described in Section 8.2.3.3, the exhaust fans can also be powered directly from 
the Emergency Power Switchboard. 
 
8.2.3.5 Panel SPF-B-A4: Power to Exhaust fans #3 & #4 21 
 

Electrical panel SPF-B-A4 of the faulted electrical power system provides power to exhaust fans 
HVE-3-F and HVE-4-F and is powered from the Main Switchgear Standby Power bus.  As described in 
Section 8.2.3.3, the exhaust fans can also be powered directly from the Emergency Power Switchboard. 
 
8.2.3.6 Panel EPF-B-D5: Power to Criticality and Fire Alarm Systems 27 
 

Electrical panel EPF-B-D5 of the faulted electrical power system provides power to the criticality and 
fire alarm systems and is powered from the Main Switchgear Standby Power bus.  As described in 
Section 8.2.3.3, the alarm systems can also be powered directly from the Emergency Power Switchboard 
via automatic transfer switch S-7-ATS. 
 
8.2.4 Fire Alarm and Suppression Systems 34 
 

The safety significant function of the fire alarm and suppression systems is to provide 
defense-in-depth protection that acts, in conjunction with the overall fire protection program, to maintain 
the estimated frequency of unlikely or extremely unlikely fires (Chapter 7).  This section summarizes the 
safety significant functions of the RPL fire alarm and suppression systems.  Detailed descriptions of the 
system are provided in the System Design Description (SDD), RPL-SDD-FASS, Fire Alarm and 
Suppression System.  The RPL Fire Protection Program for the facility is described in DSA Section 5.2.8. 
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The safety function of the fire alarm system is to transmit notification of a fire alarm in the RPL to the 
HFD in the event of a fire.  This action initiates emergency response to the building by the fire department 
for the purpose of providing manual fire suppression.  The portion of the fire alarm system necessary to 
perform the safety function is the initiating device, the fire alarm control panel (FACP), and connecting 
circuits, including the output circuits to the Radio Fire Alarm Reporting (RFAR) box located on the 
exterior of the building, adjacent to the building entrance.  The RFAR is not PNNL equipment, and 
therefore; is not considered to be within the safety-significant boundary for the RPL fire detection and 
alarm system. 
 

Fire detection or alarm initiating devices installed in the RPL include manual pull boxes, sprinkler 
water flow switches, smoke detectors, and heat detectors.  When actuated, these initiating devices send a 
signal to the FACP that is processed and actuates the fire alarm function, including the transmission of the 
signal to the RFAR and subsequently to the fire department dispatch.  No credit is taken in the accident 
analysis for the alarm function in the building, and therefore; the building fire alarm bells and strobe 
lights are not within the safety significant boundaries of the system.  In addition, no credit is assumed in 
the accident analysis for fire department response times in mitigating fire events. 
 

The fire alarm system can be powered from the Main Switchgear Standby Power bus or directly from 
the Emergency Power Switchboard through automatic transfer switch S-7-ATS (Section 8.2.3).  The 
power supply to the fire alarm control panel is electrically supervised and will alarm on loss of normal 
power.  Dedicated battery backup power is provided to the fire alarm control panel to maintain system 
operability for a complete loss of AC power.  The battery backup is the safety-significant portion of the 
power supply for the fire alarm system. 
 
8.2.4.2 Fire Suppression System 27 
 

The safety function of the fire suppression system is to control or contain the spread of fire by 
providing a flow path for automatic suppression water flow to the fire location.  The portion of the fire 
suppression system necessary to perform the safety function provides a flow path from the 300 Area 
water supply to the sprinkler head and includes, the water supply piping downstream of the post-indicator 
valves (PIVs) to the alarm check valve in the system riser, the alarm check valve, the fire department 
connection piping and check valve, the system piping downstream of the riser alarm check valve to the 
sprinkler heads, and the sprinkler heads. 
 

The building is protected throughout by five wet-pipe sprinkler systems.  A dry pipe sprinkler system 
(fed from the Riser 2 wet system) protects the north exterior loading dock.  Actuation of a sprinkler head 
will cause the alarm check valve to open, which in-turn provides water supply to the system and will 
actuate a water flow alarm on the FACP.  Each sprinkler system riser is provided with a fire department 
connection that allows connection by the fire department apparatus to supplement sprinkler system flow if 
necessary. 
 

Fire water supply is from the 300 Area water system, which is operated by a Hanford Site contractor, 
independent of PNNL.  Post indicator valves (PIVs) for each wet riser allow the individual risers to be 
isolated from the grid to allow system maintenance and to provide a means to isolate the system after a 
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fire event.  The PIVs and water supply are part of the 300 Area utilities, are not RPL system components.  
Therefore, these components are considered to be outside the boundaries of the safety-significant portion 
of the fire suppression system. 
 

In addition to automatic fire suppression systems, dry standpipes are located at various RPL entry 
points to allow advancing hose lines into the building without leaving doors open and thus impacting 
negative air conditions in the building.  There is no requirement to use the standpipes for manual fire 
suppression and they are not considered safety significant.  Fire extinguishers are installed throughout the 
building.  Portable dry chemical fire extinguishers are available for manual connection to the HLRF and 
SAL hot cells for manual fire suppression.  Fire extinguishers can provide early suppression capability for 
fires in the incipient stage.  PNNL does not require staff to fight fires.  Therefore, the accident analysis 
does not rely on fire extinguishers to provide mitigation of fire accidents. 
 
8.2.5 Criticality Alarm System 14 
 

The criticality alarm system is considered a defense-in-depth safety-significant system because, as 
identified in the Chapter 6 hazard analysis, the system provides additional protection for the facility 
worker from the potentially significant consequences associated with a criticality in the facility. 
 

Work conducted in the RPL can involve fissionable material, but involves double-batch-safe 
quantities of material.  No facility specific criticality events were identified by the hazards analysis.  The 
criticality accident source term described in the Chapter 7 accident analysis is based on NRC guidelines 
and was selected as a bounding case for the facility.  As such, the accident is non-mechanistic with regard 
to specific work activities in the facility and does not credit criticality structures, systems and components 
as preventing or mitigating the event. 
 

The purpose of the Criticality Alarm System (CAS) is to initiate immediate evacuation of people in 
the event of accidental criticality.  The system is composed of detectors, comparator panel, howler control 
circuit, audible alarms, power-loss annunciator, a central annunciator and the necessary wiring and 
controls.  The system is outlined in Figure 8.6 and Figure 8.7 and is maintained in compliance with DOE 
and American National Standards Institute (ANSI) requirements.  The CAS can be powered from the 
Main Switchgear Standby Power bus or directly from the emergency power switchgear through automatic 
transfer switch S-7-ATS.  Additional information on the functional requirements for the CAS is found in 
RPL-SDD-CAS, System Design Description, Safety-Significant Criticality Alarm System. 
 
8.2.6 Qualified Containers 36 
 

Qualified containers are considered defense-in-depth safety significant SSCs.  Qualified containers 
are containers for storage of radioactive materials that can be exempt from the RPL radiological material 
inventory as material at risk (MAR) in relation to the DSA accidents.  Qualified containers are assumed to 
remain intact during the fires, explosions, spills, and seismic events analyzed in the DSA.  These 
containers would include shipping casks, shipping containers, special form canisters, and sealed sources.  
Specific criteria for qualified containers is contained in RPL-SA-R6, Qualified Containers and Forms 
Manual. 
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2 Figure 8.2.  HVAC Exhaust Filter Building 
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10.0 Glossary 
 
 
 This chapter contains definitions for the abbreviations, acronyms, and technical terms used in this 
documented safety analysis.  Terms that can be found in a standard dictionary (i.e., The American 
Heritage Dictionary, Second College Edition) are not defined; rather, definitions are limited to those 
words with specific regulatory or technical meanings as used in this report. 
 

10.1 Abbreviations 
 
cfs cubic feet per second 
Ci curie(s) 
cm centimeter(s) 
cm2 square centimeter(s) 
ft foot (feet) 
ft2 square foot (feet) 
ft3 cubic foot (feet) 
gal gallon(s) 
h hour(s) 
Hg mercury 
in. inch(s) 
kg kilogram(s) 
km kilometer(s) 
km2 square kilometer(s) 
km/h kilometer(s) per hour 
L liter(s) 
m meter(s) 
m2 square meter(s) 
m3 cubic meter(s) 
mi mile(s) 
mi2 square miles 
mm millimeter(s) 
mph mile(s) per hour 
msl mean sea level 
psi pounds per square inch 
psig pounds per square inch (gauge) 
s second(s) 
°C degrees Centigrade 
°F degrees Fahrenheit 
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10.2 Acronyms 
 
AC Administrative Control 
ANSI American National Standards Institute 
ARM Area Radiation Monitor 
ASME American Society of Mechanical Engineers 
BEP Building Emergency Procedure 
BPA Bonneville Power Administration 
CAM continuous air monitor 
CMS Chemical Management System 
CSM Cognizant Space Manager 
CSS Criticality Safety Specification 
DOE U.S. Department of Energy 
DOE-RL U.S. Department of Energy, Richland Operations Office 
DSA Documented Safety Analysis 
EDE effective dose equivalent 
EG evaluation guideline (see definition in Section 10.3) 
EP Environmental Protection or Emergency Plan 
ESH&Q Environment, Safety, Health & Quality 
ESTD Energy Science and Technology Directorate 
ETD Environmental Technology Directorate 
ESY East Storage Yard 
F&O Facilities and Operations 
FEMP Facility Effluent Monitoring Plan 
FFTF Fast Flux Test Facility 
FGR Federal Guidance Report 
FHA Fire Hazards Analysis 
FMCS Facilities Management Control System 
FSD Fundamental Science Directorate 
FUA Facility Use Agreement 
HEPA high-efficiency particulate air (filter) 
HFD Hanford Fire Department 
HLRF High-Level Radiochemistry Facility (325 A, east wing) 
HMS Hanford Meteorological Station 
HPS Hanford Plant Standard 
HVAC heating, ventilating, and air conditioning 
HWTU Hazardous Waste Treatment Unit 
ICRP International Committee on Radiation Protection 
IES&H Integrated Environment, Safety and Health 
IOPS Integrated Operations System 
IQES&H Integrated Quality, Environment, Safety and Health 
IRC Independent Review Committee 
LCO Limiting Condition for Operation 
MEI Maximum-Exposed Individual 
MMI Modified Mercalli Intensity 
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NAD Nuclear accident dosimeter 
NDA Non-Destructive Analysis 
NEPA National Environmental Policy Act 
NRC U.S. Nuclear Regulatory Commission 
NSD National Security Directorate 
OSHA Occupational Safety and Health Act 
PHA preliminary hazards analysis 
PMF Probable Maximum Flood 
PMMA polymethylmethacrylate 
PNNL Pacific Northwest National Laboratory 
QAP quality assurance program 
R&D Research and Development 
RCA Radiological Controlled Area 
RGD radiation generating devices 
RLWS radioactive liquid waste system 
RPL Radiochemical Processing Laboratory 
RPS retention process sewer 
SAL Shielded Analytical Laboratory (325 B, west wing) 
SAR safety analysis report 
SBMS Standards Based Management System  
SMS Safety Management System 
SNS Sanitary Sewer System 
SRC Safety Review Council 
SSC Systems, Structures, and Components 
SSE Safe-Shutdown Earthquake 
TEDE Total Effective Dose Equivalent 
TEDF Treated Effluent Disposal Facility 
TQ Threshold Quantity 
TRU transuranic 
TSD Transportation Safety Document 
UBC Uniform Building Code 
USQ unreviewed safety question 
USQD unreviewed safety question determination 
VPP Voluntary Protection Program 
WDOE Washington State Department of Ecology 
WDOH Washington State Department of Health 
WHC Westinghouse Hanford Company 
 

10.3 Technical Terms 
 
abnormal events—events that occur from system malfunctions, equipment failures, operation conditions, 
or operator errors.  Abnormal events are generally less severe than accidents. 
 
accident—an unplanned sequence of events that results in undesirable consequences. 
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administrative controls—the provisions relating to organization and management, procedures, 
recordkeeping, assessment, and reporting necessary to ensure safe operation of the facility. [Part 830.3(a)] 
 
annual frequency—categories of conditions defined on the basis of expected annual frequency of 
occurrence.  Annual frequencies used in this Documented Safety Analysis include Anticipated (1 to 10-2 
per year), Unlikely (10-2 to 10-4 per year), Extremely Unlikely (10-4 to 10-6 per year), and Incredible (less 
than 10-6 per year). 
 
Authorization Basis—the safety documentation that supports the decision to allow a process or facility to 
operate.  Included are corporate operational and environmental requirements as found in regulations and 
specific permits, and, for specific activities, work packages or job safety analyses.  The Safety Basis is a 
subset of the Authorization Basis. [10 CFR 830; Final Rule; 01/10/01; response to comment “M”] 
 
bases appendix—an appendix that describes the basis of the limits and other requirements in technical 
safety requirements. [Part 830.3(a)] 
 
bounding—a description of an event, scenario, or estimate that covers the maximum consequences 
possible for its kind.  Consequences of a bounding accident scenario would not be expected to be 
exceeded. 
 
confinement—an area in which the spread of contamination is reduced or eliminated by the use of 
engineered barriers and controlled airflow to minimize leakage. 
 
conservative—an estimate or assumption that leads to higher consequences and/or frequency. 
containment—a leak-tested region designed to meet code requirements for containing radioactive 
materials 
 
criticality—the condition in which a nuclear fission chain reaction becomes self-sustaining. 
[Part 830.3(a)] 
 
design basis—information that identifies the specific functions to be performed by a structure, system, or 
component of a facility, and the specific values or range of values chosen for controlling parameters as 
reference bounds of design.  These values may be (1) restraints derived from generally accepted "state of 
the art" practices for achieving functional goals, or (2) requirements derived from analyses (based on 
calculations and/or experiments) of the effects of a postulated accident for which a structure, system, or 
component must meet its functional goals.  [DOE G 420.1-1] 
 
design criteria—basic design criteria are a summary of the minimum concepts and design requirements 
that form a basis for and provide limitations governing the design for a complete, safe, and operable 
facility that is economically adequate for its intended purpose. 
 
design feature—the design features of a nuclear facility specified in the technical safety requirements 
that, if altered or modified, would have a significant effect on safe operation.  [Part 830.3(a)] 
 
energy barrier approach—identifying potential accidents or abnormal events by considering energy 
sources potentially capable of breaching containment barriers. 
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evaluation guideline—as used in this document, the evaluation guidelines (EGs) are defined in the 
DOE-RL Nuclear Safety Risk Ranking and Control Selection Guidelines.  These guidelines are used as a 
tool to assist the safety analyst in the evaluation of potential human health effects associated with 
postulated events involving radioactive or hazardous materials, and in determining the need for risk 
mitigation strategies. 
 
hazard—a source of danger (i.e., material, energy source, or operation) with the potential to cause illness, 
injury, or death to a person or damage to a facility or to the environment (without regard to the likelihood 
or credibility of accident scenarios or consequence mitigation). [Part 830.3(a)] 
 
hazard controls—measures to eliminate, limit, or mitigate hazards to workers, the public, or the 
environment, including 1) physical, design, structural, and engineering features; 2) safety structures, 
systems, and components; 3) safety management programs; 4) technical safety requirements; and 5) other 
controls necessary to provide adequate protection from hazards. [Part 830.3 (a)] 
 
fail, failure—to develop problems that compromise the ability to perform the task for which it was 
designed. 
 
geologic fault—a fracture in the earth's crust accompanied by a displacement of one side of the fracture 
with respect to the other, and in a direction parallel to the fracture. 
 
glovebox—a sealed enclosure with a window for viewing and ports with attached gloves for handling 
radioactive materials inside the enclosure. 
 
horizontal ground acceleration—acceleration of the ground surface in the horizontal direction as a result 
of an earthquake. 
 
hot cells—concrete-shielded cells installed as part of the building, consisting of the analytical hot cells 
Shielded Analytical Laboratory) in the west wing and the radiochemical hot cells (High-Level 
Radiochemistry Facility) in the east wing of the 325 Building. 
 
loss of confinement—loss of the ability to reduce or eliminate contamination through engineered barriers 
and controlled airflow. 
 
low-level waste, radioactive—radioactive waste that does not meet criteria for high-level waste, 
transuranic waste, or spent nuclear fuel. 
 
normal events—events that are planned or expected during normal building operations. 
 
nuclear facility—a reactor or non-reactor nuclear facility where an activity is conducted for or on behalf 
of DOE and includes any related area, structure, facility, or activity to the extent necessary to ensure 
proper implementation of the requirements established in 10 CFR 830, Subpart B. [Part 830.3(a)] 
 
off-normal events—unplanned, but expected, events during building operations that do not usually require 
any down time. 
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preliminary hazards analysis—a method to identify the potential hazardous conditions in a system and to 
determine the significance of potential accidents. 
 
Radiochemical Processing Laboratory (RPL)—designation for the 325 Building. 
 
Safety Basis—the documented safety analysis and hazard controls that provide reasonable assurance that 
a DOE nuclear facility can be operated safely in a manner that adequately protects workers, the public, 
and the environment. [Part 830.3(a)] 
 
Safety Class structures, systems, and components—structures, systems, or components, including 
portions of process systems, whose preventive or mitigative function is necessary to limit radioactive 
hazardous material exposure to the public, as determined from safety analyses. [Part 830.3(a)] 
 
Safety Evaluation Report—the report prepared by DOE to document 1) the sufficiency of the documented 
safety analysis for a hazard category 1, 2, or 3 DOE nuclear facility; 2) the extent to which a contractor 
has satisfied the requirements of 10 CFR 830, Subpart B; and 3) the basis for approval by DOE of the 
safety basis for the facility. [Part 830.3(a)] 
 
Safety Management Program—a program designed to ensure a facility is operated in a manner that 
adequately protects workers, the public, and the environment by covering a topic such as quality 
assurance, maintenance of safety systems, personnel training, conduct of operations, inadvertent 
criticality protection, emergency preparedness, fire protection, waste management, or radiological 
protection of workers, the public, and the environment. [Part 830.3(a)] 
 
Safety Review Council—an ad hoc group that provides the Laboratory Director with expert reviews and 
advice on activities with significant environment, safety, or health implications.  The Council provides the 
breadth of technical expertise uniquely required for the operation being reviewed.  Members of the 
Council are persons recognized as authorities in their specific fields.  All SARs/DSAs prepared for 
projects, operations, or facilities must be approved by the Council. 
 
Safety Significant structures, systems, and components—structures, systems, and components which are 
not designated as safety class structures, systems, and components, but whose preventive or mitigative 
function is a major contributor to defense in depth and/or worker safety as determined from safety 
analyses. [Part 830.3(a)] 
 
Safety structures, systems, and components—both safety-class and safety-significant SSCs. 
[Part 830.3(a)] 
 
Technical Safety Requirements—the limits, controls, and related actions that establish the specific 
parameters and requisite actions for the safe operation of a nuclear facility and include, as appropriate for 
the work and hazards identified in the documented safety analysis for the facility: safety limits, operating 
limits, surveillance requirements, administrative and management controls, use and application 
provisions, and design features, as well as a bases appendix. [Part 830.3(a)] 
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threshold quantity (TQ)—the quantity of a chemical that relates to potentially catastrophic consequences. 
TQs are used by OSHA to establish the level at which to perform process hazards analyses.  TQs are 
provided in 29 CFR Part 1910.119. 
 
upsets—events outside of the planned operating range, but expected many times during the life of the 
facility.  Their occurrence may require down time. 
 
vertical acceleration—acceleration of the ground surface in the vertical direction as a result of an 
earthquake. 
 
walkthrough—an informal inspection conducted by walking through a building and observing conditions 
in rooms and operations in progress at the time. 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page 10.7 



 
 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page 10.8 

(Blank Page) 



 
 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Appendix A 

 

 
 

 

 

 

 

 

 

 

Appendix A 

 

 

The Graded Approach 



 
 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Appendix A 

 

(Blank Page) 



 
 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page A.1 

Appendix A The Graded Approach 1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

 

1.0 Purpose 
 

This appendix describes Pacific Northwest National Laboratory’s (PNNL’s) graded approach to 
implementing the requirements of 10 CFR 830, Nuclear Safety Management, as they apply to preparation 
of the Documented Safety Analysis (DSA) for the PNNL Radiochemical Processing Laboratory (RPL).  
This appendix has been prepared pursuant to 10 CFR 830.7, which requires that a graded approach be 
used to implement the requirements of 10 CFR 830. 

 

2.0 Introduction 
 
2.1 Background 
 

The RPL is a research and development facility that does work involving radioactive and fissionable 
materials.  Based on the type of work done at RPL and the inventories of radiological and fissionable 
materials in the facility, RPL has been designated a Hazard Category 2 Nuclear Facility in accordance 
with facility classification guidance in DOE-STD-1027-92, Hazard Categorization and Accident Analysis 
Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports.  The RPL is the 
only Hazard Category 1, 2, or 3 Nuclear Facility currently managed by PNNL. 
 

Consistent with contractual requirements, PNNL had previously developed a Safety Analysis Report 
(SAR) and Technical Safety Requirements (TSRs) for the RPL.  These documents were reviewed and 
approved by DOE-RL and generally conform to the requirements and guidance of: 
 

• DOE O 5480.23, Nuclear Safety Analysis Reports; 
 
• DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear 

Facility Safety Analysis Reports; 
 
• DOE O 5480.22, Technical Safety Requirements  

 
On January 10, 2001, DOE amended 10 CFR Part 830 (hereafter referred to as “the rule”) to include 

Subpart B, Safety Basis Requirements.  Among other things, Subpart B of the rule requires that the 
“safety basis” be established and maintained for Hazard Category 1, 2, and 3 nuclear facilities.  The safety 
basis documentation (applicable to RPL) required by the rule includes DSA and hazard controls including 
TSRs.  The rule also requires that this documentation be submitted by PNNL for review and approval by 
DOE-RL, regardless of the status of existing similar documentation. 

 
2.2 Action 
 

After considering the rule and information provided by DOE on its expectations related to how the 
rule would be implemented, PNNL determined that it was necessary to revise the existing RPL SAR.  The 
RPL DSA was developed by revising the existing RPL SAR. 
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2.3 Graded Approach to DSA Development 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

 
Paragraph 830.7 of the rule requires that a “graded approach” be used to implement the requirements 

of the rule, that the basis for the graded approach be documented, and that the documentation be 
submitted to DOE.  This appendix describes PNNL’s graded approach to implement Paragraph 830.204, 
Documented safety analysis, as it applies to the preparation of the RPL DSA. 
 

The following are the key concepts that guided the development of the graded approach as described 
in Section 3.0 and Section 4.0 of this appendix: 
 
1. The existing RPL SAR was an appropriate basis for the RPL DSA. 11 

12 
13 
14 
15 
16 
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18 
19 
20 
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24 
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As discussed in Section 2.1 above, the existing RPL SAR was developed consistent with applicable 
DOE requirements and guidance that existed prior to issuance of the rule.  DOE-RL and PNNL 
applied applicable requirements and guidance during the preparation, review, and approval of the 
RPL SAR, and subsequent updates, in a manner that was appropriate to the work and hazards 
associated with the RPL.  In short, a graded approach to the content of RPL SAR had evolved from 
years of SAR development work and extensive interactions between DOE-RL and PNNL staff and 
were embodied in the document itself.  In addition, operations at the RPL experienced no 
fundamental changes since the previous SAR. 
 
Guidance identified by DOE for implementing the content requirements of the rule, which includes 
DOE-STD-3009-94 and DOE G 421.1-2, Implementation Guide for use in Developing Documented 
Safety Analyses to meet Subpart B of 10 CFR 830, does not differ substantially from the guidance 
used to prepare the RPL SAR.  On this basis, PNNL determined that the existing RPL SAR was, in 
general, an appropriate basis for the format, content, level-of-detail, and analysis methodologies for 
developing the RPL DSA. 
 

2. Existing RPL hazard controls were conservative with respect to the work and hazards at RPL. 29 
30 
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The hazards and safety analysis work involved in establishing and maintaining the existing RPL SAR 
and other safety-management processes at PNNL had extensively addressed the safety hazards 
associated with the work done at RPL.  RPL hazard controls, such as TSRs; safety management 
programs; and safety structures, systems, and components (SSCs), were established based on 
conservative application of relevant DOE guidance.  Since the rule does not alter the basic methods or 
criteria used by PNNL and DOE-RL to establish these hazards controls, PNNL did not anticipate that 
development of the RPL DSA would result in significant changes to existing RPL hazard controls.  
However, since much of the material in the existing RPL SAR was either historical or descriptive in 
nature, changes were made in how the hazards controls are described in the RPL DSA.  These 
changes unambiguously identify the essential safety characteristics of work processes or related 
hazard controls that are relied on in the RPL DSA.  This issue is discussed in more detail in 
Sections 2.3.3 and 3.2 below. 
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3. PNNL must be able to successfully verify compliance with the DSA. 1 
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Paragraph 10 CFR 830.201 requires that work performed at RPL comply with the DSA.  PNNL has 
determined that an important aspect of successfully achieving verifiable and unambiguous 
compliance with the DSA required, among other things, a more rigorous approach to presenting 
safety information in the DSA.  Further description of this issue, and approaches to preparing 
information for the DSA that address this issue are presented in Section 3.2 of this appendix. 
 

3.0 Administrative Issues 
 
3.1 DSA Preparation Methodology 
 

The Rule identifies DOE-STD-3009-94, Change Notice 1, Preparation Guide for U.S. DOE 
Nonreactor Nuclear Facility Safety Analysis Reports, January 2000, or successor document, as the 
appropriate basis for preparation the RPL DSA.  The rule does allow for the approval of an alternate 
methodology for DSA preparation, however, PNNL did not seek approval for an alternate methodology.  
PNNL took a graded approach when applying the methodology described in DOE-STD-3009-94, Change 
Notice 1 during the preparation of the RPL DSA. 
 

With regard to any future “successor document” to DOE-STD-3009-94, Change Notice 1, that may 
be approved by DOE, PNNL will continue to apply DOE-STD-3009-94, Change Notice 1, to DSA 
preparation and update activities until either; PNNL is directed by DOE-RL to use an approved successor 
document; or PNNL requests and receives authorization from DOE-RL to use an approved successor 
document. 

 
3.2 DSA Compliance Issue 
 

The RPL SAR was developed using the guidance of DOE-STD-3009-94 to meet the requirements of 
DOE O 5480.23.  As such, the RPL SAR, like most SARs, was designed and written primarily as a 
descriptive document addressing facility safety.  The RPL SAR contained, or referenced, extensive 
descriptive and historical material in order to show that the work performed at RPL was adequately safe.  
Although this information is important to understanding the RPL and its safety basis, much of this 
material wasn’t directly related to specifying the essential safety characteristics of work processes or 
related hazard controls.  Paragraph 830.201 of the rule requires that PNNL perform work in accordance 
with the RPL safety basis, which includes the DSA.  Much of the information contained in the previous 
RPL SAR was not developed to meet the intent of paragraph 830.201 and was not developed as an 
instruction or specification for performing work.  Interpreting and applying such information from the 
perspective of Paragraph 830.201 and the day-to-day operations of RPL would be difficult to manage. 
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The following steps taken during DSA preparation improve the efficiency and effectiveness of RPL 
management processes (e.g., configuration management, work authorization, USQ process 
implementation, compliance assessment, etc.), while assuring compliance with the DSA, as required by 
Paragraph 830.201. 
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1. To the extent practical, information in the DSA that isn’t specifically relevant to the RPL 

safety case (RPL work description, hazards and accident analysis, or the description of 
hazards controls), or that isn’t explicitly required by rule, was removed.  Useful supporting 
information is located in referenced documentation (see Item 3 below regarding material 
referenced in the DSA). 

 
2. The DSA explicitly identifies those sections that describe important characteristics of safety 

SSCs or the work performed at the RPL (i.e., those portions of the SAR that Paragraph 
830.201 applies to).  For those sections of the DSA that describe important characteristics of 
safety SSCs or how work will be performed at the RPL: 

 
• The level-of-detail of this information was reduced in the DSA such that only important 

safety characteristics are being described, and  
 
• An editorial style is used that presents information as commitments and specifications as 

opposed to being narrative or descriptive. 
 
3. The DSA explicitly identifies material incorporated by reference.  References to other 

documentation are provided in the DSA where necessary or useful to developing a complete 
picture of the RPL safety basis, but this information is not considered an integral part of the 
DSA. 

 

4.0 DSA Format and Content 
 

The following information shows how certain issues were addressed during the preparation of the 
DSA such that it will be consistent with DOE-STD-3009-94 and compatible with implementation under 
the rule.  The DSA was developed based largely on information already in the RPL SAR. 

 
4.1 Scope and Depth of Hazards and Accident Analysis 
 

Paragraph 830.204 of the rule requires that, as appropriate for the complexities and hazards associated 
with the facility, the DSA must include systematic assessment of hazards associated with the RPL.  The 
preamble of the rule describes the scope of hazards to be addressed in the DSA as “all radioactive and 
non-radioactive hazards.”  PNNL has determined that efficient and effective preparation, review, 
approval, implementation, and maintenance of the RPL DSA requires that a graded approach be taken in 
meeting these expectations for the RPL. 
 

Previously, the RPL SAR described the work at RPL, addressed the hazards associated with this 
work, and described associated hazard controls at the facility-level.  That is; general work descriptions 
were provided, types of hazards identified, and postulated bounding events were analyzed; but 
task-specific work activities were not identified and specific instances of hazards were not identified or 
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analyzed.  PNNL work authorization processes and safety management programs are relied upon to 
ensure that specific work tasks and hazards are within the analyzed limits of facility-level hazard controls.  
This approach is critical to managing work and hazards at RPL because of the diverse and constantly 
changing nature of the research and development work done at the RPL Facility.  This approach is 
consistent with 

1 
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9 

10 
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12 
13 

DOE-STD-3009-94 and is appropriate for the work, and the types and magnitude of 
hazards, at RPL. 
 

While the RPL DSA addresses a complete set of facility hazards and associated hazard controls as 
required by the rule, not all hazards are addressed within the scope of the hazards and accident analyses 
described in the DSA.  The DSA hazards and accident analyses address inadvertent criticality and 
inadvertent release of radioactive materials.  Other hazards are addressed in the hazards and accident 
analyses as described below. 
 

Chemical hazards 14 
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Threshold Quantities (TQ) of hazardous chemicals are identified in Appendix A of 
29 CFR 1910.119, Process Safety Management.  TQs were established to identify the types and 
quantities of hazardous chemicals that could present a serious danger to facility workers in the 
event of an uncontrolled release. 
 
Chemical hazards that involve less than Threshold Quantities at RPL are addressed in the DSA 
hazards analysis.  These chemical hazards are analyzed as a general class of hazards associated 
with general types of work at RPL.  This is the level-of-detail of the chemical hazards analysis 
presented in the previous RPL SAR.  Chemical hazards for individual chemicals and specific 
work tasks are not presented in the DSA.  Safety analysis was not performed for events involving 
less than Threshold Quantities of hazardous chemicals.  Worker safety with respect to these 
chemical hazards is demonstrated by a commitment to appropriate worker safety programs in the 
DSA. 

 
The RPL does not currently have hazardous chemicals that exceed Threshold Quantities and there 
are no plans to exceed Threshold Quantities in the future.  Such a change to the chemical hazards 
at RPL would involve a USQ under the rule and invoke the associated documentation and DOE 
approval requirements. 

 
Worker Safety Hazards 35 
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Job-level worker safety hazards are not addressed in the DSA hazards or safety analysis.  This 
includes workplace hazards addressed by prescriptive safety requirements such as common 
industrial hazards, biological hazards, non-ionizing radiation hazards, etc.  Hazard controls for 
these hazards are established in recognized standards as opposed to being derived from hazards 
and safety analyses.  Worker safety with respect to these workplace hazards is demonstrated by a 
commitment to an appropriate worker safety program in the DSA. 
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Security-related Hazards 1 
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Security-related hazards are briefly addressed in the DSA.  Measures to control such hazards are 
addressed in DOE, Hanford, and PNNL safeguards and security arrangements. 

 
 PNNL has determined the approach to treatment of hazards in the DSA described above meets the 
requirement of the rule for a systematic assessment of hazards associated with the RPL in a manner that is 
appropriate for the complexities and hazards of the RPL.  This approach is consistent with the concept of 
preserving the current RPL safety basis as described in Section 2.3 of this document and will minimize 
the need for additional analytical work for the DSA, which if performed, would not be expected to 
improve existing RPL Facility hazards controls. 
 
4.2 Treatment of Criticality Safety 
 

Research and development work at RPL may involve fissile materials.  However, the quantity of 
fissile materials is limited by RPL TSRs and work at the RPL does not include production processes 
involving fissile materials.  The PNNL approach to criticality prevention and the existing analysis of 
criticality hazards and postulated accidents in the previous RPL SAR is appropriate to the criticality 
hazards associated with work at the RPL.  Accordingly, the following approach, based on the previous 
RPL SAR, was used to address criticality hazards in the DSA. 
 

Criticality hazards are analyzed as a general class of hazards associated with storage, or work with, 
fissile materials at RPL.  This is the level-of-detail of criticality hazards analysis presented in the RPL 
DSA.  Criticality hazards for specific tasks are not presented in the DSA. 
 

The DSA commits PNNL to maintaining a criticality program that is consistent with accepted 
applicable standards as the principal hazard control associated with criticality.   This approach meets the 
requirements of paragraph 830.204(b)(6) of the rule, which requires that the DSA define a criticality 
safety program. 

 
4.3 Treatment of Environmental Protection 
 

Paragraph 830.204(b)(4) of the rule requires that hazard controls be derived to ensure “adequate 
protection of workers, the public, and the environment” and demonstrate the adequacy of these controls in 
the DSA.  The previous RPL SAR did not provide an explicit demonstration of adequate protection of the 
environment in the event a postulated accident occurs.  Standards for explicitly demonstrating adequate 
environmental protection against the types of accidents analyzed in the RPL DSA have not been 
established. 
 

PNNL considers that adequate protection of workers and the public from the consequences of 
postulated accidents implies adequate protection of the environment from postulated acute hazardous 
material releases in the unlikely event of an accident.  Adequate protection of the environment from 
anticipated chronic hazardous material releases is addressed through environmental regulations, 
permitting, and associated monitoring programs. 
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4.4 Integration of the RPL DSA and PNNL Safety Management System 
Documentation 
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PNNL has established the following safety management programs in response to the DOE regulatory 

requirements and directives identified: 
 

• Integrated Environment, Safety, and Health (IES&H) Program - DEAR 48 CFR 970.5223-1, 7 
Integration of Environment, Safety, and Health into Work Planning and Execution and DOE 
Policy DOE P 450.4, Safety Management System Policy. 

 
• Radiation Protection Program (RPP) - 10 CFR 835, Occupational Radiation Protection. 

 
• Quality Assurance Program (QAP) - 10 CFR 830, Appendix A, Quality Assurance Requirements. 

 
The programs identified above have been approved or validated by DOE and are maintained in 

accordance with the DOE requirements associated with these documents. 
 

10 CFR 830 and DOE-STD-3009-94 establish expectations for including the same information in the 
DSA.  Specifically, the following DSA information content expectations correspond to the program 
documents: 
 

• Chapter 7, Radiation Protection. 
 
• Chapter 14, Quality Assurance. 
 
• Chapter 17, Management, Organization, and Institutional Safety Provisions, Section 17.4.4, 

Safety Culture. 
 

The hazards and safety analyses performed in support of the RPL DSA did not result in the 
specification of additional characteristics for the IES&H Program, QAP, or the RPP.  Accordingly, it is 
appropriate to address the corresponding programmatic subject areas of DOE-STD-3009-94 by providing 
a commitment to implement and maintain a DOE-approved RPP, QAP, and PNNL IES&H Program.  The 
DSA identifies these programs as general programmatic hazard controls (i.e., hazards controls that are not 
specifically identified as hazard controls in the hazards or safety analysis described in the DSA).  If, in the 
course of performing updates to the RPL hazards or accident analysis, additional characteristics are 
identified in these subject areas, the additional characteristics will be identified as specific hazards 
controls in the RPL DSA. 
 

This approach to implementing the guidance of DOE-STD-3009-94 related to the subject areas 
identified above will significantly reduce configuration management, USQ process implementation, and 
safety documentation review and approval efforts at PNNL by reducing duplication in the QAP, RPP, 
PNNL IES&H Program Description, and the DSA.  This approach will continue to ensure full 
implementation applicable requirements and guidance and provides for appropriate DOE oversight of 
these safety management processes. 
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4.5 RPL DSA Format and Content 1 
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Consistent with the concepts described in Section 2.3.1 above, the format of the RPL DSA is similar 

to the format of the previously approved RPL SAR rather than the specific format described in 
DOE-STD-3009-94.  This approach significantly reduced the effort necessary to prepare and implement 
the RPL DSA, while conforming to the DSA content requirements of the rule and guidance of 
DOE-STD-3009-94.  Table A.1 below describes the basic outline of the DSA and shows where the DSA 
content requirements of the rule are addressed.  Table A.2 below describes how the SAR topics described 
in DOE-STD-3009-94 are addressed in the RPL DSA. 
 

Table A.1. – RPL DSA Outline and Associated Rule Content Requirements 

RPL DSA Outline Associated 
10 CFR 830 
Paragraph 

Content Requirement of the Rule 

Chapter 1, Summary 830.202(b)(3) Categorize the facility consistent with 
DOE-STD-1027-92 (see Note 1) 

Chapter 2, Future Use NA  

Chapter 3, Site Description 830.204(a)(1) – 
partial (see Note 2) 

Describe the facility… 

830.202(b)(1) Define the scope of the work to be performed Chapter 4, Facility and 
Operations Description 830.204(b)(1) – 

partial (see Note 2) 
Describe the facility (including the design of safety 
structures, systems and components) and the work to 
be performed. 

830.204(b)(4) – 
partial 
 

… define the process for maintaining the hazard 
controls current at all times and controlling their use 

830.204(b)(5) Define the characteristics of the safety management 
programs necessary to ensure the safe operation of 
the facility, including (where applicable) quality 
assurance, procedures, maintenance, personnel 
training, conduct of operations, emergency 
preparedness, fire protection, waste management, 
and radiation protection 

Chapter 5, Organization and 
Safety Management Programs 

830.204(b)(6) With respect to a nonreactor nuclear facility with 
fissionable material in a form and amount sufficient 
to pose a potential for criticality, define a criticality 
safety program that:  Ensures that operations with 
fissionable material remain subcritical under all 
normal and credible abnormal conditions, Identifies 
applicable nuclear criticality safety standards, and 
Describes how the program meets applicable nuclear 
criticality safety standards. 
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RPL DSA Outline Associated 
10 CFR 830 
Paragraph 

Content Requirement of the Rule 

830.202(b)(2) Identify and analyze the hazards 

830.202(b)(5) Establish the hazard controls upon which the 
contractor will rely to ensure adequate protection of 
workers, the public, and the environment. 

830.204(b)(2) 
 

Provide a systematic identification of both natural 
and man-made hazards associated with the facility 

830.204(b)(3) Evaluate normal, abnormal, and accident conditions, 
including consideration of natural and man-made 
external events, identification of energy sources or 
processes that might contribute to the generation or 
uncontrolled release of radioactive and other 
hazardous materials and consideration of the need 
for analysis of accidents which may be beyond the 
design basis of the facility 

 
Chapter 6, Hazard Analysis, and 
Chapter 7, Accident Analysis 
 

830.204(b)(4) – 
partial 

Derive the hazard controls necessary to ensure 
adequate protection of workers, the public, and the 
environment, demonstrate the adequacy of these 
controls to eliminate, limit, or mitigate identified 
hazards,… 

Chapter 8, Safety Structures, 
Systems, and Components 

830.204(b)(1) – 
partial (see Note 2) 

Describe the facility (including the design of safety 
structures, systems and components) and the work to 
be performed. 

Chapter 9, References NA  

Chapter 10, Glossary NA  

Appendix A, Graded Approach 
for DSA Preparation 

830.7 Where appropriate, a contractor must use a graded 
approach to implement the requirements of this part, 
document the basis of the graded approach used, and 
submit that documentation to DOE 

Appendix A, Section 3.1, DSA 
Preparation Methodology 

830.204(a) The contractor responsible for a hazard category 1, 
2, or 3 DOE nuclear facility must obtain approval 
from DOE for the methodology used to prepare the 
documented safety analysis for the facility unless the 
contractor uses a methodology set forth in Table 2 of 
Appendix A to this part. 

 1 
2 
3 
4 
5 
6 
7 
8 
9 

Notes: 
1. Chapter 1 describes how the RPL was categorized as part of previous RPL Safety Analysis Report 

development efforts. 
 

2. The site portion of the facility description is addressed in Chapter 3 of the DSA.  An overall 
description of the facility and the work performed in the facility is addressed in Chapter 4.  Safety 
SSCs are described in Chapter 8. 
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 Table A.2 below shows how the topical content described in DOE-STD-3009-94 is addressed in the 
DSA. 

1 
2 
3 
4 

 
Table A.2. – Treatment of DOE-STD-3009-94 Topics in the RPL DSA 

DOE-STD-3009-94 Topic Treatment in the RPL DSA 
Chapter 1, Site Characteristics This topic is addressed in Chapter 3, Site Description, of the DSA. 

 
Descriptive material is provided in the DSA at the level of detail provided in 
Chapter 3 of the previous RPL SAR. 

Chapter 2, Facility Description Descriptive material is provided in the DSA at the level of detail provided in 
Chapter 4, Design of Facility and Description of Operations, of the previous 
RPL SAR. 
 
A summary description of the RPL and work performed at the facility and 
bounded by the DSA hazard and safety analyses is provided in Chapter 4 of 
the DSA. 

Chapter 3, Hazard and Accident 
Analysis 

The hazards analysis performed for the RPL is addressed in Chapter 6, 
Hazard Analysis, of the DSA.  The accident analysis performed for the RPL 
is summarized in Chapter 7, Accident Analysis, of the DSA. 

Chapter 4, Safety Structures, 
Systems, and Components 

This topic is addressed in Chapter 8, Safety Structures, Systems, and 
Components, of the DSA. 
 
The PNNL classification scheme for safety SSCs is described.  This 
classification scheme involves two classifications, Safety Class SSCs and 
Safety-Significant SSCs as described in Section 4.1 of the previous RPL 
SAR. 
 
RPL safety SSCs are described per the guidance of DOE-STD-3009-94, 
Chapter 4, at a level-of-detail similar to the SSC descriptions in Chapter 4 of 
the previous RPL SAR. 

Chapter 5, Derivation of 
Technical Safety Requirements 

TSRs are derived from administrative controls and SSCs identified in the 
DSA safety analysis, as appropriate.  
 
The description of how TSRs are derived from the safety analysis is described 
as part of the accident analysis (Chapter 7) similar to the treatment of TSRs in 
the previous RPL SAR safety analysis.  Note that the bases for technical 
safety requirements also provide information on how the TSRs were derived 
from the accident analysis. 

Chapter 6, Prevention of 
Inadvertent Criticality 

This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA. 
 
Commits to having a criticality program as the principal hazard control 
associated with criticality prevention. 
 
Describes the key criticality “standards” that are being followed in 
implementing the PNNL CSP. 
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DOE-STD-3009-94 Topic Treatment in the RPL DSA 
Chapter 7, Radiation Protection This topic is addressed in Chapter 5, Organization and Safety Management 

Programs, of the DSA as discussed in Section 4.4 above. 

Chapter 8, Hazardous Material 
Protection 

This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA as discussed in Section 4.4 above. 

Chapter 9, Radioactive and 
Hazardous Waste Management 

This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA. 
 
The DSA provides descriptive material regarding radioactive and hazardous 
waste management at RPL and the interface between the RPL and other 
Hanford organizations responsible for waste management.  The 
level-of-detail provided for this descriptive material is similar to that in the 
previous RPL SAR. 

Chapter 10, Initial Testing, 
In-Service Surveillance, and 
Maintenance 

This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA. 
 
Initial testing – The RPL is in operation, therefore, there is no “initial testing” 
planned at this time and there is no “initial testing program” at the RPL.  The 
DSA contains a commitment to perform appropriate post modification testing 
(referred to as “commissioning” at PNNL) as part of the RPL facility 
modifications process, which is implemented under the PNNL Facility 
Configuration Management Program.  The DSA acknowledges that major 
modifications to the RPL (as defined in the approved USQ procedure) would 
require a Preliminary DSA (PDSA) under the rule.  PDSA’s prepared for 
major modifications will address “initial testing,” as appropriate. 
 
Surveillance – Surveillance requirements for the RPL are addressed in TSRs.  
Accordingly, this material is duplicated in the DSA. 
 
Maintenance – The DSA commits to having a formal maintenance program 
for safety significant SSCs. 

Chapter 11, Operational Safety This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA. 
 
Operational activities at the RPL are conducted in accordance with approved 
programs and procedures including the RPL Operations Manual.  The DSA 
contains a commitment to maintaining and implementing an RPL Operations 
Manual that conforms to, among other things, DOE O 5480.19, Conduct of 
Operations Requirements for DOE Facilities.  Will also commit to showing 
in the RPL Operations Manual how each element of DOE O 5480.19 is 
implemented at the RPL. 

Chapter 12, Procedures and 
Training 

This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA as discussed in Section 4.4 above. 

Chapter 13, Human Factors This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA. 

Chapter 14, Quality Assurance This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA as discussed in Section 4.4 above. 
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DOE-STD-3009-94 Topic Treatment in the RPL DSA 
Chapter 15, Emergency 
Preparedness Program 
 

This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA. 
 
An Emergency Preparedness Program is established as a general 
programmatic hazard control. 
 
There are key standards and Hanford procedures that are addressed in 
implementing the PNNL’s emergency preparedness program. 

Chapter 16, Provisions for 
Decontamination and 
Decommissioning 

This topic is addressed in Chapter 5, Organization and Safety Management 
Programs, of the DSA. 
 
The rule requires that a PDSA be prepared and approved prior to making 
major modifications (as defined in the RPL USQ procedure) to RPL.  
Accordingly, the DSA acknowledges that D&D impacts associated with any 
future major modification will be addressed in the PDSA for that 
modification.  If the RPL is designated for D&D, the plans for RPL D&D and 
the hazards, safety analysis, and hazards controls associated with D&D work, 
will be addressed in a new D&D Safety Basis, including a new DSA, for the 
RPL. 

Chapter 17, Management, 
Organization, and Institutional 
Safety Provisions 

This topic is addressed in Chapter 5 of the DSA as discussed in Section 4.4 
above. 



 
 

2007 DSA, Revision 0  RPL DSA 
Supersedes:  2006 Revision 0  Page RH.1 

Document Revision History 1 

Date Rev. # Description 

9/27/07 2007 
Rev. 0 

2007 Annual update: 
• Updated the description of the RPL management organization. 
• Removed Navy Heat Source and 5320-3/B( ) F package discussion, Section 6.5. 
• Updated the Area Fire and Extremely Unlikely Seismic Event analyses to reflect 

lower Area and Facility H-3E LCO limits. 
• Incorporated minor description changes and editorial corrections. 
• Addressed explosion with building damage USQ (RPL-2007-071D). 
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