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1.0 INTRODUCTION AND GENERAL PLANT DESCRIPTION 

1.1 INTRODUCTION 

This Final Safety Analysis Report (FSAR*) addresses health, safety, and 
environmental protection matters pertaining to the operation of the 
Plutonium Uranium Reduction Extraction (PUREX) Plant for plutonium-uranium 
solvent extraction processing and plutonium oxide production. The PUREX 
Plant is located on the 570 mi2 U.S. Department of Energy (DOE) Hanford Site 
in southeastern Washihgton State (Fig. 1-1). The PUREX Plant (Fig. 1-2) is 
located in the southeastern portion of the 200 East Area near the center of 
the Hanford Site. 

This document fulfills DOE requirements which establish procedures 
ensudng the safety of nonreactor nuclear facilities.(1,2) Analyses have 
been ••·performed on a system-by-system basis to ensure that all potentially 
significant risks and impacts are identified and that appropriate mitigating 
measures are taken. 

The structure of this document follows the FSAR framework of the 
U.S. Nuclear Regulatory Commi~sion (NRC) guide for safety analysis reports 
for fuel reprocessing plants.l3) Chapter 1.0 sununarizes the plant 
structure. Plant operation is defined in detail in Chapters 3.0 through 
8.0 . Chapter 2.0 summarizes the results of the hazards analyses and risk 
assessments in Chapter 9.0. Chapter 10.0 describes the organizational 
structure associated with the PUREX Plant. Chapter 11.0 discusses the 
Operational Safety Requirements (OSR). In addition, a glossary is presented 
in Appendix A, a PUREX Plant history is provided in Appendix B, the PUREX 
Plant Operational Flow Diagram is shown in Appendix C, and the PUREX Plant 
Fault Tree Analysis is displayed in Appendix D. 

1.1.1 Plant Mission and History 

The mission of the PUREX Plant is to reprocess irradiated fuels from 
the Hanford Site N Reactor for the recovery of uranium and plutonium. 

The program to design and construct the PUREX Plant and the associated 
support facilities was initiated in 1952 by the U.S. Atomic Energy 
Commission (AEC, now DOE). The plant was one of the mainstays in the United 
States' nuclear fuel separations program, processing irradiated production 
reactor fuels for the recovery of uranium and weapons-grade plutonium. From 
the first operation in 1956 to shutdown in September 1972, refinements were 
made in the plant to upgrade equipment, achieve process versatility, and 
adapt to changing feed material. 

*A complete list of all acronyms used in this document is provided in 
Appendix A. 

1-1 
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Shutdown in 1972 was the result of the closure of eight of the nine 
production reactors at Hanford. Between shutdown and 1978, the plant was 
maintained in a "wet standby" condition. Major plant equipment, such as 
extraction columns and associated tankage, was periodically flushed with 
a dilute nitric acid solution. Pumps, column pulsers, jets, and other 
mechanical equipment were operated on a regular basis. Failed equipment was 
either upgraded or replaced, or the failures were formally documented for 
replacement. From 1978 to 1983, a program consisting of operability, 
readiness, and cold startup tests was in progress at PUREX to establish the 
plant's readiness to reprocess fuels in anticipation of restart. The PUREX 
Plant was started in November 1983 and has been operating to date on the 
recovery of plutonium from irradiated uranium fuel. 

1.1.2 Fuels to be Processed, Plant Capacity, Process, and Products 

The· plant has a nominal processing capacity of 10 tons/d of Zircaloy-
clad 0.947% enriched (preirradiation 235u content) or 6 tons/d of "spike" 
fuel elements. (Spike fuel consists of 0.947% enriched inner element and 
1.25% enriched outer element.) The process steps consist of chemical 
decladding of the fuel elements, metal dissolution, product decontamination, 
and product separation and purification by solvent extraction. The uranium 
product, uranyl nitrate hexahydrate in an acidic solution (UNH), is stored in .. 
large tanks and ultimately transferred by tank trailer to the Uranium Oxide 
Plant (referred to as the U03 Plant) for conversion to uranium trioxide. The 
plutonium, concentrated as an acidic solution of plutonium nitrate, is 
converted to plutonium oxide and placed into temporary storage facilities 
located at the Hanford Site. 

With adequate preparation, the plant has the capability to produce a 
neptunium product. 

1.1. 3 Wastes 

Liquids essentially free of radioactive contamination are discharged 
to artificial ponds. An estimated discharge rate of about 2.9 x 109 gal/yr 
of nonradioactive liquid wastes is expected. Slightly contaminated liquid 
wastes are discharged to underground trenches (cribs). Liquid wastes, con
taining mixed fission products (FP), are neutralized at PUREX and routed to 
underground tanks for storage. Noncontaminated solid waste is compacted and 
buried in a sanitary landfill. Contaminated solid wastes are segregated as 
to level and type of contamination. Industrial solid wastes contaminated 
with FP are buried in reg~lated zone burial trenches, while wastes containing 
transuranics are packaged and buried in 20-yr retrievable storage. 

All radioactive elements in gaseous effluents from tbe PUREX Plant will 
be below the concentration limits specified by guidelines(4) for unrestricted 
areas. Krypton and tritium will be present in concentrations somewhat above 
the guidelines in the gases at the top of the 200-ft-high stack; however, 
these elements will be rapidly dispersed by a factor of 106 to 108 as these 
gases move away from the stack. The concentrations will be well below the 
limits as the stack plume travels toward the Hanford Site boundary (see 
Table 7-3). 

1-4 
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1.2. 1 Principal Plant Characteristics 

The PUREX Plant and adjacent structures are indicated in Fi gure 1-3. 
This FSAR covers those buildings and structures located wi thin the doub le
fenced exclusion area. The PUREX Plant is comprised of the mai n canyon 
bu i lding (202-A) and a number of auxiliary structures and facilities , 
including waste disposal sites and contaminated equipment burial tunnels . 
In addition, other facilities (tank farms, cribs, retention basin, etc . ) are 
identified and located in Figure 1-3. Most of these facilities are required 
for direct support of PUREX Plant operations. Their functional relationship 
to the PUREX Plant is described in appropriate sections of subsequent 
chapters within this document. 

· ·The· plant structures were built to safely handle materials of varying 
degrees of radioactivity. The canyon structure wi t h below- grade, i solated 
chemical processing cells was selected as being most appropriate for a bulk 
radiochemical separations operation. 

Structures built prior to 1968, which include the 202-A canyon building 
and most of the other structures handling highly radioactive materials, were 
designed for typical static vertical live and dead loads in accordance with 
uniform building codes, Hanford standards, and other appl icable design docu
ments in effect at the time of construction. Structures built after 1968, 
with the exception of the third PUREX filter, were designed for the most 
severe possible combination of dead, live, and operating loads appropri ate 
for the given criteria. Seismic provision is made in the load calculations 
for a maximum credible earthquake producing a 0.25-g horizont al ground 
acceleration and a 0.17-g vertical acceleration. The th i rd filter, which 
would not impact safe shutdown of the plant after a seismic event, conforms 
to the less restrictive seismic provisions of the uniform building code. 

1.2.2 Building 202-A Structural Description 

As shown in Figures 1-4 and 1-5, 202-A building consists of three main 
structural components: (1) a thick-walled, heavily sh ielded concrete 
port ion called the canyon which contains processing equipment; (2) a section 
comprised of three gallery levels parallel to and isolated from t he canyon; 
and (3) a steel and transite annex to the north of the ga ll ery section which 
houses offices, the laboratory, and a number of building service areas . 
A crane maint enance platform provides access to the east end of the canyon. 
A detailed discussion of the fac i lity is presented i n Chapter 5.0. 

The canyon area proper is a narrow st ructure, 1,005 ft long, 30 .5 f t 
wide, and 104 ft high, with about 40 ft of this height below grade. The 
canyon is subdivided into a single row of 12 process cells paralleled on the 
south side by a "hot" (radioactive) pipe trench with an air tunnel connected 
to the cells running underneath the pipe trench. East of the canyon, a 

1-5 
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railroad spur enters the plant below grade through a tunnel. Both a 
vertical door and a horizontal, remotely operated door are provided to the 
railroad tunnel. These doors, used in proper sequence, maintain canyon 
ventilation balance and access control. The vertical door controls access 
from the outside and is always closed while the cask is open. The 

· · horizontal door allows access to the tunnel from the canyon. These two 
doors are not open at the same time. At the east end of the canyon is an 
inactive fuel storage basin. The basin is administratively controlled and 
is used for storage of aluminum-clad fuel. No new fuel will be added to 
this basin. 

The east crane maintenance platform (ECMP) is in an extension that was 
added to the existing 202-A building in 1957. The extension is 71 ft 3 in. 
tall, 36 ft wide, and 61 ft 6 in. deep, and is a reinforced concrete and 
steel-beamed structure. The three exterior sides .are made of 2-in.-thick 
asbestos-cement board, which is in turn covered with 9-in. precast concrete 
panels above the 731-ft elevation and 4-in. precast concrete panels below 
the 731-ft elevation. Three interior, 3-in.-thick, steel-plate shielding 
doors separate the .canyon from the ECMP. Below the 731-ft elevation, 10 in. 
of concrete of the original building separate these structures. The roof is 
made up of coal-tar -pitch, roofing felt, mineral-surfaced roofing, plastic 
roofing cement, and roofing gravel. This addition serves as the containment 
vessel when the shielding doors are open. 

The hot-pipe trench contains an array of pipe headers interconnecting 
the cells and permitting intercell transfers of radioactive solutions. 
Also, the pipe trench contains the piping for transfers to facilities out
side 202-A building. 

The air tunnel, which lies directly below the pipe trench, exhausts the 
ventilation air from the individual cells (which in turn draw air from the 
canyon void above each cell and pipe trench cover blocks) to the main 
ventilation exhaust filters and from there to the main stack. 

A craneway runs nearly the length of the canyon for two master and. one 
slave, bridge-type, 40-ton-capacity cranes. The two master cranes are 
equipped with periscopes for viewing during remote maintenance of cell 
equipment and allow operators to work in crane cabs located behind a 
shielding parapet. The slave crane is remotely controlled from the other 
two cranes and used primarily to assist in removing large equipment items 
from cells. 

Three gallery levels, parallel to, but isolated from, the canyon on the 
north side of the structure, contain service piping and process instrumenta
tion, equipment for obtaining process samples, and storage space for equip
ment and dry chemicals. The relative locations of the galleries are shown 
in Figure 1-4 • . 

The pipe and operating (P&O) gallery contains instrument transmitter 
racks, electrical motor controls, steam and cooling water supply lines, and 
the piping and associated valves for transferring nonradioactive solutions 
which serve the in-cell equipment. 
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The sample gallery contains the remote samplers for obtaining process 
solution samples from the cell equipment. A shielded pipe chase behind the 
remote sampler boxes contains header piping for recovered nitric acid, organic 
solvent, sampler drains, and sampler lines to and from the .cell equipment • . 

The west end of the storage gallery is a separate area containing the 
deactivated neptunium purification and loadout facility (in Q cell), the 
plutonium product handling and removal (PR) room, and the plutonium oxide 
production facility (in N cell). An equipment maintenance and 
decontamination area (in M cell) and a low-level contaminated equipment 
maintenance shop, which are used for maintenance of equipment removed from 
the canyon, are located at this level, but are not part of the storage 
gallery proper. 

The service annex is adjacent to the galleries and consists of two 
separate ·areas. The larger main area contains the maintenance shops, 
offices, ·'-lunchroom, locker room, radiation zone entry lobby, ventilation air 
and supply room, a switchgear room, compressor room, central control room, 
and the aqueous makeup (AMU) facility. The smaller laboratory area contains 
the analytical laboratory, the headend control room, and a switchgear room. 

External to building 202-A are U and R cells, located on the north side 
of the structure. The U cell is just east of the laboratory area and 
contains recovered nitric acid storage tanks and laboratory waste tanks. 
The R cell is located west of the main area and contains process equipment 
for cleanup of ·process solvent. 

1.2.3 Auxiliary Facilities 

Descriptions of the PUREX Plant auxiliary facilities follow. 

• 203-A Tank Farm 

A pump house and concrete pad enclosed and sectionalized with con
crete dikes containing four 100,000-gal tanks used for receipt, 
storage, and tank trailer loading of UNH. A small UNH 
concentration tank and a waste receiver tank are also included. 

• 205-A Facility 

A transite building housing the (deactivated) silica gel beds 
(formerly used for uranium product treatment) and a concrete tank 
pad enclosed by a concrete dike wherein storage tanks receive and 
store recovered nitric acid shipped from the U03 Plant in the 
200 West Area. 

• 206-A Facility 

A concrete structure adjacent to U cell containing a vacuum 
fractionator and associated equipment for concentrating PUREX and 
U03 Plant recovered nitric acid. 
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A steel and transi te pump house and associ ated tank farm for 
receipt , storage, and transfer of bulk process chemi cals . The 
process water demineralizer uni ts are also located in t he pump 
house. 

• 2714-A Building 

A steel warehouse for receipt , storage, and transfer of process 
chemicals received in less than bulk quantities. 

• 212-A Building 

A steel building for load-in and load-out of liquid wastes 
(inactive) • 

t 213-A Building 

A steel building now used for temporary storage of contaminated 
dry waste. 

• 218-E-14 and -15 Tunnels 

Two earth-covered tunnels extending southward from the east end of 
building 202-A for storage of large, contaminated equipment on 
rail cars. 

• 291-A Facilities 

The canyon exhaust air filtrat ion and discharge facilities. These 
facilities include two below-grade concrete filter cells, an 
unused, third filter cell, four parallel exhaust fans, and a 
200-ft-high concrete stack. 

• 292-A Bu i lding 

A wood structure adjacent to the east side of the 200-ft stack, 
housing stack monitoring, sampling, and flush equipment. 

• 293-A Building 

A concrete structure of two levels containing absorption towers 
used to remove oxides of nitrogen and residual radioiodine from 
dissolver offgas (OOG). 

• 294-A Facility 

A small steel building above grade and three filter cells below 
grade. It is located north of building 293-A and provides 
secondary filtration of OOG. 
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Facilities that could be considered auxiliary to the plant (such as the 
evaporator facility, the tank farms, etc.) that are outside the 
building 202-A controlled access area (fenced) are not within the scope of 
this FSAR,~ but are described in Reference 1-5 • . 

1.2.4 Plant Features and Engineered Safety Aspects 

1.2.4.l Ventilation Systems. 202-A building is serviced by four separate 
ventilation systems designed and operated so the normal work areas are kept 
free of airborne radioactive contamination. This is done by maintaining 
differential pressures (DP) to ensure airflows from zones containing no 
contamination into zones of progressively greater radioactive contamination 
potential. Ventilation systems are described in detail in Chapter 5.0. 

Ventilation system 1 serves the canyon and process cells, the areas .of 
greatest'lradioactive contamination potential. Ventilation air supplied to 
the main canyon area is drawn into the cells from the top. From the cells, 
air is drawn through small ports into the air tunnel, then through the 
291-A filter, and is exhausted through the stack by either three electric 
fans or a steam turbine backup. The exhaust air is monitored and sampled 
for radionuclide content. 

Electrical power failure or instrument air failure wi 11 cause a 
shutdown of the normal supply .and exhaust blowers, at which time a steam
driven exhauster will automatically start and the supply fan dampers will 
open. High canyon pressure, about 0.05 in. water gauge (WG) below 
atmospheric, will cause a shutdown of the supply fans with the exhaust 
dampers open. Low canyon pressure is relieved by spring-loaded gravity 
dampers (vacuum breakers), which start to open at a canyon pressure of about 
0.7 in. WG less than atmospheric pressure and admit outside air to the 
canyon. 

Ventilation system 2 services the areas of the building that have a 
potential for contamination, but are routinely occupied or entered by the 
work force. Air is supplied to the sample gallery, the regulated shop, 
N cell, Q cell, R cell, U cell, the PR room, and the canyon lobby. There 
are six exhaust fans for these areas. Exhaust air is continuously sampled 
and monitored for radionuclide content. Primary safety features of the 
system include connections of three exhaust fans to standby electrical power 
with automatic changeover switchgear and dampers for operations during a 
failure of the primary power supply. 

Ventilation system 3 services the P&0 gallery, storage gallery, AMU 
areas, and the shops and office areas, all of which have the lowest 
potential for becoming contaminated. In the general case of power failure, 
supply fans shut down and suction and discharge dampers open. · 

About 60% of the P&0 gallery exhaust, which has the potential for 
contamination from a suckback and line rupture, will not routinely be 
filtered. Detection of airborne contamination by continuous air monitors 

1-14 



:::::r
C'....I 
Cl 
c::::r 

• a-.. -{'-! 
N"'> --in<• 

~ 

SD-HS-SAR-001 
REV 3 

(CAM) will automatically shut down the nonfiltered exhausters, causing the 
air to be drawn through the white room filtered exhaust which is connected 
to the standby power bus, or through the ECMP to the canyon. 

Ventilation system 4 services the PUREX Plant laboratory area and is 
- --largely independent of .systems in ·the building proper . This regulated area 

includes the decontamination room, laboratory rooms, and the sample storage 
room. Exhaust air is discharged from hoods and rooms through high 
efficiency particulate air (HEPA) filters and is then exhausted through two 
local stacks. Two exhaust fans are provided. Exhaust air is monitored and 
sampled prior to discharge. The exhaust fans are connected to the standby 
power supply system and will continue to operate with loss of normal power. 
Supply fans are interlocked so that operation is prevented unless one 
exhaust fan is running. 

1.2.4.2 .Utilities Systems. Water for the PUREX Plant is drawn from the 
Columbia:'River and pumped to the 200 East Area through a header supplied by 
the 8 Reactor pump house, with the D Reactor pump house acting as a backup. 
Dual supply mains, which supply the 200 East Area, are available on this 
"export" system. Emergency water supply is assured through the use of 
diesel pumps at 8 Reactor and steam-powered pumps at the 200 East Area 
powerhouse. 

Two types of water are supplied to PUREX Plant: raw water and sanitary 
water. The raw water system, located in the 200 East Area powerhouse area, 
consists of a 3,000,000-gal reservoir (building 282-E) and five pumps. The 
sanitary water system treatment and pumping facilities are located in 
283-E building and are also supplied from the reservoir. In addition to the 
reservoir storage capacity, an elevated, 50,000-gal tank is provided at 
PUREX. Both water systems provide cooling and fire protection. 

Steam used in the PUREX Plant is produced in the 200 East Area 
powerho4se (284-E building) by five coal-fired boilers . Under maximum steam 
demand conditions, one boiler is available on a standby basis. The building 
is constantly attended by power plant operators. The coal feeder drive is 
equipped with both electric and steam drives. The boiler feed water is con
tinuously monitored and sounds an alarm in the event of low water 
conditions. A manually activated emergency water supply is available to 
prevent boiler tube damage. 

The PUREX Plant steam use during full operation averages 100,000 to 
125,000 lb/h, delivered at ·225 lb/in.2. Most of the steam is used in 
process vessel heating coils, and in particular, the process solution 
concentrators (evaporators); other uses are for operating heating and 
ventilating equipment, process steam jets, and outside facilities. High
pressure steam is available for the operation of the standby exhaust, 
turbine-driven fan before the steam line enters the canyon building. Thi s 
turbine has firs t priority on the high-pressure steam. If other demands 
reduce the pressure on the turbine system below an established minimum, the 
other uses are throttled back to maintain at least this minimum. 
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Normal electrical power to the PUREX Plant is obtained from the North
west Power Pool at the 251-W substation, located about 3 mi northwest of the 
Plant. The 251-W substation is supplied by the Bonneville Power Administra
tion's Midway substation at Vernita, Washington and by the White Bluffs 
Substation. Power is delivered through 23-kV overhead lines, equipped with 
static wire protection, incoming from two directions, with either line 
capable of providing the necessary services. 

Electrical power from the 251-W substation to PUREX is routed through 
two independent, 13.8-kV, overhead lines to two independent, 2.4-kV buses in 
the PUREX Plant switchgear room. If one line is impaired, the load is 
switched in the plant by the 2.4-kV switchgear. Other 13.8-kV lines can be 
switched to carry the the PUREX Plant load should the need arise. 

Backup power is supplied by three 300-kW, diesel-driven AC generators 
located adjacent to the PUREX Plant; with two of the three generators on 
line, the ,standby power needs of the plant can be met. The generators are 
connected to an automatic control that starts within 15 s when one of the 
following conditions exists for at least 3 s: 

• Secondary voltage drops below 106 V or exceeds 129 V 

• Frequency drops below 56 Hz or exceeds 64 Hz. 

A progranwnable ·load selection controller determines which standby bus gets 
power based on an established priority system and power ·availability. 

About 20% of the building lighting, all the perimeter lighting, the 
instrument power panels, the air compressors, and the safeguard and security 
systems are connected to the standby supply. In addition to this load, 
motors in critical ventilation and agitation service are supplied from the 
emergency electrical system. 

Process air is supplied by two compressors interlocked to operate on 
plant demand, -with a third on standby. The 100-lb/in.2 process air is used 
for operating sampler jets, blowing out transfer lines, operating steam jets 
in case of steam supply failure and blowing water from coils. Process air 
is reduced to 80 lb/in.2 and dried for use as instrument air. The 
compressors are connected to the standby electrical supply system so that 
there will be instrument air available at all times. 

Breathing air for respirators is supplied by another compressor, also 
connected to the standby electrical system. The air is passed through a 
water separator and filter to piping that serves the sample gallery, 
laboratory, regulated shop, railroad tunnel, decontamination cell, hot shop, 
PR room, 276-A building, ECMP, acid storage vault, and laboratory 
ventilation equipment room. 

Those gloveboxes in the new plutonium oxide conversion facility that 
require a dry air supply are served by a dry-air system located in a 
separate building, consisting of a nonlubricated rotary compressor, filters, 
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absorption dryer, and related equipment. Ory-air supplies to these 
gloveboxes are equipped with moisture analyzers and alarm systems. 

A central vacuum system is provided to collect air samples and to service 
the CAMc Connections to this system are provided for continuous beta, garmia, 
and alpha air monitoring in all operating areas, storage areas, exhaust air 
filter banks, exhaust stacks, and service galleries where personnel access 
is permitted. 

1.2.4.3 Process Instrumentation. Remote control of most of the PUREX Plant 
process is required because of the intense radiation from the process 
material. Massive radiation shielding is in place between people and 
process areas. Most of the remote instrumentation is monitored in the 
headend and central control rooms, which are continuously manned during 
process operations. The dispatcher's office serves as a focal point for 
information transmittal in the plant. Safety and environmental alarms that 
require ·;mediate action are duplicated and annunciate in the dispatcher's 
office. 

Snm 

~ There are three levels of data measurement and display. The first 
level consists of measurements essential to safe operation of the facility 
and are displayed, recorded, controlled, and alarmed in the control rooms; 
additionally, key safety and environmental data are alarmed in the 
dispatcher's office. The-second level involves measurements necessary for 
the normal operation of the plant and are displayed and/or alarmed in the 
control rooms. Second-level measurements include radiation levels in some 
potentially contaminated effluent systems, as well as principal operational 
parameters. The third level includes measurements of noncritical parameters 
for operation of the facility and are displayed on local instruments or 
alarmed in the control rooms. 

1.2.4.4 Fire Protection. The 'facility arrangement and the structural 
design elements include the following features to provide for fire 
prevention, fire extinguishment, fire control, and control of hazards 
created by fire. 

• Buildings and support facilities are separated to limit fire 
spread and to aid in control and extinguishment. 

• Fire-resistant or noncombustible materials are used. 

• Potential fire areas are isolated by using fire walls and fire 
doors to contain and isolate hazardous materials and operations. 

• Vertical openings (e.g., stairways, elevator shafts, pipeways, 
etc.) are enclosed to prevent fire spread to upper floors. 

• Exhaust ventilation systems are designed with high fire integrity 
and the canyon exhaust is equipped with a water spray system. 
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• Electric service and distribution systems utilize approved compon
ents and are d~signed and installed to minimize any contribution 
to ignition of flammables where special fire hazards are present. 

' 
• Ample means of exit are provided for personnel so that safe egress 

is assured for all anticipated fire events. 

• Fire extinguishers are located throughout the occupied areas of 
the plant. 

• Fire alarm pull boxes are located throughout high-occupancy areas. 
Telephones may be used to su111110n the Hanford Fire Department, 
which can reach the area within 6 min. Automatic or manual actua
tion of any sprinkler system automatically sumons the Hanford 
Fire Department. 

Automatic sprinkler protection on standard wet- and dry-pipe systems is 
installed in essentially all of the normally occupied or hazardous areas 
of the PUREX Plant in accordance with Factory Mutual Research Corporation 
recommendations. All sprinkler installations are low-activation 
temperature, closed-head systems, utilizing standard spacing and pipe sizes. 
Control is mostly by readily accessible valves, post-indicator valves, or 
outside screw and yoke valves in safe areas. 

Areas covered by -sprinkler protection include the hot shop, east and 
central storage gallery, N and Q cells, the PR room, extreme east end of 
sample gallery and the 202-A annex, including the laboratories, laboratory 
storage area, AMU area (two floors), offices, shops, and change rooms. 
Additional sprinklers are being installed throughout the sample gallery.* 
A standard dry-pipe automatic sprinkler system is provided for the loading 
dock, laundry storage room, gas cylinder storage area, and power 
transformers which are located on the exterior of the facility along the 
north wall. A carbon dioxide system is provided for the in-line monitor 
equipment room which contains a great deal of sensitive electronic gear. 

Fire screens (stainless steel mesh with 1/8-in. openings) are installed 
in the exhaust duct manifolds in each analytical laboratory room and 
glovebox and the main manifolds of the PR room and Q cell gloveboxes to 
prevent burning material from reaching the HEPA filters. The prefilters 
in the N cell glovebox exhausts also act as combination fire screens and 
mist eliminators. 

In the plutonium oxide production facility housed in N cell, all 
process, powder, and maintenance gloveboxes are provided with Halon 1301, 
full-flooding fire-suppression systems. Wet-pipe sprinkler protection is 
provided throughout the rest of the N cell facility. 

*Work may not be complete at startup. 
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Those cells containing large inventories of organic solvent {G, R, H, 
J, and K cells) are equipped with an automatic "light water" foam system. 
Fire detect ion in these cells is by rate-compensated thermal detectors , 
which sound al arms locally and at the 200 Area fire stations. The crane 
cabs have Halon systems that do not alarm at t he f i re station. 

Fi re protection in the other canyon process cells is provided by a 
system of peripherally mounted, water-spray nozzles controlled by manual 
gate valves. Manual actuation of the systems depends on the detection of 
fire by "Fire-eye" flame detectors. These detection units activate alarms 
in the central control room and in the dispatcher ' s office. Failed 11 Fire
eye11 detectors are replaced with Fenwal "Detect-A-Fire" elements. 

1.2.4.5 Radiological Safety. Gamma and/or neutron shielding is provided to 
reduce radiation intensities during all phases of PUREX operations. The 
pr i nci_pa 1 ,_ sh i e 1 ding e 1 ements in the canyon structure are the concrete wa 11 s, 
cell cover blocks, and roof. Process cell walls are 6 ft thick, wall thick
ness above the cell blocks is 4 ft and the cover blocks are 3 ft thick . The 
original shielding designs limited dose rates to 0. 1 mrem/h in all areas 
except the sample gallery, hot shop, regulated shop, and PR· room, which were 
designed for 1.0 mrem/h. The canyon shielding has met design criteria 
throughout the operating history of the plant. 

Other operating zones are shielded as required. The R cell (solvent 
system) is in concrete cells below grade, as ar e the building exhaust 
filters and the U cell or recovered-acid stor age tanks . The acid recovery 
systems and the DOG treatment systems are housed in thick-walled, above
ground concrete structures. 

The plutonium oxide production facility, housed in N cell, has an 
upgraded design based on the experience on the plutonium oxide line at 
Hanford's Z Plant. Most product loadout operations are shielded. Both 
fixed and movable shielding panels are utilized. Gamma and neutron 
shielding is provided around the gloveboxes. An equipment maintenance 
glovebox is provided. 

Contaminated and potentially contaminated areas within the facilities 
are well defined and appropriately marked. Administrative controls for 
entrance into potentially contaminated areas are enforced by operations 
supervision. Entry to zones where high radiation levels or severe 
contamination exist is controlled by electrically activated door locks 
opened from the dispatcher's office. The dispatcher maintains a log of 
entries and exits. Canyon entries, in addition, require use of a 
supervisor-controlled key to unlock the door. Radiation detection 
instruments are mounted in all regulated areas. Instrument readings print 
out on recorders in the dispatcher's office, and audible and visible alarms 
are provided for abnormal intensity of radiation fields. 
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Hand and shoe counters, as well as portable radiation survey 
instruments, are provided at exit points from regulated areas for individual 
surveys. 

Material shipments out of the 202-A building area require either a 
survey and release confirming absence of radioactive surface contamination 
or shipment documentation detailing radioactive materials present, level of 
activity, and nature of contamination. A 11 materials to be removed from 
regulated areas are subjected to a thorough radiation survey prior to area 
release. Product solutions are sampled and analyzed prior to loadout to 
ascertain radioactive material content. Upon completion of loadout, 
rece1v1ng containers are surveyed for external surface contamination and 
cleaned if contamination is present. The containers are then resurveyed 
prior to shipment. 

· Contaminated solid waste generated within the PUREX complex is disposed 
of by one ,'.of several methods. Large items (primarily failed canyon 
equipment) are put in burial boxes and buried in trenches or placed in the 
burial tunnel. The FP wastes are packaged and buried. Wastes contaminated 
with transuranic materials are packaged for 20-yr retrievable storage. 
Boxes containing plutonium wastes are nondestructively assayed to determine 
plutonium content. · 

Cooling water and chemical sewer waste, usually uncontaminated, are 
disposed of in surface ponds. Potentially contaminated steam condensate is 
sent to an underground trench or crib. Coo 1 i ng water discharge 1 i nes· are 
equipped with radiation monitoring instruments, alarms, and diversion valves 
that will automatically divert radioactive contaminated water to a retention 
basin from which it can be returned to the 202-A building for recycle. 

The PUREX Plant offgas and ventilation systems have been upgraded to 
reduce the discharge of chemical and radioactive gases to the environment to 
conform to the as low as reasonably achievable (ALARA) concept. As noted 
earlier, gaseous releases are within applicable federal standards. 

1.2.4.6 Nuclear Criticality Safety. The design of the PUREX Plant 
facilities and equipment for handling fissile materials includes, where 
practical, geometric limitations to minimize the probability of a 
criticality. In addition, there is a criticality prevention system based on 
written specifications and implemented by written procedures. The 
specifications establish limits based on the double-contingency principle: 
two failures or human errors must occur before a criticality is possible in 
a shielded facility. In an unshielded facility, the limits are based on a 
triple-contingency principle: three failures or human errors must occur 
before a criticality is possible. 

1.2.4.7 Industrial Safety. The basic responsibility for safety rests with 
line management having immediate authority over workers. An Industrial 
Hygiene and Safety Department (IHSO) provides assistance, surveys, and 
monitoring to assume compliance with the Occupational Safety and Health Act, 
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and DOE and Rockwell Hanford Operations (Rockwell} Standards. An Acc ident 
Prevention Standards Manual provides Standards, Accident Prevention 
Bulletins, Health Bu l letins, and Chemical Safety Guides . {6J In addition to 
l i ne management responsib i l i ties , a safety survey of the facility is 
conducted every other month and an i ndustrial hygiene survey is conducted 
annually by IHSD. Resolut ion of any survey findings requires prompt 
attention. 

1.3 GENERAL PROCESS DESCRIPTION 

The PUREX Plant provides chemical decladding and dissolution of 
irradiated fuel elements and separation, recovery, and purification of 
uranium and plutonium by solvent extraction. Process support systems 
provide recovery and reuse of nitric acid and organic solvents; recycle of 
waste ;str~ams; and handling, treatment, and disposition of gaseous, liquid, 
and solid ~wastes. The process feed materials and effluents are shown in an 
input-output diagram {Fig. 1-6). 

Chapter 6.0 is exclusively devoted to a detailed description of the 
process and of the particular operations involved. The process chemical 
solutions, steam, water, etc. provided by the utilities systems are 
discussed in Section 5.4. Confinement and management of PUREX process 
wastes are discussed in Chapter 7.0. 

1.3.l PUREX Process Flow 

The PUREX process flow is diagranwned in Figure 1-7; a description 
follows. 

1.3.1.1 Irradiated Fuel Receipt. Irrad iated fuel elements, enclosed in 
canisters and loaded into a shipping cask, are received in the PUREX 
railroad tunnel i n specially designed rail cars . 

The charging operation begins when the double barrel canisters are 
individually removed from the cask by the canyon crane. A radiation
measuring device is installed in the PUREX railroad tunnel in a location 
that allows detection and measurement of the radiation emanating from the 
fuel as the canisters are removed from the cask and transported to the 
dissolver. The approximate age of the material is then determined from 
instrument calibration data. This helps to ensure that the fuel has been 
aged at least 180 d to allow the natural decay of the short-lived 
radionuclides. Should a canister show a high radiation level and further 
checking of records and instruments fails to explain the problem, the 
canister is returned t o N Reactor. Otherwise, the canisters are transferred 
to the dissolver. Empty canisters are replaced in the cask and the rail car 
is cleaned and returned to the N Reactor area. 
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ESSENTIAL 
MATERIALS 

SANITARY 
WATER 

IRRADIATED FUEL 

HIGH
LEVEL 

WASTE 

TANK FARM 

AMMONIA 
SCRUBBER 

WASTE 
CONDENSATE 

216-A -36 -B 
CRIB 

IN -PROCESS 
NONRADIOACTIVE 

MATERIALS 

SOLIDS: NONE 

LIQUIDS: 30 VOL% TRIBUTYL 
PHOSPHATE IN 
HYDROCARBON DILUENT 

GASES: NONE 

NONBOILING 
WASTE 

TANK FARM 

PROCESS 
CONDENSATE 

216-A-10 
CRIB 

9'H 3219 .0031 

STEAM 
RAW . 

WATER 
AIR 

IN-PROCESS RADIOACTIVE MATERIALS 
UNHVIA 
TANK TRUCK 
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1.3.1.2 Feed Pre aration. The properly aged fuel elements in the canisters 
are charged dumped to dissolvers. To remove the Zircaloy cladding from 
the fuel elements, the Zirflex process is used. This process employs a 
boiling solution of ammonium fluoride and ammonium nitrate to dissolve the 
cladding. Potassium hydroxide is then used to convert uranium and plutonium 
fluoride compounds to hydrated oxides (metathesis). The cladding waste, 
metathesis waste, and rinse solutions are centrifuged to remove solid 
uranium and plutonium compounds. These compounds are metathesized (if 
required) and/or dissolved in nitric acid. The resulting acid solution 
is blended with the feed. 

After completion of decladding and metathesis, the uranium is dissolved 
in nitric acid and the metal solution is transferred to accountability" and 
storage tanks. The uranium metal solution from the dissolving step is given 
any needed adjustments in composition or concentration, and rework solutions 
(returned from subsequent process steps) are added for recycle. At this 
point, ·,the feed solution is a slightly acidic aqueous solution of uranyl 
nitrate, containing plutonium and essentially all of the nonvolatile fission 
products. 

1.3.1.3 Codecontamination Cycle (No Neptunium Recovery). In this cycle, 
the uranium and plutonium are extracted into an organic solvent to separate 
them from the bulk of the FP, the americium, the neptunium and the curium 
that remain in the aqueous stream. The organic solvent is a 30 vol% 
tributilized phosphate (TBP) extractant in hydrocarbon diluent. The aqueous 
waste stream is concentrated, partially denitrated, made alkaline, and 
stored in underground storage tanks. 

1.3.1.4 Partition Cycle (No Neptunium Recovery). The uranium-plutonium 
organic solvent stream is then contacted in a partitioning column (lBX) with 
an aqueous countercurrent stream containing a chemical reducing agent that 
causes the plutonium to transfer i nto the aqueous phase, and thus be 
contained in the stream leaving the bottom of the column. This aqueous 
product solution enters the 18S column where it is scrubbed with fresh 
organic solvent to remove residua l uranium and is then routed to the second 
plutonium cycle. The bulk of the uranium remains in the organic solvent 
stream that flows out the top of the lBX column. 

The exiting organic stream is fed to another column in which the 
uranium is countercurrently stripped from the organic phase into a dilute 
aqueous nitric acid stream. The stripped organic solvent is treated in the 
organic recovery system and reused in the process. 

The exiting aqueous uranium product stream is fed to the tower of a· 
steam-heated concentrator, where it is concentrated by a factor of 7 to 8. 
The concentrator is designed and operated to remove, by steam-stripping, 
entrained organic solvent which might have entered with the product stream. 
This prevents accumulation of an organic phase in the concentrator and 
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reduces the possibility of formation of potential ly explos i ve "red oil," a 
complex of nitrated degraded solvent with ur anium or other heavy metals . 
The process condensate stream is recycled as makeup water for vari ous 
so lvent-extraction streams . 

1. 3. 1. 5 Second Plutonium Cycl e. The plut onium stream is processed t hrough 
a second extraction and stripping cycle for cont i nued purif icat ion from 
uranium, FP, and other metallic impurities. 

1.3.1.6 Third Plutonium Cycle. The third plutonium cycle further reduces 
the FP and other metallic impurities to complete the pur ification of the 
plutonium product. 

The product stream is also steam-stripped to remove residual organic 
solvent and to reduce the probability of the red oil formation. The product 
stream -.is then concentrated to product level concentrat i on and transferred 
to storage tanks, where it is sampled, analyzed, and held for conversion 
into plutoni um oxide. 

The overhead process condensates from the st ripper and concentrator , 
normally containing only trace amounts of plutonium, are routed to the third 
plutonium cycle feed tank for rework and recovery. 

1.3.1.7 Plutonium Oxide Production. The plutonium nitrate solution is 
converted to plutonium oxide by precipitating the plutonium as t he oxalate , 
which is calcined to produce the oxide. The detailed process is described 
in Chapter 6.0. The plutonium oxide then goes to a blender, is thoroughly 
mixed, and sampled. If the sample analyses indicate that the plutonium 
oxide meets product specifications, it is transferred to the canning 
operation; if not, it is returned for recycling through the second stage 
calciner or t he plutonium· oxide rework {dissolution) facility. The final 
product is chemically and radiolytically stable . 

Can filling operations are remotely controlled. The cans are weighed, 
filled, the slip-lid is placed on the can, and the filled can is weighed . 
The can lid is then tape sealed. After tape sealing, the can is bagged out 
and placed into a second can, which is sealed by a commercial can-sealing 
machine. The can assembly is sent by conveyor to a final canning location 
where the assembly is loaded into a third can. The third can is then 
labeled, sealed, and the can assembly placed into a shipping container for 
transfer to storage. 

As a backup system, the existing capability to load out plutonium 
nitrate into containers {PR cans) will be maintained. A permanent facility 
to be located in t he PR room is being designed for the loadout of plutonium 
ni t rate so lution into either the metal PR cans or polyethylene bottle-type 
containers. This facili ty will also accommodate the l9ad in of product solu
t ion from these containers to the process equ i pment.( 7J The temporary 
storage of plutonium nitrate at the PUREX Plant and its transport to a 
nearby existing plutonium production facility at the site is an alternative 
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procedure to the production of plutonium oxide in the new facility within 
the PUREX building. Safety analyses indicated an acceptable risk for the 
loadout and temporary storage of plutonium nitra_t~ __ at PUREX. (8,9) 

1.3.1.8 Final Uranium Cycle. The concentrated uranium_product solution 
from the partition cycle is adjusted as feed for the final uranium cycle. 
This cycle provides final decontamination from plutonium and FP, and 
consists of extraction into the organic phase followed by stripping back 
into the aqueous phase. The uranium product solution is steam stripped to 
remove residual organic solution, concentrated, transferred to 203-A for 
interim storage, and then shipped to the U03 Plant. 

The final uranium concentration step includes basically the same 
elements as described previously for the partition cycle uranium stream 
except that the relatively uncontaminated process condensate is sent to an 
underground crib for final disposal instead of being recycled within the 
process. 

The aqueous waste contains a small percentage of the uranium plus the 
residual plutonium and FP. It is routed to the backcycle waste concentrator 
and subsequently fed, along with virgin feed metal solution, to the 
codecontamination cycle. 

1.3.1.9 Neptunium Recovery (Deactivated). With adequate preparations, the 
PUREX Plant can produce a neptunium product. When neptunium recovery is not 
employed, most of the neptunium is in the codecontamination cycle aqueous 
waste stream where it is rejected with the FP and americium. 

The aqueous waste stream from both the uranium and plutonium cycles 
contains neptunium. These streams are collected in the backcycle waste 
system and concentrated for recycle back to the codecontamination cycle to 
minimize true losses of associated uranium, plutonium, and nitric acid. 
Should neptunium recovery be required, a portion of the concentrated 
backcycle waste stream is used as feed for the neptunium recovery cycle . 
where, in a continuous extraction-stripping cycle, neptunium continues to 
accumulate as other nuclides (e.g., plutonium, uranium, and FP) are removed 
and returned to the backcycle waste system. This operation continues until 
the neptunium concentration reaches the desired level, after which the 
neptunium cycle is isolated and operated on total Np recycle until the con
centrations of plutonium, uranium, and FP are low enough for neptunium 
product transfer to the final purification system. In the final purifica
tion system, neptunium is loaded on an ion exchange resin which is then 
washed to remove residual FP and plutonium and is then eluted from the 
resin. It may be retained in a storage tank or packaged for eventual 
shipment offsite. The remaining effluent stream and the wash are either 
retained in tankage or routed to the backcycle waste system. The 
reactivation of the J cell package (extraction-stripping cycle) for recovery 
of neptunium is planned for FY 1986 and will be described in a future 
addition to this FSAR. 
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1.3.1.10 Solvent Recovery. The organic solvent is washed after its use to 
remove impurities and chemicals and radiolytic degradation products which 
would interfere wi th proper process operation. Two separate solvent treat
ment systems are used. The first processes all the solvent except that from 
the final uranium cycle. Solvent from the final uranium cycle is processed 
separately in the second system. 

1.3.1.11 Backcycle Waste. The backcycle waste system accumulates product
bearing aqueous waste streams from the uranium and plutonium cycles 
following the partition cycle, and concentrates and recycles this material 
to the solvent extraction process. This provides recovery of products 
routed from the individual product purification cycles by reextraction in 
the codecontamination cycle. The backcycle waste system also provides the 
nitric acid needed for efficient extraction operation of thJs cycle. 

.The overhead condensate from the waste concentrator is routed to the 
first.-:-cycle uranium concentrator where the condensate is reevaporated along 
with the principal uranium product stream. 

1.3.2 Process Support System 

1.3.2.1 Offgas Treatment. The offgas from the decladding step contains 
hydrogen and ammonia, both kept well below their lower explosive limit con
centrations by water scrubbing or dilution with the large flow of process 
air through the system. (The presence of the nitrate ion inhibits hydrogen 
formation in the dissolvers.) The decladding offgas is water scrubbed to 
remove ammonia and then passed through steam and electric heaters, a silver 
reactor (for the removal of radioiodine), two fiberglass filters in series, 
and out the main ventilation stack to the atmosphere. The ammonia-bearing 
offgas stream from the a11111onia removal system is scrubbed with water, 
filtered, and discharged to the atmosphere via a separate stack. The 
ammonia scrubber water containing some radionuclides is concentrated and 
sent to underground storage. The concentrator condensate is cribbed. 

The offgas from the dissolving step is passed through steam and 
electric heaters, a silver reactor {for the removal of radioiodine); the in
cell, fiberglass filter, the secondary fiberglass filter, and into the 
backup facility. In the backup facility, much of the remaining iodine and 
oxides of nitrogen are removed from the offgas by two acid absorbers in 
series. The offgas is then discharged through t he main ventilation stack to 
the atmosphere. The oxides of nitrogen reduction system, as discussed in 
Chapter 7.0, will assure that oxides of nitrogen releases meet applicable 
federal and state limits. The dilute nitric acid produced in the absorbers 
is recycled to the PUREX acid recovery system where it is concentrated and 
recycled to the process. 
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1.3.2.2 Acid Recovery. Nitric acid is one of the principal chemicals used 
in the PUREX process. In addition to being used to dissolve irradiated 
fuels, it is also used as the "salting" agent in the solvent extraction 
cycles to help force the transfer of plutonium and uranium from the aqueous 
phase into the organic extractant. Because of the large volume used, nitric 
acid is recovered and reused. 

, A major recovery source is the aqueous high-acid waste from the solvent 
extraction cycles. Most of the acid is recovered by evaporation in the 
high-level waste concentrator. Further treatment of the concentrated waste 
by sugar denitration reduces acid levels and produces oxides of nitrogen. 
These oxides of nitrogen are partially converted to acid in the acid 
absorber, which treats the vapor from the high-level waste concentrator. 
The resulting dilute nitric acid stream is fed to the acid fractionator 
along with the acid streams returned from the DOG backup facility and from 
the U03 Plant. 

1.3.2.3 Waste Treatment. Aqueous waste from the codecontamination cycle 
contains essentially all the FP that enter the PUREX process, except the 
radioactive gases, a fraction of the halogens, and part of the tritium. 
This acid waste is routed to the high-level waste feed tank where it is 
diluted to enhance acid recovery and is then sent to the waste concentrator. 

The concentrated waste, partially deacidified by boiling acid overhead, 
overflows continuously from the concentrator to a waste receiver tank. 
After t~e concentrated waste has been sampled, analyzed, and confirmed for 
transfer, it is partially denitrated by the addition of a sugar solution. 
The gases produced, principally carbon dioxide and oxides of nitrogen, are 
routed back to the vapor tower of the concentrator and then to the acid 
absorber where the oxides of nitrogen are partially recovered as nitric 
acid. 

The concentrated, denitrated waste is made alkaline and transferred 
from the PUREX Plant to underground storage in the tank farms. 

1.4 IDENTIFICATION OF AGENTS AND CONTRACTORS 

1.4.1 Prime Contractor 

Rockwell, the prime contractor for operation of the PUREX Plant, is 
part of the Energy Systems Group of Rockwell International. Operation of 
the PUREX Plant is part of Rockwell's contract with DOE (DE-AC06-77RL01030), 
which defines Rockwell's responsibilities for operations at the Hanford 
Site. Under the contract, DOE has the right to conduct surveillance, 
inspection, evaluation, and audits of the Rockwell program. Rockwell's 
organization, as it pertains to the PUREX Plant, is presented in 
Chapter 10.0. 
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1.4.2 Other U.S. Department of Energy Contractors 

The followi ng contractors to DOE support operation of t he PUREX Pl ant. 

• Battell e- Northwest ~ a division of Battell e Memori al Institute, 
operates the Pacific Nor thwest Laborat ory (PNL), a research and 
development facility. The laboratory provides cont ract research 
and development work. The Hanford-wide radiological and envi ron
mental surveillance programs are also provided by PNL. 

• Boeing Computer Services Richland, Inc. , a subsidiary of Boei ng 
Computer Services, provides computer services for Rockwe l l and 
other Hanford contractors. 

• Hanford Environmental Health Foundation (HEHF), a nonprofi t 
organization, provides industrial hygiene, medical , and 

·occupat ional health services for Rockwell and other Hanfo rd 
contractors . In addi tion, ·HEHF provides nonradiolog ical air and 
wat er analyses • 

• J. A. Jones Construction Services Company performs miscellaneous 
construction services. 

• United States Testing Company, Inc. provides laboratory testing 
services related to personnel radiation protection. 

• Kaiser Engineers Hanford Company provides architectural and 
engineering services. 

• The UNC Nuclear Industries supplies the fuel elements (fuel 
fabrication and reactor operation) to be reprocessed by the PUREX 
Plant . 
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2.0 SUftt1ARY SAFETY ANALYSIS 

This Final Safety Analysis Report (FSAR) was prepared in accordan~e 
with the requirements of the U.S. Department of Energy (DOE).(1,2) 
Operations have been and are being independently reviewed to assure that 
these activities are in accordance with safety standards established by 
Rockwell Hanford Operations (Rockwell), DOE, and regulatory agencies. 

Although the Plutonium-Uranium Reduction Extraction (PUREX) PJant 
construction was completed in 1956, it meets most of the requirements of 
new reprocessing plants. Exceptions have been fully evaluated as to their 
effect on occupational and public safety. In many cases, upgrade programs 
have been implemented. In all cases, these evaluations have shown that 
the PUREX Plant can be operated with adequate protection of operating 
personnel and the general public. 

Stable operation of the PUREX Plant involves close control of process 
parameters and implementation of administrative procedures. The Opera
tional Safety Requirements (OSR) define acceptable conditions, safe bound
aries and bases, and management controls required to ensure safe operation 
of the PUREX Plant during the processing of irradiated fuels. Operation 
outside of the specified boundaries and conditions coul d result in an 
unacceptable level of risk to the public, site workers, or environs or a 
canpromise of facility integrity. In accordance with DOE Order 5480. lA, 
Chapter V, the OSR are discussed in Chapter 11.0.(l) The objective of 
the normal control philosophy is to ensure stable plant operation with a 
significant and manageable margin between the operating range and the 
safety boundaries and safety conditions. The operating range is bounded 
by identified control features which support each safety boundary and 
safety conditions . Specific limiting control settings and limiting 
conditions for operation are defined in internal Rockwell documentation. 
An audit link exists between the OSR, the accident safety analysis 
(Chapter 9.0) and the internal Rockwell documentation. 

Detailed descriptions of the site, facility, process, waste manage
ment, and radiation protection are presented along with analyses of the 
effects of normal plant operations and radiological consequences of poten
tial abnormal and accident situations on operating personnel and the gen
eral public. A review of the information presented in this FSAR allows 
the following conclusions to be drawn. 

t The PUREX Plant area is characterized by relatively mild weather 
- conditions and low seismic activity. The plant is not subject 

to severe or highly unfavorable natural forces such as adverse 
meteorological conditions, flooding, tornadoes, or earthquakes. 
The plant site was chosen, in part, for its distance from popu
lated areas (about 20 mi). This isolation would mitigate the 
consequences of potential accidents to the public. 
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• The operating history of the PUREX Plant has demonstrated that 
the facility, equipment, and processes are capable of safely 
processing N Reactor fuel. The N Reactor fuel is stored for at 
least 180 din the reactor a~eas and is normally shipped to the 
PUREX Plant on a first-in, first-out basis. Since the fuel is 
held in the reactor basins, the short half-life radionuclides 
decay and the PUREX Plant receives a less hazardous material 
than discharged from the reactor. A review of the nonnal, 
abnormal, and accident situations reveals that no conditions 
were noted which would result in unacceptable risks. 

• The PUREX Plant consists of a shielded processing (canyon) build
ing and auxiliary structures located within a double-fenced 
exclusion area. All PUREX structures are built to safely handle 
material of varying degrees of radioactivity. It has been con
cluded that the plant can be operated without exceeding the 
radiation exposure limits to personnel and the public set forth 
in RHO-MA-139,(3) which conservatively implements various 
OOE orders, national standards, and company policies, as noted 
in Chapter 7.0. Adequate provision has been made for protection 
of property and the environment. 

• The PUREX Plant liquid and solid fission product (FP) wastes are 
disposed in the Hanford waste management facilities. Trans
uranic (TRU) wastes are stored in waste sites for eventual 
disposal in approved Federal repositories. About 3% of the 
365,000-acre Hanford Site is used for structures and waste 
disposal sites that require long-tenn conmitment to such use. 
Releases of heat and chemical~ to the air and Columbia River 
produce no observable effectsl4) from operation of all 
facilities within the Hanford Site. 

• The environmental consequences addressed in the PUREX and 
Uranium Oxide Plant Environmental Impact Statement indicates 
that the PUREX Plant will comply with applicable standards.(5) 
The conclusions drawn by this safety analysis do not conflict 
with the conclusions of the Environmental Impact Statement. 

2.2 SITE ANALYSIS 

2.2. 1 Natural Phenomena 

2.2. l. 1 Earthquakes. The Hanford Site is located in the Columbia Basin, 
an area. of low seismicity in which moderate-level earthquakes have 
occurred. A history of seismic activity for this area and the results of 
seismic studies and analyses are presented in Chapter 3.0. The July 15, 
1936, Milton-Freewater Modified Mercalli (MM) VII event occurred within 
the Columbia Basin and cannot be definitely associated with a causative 
fault; therefore, a similar event is conservatively assumed to have the 
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potential to recur anywhere in the Columbia Basin. This assumption is 
made even though historical data indicate that no events larger than MM V 
or VI have occurred in the center of the basin in the vicin i ty of the 
PUREX Plant. In the absence of defin iti ve evidence, the Rattlesnake
Wallula Li neament is assumed to be an act ive f aul t. To allow for addi 
tiona l conservati sm, the current practice of t he UeS. Nuclear Regulatory 
Corrmission (NRC) is used . That is , this l ineament i's assumed to have the 
potential to generate an earthquake of MM VI I Is which is one intensity 
unit higher than may have occurred or could conceivably occur. An MM VIII 
intensity corresponds to a zero-period, free-field horizontal ground 
acceleration of 0.25 g, which has been designated the safe shutdown 
earthquake (SSE) and is used as a design criterion fo r new, nonreactor, 
nuclear facility construction at Hanford.(6) The Hanford Regional 
Historical Earthquake (HRHE) is postulated as the largest historical 
earthquake kryown to have occurred within the Columbia Basin Plateau on the 
Rattlesnake-Wallula Fault at its nearest point to the site. The level of 
peak horizontal ground acceleration produced by the HRHE at the PUREX site 
has been calculated to be O. 1 ge ( 7) 

Seismic analyses are surrmar ized i n Table 2-1. (8,9) 

TABLE 2-1. Seismic Analyses Surrmary. 

Facility HRHE SSE 

202-A building Survivesa Failsb 
ECMP Fail s Fails 
R cell Survives Survives 
202-A annex Survives Fails 
291-A filter cells, tunnels, Survi ves Survives 

and plenum 
291-A fans and motors Survives Survives 
291 -A belt drives and metal Survives F ai 1 s 

ductings 
291-A staEk Survives F ai 1 s 
Utilities Fails Fails 

gstructure survives event in "as-is" condition. 
Structure may require upgrades to withstand event. 

cincludes steam, water and electrical services. May 
imply loss of power to ventilation exhaust fans. 
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The PUREX Plant was not originally designed to withstand the possible 
stresses associated with an earthquake of this magn itude; therefore, some 
loss of structural integrity could occur and utility systems could be lost. 
Risk analysis of seismically induced accidents produced the following 
cone l us ions: 

• Off site{ 10) 

- Two seismic upgrades have been implemented to ensure drown 
tank capability for the dissolvers and provide a seismic 
resistant fire suppression system for the H-J cell. 

- With implementation of these upgrades, none of the accident 
scenarios evaluated results in an unacceptable offsite dose 
conmitment. 

• Ons ite{ 11) 

- Based on the extremely low probability of the occurrence of 
seismically induced dispersions, the r i sk to onsite personnel 
is at an acceptable level. 

- No additional upgrades of the PUREX Plant are warranted to 
mitigate onsite risk, based on onsite risk resulting from 
seismic activity. 

2.2. 1.2 Lightning. Thunderstorms have been observed in the area in every 
month except November, but severe lightning activity is rare. The only 
adverse effects caused by lightning have been numerous grass fires and 
occasional electrical transformer damage, which results in short power 
outages. The PUREX buildings are concrete and metal and have an extensive 
grounding network for lightning protection. 

2.2. 1.3 Tornadoes. There have been only three tornado funnel clouds 
observed on the Hanford Site since 1945 • . Of these, only one touched ground 
and it caused no damage. The likelihood of a tornado strike at the PUREX 
facilities is considered extremely remote. Although the auxiliary build
ings are subject to damage by a tornado, the radioactive materials are 
contained and processed in the canyon building {202-A). The massive struc
ture of the canyon building can withstand all credible tornadic winds; 
however, some utilities could be lost and some process systems rendered 
inoperable through loss of control rooms. While personnel injuries could 
occur, the exposure to the public would be minor due to the limited source 
of radioactive material outside the structure of the canyon building. 

2.2.1.4 Missiles. The generation of missiles by tornadic winds could 
result in disruption of some utility and service systems, but due to the 
thick, concrete walls, the effect on canyon building containment is neg
ligible. The generation of internal missiles, described in Chapter 9.0, 
could result in minor plant damage or personnel injury, but no breach of 
containment would occur. 
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Missile damage to the laboratory has not been analyzed in depth 
because the aggregate release is estimated to be less than 2.0 g of plu
toni1.111 and less than 5.0 g of mixed FP. A preliminary study using fault 
tree analysis was conducted and concluded no significant consequence would 
result (see Section 9.1.6). 

2.2.1.5 Flood i ng. The probability of flooding of the plant due to pre
cipitation at the site or due to high water levels in the Columbia River 
is so remote for this facility that it is not considered a credible event. 

2.2.l.6 Loss of Water Su)pl~. The PUREX Plant water demands are met by 
pumping water from the Co um ia River. Therefore, loss of water supply as 
a natural phenomena results in a loss of river water. This is not con
sidered a problem in the forseeable future. A new ice age or other clima
tological condition would have to occur before loss of water supply would 
be considered a natural phenomena of consequence • . Suction pipes on the 
pumps are sufficiently deep to allow for river level fluctuations. 

A serious earthquake could damage the water supply system; however, 
the plant can be brought to a safe shutdown with a minimal amount of water. 
Water tanks needed to stop the dissolver operations are hardened for 
earthquake protection. Tenperature in the high-level waste tanks (see 
Section 7.5) is normally controlled by cooling water. If cooling water is 
interrupted, direct addition of dilution water to the tanks may be possi
ble and can be continued indefinitely, thus removing heat by boiling off 
or refluxing the added water. If plant water is not inmediately avail
able, at least 3 dare required before the tanks would boil to dryness, 
allowing time for water to be transported from the Columbia River by tank 
truck or to be pumped from any existing water wells that survive the 
earthquake. 

2.2. 1.7 Snow Loading. The heaviest 24-h snowfall ever recorded at 
Hanford was 7.1 in. in 1954. The maximum depth of snow accumulated was 
12.1 in. in 1964. The roof of the PUREX Plant and auxiliary structures 
has been designed to withstand up to 20 lb/ft2, (which is comparable to 
16 in. of snow of typical density} as required by the 1952 Uniform Building 
Code. There has been no snow load or other roof live load damage to the 
PUREX structures to date. 

2.2. 1.8 Ash Fallout. The Hanford Site has experienced mild ash fallout 
as a result of the eruption of Mt. St. Helens. No problems have been 
experienced in the past from such fallout, although a heavy deposition 
could present health hazards due to respiration of ash and water supply 
contamination. Such an event may require the evacuation of nonessential , 
personnel and the shutdown of operations. 

2.2.2 Site Characteristics Affecting the Safety Analysis 

The PUREX Plant is located in the central part of the Hanford Site, 
which was originally established as a site for the large-scale production 
of plutonium and handling of radioactive material. This site selection 
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was based on site characteristics which are conducive to the safe opera
tion of such facilities--that is, the potential for extrinsic accidents 
and their consequences are minimized. A surrmary of site characteristics 
(see Chapter 3.0) that are considered potential contributors to extrinsic 
accidents follows. 

• The site is located in a region in which local weather condi
tions can best be described as moderate. Likelihood of damage 
to the plant caused by severe weather phenomena such as torna
does, high winds, lightning, snow, and ice is minimal. 

• The PUREX Plant is located on a high, flat plain. General flood
ing of the plant caused by local precipitation or as a result of 
the maximum projected water levels of the Columbia River is not 
considered credible. 

• Seismic activity at the site has been described as infrequent, 
with moderate intensity levels. An earthquake giving a horizon
tal ground acceleration of 0.25 g has been selected as the 
Hanford SSE. 

In addition to minimizing the probability of extrinsic accidents, the 
site characteristics also would mitigate the consequences of any potential 
accident; examples follow. 

• The PUREX Plant is located on an isolated site in a region of 
sparse vegetation with a low animal population. The closest 
metropolitan area is located 20 mi away, and the nearest agri
cultural activity within a 20-mi radius of the site is limited 
to localized zones of irrigated and dryland farming, which could 
be described as low to moderate activity. 

• The water table is 300 ft below the PUREX Plant. Groundwater 
monitoring is conducted to measure levels of radionuclides and 
chemicals. Studies have been conducted to ascertain the impact 
of accidental releases of radioactive liquid to the underground 
water supply. (For information on similar studies conducted in 
the West Lake basin, see ARH-CD-775.)(12) Monitoring and 
studies are an inherent part of the ongoing waste management 
surveillance programs. 

• The PUREX Plant site is generally subject to dispersive atmo
spheric conditions; very stable (inversion) conditions that are 
nondispersive prevail only about 6% of the time. Downwind dif
fusion and dispersion of airborne radioactive effluents released 
during a potential accident would be under favorable meteorolog
ical conditions· 94% of the time--this will minimize the subse
que~t exposure to individuals in the surrounding populations. 
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2.2.3 Effect of Nearby Industrial, Transportation, 
and Military Facilities 

The PUREX Plant is located near the center of the Hanford Site. The 
nearest public transportation facilities are Washington State Highways 24 
and 240, which are 5 mi from the PUREX Plant site at the nearest point. 
All other facilities on the Hanford Site are controlled or licensed by DOE 
or NRC. The effects of nearby facilities on PUREX operations can then be 
sumnarized in the following manner. 

• There are no explosion hazards from storage of chemicals, anmu
nitions, explosives, or from natural gas pipelines. 

• The fire hazard from nearby facilities or vegetation is 
negligible. 

• There are no sources of airborne pollutants which would 
adversely affect important plant components or operations. 

• The nearest large sources of toxic gases are the 12,200-gal 
amnonia storage tank located at B Plant, about 1.5 mi from PUREX 
and the about 0.9 t chlorine gas cylinders located at the water 
treatment plant, about 0.5 mi away. Under certain meteorologi
cal conditions, a gross leakage from either of these tanks could 
result in a possible evacuation of PUREX Plant personnel. No 
damage to PUREX equipment is foreseen. 

• Due to the very low volume of air traffic and distance from 
airports to the site, an aircraft impact on the PUREX Plant 
is considered unlikely. 

• The potential effects of the Washington Public Power Supply 
System {WPPSS), Fast Flux Test Facility, and N Reactor opera
tions on PUREX Plant and personnel were reviewed. Review of the 
postulated accidents for each of these facilities indicates no 
unacceptable radioactive or toxic exposure of PUREX Plant per
sonnel and no damage to PUREX equipment. 

• Highway 240, which runs through the Hanford Site, can be admin
istratively controlled in the event of a significant radiologi
cal release. 

In sunmary, an examination of possible effects from the operations of 
nearby facilities revealed no unacceptable hazards for either plant com
ponents or operating personnel. 
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2.3 RADIOLOGICAL IMPACT OF NORMAL OPERATIONS 

The PUREX Plant has been operated for about 17 yr, and the occupa
tional exposures from operations as well as the offsite effluent concen
trations are known. These factors, combined with the thorough knowledge 
of the Hanford Site's geology, hydrology, and meteorology, allow the pro
jection of radiological impact with a greater degree of confidence than 
would be possible with a new plant. This section summarizes the descrip
tion of radioactive wastes, radioactivity released to the environment, 
occupational exposure, and incremental exposure to the general public that 
are presented in roore detail in Chapters 7.0 and 8.0. 

2.3.l Summary of Gaseous, Liquid, and Solid Radioactive Effluents 

Gaseous effluents are filtered to reduce the release of radioactive 
particulates to as low as reasonably achievable. Additional filtration 
has been provided beyond that in use when the PUREX Plant was operating. 
A schematic of the principal ventilation exhaust points at the PUREX Plant 
is shown in Figure 2-1. The filtration provided for each exhaust duct and 
the height of the discharge point are shown on Figure 2-1. The projected 
radionuclide releases from PUREX gaseous effluents after plant startup are 
shown in Table 2-2. The concentration of the radionuclides is given at 
three locations: at the discharge stack; at ground level in a nearby, 
onsite occupational site; and at a representative offsite location: 
These concentrations are average values for normal operations over a 
1-yr period. The 1972 actual release valves are also shown. 

For comparison purposes, the airborne radioactivity guidelines from 
DOE Order 5480.1A(l3) are given for the onsite occupational location and 
for the offsite general population location. The comparison shows that 
both guidelines are met with a substantial margin. In the case of the 
offsite location, the projected concentration of radionuclides is at least 
one hundred thousand times less than the guidelines, with the exception of 
krypton which is a thousand times less. 

The liquid effluent streams leaving the PUREX Plant are shown 
schematically in Figure 2-2. Any radioactivity in the cooling water and 
chemical sewer waste is normally below the detection limits. These two 
waste str·eams are sent to man-made ponds. Stations that monitor these 
two liquid effluent streams for radioactivity also provide for automatic 
diversion to a retention basin if radionuclide contamination is detected. 

The three remaining liquid effluent streams that may contain low 
levels of radioactivity are sent to cribs. After startup, the process 
condensate and a1T1T10nia scrubber waste streams are concentrated and sched
uled to be recycled as soon as practical in accordance with the process 
test plan(l4) to further reduce radioactivity discharges. The process 
condensate (except process condensate from the second uranium extraction 
cycle which rreets Table II(l3) guidelines on an annual basis) is 
recycled during normal operations. 
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TABLE 2-2. Projected Rad1onucl 1de Release 1 n h G t e aseous E h X aust f rom h t e p u REX Plant. 
1972 Actu11 1 Projected average 1nnu1l valuesb DOE Order 5480. IA. Chapte.r XI ( 13) 

Radtonuc ltde Average Average Average concen- Onstte Off site . 
Annual Annual concentration concentration tratlon at the concentrat ton concentrat ton 

(Ct) (Cl) at the SOUfCft onstte site boundafY guide guide 
(11Cl/nt.) ' (11Cl/llll)e (11Cl/llll) (11Cl/llt.)g (11Cl/nt) 

Total (as 4.3 JI 10-3 6.3 JI 10-3 1.7 JI 10-12 4.7 JI 10-11 8.9 JI 10-19 2 IC 10-12 6 X 10-14 

239Pu) 

Total (as 5.9 JI 10-l 4.6 X 10-l 1.3 X 10-IO 5.3 JI 10-15 6.5 JI ,0-11 l X 10-9 3 X ,o-" 
90Sr)g 

1291 1.4 X 10-l 4.0 X 10-2 2.0 IC 10-II 1.5 X l0-l 5 5.6 JI 10-18 8 JI 10-10 2 X 10- 11 

llll 2.1 JI 10-l 2,9 X 10-l 1.4 JI 10-10 1,1 IC 10-l5 4.1 JI 10-17 4 X 10-9 l X 10-10 
h 

85Kr 4.1 JI 105 1.3 JI 106 6,5 X 10-4 2.9 X lO_g 1.8 JI 10-10 1 JI 10-5 3 X ,o-7 
h 

3" 1,0 X 103 2,2 X 103 1,3 X 10-6 1. l JI 10-II 3,6 X 10-lJ 5 II 10-6 2 X 10-1 
h 

14c 7,0 X ,o-' 6,9 II IOO 3,5 X 10-9 7,3 X l0-l6 9,9 X 10-!6 4 X 10-6 1 X 10-7 

1The 1972 eiatsstons are based on processing a total of 1,013 t of fuel, Including about 525 t of 3.51 240pu weapons-grade 
Irradiated fuel. 

bProJected l!llllsstons ire based on processing 2,100 t of 121 240pu Irradiated fuel, 20I of lffllch Is spike fuel. The 2,100 t of 
fuel ts the sua of six equal portions weighing 350 teach with cooling tiffll!S of 1/2, z, 3, 4 1/2, 6, and 7 1/2 yr . Processing of 61 
240pu Irradiated fuel would result In lower en1tsslons. 

cThese values were deteratned by dividing the annual curies by the total effluent vol11111e. These nlllllbers are statistically derived 
and are given for clllllparlson purposes only. 

dsource concentration Is the quotient of the annual curie release and the cOlllblned stack ventilation flow rates frOIII the PIJIEX 
Plant. For total alpha and total beta, a cOlllblned stack flow rate of 3.6 x 1015 ,t./yr ts used. For the other Isotopes, the combined 
stack flow of the utn canyon ventilation and process offgas Is used (2.0 11 1015 ,t./yr). 

eThe uxt- annual average concentration at an onslte ground loc1tton ts expected to be 1t I point 0.5 ml southeast of the plant. 
The average 1nnu1l dispersion fKtor for this location Is 1,67 x l0-7 s/• 3, 1s calculated fr01111eteorologlc11 
data collected 1t Hanford. 

'The site boundary, for the purpose of calculating the uxt- 111nu1l average release, ts represented by the southeast sector at 
15 •I frm the PUREX Plant. The annual average atlllOsphertc dilution factor has been 111easuted as 4.5 x I0-9 s/m3 for this 
purpose. 

gAs particulate • atertal. 
hc1lculated values; gas streanis were not sampled and analyzed for these ele111ents. 
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The arrrnonia scrubber waste formerly routed to a crib is concentrated 
with the bottoms being discharged to a waste storage tank and the 
condensate routed to a crib. These effluent streams are monitored before 
discharge, therefore, no diversion capability is required. Under normal 
operating conditions, the steam condensate contains only trace amounts of 
radionuclides from previous contamination events where steam coils in 
high-activity tanks were breached. However, automatic monitoring and 
diversion to the retention basin are provided to protect against a sig
nificant release of radionuclides to the soil, should a breach in a process 
steam coil occur. 

As a result of the type of soil and the hydrology of the site, all 
radionuclides, with the exception of tritium, are retained in the soil and 
do not contribute to the exposure of the general population. The pre
dicted release of tritium to onsite groundwater is below the DOE concen
tration limits for drinking water. 

The level of radioactivity projected to be contained in the liquid 
effluent strecms upon startup of PUREX is compared in Table 2-3 with DOE 
concentration limits. None of these radionuclides will migrate offsite, 
with the exception of tritium. Tritium could reach the Columbia River 
23 yr after discharge to the ground; however, the concentration of tritium 
in the groundwater prior to dilution in the river has been measured as 
less than 300 pCi/mL.(12) The release of tritium offsite will meet DOE 
standards. 

The FP-contaminated solid wastes that leave the PUREX Plant are 
buried on the Hanford Site. The TRU-contaminated solid wastes are placed 
in 20-yr retrievable storage. Large process vessels are stored in the 
burial tunnel associated with the plant and will be decommissioned along 
with the rest of the plant. The projected quantity and activity of radio
active waste from the PUREX Plant after startup is given in Table 2-4. 
The radionuclides in the solid waste are contained on the Hanford Site and 
do not contribute any incremental exposure to the general population. 
Treatment and transportation of the stored TRU waste to a federal repos
itory is possible in the future and will be addressed as a separate pro
gram at the appropriate time. 

2.3.2 Projected Offsite Dose 

The concentrations of the radionuclides routinely released as a 
result of the renewed operation of the PUREX Plant will be many. times 
below the guidelines established for offsite locations.(13) Any radia
tion dose received by the general population will be a very small fraction 
of the normal background dose from natural sources. 
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TABLE 2-3. Annua 1 Radioactive -Waste ·Discharges from the 
PUREX Plant to Cribs and Ppnds. 

DOE Order 5480.IA, Chapter Xl(ll) 1972 Actuala 1985 ProJectedb 

Radtonuc I Ides Ofhlte Onstte Average Avenge 
concentrat ton concentration concentratlon,at Annual concentr1tlon,1t Annual 
guide (11CI/At) guide (11Cl/llll.) the source curies the source curies 

(µCl/Ill) (l.1Cl/llll) 

Oischarges to Cribs 

239Pu 5 ll l0-6 I ll 10-4 1.9 ll 10-5 4.3d 1.3 ll 10-6 2.7 ll 10-I 
d 

238u 4 ll 10-6 1 ll 10-3 6.1 ll 10-9 1.4 x 10-3 6.6 ll 10-9 1.4 ll 10-3 
e f 

311 J ll 10-3 I ll 10-l 1.4 ll 10-l 7.0 ll 103 2.0 ll 10-I 3.4 ll 104 

9()Sr 3 ll 10•7 I ll 10-5 6.5 ll 10-4 1.5 ll 102 1.0 ll 10-5 6.0 

ll7cs 2 ll l0"5 4 ll 10-4 7.4 ll 10-4 1.7 ll 102 8.6 ll 10-6 1. 8 

106Ru I ll 10-5 3 ll 10-4 3.5 ll 10-3 8.1 ll 102 I.Ix 10-S 2.4 
d 

60c0f 3 ll 10-5 I ll 10-3 8.3 ll 10-5 1.9 ll 101 4. 1 ll I0-7 8.4 ll 10-2 

Discharges to Ponds 

239Pu 5 ll 10-6 I x 10-4 2.6 ll 10-B 4.4 JI 10-la 2.9 ll 10-8 2.7 ll 10- J 
d 

21au 4 X 10-6 I ll 10-3 I.I JI 10·9 1.9 ll 10-2 2.0 ll 10·9 2.0 ll 10•2 

311 3 ll 10-l I ll 10-l g g 7.2 ll 10·6 6. 1 ll IOI 

90sr 
3 ll 10- ] J ll 10•5 1.8 ll 10-B 0.3d 4.5 x 10·8 4.3 x 10- 1 

ll7cs 2 ll 10-5 4 ll 10-4 I.Ill 10·7 I.ad 1. 1 x 10-1 1.0 

l06Ru Ix 10-5 3 x 10-4 2.9 x 10-1 4.9d 1.2 ll 10-8 1.1 

60Co 3 ll 10-5 Ix 10-1 5.9 ll 10-B 1.0d 5.9 JI 10-8 5.7 ll JO- I 

a 240 The 1972 discharges are based on processing a total of 1.013 t of fuel including about 525 t of 3. SS Pu weapons-grade 
irradiated fuel. 

bProJected discharges are b1sed on processing Z,100 t of 12S 240Pu Irradiated fuel, 20S of lffllch ts spike fuel. The 
2,100 t of fuel it4bhe sua of six equal portions weighing 350 t each with cooling tlaes of 1/2, 2, 3, 4 1/2, 6, and 7 1/2 yr. 
Processing of 6S Pu lrrAdlated fuel would result In lower discharges. The projected discharges to cribs are based upon 
process condensate recycle to be l111p lemented shortly after startup. 

'These values were deten11lned by dividing the annual curies by the total effluent vol111e. These IIUlllbers are 
statistically derived and are given for coq>arison purposes only. 

dvalues are the s11111 of 12 COlll{loslte saniples. The detection ll•tt varied , depending on the sanrple size and counting thae. 
eCalculated froa previous sample results. 
fEstl~ates higher than 1972 data are based on higher exposure rates (I.e •• IZS 240Pu) . 
gNot analyzed . 
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TABLE 2-4. Annual Radioactive Soljd Waste Discharged 
from the PUREX Plant.\14) 

Volume (m3) Total {Ci) 90Sr, 137Cs, 106Ru (Ci) 

1972 (Actual) 

1.9 X 102 180 a 

4.5 X 102 31,000 2,500 

1984 and Beyondc 

3.8 X 102c 360 -
3.8 X 101c - -
1.6 X 102c - -
8.0 X 102c 54,000 4,400 

aoata not available. 
bless than values are derived from the lower limits of detection. 
cAnnual estimate based on processing 2,100 t of irradiated fuel per year. 
dThis is the maximum amount allowed; actual values will probably be less . 
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A sophisticated model of exposure pathways has been developed at the 
Pacific Northwest Laboratory. Exposure from radionuclides that are in the 
air, that have been deposited on the soil, or that have entered the food 
chain is calculated by a series of codes that model these various pathways 
to man. The dose predictions are made for both the general population and 
for a hypothetical member of the general population who could receive the 
largest dose. The dose predictions for the general population are given 
in units of man-rem. This unit is obtained by multiplying the number of 
people living within 50 mi of the site with the average dose for that 
location. The dose prediction for the greatest individual exposure is 
based on a hypothetical individual who fanns at Ringold (the closest loca
tion) and who derives a substantial part of his diet from vegetables, 
meat, and milk produced on this fann. The dose predictions do not con
tribute significantly to the exposure to the general population or the 
hypothetical individual. 

The predicted dose that will be received by the general population 
·due to the operation of the PUREX Plant is given in Table 2-5. The dose 
is evaluated in tenns of the yearly dose and a lifetime dose. The yearly 
dose is based upon a dose received during 1 yr of PUREX operation. 
However, the radionuclides that are deposited on the hand and in the body 
continue to contribute a small amount of exposure over a lifetime. There
fore, the total dose predicted over a 70-yr period as a result of opera
ting PUREX for 16 yr is .also given. The total body dose for the maximally 
exposed individual over a 70-yr period is predicted to be 0.9 mrem. The 
total background dose from natural sources is about 7,000 mrem over this 
70-yr period. Based on this comparison, the operation of the PUREX Plant 
contributes an almost negligible amount of exposure to the offsite general 
population. 

2.3.3 Occupational Doses to Employees 

The total complement of workers located at and directly involved in 
the PUREX Plant when it is in full operation is about 400, including 
operations, maintenance, laboratory, engineering support services, and 
supervision. In 1972, the annual average whole body occupational radia
tion dose to the PUREX workers was about 0.9 rem, the maximum was 2.9 rem 
and the minimum was 0.0 rem (see Table 8-8). The DOE dose commitment 
standard is 5 rem/yr. The working guide for PUREX employees and other 
workers in the 200 Areas is 3 rem/yr. 

2.3.4 Radiological Protection Features 

Rockwell will continue the long-standing corrmitment of maintaining 
personnel and public radiation exposures to as low as reasonably achiev
able and within DOE guidelines.(13) Implementation of this policy, 
described in detail in Chapter 8.0, includes process and effluent radia
tion roonitoring, criticality safety, plant design features, administrative 
procedures, health physics surveillance, and environmental monitoring 
programs. A summary of the radiological protection features is presented 
in the following sections. 
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TABLE 2-5. · Total Body Radiation Doses from Routine Releases from the 
PUREX Plant, Starting from 1983 to 1999, over a 50-mi Radius Area. 

Maximum individual dose (rem) Population dose (man-rem)a 

1-yr release/ b 16-yr release/ 1-yr release/ 16-yr release/ 
1-yr accumulation 70-yr accumulationc 1-yr accumulation 70-yr accumulation 

1.3 X 10-5 2. l X 10-4 1.5 X 10° 2.4 X 10 l 

2.0 X -10-7 1.9 X 10-5 3.2 X 10-2 3.0 X 100 

3.6 X 10-9 3.6 X 10 -6 3.8 X 10-4 3.8 X 10-1 

2.4 X 10-6 6.8 X 10-4 1.7 X 10-2 4.1 X 10 l 
, 

1.6 X 10-5 9. l x 10-4 f.7 X lOO 6.8 X lOl 

aThe population dose is an estimated population of 417,000. All local population doses are based 
on this population distribution within a 50-mi radius of the Hanford Meteorological Station, located 
at about the center of the Hanford Site. 

bA 1-yr release/1-yr accumulation is the dose received in the first year from exposure in that 
year. 

cA 16-yr release/70-yr accumulation is the total dose accrued over a lifetime of continuous 
exposure to residual radiation ~oth during and after the 16 yr of PUREX Plant operation. 

dPrimary radionuclides contributing to dose. 

V, 
CJ 
I 

;;o :I: 
ITI v, 
< I 

V, 
w ):a, 

;;o 
I 

0 
0 .... 



c:; 
'-0 
c::::)' 
c::J 

• a..... -C'-..! 
!'..c"'l 
~ ---5-.. 

SD-HS-SAR-001 
REV 3 

2.3.4.1 Administrative Procedures. The PUREX Plant operations wil l be 
conducted 1n accordance with Rockwell policies, which are implemented by 
Rockwell radiation protection standards and controls for radiological 
purposes. These standards are then implemented by line management and 
Radiation Monitoring personnel . All operat i ons to be performed in posted 
radiol ogical areas are conducted in accordance with detailed written 
radia tion work permits. Plant operating procedures have been prepared to 
provide operational control. This system of policies and procedures, 
representing the results of past operational experience with PUREX Plant 
operations, will be continually reviewed and updated. 

2.3.4. 2 Facility Design Feafures. Effective control of personnel radia
tion exposure is accomplished by incorporation of the following sunmarized 
design features. 

• Confinement Barriers 

Confi nement of radioactive materials is maintained through a 
system of multiple barriers. 

• Shielding 

Shielding design throughout the plant was based on maximum 
anticipated process conditions (in 1956 during original con
struction) for fuel irradiation to 600 MWd/t and cooling for 
90 d. Recent calculations indicated that, even with fuel irra
diated to 4,000 MWd/t and cooled for 180 d, the installed, 
6.0-ft-thick concrete walls will reduce the dose rate in uncon
trolled areas to less than 0.01 ~/hr. Therefore, it is con
cluded that dose rates from processing N Reactor fuel (irra
diated to 2,500 MWd/t, 180 d cooling) will also be well below 
the des ign values (see Chapter 8.0). 

The plutonium oxide production facility at PUREX will utilize a 
combination of fixed and movable shielding on the gloveboxes and 
shielding walls and windows around the control room. The 
shielding has been designed to ensure that workers will not 
receive doses in excess of 1 rem/yr average (based upon a work
force of 25). 

• Ventilation 

The plant ventilation system has been designed to ensure that 
airflCM is from zones of lesser contamination potential to zones 
of greater contamination potential. The pressure differential, 
with respect to the outside environment, becomes increasingly 
negative as one approaches the area of~greatest contamination 
potential. A system of interlocks, alarms, and air locks, as 
well as ventilation system backup, has been provided to minimize 
the probability of airflow reversals or the release of radio
active contamination to the environs. 
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• Gaseous Effluents Monitoring 

Gaseous effluents are continuously sampled for particulates and 
radioiodine to provide a record and inventory of actual 
releases. Alarm levels are set to permit prompt corrective 
action before unacceptable concentrations are reached. Con
tinuous beta/gamna and alpha air sample collectors are located 
in each potentially contaminated exhaust stack, and filter tests 
are conducted annually to check performance and efficiency. 
(More information on gaseous effluent monitoring can be found in 
Chapter 7.0.) 

• Liquid Effluent Monitoring 

Radioactive liquid wastes (solutions, suspension, and sludges) 
are categorized as releasable to the environment or high-level 
liquid wastes. With the exception of tritium and strontium 
released to cribs, liquid wastes discharged to open ponds, 
ditches, or cribs will be essentially free from radioactive 
material and are projected to be well below DOE guide
lines.)(13) The concentration of tritium is predicted to be 
slightly higher than DOE guidelines, but the environmental 
effect is inconsequential and the release is to an onsite crib. 
Operational criteria for the release of radioactive liquids are 
detailed in Chapter 7.0. 

• Solid Waste Monitoring 

Solid waste materials are surveyed to estimate the radioactive 
material and special nuclear material content prior to interim 
storage. Contamination levels on, and radiation levels at, 
exterior surfaces of the package are measured and documented 
prior to shipment. The TRU wastes are assayed for plutonium 
content using special dev·ices and the wastes are handled 
accordingly.{ 15) 

• Personnel Monitoring 

Gamna radiation levels are continuously measured by installed 
gamma detectors in all areas where personnel access is per
mitted. Continuous air monitors (CAMs) are installed in appro
priate areas throughout the plant. Portable air samplers are 
used when required. Personnel are also provided with the usual 
personnel radiation dosimeters to record the total dose received 
during employment at the site. 

• Dose Rate Control 

Dose rate criteria and allowable radiation and contamination 
levels have been established for the various areas and facil
ities in the plant. To limit personnel radiation exposures, 
access controls have been instituted to limit access to the 
site, to the process building, arid within the process building. 
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The double contingency principle (triple cont i ngency for areas 
where shielding does not provide protecti on in the event of a 
cr iti cality accident} has been employed throughout the plant to 
minimize t he probability of cr iticalityo Mechan i sms employed in 
t he design and operation of the plant include geometrically 
favorable equipment, nuclear blanks, and administrative control 
of mass or concentration of plutonium. Additional restrictions 
are placed on the introduction of firefighting water to further 
minimize the potential for crit icality. 

• Health Physics 

The radiation monitoring organization implements the radiation 
protection program at the PUREX Plant. This includes plant 
surveillance, air sampling and contamination surveys, and 
doctJT1entation. 

2. 3.4.3 Environmental Protection Program. It is Rockwell policy that 
activities be conducted in a manner that protects the safety and health of 
all employees, and prevents loss or damage to facilities. All opera-
tions will be conducted in compliance with applicable DOE health and· 
safety requirements, and will adhere to generally recognized and accepted 
high standards of performance in the areas of occupational health; nuclear, 
radiological, industrial, and fire safety; and environmental protectione 

An environmental protection organization has been established in 
Rockwell to monitor the effects of plant effluents on the environment. 
This is accomplished by means of a site surveillance program for air, 
surf ace, and veget'ation sampling. This organization maintains permanent 
records of survey results and advises plant operations personnel and man
agement on compliance with DOE operational requirements and Rockwell 
policy. The environmental protection organization has the responsibility 
and authority to close down any operation that constitutes an ilTITlediate 
and significant hazard to safety, health, property, or the environment. 

2. 4 ACCIDENTS 

The approach taken for the accident analysis of the PUREX Plant is 
derived from WASH-1400(16) and from the DOE-developed Management Over
sight and Risk Tree program. The accidents are defined as those potential 
events caused by operations (system malfunctions, operator error, or 
improper operating conditions) or by natural phenomena which result in the 
release of radioactive material beyond the PUREX exclusion area or by the 
release of radioactive materials in such a manner as to seriously endanger 
personnel. 

2-19 



~ 
'....a 
a:=, 
c::l 

• a,-. -~ 
"'"'""" ........ 
-.p. 
5....,. 

SO-HS-SAR-001 
REV 3 

A Preliminary Hazards Analysis (PHA) was developed for PUREX Plant oper
ations. The effects of natural phenomena were analyzed separately(lO, 11) 
from plant operations related accidents. The hazards identified in the PHA 
were reviewed by experienced Rockwell personnel and an offsite subcontractor. 
Preliminary risk assessment was used to screen for primary risk contributors. 
Fault tree analysis was used to confirm this l i st of primary risk contribu
tors as well as to provide approximate frequency of occurrence of the acci
dents. The accidents were developed as scenarios with calculated onsite and 
offsite doses to maximtJll exposed individuals and populations. 

The analysis was performed understanding the limitations of the numeri
cal estimates of the probabilities and consequences of accidents associated 
with any industry. The set of accidents chosen to represent the risk of 
PUREX operations is acknowledged to be incomplete. The intention of this 
analysis is that by careful selection of the accident set and conservative 
treatment of those selected, the results will approximate the true risk. To 
initiate the selection, the analysis was centered on the key safety related 
areas of the PUREX Plant operation. Safety related areas were identified by 
three criteria, which govern potential radiological consequences: 

• Inventory of radioactive material 

• Chemical and physical form of the radioactive material 

• Presence of processing conditions that contain driving forces for 
potential accidents. 

Based upon these criteria, the following areas were selected for 
analysis: 

• Fuel receiving (includes handling and transferring) 

• Fuel decladding and dissolving 

• - Feed preparations 

• Solvent extraction 

• Plutonium concentration 

• Plutonium oxide conversion 

• Waste treatment (primarily high-level ) within the PUREX Plant. 

Obviously, accidents with no radiological consequences may occur 
during the operating life of the facility: fires, chemical reactions, 
falls, etc. In this respect, the PUREX Plant shares the same risks as 
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those presented by nonnuclear chemical processing facilities. While these 
accidents are discussed, they are not included in the total estimated risk 
of the facility. 

To limit the number of detailed analyses to those accidents that 
effectively determine the risk envelope for the PUREX Plant, a screening 
process was developed to identify those important contributorso 

The screening is based on a simplification of a more complete risk 
expression. The risk of a radionuclide release is a mathematical product 
of five terms such that: 

Risk = Ax Bx C x D x E 

where 

A = probability of release sequence 

B = release magnitude 

C = measure of the radiological characteristic 
of the released material 

D = measure of the environmental transport factor 

E = measure of population at risk. 

The total risk involved in operation of the facility is, therefore, 
the summation of this expression for all release sequences. 

For the purpose of comparing and screening sequences for one facility 
at one site, the expressions C, D, and E may be held as constants, leaving 
only the requirement for the determination of A and B to determine risk. 
The PUREX PHA was reviewed by a team of highly experienced PUREX personnel 
with representation from Operations; Health, Safety and Environment; and 
Research and Engineering. Probability estimates were made on each acci
dent sequence identified in the PHA based on the criteria in Table 2-6. 
Consequence estimates were made based on the criteria in Table 2-7. Using 
these terms, a risk factor was developed for each accident identified in 
the PHA: Risk = A X B. 
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TABLE 2-6. P~obability Classes.* 

Estimated _1 probability (yr ) 

1 

Description 

Incident considered as part of 
normal operations. May occur 
several times during lifetime 
of facility 
May occur sometime during 
lifetime of facility 
Probably will not occur during 
lifetime of facility {design 
basis accidents) 
No reasonable scenario is 
conceivable 

* Based upon accident classifications in ANSI N287-1976.(17) 

Severity 
level 

0 

l 

2 

3 

TABLE 2-7. Consequence Classes.* 

Descriptive 
word 

No 

Low 

T-1oderate 

High 

Description 

No onsite or offsite impact to people or 
environment 
Minor onsite and negligible offsite impact 
to people or environment 
Considerable potential onsite impact to 
people or environment 
Minor potential offsite impact 

Potential for major onsite or offsite 
impact to people or environment 

* Based upon classes defined in DOE Order 5481.lA.(2) 
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Several accidents were selected for detailed discussion; those acci
dents identified as potential risk contributors were analyzed in detailed 
scenarios. Scenario development includes determination of source terms, 
releases, and potential doses to onsite and offsite personnel. In addi 
tion , the fault trees are quantified to provide an estimate of probability 
of occurrence of accidents that may result in "above normal release of 
radioactivity." The following information was derived for each: 

• Cause of accident 

• Barriers against events leading to accident 

• Fault tree of accident 

• Probability of occurrence 

• Source term or cllll)Unt of radioactive material available for 
release 

• Radiological consequences. 

. A condensed listing of the preliminary hazards analysis is shown in 
Table 2-8. Those accidents that have no reasonable scenario of occurrence 
(probability level 0), as defined in Table 2-6, or onsite or offsite 
impact to people or environment are excluded from Table 2-8. A complete 
listing is given in Table 9-3. The lowest probability class listed in 
Table 2-8 is the design basis accident (level 1). The lowest consequence 
class listed in Table 2-8 represents minor onsite and negligible offsite 
impact to people or environment (low). Based on airborne releases, no 
plant operations-related accidents of probability level 3 or consequence 
level 3 were found. However, it was determined in Reference 11 that 
potential existed for major onsite impact to personnel as a result of a 
seismic event. 

2.5 ~VALUATION OF RESULTS 

The dose and dose risk consequences of airborne releases from PUREX 
accidents are summarized in Table 2-9. Direct radiation consequences 
resulting from a postulated N cell criticality event and overexposure 
during fuel charging were also evaluated in the PHA. 
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TABLE 2-8. Sunmary PUREX Preliminary Hazards Analysis. (Sheet 1 of 9) 

Chliiracterlst le Category Control-Sy s ten1/subsys teni Potential accidents Causal factors Barriers source tera ling OSR Probabtl I ty Consequence 
-

DOG a systeni n;t des lgned 1.4 Charge fuel to Dissolution of short- Adllllnstratlve control by Short-lived FP gases. 1 2 11.2. 1. 
dissolver cooled fuel, with re- to acconnodate short- crocedure on • aterlal Including Kr, Xe, and 11.3.2 

lease of short- lived lived FP rought to PIJIEX 12 
FP and Radiation • onltor verlfl-

lack of control of • at- cation of fuel age 
erlal charged to 'dlssol- Heat sensor In rail car 
vers resulting In charge carrier 
of green fuel 

High personnel exposure Charging of fuel I~ pre- Adllllnlstratlve control I I 11.3.5 
sence of personnel dispatcher check-In/ 

check-out 
- - ·-- -

2.0 Fuel decladdlng Discharge fr0111 tank Coll f allure, Bypasses on certain cool- Olssolver/metathests 1 1 11 . 3.4 
and dissolution Into leaking coils and Ing water shut-off valves decladdln1 solution 11.3.5 

and then to pond: to • atnt1ln pressure released n cooling pond 
o Discharge to pond Suckback occurrence. Radiation • onltor causes VI 

CJ frm TK-El, -ES, and autOfflatlc diversion of I 
-Dl, -04, and -05 Failure to divert to conta111ln1ted water to :c 

N retention basin 216-A-42 :;o VI 
I catch basin ITI I 

N -- < VI 
~ NH3 or Hi explosion Radlolytlc or cheialcal Ensure presence of -.o- I I 11.2.2, w~ In dlsso ver or DOG generation of H or nlu• nitrate In decladdlng 11.2.3 I 

chealcal generallon of solution 11.3.5 0 
NH3 

0 
Hi and NH3 IIIOflltor, adlwln- .... 
I tratlve controls 

2.2 Metathesis U 11etal fire In dlssol- Metal heattng due to Lon, th1e span required to FP aerosol In DOG systet11 I 2 11.2.4 
process ver melts through dis- FP decay and exothen11lc suf lclently heat fuel to and In A, B, or C cells 11.3.5 

solver releasing liquid U reactions• cause fire 
In A, 8, or C cell Ad• lnlstratlve control on 

and length of tlrae fuel can 
Makeup water Dlllltted, rl!fllaln uncovered 

and 
U 111eltlng point hl,her 
than dissolver sta nless 
steel 

2.3 Fuel dlssolu- Criticality In a dis - Addition of aetathesls Adnllnlstratlve control Dissolver aerosol and vola- I r" 11 . 2.4 
lion solver containing dis- solutions fron1 TK-01 which Includes a super- tile short half-life lso- 11.3. I 

solved fuel causing precipitation of vised lock and tag for KOH lopes to DOG systl!fll 11.3.5 
dissolver solution addition to dissolver 

---
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TABLE 2-8. Sunmarv PUREX Preliminary Hazards Analysis. (Sheet 2 of 9) ---------.-----------.--~-------------...------~'-------...... ---------------r----....,...----r---
Systea/subsysteni Potential accidents Causa 1 factors Barriers Characteristic 

source tena 
Category Control

,.P_r_ob_a_b_l_l_lt-y-r-Co_n_s_e-qu_e_n-ce-1llng OSR 

--------t----------+----------1----------•----------• -----t------11---
2.l fuel dissolu

tion 
( Continued) 

Adlllnlstratlve controls as 
Double charge of fuel or to dissolver charge as a 
•lsclllmlllnlcatlon as to function of fuel enrich-
enrlchaent of fuel In 111ent 

and 

dissolver 
U metal fire In 
dissolver 

See Analogous Accident in Sec:tlon 2,2b 

2.4 

2.4 

Jet solut ion to Criticality due to KOH- Addition to aethathesls 
holding tanks tr iggered precipitation solution to tank froai 
TK-03, -04, and of feed solution the dissolver or TK-02 
-05 lllhlle tank Is full or 

nearly ful I 
and 

Excess plutonl1111 Inven
tory In affected tanks 

Amlnlstritlve procedure 
control 
Supervised lock and tag 
systea 

Feed solution 
holding tanks 
TK-03, -04, 
and -05 

II;, explosion in tank 
at1110spherl! 

Radlolytic H2 foraatlon, Adlllnlstratlve control to 
provide alr ' dllution to 

and tank 
Lack of air dilution, Lack of readily Identifi

and 
Source of Ignition 

able Ignition source 
Explosion needs to blow 
off vessel covers 

Dissolver aerosol and short 
half-life isotopes and 
gases Including Kr, Xe, 
and 12 

Dissolved aetal solution 
aerosol In D cell 

11 .l.5 
11.l. I 

11.l.l 
11.2, l 
11.l.5 

- - -----•--- --------If-----------+----------+-----------+-------------
2.5 Feed makeup 

tank TK-E6 
II;, explosion In tank 
at1110sphere 

Radlolytlc H2 fon114tlon, Adllinlstratlve control to Dissolved iaetal solution 
provide air dllutlon ·to aerosol in D cell 

and tank 
Lack of air dilution, 

ind 
Source of Ignit ion 

Lick of readily ldentlfl
ible Ignition_ source 
Explosion needs to blow 
off vesse l covers 

11 . l.l 
11.2.l 
11.l.5 

----------+----------+----------------------• ---------+----
Criticality In TK-E6 TK-E6 not ge01111trlcilly Procedures llaltlng trans- Dissolver aerosol and short 

safe, fers of TK-Lll or N cel l half-life Isotopes 
ind to TK-£6 plus a required 

laboratory analysis 
An excessive aaount of Criticality llalts require 
Pu jetted froia TK-Lll or at least double batching 
N ce II to TK-E6 because t· t ltl lit 
of either operator error o crea ea er ca y 
or erroneous hboratory 
results, 

11.l. I 
11.l,5 
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wtlh H2o during 
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6.4 Pu-U par tit Ion-
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1.0 Flna1 Pu cycle 
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TABLE 2-8. Sllllllary PUREX Preliminary Hazards Analysis. (Sheet 3 of 9) 

Charactertstlc Category 
Potentt11 accidents Causal factors Barriers source tena Probab 11 lty Consequence 

and Cd(NO) requtred for 
Both agitators fat1 In transleJ of concentrated 

Pu so1utton frm nt-l11 or TK-E6 II cell to nt-E6 
Redundant agttators In 
1X-E6 

NHf exp1oslon In e1ec- Fal1ure to tum on con- A1al'II sotmds If dlsso1,er 131 1 frOIII st1,er reactor 1 1 
tr c heater denser cooling water and Is In declad stage with out through stack 
Aztde exp1oslon In scrubber water, low HgO flow to NH3 
st her reactor and scrub er 

low silver reactor teinp- NHL detector Installed In-
11 to a1ar• on high NH erature allows fol'llatlon flow past IIH3 scrubber 3 

of exp1oslve cOllll)Ound, 
ind Sliver reactor • alntalned 

at operating te11per1ture 
NH reactions with s11- during 111 phases of dis-
ve1 for• lng potentla11y so1,er operations to pre-
explosive COfflPOunds, elude fon111tlon of azldes 

and low tewiperature a1al'II on 
Restoration of heat to s 11ver reactor . sl1 ver reactor 

1BX co1111111 crltlca11ty Excessive ferrous Ions Procedures on • eans of Short-11ved FP offgaslng 1 1 
present In colllll!'I recovery fr111 loss of to vessel vent syste111 

and partitioning 

Excessive nitrite In laborator/ analyses of 
column organic feed both ferrous concentration 
caus Ing reflux and HIX • ateup 

Neutron •onltors post-
tloned along col1111111 -

A solvent fire lnvo1v- A solvent leak to the Aclalnlstratl,e control Pu aerosol fl111ng l cell 1 1 
Ing loaded Pu solvent cell floor over the • aterla1s col-

Ind lected In SUIIIPS 

Source of Ignition lack of readtly ldentl-
flable source of Ignition 
Fire fog syste111 

. . .. . . . . . ... . . . . .... ... ... ·· · • · . . . low .solvent . Inventory 

Control-
1tng OSR 

11.2.2 
11.3.5 

11.3.1 
11.3.5 

11.2.5 

(I') 

C 
I 

X 
,a (I') 
l'T1 I 
<(I') 

)> 
w;::o 

I 
0 
0 _. 



N 
I 

N 
-....J 

TABLE 2 8 - . Su1J111ary 

System/subsy 

7.0 Fin.tl Pu 
(Continue 

steia 

-

~fe 

feed 7.1 Pu cycle 
tank (TK - JS) 

. r to 7.5 Air pulse 
JA column 

7. 6 A Ir pu I se 
30 colu,oo 

r to 

Potential accidents 

Cr i ticality in L cell 

Criticality in J cell 
SWllp 

~-- - · 
Blowback Into P&O gal-
lery to envlrolllllent 

-
Blowback Into P&O gal-
lery to environment • 

- -
7.7 Pu stripp 

(T-L6) 
er Suckback Into P&O gal-

lery fr11111 tube bundles 

- ---

-

91f A 3219 .. •070 

u E re m nary PR X P li 1 H ~d Al 1 az r s na ys s. (Sheet 4 of 9) 

Characteristic Cauul factors Barriers source ter11 

Leak of Pu solution to Procedure control of SUllp Pu aerosol wtth vol1ttle 
floor fr011 vessel or contents · FP tn L cell 
connecting piping, Product loadout l80llltors 

and to detect gross leakage 
The flooding of L cell, Level alarllS 

and Pu leak to cell floor 
No periodic cell flush for• s slab configuration 
or visual Inspection 

Filling of J cell swap Suq, 110nttor Pu aerosol plus FP gases 
with solut 1011 fr011 TK-J!i Adlllnlstrathe control froa crlttcaltty tn J cell 
(2AF) over contents of SUfllPS 

and along wtth control of 
Presence of a prectplta- aaterial added·to J cell 
ting •gent In the swap SUlllp I 

Operational depth of Pu on 
cell floor • ay not exceed 
stated lt• lts 

Leak In pulser syste• In Routtne pressure checks 3A colWll'I solut ion aerosol 
P&O gallery of pulsers to P&o gal lery thence to 

Filtered exhaust envlron•ent through white 
ro011 stack 

Glovebox around atr pulser 

Leak In pulser system in Routine pressure checks 3A colulllll solution aerosol 
P&O gallery of pulsers to P&O gallery thence to 

Filtered exhaust envtron111ent through whtte 
room stack 

Glovebox around atr pulser 

F allure of a tube bundle Routtne pressure checks of Pu solution aerosol frc. 
and tube bundles TK-L6 In P&O gal lery white 

Pressurtzed air ts an room to llffllte roe. stack 
Leak In P&O gallery aut0111atlc backup for low 

ste~• pressure In tube 
bundle 
Filtered exhaust 

---

Category 

Probabtl tty Consequence 

1 I 

1 I 

2 1 

2 I 

2 I 

Control-
ltng OSR 

11.3.1 
11 . 3.5 
11 .2.5 

11.3.1 
11.2.5 
11 . 3.5 

11 . 3.5 
11 . 3.3 

11.3.5 
11.3.3 

11 . 3.5 
11.3.3 

V) 
C 
I 

;;o ~ 
fT1 I 
<V) 

w ?i; 
I 

0 
0 ...... 
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TA BLE 2-8. Su11111arv PUREX Pre11m1narv Hazards nays s. A 1 1 ee 0 (Sh t 5 f 9) -----·----- -----------
Character 1st le Category Control-System/subsyste• Potential accidents Causal factors Barriers source ten11 11ng OSR Prob ab I 11ty Consequence 

--
7,7 Pu stripper Criticality In L cell Slow leak fr0111 vessel to Pu accountability syste11 Volatile FP In L cell I 1 11.l.1 

( T-L6) hot surface then 1ggl011- Periodic cell flush atmosphere 11.2.5 
(Continued) eratlng to slowly front 11.l.5 

critical iaass (cell Molarlt{ and c::71:osltlon 
flooding will reduce of solu Ion lnhl Its 
11ass required) evaporation to dryness 

Cell SIJIIIP design 
Routine visual Inspection 
of cell 
Preventative ulntenance 

-
1.8 Pu. product Blowback Into P&O gal - Failure of a tube Routine pressure checks Pu solution aerosol fr• 2 1 11.l.5 

concentrator lery fr011 tube bundles bundle of tube bundles E-L7-1 In P&o gallery white 11.l.l 
(E-L7-1) and Aerosol fonutlon required rOOffl to white rc>a1 stack 

Leak In P&O gallery for spread of contamlna-
tlon 
Pressurized air Is auto-
aatlc backup to low ste• 
pressure In tube bundle 

Criticality In L cell Slow leak fro. vessel to Pu 1ccount1blllty syste111 FP aerosol and gases 1 1 11.l.1 
hot surface then 19110- for large leaks In L cell 11.2.5 
111er1tlny to slowl{ ora Vessel Integrity 11.J.5 
crltlca ••ss (ce 1 
flooding will reduce 
•ass required), 

and 
No routine visual In-
spectlon of cell, 

and 
No preventative vessel 
11alntenance, 

and 
No periodic cell flush-
out 

7. ll PR roOOI series Loss of filtration cap- Aerosol foraatlon In Two-stage HEPA filters In Pu aerosol 1 2 11.J.l 
HEPA filters ability resulting In roonts or vessels series 11.l.5 
to PR stack spread of Pu aerosol and PR r110111 stack 1110nltor fr011 stack 

Loss of filters effl- 00P testing will be per-
clency caused by d•aged foraed on HEPA filters 
filters/filter fr..es or upon lnsta111tlon and then 
Incorrect Installation annually 

-

V, 
c:, 
I 
:I: 

:::0 V, 
fTI I 
<V) 

w~ 
I 

0 
0 __, 
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I 

N 
\.0 
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TABLE 2-8. Su111T1ary PUREX Preliminarv Hazards Analvsis. (Sheet 6 of 9) 

Systea/subsyste• Potential ~ccldents Cauul factors Barriers Charactertst1c 
source tent 

fategory Contro1-
Probabl11ty Consequence ling OSR 

-----------t-------------+-----------<1-------------------------------------
7.14 ProJuct load- Spill of a PR can on Loose PR bottle lid, 

out to PR either the dock or e le- and 
bottles frOla valor therdiy releasing 
TK-LIJ-10 Pu aerosol Tipping of PR can, 

Procedural control on how 
cans are handled . 
Procedure Instructing the 
bottle lids to be closed 

and tightly 
No filtering of aerosol Not perforaed routinely 
fon11ed 

Ground-level release of Pu 
aerosol In building venti
lation systea or on Joadout 
dock 

2 11.3.5 

------ --•- ---------------------t-------------te----------,..----1-------------
8.0 Organic recov- Major organic fire 

ery syste,a 1 
Organic leakage to 
6 cell 

and 

Ignition prior to 
rl!IIIOval 

Adallnlstratlve control of 
material In SUlllpS 

Lack of Ignition sources 
Firefighting system, In
cluding tunnel spray 
Large conflagration re
quired to affect filters 
Redundant suap level 
alaras 

Aerosol foniatlon resulting 
fraa burning of solvent to 
aaln exhaust fil ters 
Zr-Nb and Ru 

11.2.5 
11.3.5 

-------- -+----------Jt------------+---------------------------11---------
12.6A Final faci

lity filter
Ing (HEPA) 
(deep beds 
asswued to 
be removed 
frOfll service) 

Fire In IIEPA filter NlliN01 and organic In 
fl ter 

and 
Source of Ignition 

Lack of Ignition source 
All NH1 streaas processed 
separately and resulting 
NH vent releases are dls-
ch~rged through a separate 
stack 
Concentration of NH NO 
too Jow to support ~Ollll.s
tlon 
Water seal on HEPA 
HEPA filters In series 
resulting In reduced acti
vity and less NH4N03 In 
final stage 

Aerosol of HEPA filter 
activity (negligible) 

2 11.3.3 
11.2.2 
11.3.5 

--------------------~----------1-------------Ja---------------t-----
Sudden blockage of 
filter by water seal 
resulting In air rever
sa 1 frOIU Cdnyon 

Water seal provided to 
permit HEPA fll~er lso
lat Ion 

Alblnlstratlve procedures Canyon air dispersed Into 
nor•ally clean areas 

2 11 . 3.5 

------------------------ -----------------t-------------1----------------
12.6U Smoke plugging of deep- Solvent fire In canyon Firefighting systea, In-

bed filters cell eluding tunnel spray 
2 11.3.3 

11.2.5 
11.3.5 

V, 
C 
I 

;;o Di 
fT1 I 
<V> 
w~ 

I 
0 
0 ..... 
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I 

w 
0 

Systeni/subsystet1 

14.1 llaste concen-
tratlon 
(TIC-F6 0 -F26, 
-F15, or -F16) 

14.5 llas te dent tra-
lion (TK-F15) 

14.6 S1.1111p waste 
receiver 
f TIC-F18l 
TK-F18 

15.0 P~ conver-
sl 

9'H 3219 .. 0073 

TABLE 2-8. Sunmary PUREX Preliminary Hazards Analysis. (Sheet 7 of 9) 
Char1cterhttc Category 

Potential accidents Causa 1 factors Barriers source tel"II Probability Consequence . 
Release In P&o gallery Failure of Jet gang Maintenance on Jet gang IW solution aerosol re- 2 1 
frOII suckback frllll Jets valves to blow stea111 out valves leased to P&O gallery 
Suckback frOIII leaky of line Testing or tube bundles at 
tube bundles and every plant outage 
Blowback In lnstr..ent- lnstruinent 1 lne leakage Pressurized air Is auto-
atlon llnes ••tic backup for low ste• 

pressure In tube bundle 

"l explosion In tlnk Excessive radlolytlc H2, Vessel vent syste,w pro- IW aerosol for.at Ion In I I 
a -,sphere and vldes 1lr dilution to tank F cell 

at1110sphere 
Lick of air dilution, Source of Ignition not 

and readily Identifiable 
Source of Ignition 

Criticality In TK-F18 Collecting of excess Pu Control of leaks by .aln- FP aerosol and gases In 1 1 
containing solution tenance TK-F18 
leaked to su-.,s Procedures for not adding 

and caustic to TK-F18 untl1 
Failure to acidify after laboratory Slffll)le 

TK-F18 results are known 
Sa11ple taken of s1111p prior 
to shipping to TK-F18 ( 

S.-ple taken In TK-F18 

Nuclear crltlca11ty In Transfer or solutions to Adntlnlstratlve contrqls Aerosols of Pu solutions 1 1 
Nor L cell sumps ru11 tanks (rK-MJ, -M4, lncludlng lock and t1g, plus short-11ved FP gases 

-MS. or -M6) and over- accountabtllty for trans- Into N cell glovebox and 
flow to sump via -N12 fers, and flsslle 1111ss L cell 

and and depth 11•1ts 

LOklng tank Proper operating proce-
dures 
Crltlcallty drain In 
N cell 
L:Juld-1evel lnstrUIIN!nts 
a alanis on tanks and 
SUlllpS 

Criticality In Mor N Low acid concentration Closed loop cooling of a11 Aerosols of Pu solutions/ 1 2 
N cell 1esse1 SUlllpS per•lts Pu n1Mr font- vessels with I.ZN acid sludges plus shor~-11ved 
and pip ng atlon resul Ing n pre- coolant - FP gases Into YOO and 

clpltatlon and hold up No water addition nor.ally N ce 11 glovebo,c 
of Pu· at concentrat Ion possible exceeding 450 9/L 

ir,:trol-ng 0SR 

11.J.J 
11.3.5 

11.2.J 
11.J.J 
11.J .5 

11.3.1 
11.2.s 
11.J.5 

11.J.1 
11.2.5 
11.J.5 

11.J. 1 
11.J.5 

V, 
0 
I 
:c 

::0 V, 
IT1 I 

<¥! 
W::O 

I 
0 
0 ....., 
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_ __ _____ TAB!-!_ 2-8. Su11111ary ~~~EX Preliminary Hazards Analysis. (Sheet 8 of 9) 
Characteristic Category Control-Systeia/su bsyste111 Potential accidents Caus,1 hctors Birrlers source tera Ung osa Probabl1 lty Coosequence 

- -- -- ----
15.0 PuO~ conve.-- D.llutton noraa 11y 1nl1-

sio able only with 1.2M acid 
(Coot lnued) condensates 1! acid 

PUREX opt!r1tlng procedures 
nuclear • aterlals account-
abl 11ty 
Flssl1e • ass within single 
vessel Insufficient for 
crltlca1tty 

fire In oxiue conver- Accu• ulatlon of coabus- Wet pipe sprinkler syst• Aerosol .of Puo2 1 2 11.2.5 
slon hclllty tlble solvent or so11d In N ce11 11 .3.5 

waste Adllinlstratlve controls 
illd on accU111Ulatlon of co•-

source of Ignition bustlb1e
1
• aterla1 

' 
Design of A cell doors to 
• lnl• lze iposslbllity of 
solvent ~ntering N ce11 

Adllinlstratlve controls of 
V, 

15.5 Vacuu1 I dl'lJIII Nuclear criticality at Leak/spill of solids or AeroJols of Pu solutions/ I 2 11 .3.1 C 
fi1te r or near drwu filter liquid followed by evap- Inventory solution depth sludges, plus short-lived 11.3.3 I 

oration, per• lttlng Pu FP gases into VOG and 11 .3.5 :c 
N Housekeeping and periodic :::c V, 
I buildup in glovebox or Inspections of TV and N cell gloveboxes rn a 
w on outlde of equlpaent <Vl ..... periscope 

w~ Proper operating proce- I 
dures 0 

0 
flltr1tlon of glovebox ..... 
at• osphere 

Nuclear criticality at Bridging of filter cake, Adequate design Aerosols of Pu s1udye and 1 2 11.3.1 
or near calclner or Proper oper1tlng proce- powder plus short-1 ved 11 . l.3 

FP gases Into N cell glove- 11.].5 
f I Jter cake hHs to dures, Including visual box 
fall Into calclner , observation by telev ision 

&DOn Hors 
or Manual ass ist av11lab1e if 

Calclner backs up to needed 
vacu1111 drUIII filter Adlllnlstr1tlve controls 

FIitration of 1lr In ves-
sel systems , In cell, and 
In canyon air ' 

15., .a Tra nsfer to Spill In canyon cell C0111po11ent 111echanlcal Adlainlstrat lve procedure Weight factor error 15 L of 2 0 11.3.5 
TK-L 11 f allure coordination between con- recycle Pu nitrate 11.2.5 

trol rooms and operators 
welding piping 90 L of Pu nitrate 

S1111p alara 



N 
I 
w 
N 
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TABLE 2-8. Sunmary PUREX Preliminary Hazards Analysis. (Sheet 9 of 9) 

Systetl/subsystea Potentt1l 1cctdents Causal factors Barriers 

15.8 

15.13 

Rotary se1lper Nucle1r crtttcaltty tn Destgn lt•lt of 3 g/c~] Tests show 3 g/ca~ Is 
screen rot1ry sc1lper screen for Pu tn soltd fon11 higher than c1n be 

e•ceeded obtained 
The equlpnient ts not nor-
ully capable of producing 
solids of this high den-
stty 
Adlltntstrattve control of 
Inventory (would need too 
long to fill calclner 
blender) 

Filtrate Nucle1r criticality tn E•cesstve Pu to ftl- Proper operating proce-
holdtng TK-E6 tnte, dures 

or Voline and wetght of 1ddl-
O•altc acid PIIIIIP fatls, ttons to TK-N35 or -N36 

are 111easured, and compost-
or tton Is analyzed 

lnsufftctent 0•1llc acid Adlllnlstrattve controls 
In strike solution, Inspection of solutions 

or tn TK-N7 and -Nll 
Inadequate filtration Ftltratton of VOG and 
of Pu, canyon air 

or N-13 Is designed for ade-
Failure of TK-N7 1gl- quite residence tt111e 
tator, 

or 

ln1deiuate heattny In 
TK-Nl leaves o•• ate 
In -N15 or -N16 for re-
cycle to -E6 

•Dissolver offgas. 
bprobabtlttles and consequences are the sanie for analogous accidents. 
cvesse 1 off gas. 

Chanctertst tc Category 
source tem Prob ab t1 tty Consequence 

Short-ltved FP and noble 1 2 
gases released tnto VOG and 
N cell glovebox 

Aerosols of Pu solutions 1 1 
plus short-lived FP gases 
Into VOG ind ventilation 
air • 

I 

Control-
ltng OSR 

11.3.1 
11.3.5 

11.3.1 
11 . J .5 

VI 
C 
I 

::c 
,c VI 
fTI I 
<VI 

):a 
(,J,0 

I 
0 
0 _, 



N 
I 

w 
w 

Accident 

Criticality in the 
PuOi product ion 
fac 11ty 

Dissolving short-cooled 
fuel 

U Metal fire in a dis-
solver 

Silver reactor explosion 

H~ explosion in a dis-
s Iver 

In-canyon criticality 

9'H 3219 .. 0076 

TABLE 2-9. Accident Analysis Su1T111ary. (Sheet 1 of 2) 
Dose 1n rem to Dose 1n rem to Dose r1sk (rem/yr) 

Accident Organ of .. ax1111U01 ons1te 11ax1a.111 offs 1te to maxlAIUIII onslte 
frequyncy concern individual individual individual 

(yr- ) 
1 yr 50 yr* 1 yr 50 yr* 1 yr 

7.5 X 10-5 Total Body 6.0 X 10- l 6.0 X 10-l 3.0 X 10-3 3.0 X 10-3 4.5 X 10-5 

Bone 6.0 x 10-l 6.0 X 10"'1 3.3 X 10-3 3,3 X 10-3 4.5 X 10-5 

Lung 8,3 x 10-l 8. 3 x 10-l 4.3 X 10-3 4.3 X 10'."3 6,3 X 10-5 

Thyroid 2.7 X JOO 2.7 X lOO 9.0 X 10-2 9.3 X 10-2 2.0 X 10-4 

2.5 X 10-7 Total Body 4,2 X 10-2 4.5 X 10-2 5,5 X 10-3 6.9 X 10-3 1,1 X 10-8 

7.1 X 10-2 1.3 x 10-l 7,4 X 10-3 1,3 X 10-2 10-8 I 
Bone 1,8 X 

Lung 6.lxlo-2 6. 1 X 10-2 4,3 X 10-3 4.3 X 10-3 1.5 X 10-8 

Thyroid 6.8 x 10-1 6.8 x 10-1 1.0 X 100 1.1 X lOO 1,7 X 10-7 . 
2.0 X 10-3 Total Body 5,9 X 10-3 2.4 X 10-2 2,5 X 10-3 2,9 X 10-2 1.2 X 10-5 

Bone 6,2 X 10-2 3.6 x 10-l 9,2 X 10-3 1.0 X 10-l 1,2 X 10-4 

Lung 8.3 x 10-1 1.1 X lOO 4.lxlo-3 6.2 X 10-2 1.7 X 10-3 

Thyroid 9.2 X 10-4 9,3 X 10-4 3.2 X 10-3 9.8 X 10-3 1,8 X 10-6 

J.0 X 10-3 Whole Body 4,3 X 10-4 4.6 x ·10-4 1.3 X 10-3 1.2 X 10-2 4,3 X 10-7 

Bone 4.3 X 10-3 8.9 X 10-2 1.0 x· 10-3 2,1 X 10-2 4,3 X 10-6 

Lung 1.8 X 10-3 1.8 X 10-3 2,0 X 10-4 5.2 X J0-3 1.8 X 10-6 

Thyroid 1.3 x 10-1 1.4 X 10-l 9.2 X 10-l 2.9 X lOO J.3 X 10-4 

1.2 X 10-3 Whole Body 4.4 X 10-5 J .2 X 10-4 3.1 X 10-5 1,2 X 10-4 5,3 X 10-8 

Bone 4.9 X 10 
-4 1.9 X 10 

-3 
7.7 X 10 

-5 4.2 X 10 
-4 5,9 X 10 

-7 

Lung 4.4 X 10-4 4.4 X 10-4 2.5 X 10-5 3,4 X 10-5 5,3 X 10-7 

Thyroid 4.8 X 10-3 4,8 X 10-3 1.6 X 10-2 1,9 X 10-2 5.8 X 10-6 

1.5 X 10-2 Whole Body 2,2 X 10-1 2.2 x 10-l 6.3 X 10-4 6.7 X 10-4 3,3 X 10-3 

Bone 2.2 x 10-1 2,2 x 10-l 1,7 X 10-3 1.9 X 10-3 3.3 X 10-3 

Lung 2.6 x 10-1 2.6 x 10-1 5,7 X 10-4 5,7 X 10-4 3.9 X 10-3 

Thyroid 6.3 x 10-1 6.3 x 10-1 9.7 X 10-2 1.0 X 10-l 9.5 X 10-3 

Dose r1sk ( rem/yr) 
to maximU11 offsite 

individual 

1 yr 

2.3 X 10-7 

2.5 X 10-1 

3,2 X 10-7 

6.8 X 10-6 

1,4 X 10-9 

1,9 X 10-9 

1,1 X 10-9 

2,5 X 10-7 

5.0 X 10-6 

1,8 X 10-5 

8.2 X 10-6 

6.4 X 10-6 

1.3 X 10-6 

1.0 X 10-6 

2,0 X 10-7 

9.2 X 10-4 

3,7 X 10-S 

4.1 X 10 
-8 

3.7 X 10-7 

1.9 X 10-5 

9,5 X 10-6 

2.6 X 10-5 

8.6 X 10- 6 

1.5 X 10-3 

V, 
Cl 
I 
:c 

::0 V, 
rrll 
<V, 
w~ 

I 
0 
0 __. 



N 
I 
w 
~ 

Accident 

Solvent fire fn H cell 

Solvent fire fn L cell 

Pu release vfa P&O 
gallery 

FP release vfa P&O gal-
lery 

Oxfde line ffre 

Cooling coil leak to 
216-A-25 pond 

* Lifetime. 
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TABLE 2-9. Acc1denf .Analys1s Sunmary. (Sheet 2 of 2) 
Dose fn reni to Dose fn rm to Dose rfsk (rem/yr) 

Accident Organ of 111x 11111111 ons 1 te 11axf111U111 offsfte to maxfm111 ons1te 
frequyncy fndfvfdual fndfvfdual fndiv1dua1 
(yr·) concem 

1 yr 50 yr* 1 yr 50 yr* 1 yr 

8,6 X 10•6 Whole Body 2,6 X 10•3 8.4 X 10·3 9.2 X 10•4 1.2 X 10·2 2.2 X 10•8 

Bone 2.9 X 10•2 1.2 X 10•l 4.1 X 10•3 4,1 X 10•2 2,5 X 10·7 

Lung 3.0 X 10. J 4.0 X 10.J 1.5 X 10•2 2.2 it 10·2 2.6 X 10·6 

Thyroid . 4,6 X 10•4 4.6 X 10•4 1.5 ~ 10·3 3.8 X 10•3 4,0 X 10·9 

5,9 X 10•5 Whole Body 8,5 X 10•6 1.6 X 10•3 1.9 X 10•6 3.6 X 10•2 5.0 X 10-JO 

Bone 2.2 x 1or4 3,6 X 10·2 5.0 X 10•5 8,2 X 10·3 1,3 X 10·8 

Lung 8.3 1t 10·3 2 .1 X 10•2 1.9 X 10•3 4.7 x ·10·3 4.9 X 10•7 

Thyroid 0 0 0 0 0 

1.8 X 10•6 Whole Body 1.8 X 10·2 5,9 X 10"'.l 4, 1 X 10•4 1.4 X 10•2 3,2 X 10•8 

Bone 4,5 X 10-l 1,4 X 101 1.0 X 10·2 3.2 X 10•l 8, 1 X 10•7 

Ltmg 2,8 X 10-l 2.8 X 10• l 6.4 X 10·3 6.5 X 10•3 5,0 X 10·7 

Thyrofd 1,8 X 10•9 1,8 X 10·9 4.2 X 10-ll 4.2 X 10-ll 3,2 X 10·15 

1.8 X 10·6 Whole Body 3,4 X 10.J 7,6 X 10-l 8.o x 10·3 1,8 X 10•2 6.1 X 10•7 

Bone 4.4 X 100 1.1 X 101 1.1 • ·u,·1 2.7 x 10·1 7.9 X 10·6 

Ltmg 4,0 X lOO 4.0 X lOO 9,6 X 10•2 9.6 X 10•2 7.2 X 10-6 

Thyroid 3.4 X 10•4 3.4 x 10·4 8, 1 X 10·6 8.1 x 10·6 6.1x10·10 

3,7 X 10•5 Whole Body J,2 X 10•2 2.2 X JOO 3.0 X 10•4 5.4 x 10·2 4.4 X 10•7 

Bone 3.0 X 10-l 5,0 X 101 7.5 X 10·3 1.2 X 100 1.1 X 10·5 

Lung 1,1 X 101 2.9 X 101 2 ,9 X 10- l 7.1 X 10-l 4,1 X 10•4 

Thyroid 0 0 0 0 0 

1.3 X 10•7 Whole Body 1.7 X 10•3 2,0 X 10•3 4.3 X 10•3 2,0 X 10•2 2,2 X 10-lO 

Bone 3.3 X 10•3 6.1 x 10·3 4.4 x 10·3 2.2 x 10·2 4.3 x 10· 1° 

Lung 9,7 X 10•4 1.0 X 10•3 8.1 X 10·4 1.3 X 10•2 1,3 X 10-lO 

Thyroid 3.5 x 10·6 3,8 X 10·6 7, 1 X 10•4 1.4 x 10·2 4.6 x 10·13 

Dose rfsk (rem/yr) 
to maxfnum offsfte 

I fndfv1dua1 

1 yr 

7 ,9 X 10·9 

3.5 X 10·8 

1,3 X 10•7 

1.3 X 10·8 

1.1 X 10• lO 

3,0 X 10•9 

1.1 X 10·7 

0 

7.4 X 10-lO 

1,8 X 10·8 

1,2 X 10•8 

7,6 X 10·17 

1.4 X 10·8 

2.0 X 10•1 

1, 7 X 10•7 

1.5 x 10·11 

1.1 x 10· 8 

2.8 X 10•1 

1,1 X 10•5 

0 

5,6 X 10-lO 

5,7 X 10•lO 

1.1 x 10· 1° 

9,2 X 10-ll 
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2.5ol Hazard Level 

SD-HS-SAR-001 
REV 3 

The cr iteria for the determinati on of hazard leve1(l6) in terms of 
potenti al for annual radiation exposure are lis t ed i n Tabl e 2-lOo 

TABLE 2-10. Haza rd Level Cri teri a. 

Total body exposure to 
Hazard level maximun individual (rem/yr) 

Low 
Moderate 
High 

Onsite 

=::5 
>5 to <25 

?!25 

Offsite 

=::O. 5 
>0.5 to <5 

?!5 

~ With the exception of three accidents, the seismic event, the N cell 
criticality event, and overexposure during fuel charging, all accident s 
analyzed were found to be in the low hazard level category when compared to 
the criteria listed in Table 2-10. 

Both the N cell criticality and the seismic event were evaluat ed as 
having the potential for significant exposure to nearby (onsite) per sonnel, 
including a potential for lethal exposure to individuals in close proximity 
to the event. The overexposure during fuel charging was evaluated as having 
the potential for exposure to a nearby individual of 74 rem. However, due 
to the extremely low probability of these events occurring, these three 
accidents . as well as all others analyzed, meet the criteria for acceptable 
risk as described in Section 2.5.2. 

2.5.2 Risk Acceptability 

Risk acceptance guidelines have been implemented by Rockwell to pro
vide assurance that risks have been limited to a level which is acceptable. 
Criteria for acceptable risk are presented in terms of potential radiologi
cal dose commitment and corresponding(ma~imum acceptable accident proba
bility which are shown in Table 2-11. l8J 

For normal operations, radiological dose criteria for the onsite 
worker wi ll not exceed the values of dose stated in the Rockwell 
Radiological Standards and Operat ional Controls Manua1 . (19J The 
occupational total body dose to radiation workers is 1.25 rem per calendar 
quarter and/or 3.0 rem per year. For the general public, the "maximum 
individual" total body dose is 0.5 rem per year. These dose values for 
normal operations are converted to risk by application of a probability of 
1 per year. Actual doses will be limited to as small a(fr~ction of the 
above values as is practicable under the ALARA Program. 20J 

2-35 



N 
I 
w 
O'I 

Description 

Incidents or events 
of moderate fre-
quency which may 
occur several times 
during the lifetime 
of a facility. . 
Infrequent inci-
dents or events 
which may occur 
during the life-
time of a 
facility. 

Events which are 
limiting faults 
and are not ex-
pected to occur 
during the lifetime 
of a facility. 

9'i·l 32 I 9 .0079 

TABLE 2-11. Radiological Dose Criteria for Risk Acceptance. 

Event Maximum potential dose commitment ( rem) 

Estimated probability Offsite Ons ite 
of occurrence, P Whole Bone surf ace Lung and Whole Bone surface Lung and (yr-1) body and thyroid other organs body and thyroid other organs 

l > p ·~ 10- l 0.01/ 0.06/year 0.03/year O. l / 0.6/year 0.3/year - year year 

10- l > p ~ 10-3 0.5/ 3/year 1.5/year 3/ 15/year 7.5/year 
year year 

' 

10-3 > p >10-7 25/ 300/1 ifet ime 75/lifetime 25/ 300/1 ifetime 75/1 ifet ime 
" life- life-

time time 

V, 
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For abnormal operations and accident situations, the following consi
derations apply to the onsite and offsite maximum exposed individual(18) 
as defined in the referenced guide. 

• Incidents or events of moderate frequency which may occur several 
times during the life of a facility {1 > P > 10-1) are accepte 
able if the incremental consequences produce a maximum individual 
onsite first year dose no greater than one-tenth the ALARA design 
objective (0.1 R whole body) for occupational radiation dose 
recomnended by OOE.(20) Risks are acceptable if the maximum 
offsite individual dose is no greater than one-tenth the onsite 
value. 

• The risk is acceptable, if the consequences of infrequent inci
dents or events which may occur during the life of a facility 
(10-1 > p > 10-3) produce incremental doses, which are com- . 
parable to-those for normal operations • 

• Design basis accidents and events which are limiting scenarios 
and are not expected to occur during the life of a facility 
(10-3 > P > 10-7) are evaluated using the siting guide-

· lines provided in 10-CFR-100 Reactor Site Criteria(21) and 
DOE Order 6430.1(22) These events are postulated because their 
consequences would include potential for the release of 
significant amounts of radioactive material and because they 
represent upper bounds on failures or accidents with a proba
bility sufficiently high to require consideration in design. 
A postulated accident is not considered in design if the 
probability of its occurrence resulting in unacceptable 
consequences is less than 10-7 per year. 

2.5.3 Consequence Guidelines 

The guidelines for evaluation of accident consequences are shown in 
Tab le 2-11. 

2.6 SUMMARY 

In summary, a safety analysis was developed for the PUREX Plant, based 
upon plant operations PHA and natural forces {seismic and tornado) analyses. 
The hazards identified were reviewed by personnel experienced in the opera
tions of the PUREX Plant. Preliminary risk assessment was used to screen 
the PHA for primary risk contributors as well as to provide approximate 
frequency of occurrence of the accidents. The accidents were developed as 
scenarios with onsite and offsite doses to the maximum exposed individuals 
and onsite and offsite population doses calculated. 

Comparison of the predicted accident consequences with established 
criteria result in the judgement that PUREX Plant operations may be con
ducted with an acceptable level of risk. 
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3.0 SITE CHARACTERISTICS 

3. 1 GEOGRAPHY ANO DEMOGRAPHY OF SITE 

3.1. 1 Site Location 

The Plutonium-Uranium Reduction Extraction (PUREX) Plant is located 
within the U.S. Department of Energy (DOE) Hanford Site, a 570-mi2 area 
to which access is controlled for reasons of national security and health 
and safety considerations. The site is located in the State of 
Washington, as shown in Figure 3-1. The PUREX Plant is within a fenced 
area of the 2,000-acre 200 East Area, near the center of the Hanford 
Site. Figures 3-2 and 3-3 are maps of the Hanford Site and 200 East Area, 
respectively. The legal location description of the PUREX Plant is SEl/4 
Sec. 2, T.12N., R.26E., Willamette Meridian.(1) The plant coordinates 
are: 46° 32 ' 58 . 231 11 latitude and 119° 31' 90.586 11 longitude. The 
Universal Transverse Mercator coordinates are: 5157968.558 mN and 
306902.612 mE. 

3.1.2 Site Description 

The PUREX Plant is located on a terrace, locally referred to as the 
"200 Areas Plateau," near the center of the Hanford Site. The PUREX Plant 
is within the 200 East Area, which is bounded by a security fence to limit 
general access. The plant is further bounded by another security fence to 
exclude all but those personnel having duties and responsibilities asso
ciated with the operation of the plant and auxiliary facilities. 

Traffic routes are shown in Figure 3-2. State Highway 240, for gen
eral public use, passes within 5 mi of the PUREX Plant. A fourstrand, 
barbed wire fence separates the highway right-of-way and the site. 

All activities conducted within the Hanford Site are controlled by 
DOE through various contractors, or by lease arrangements. The PUREX 
Plant is operated by Rockwell Hanford Operations (Rockwell). The Hanford 
Site (controlled area) boundaries and the distances from the PUREX Plant 
to the Hanford Site boundary are shown in Figure 3-2. Activities near the 
200 Areas are further controlled within a 11 200 Areas controlled zone." 

From the 200 Areas Plateau, the ground surface slopes gently toward 
the Columbia River. The topography of the Hanford Site is shown on the 
contour map in Figure 3-4. 
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The vegetation mosaic of the Hanford Site consists of eight major 
kinds of shrub-steppe co11111Jnities identified by the following conspicuous 
or most abundant plant species:(2) 

• Sagebrush/bluebunch wheatgrass 

• Sagebrush/cheatgrass or sagebrush/Sandberg's bluegrass 

• Sagebrush-bitterbrush/cheatgrass 

• Greasewood/cheatgrass-saltgrass 

• Winterfat/Sandberg's bluegrass 

• Thyme buckwheat/Sandberg's bluegrass 

• Cheatgrass-tumble mustard 

• Willow. 

The most broadly distributed vegetation on the site is the sagebrush/ 
cheatgrass or sagebrush/Sandberg's bluegrass association. This vegetation 
occurs as a broad zone surrounding the PUREX Plant and is between the 
sagebrush/bluebunch wheatgrass type and the sagebrush-bitterbrush/cheat
grass type. It differs from .the sagebrush/bluebunch wheatgrass princi
pally in that wheatgrass is absent. Another important difference is that 
sagebrush plants tend to be larger and provide more ground cover. Spiny 
hopsage and rabbitbrush may be intermingled with sagebrush shrubs. Fire 
can burn through this kind of vegetation, killing sagebrush, but hopsage 
and rabbitbrush survive burning, sending out new growth during the growing 
season following the fire. Recovery of this vegetation following fire is 
not as readily apparent as in the sagebrush/bluebunch wheatgrass bluegrass 
vegetation because large perennial grasses are scarce. The general paucity 
of herbaceous cover also tends to favor invasion by Russian thistle (tum
bleweed), with or without fire. The sagebrush/cheatgrass and sagebrush/ 
Sandberg's bluegrass communities- provide very limited forage for livestock 
or wildlife. 

The climate of Eastern Washington is arid to semiarid as a result of 
being in the rain shadow of the Cascade Range. Because of the arid envi
ronment and prevailing winds, the Hanford Site is blanketed by a thin 
veneer of wind-blown (eolian) sediments.(2) These sediments range in 
size from silts to fine to coarse sands. Most of the Hanford Site is 
underlain by generally coarse grained sediments deposited by catastrophic 
glacial floodwaters during the Pleistocene epoch. 

Water erosion on the plateau around the PUREX Plant is minor because 
of the minimal precipitation, high soil porosity, and relatively flat 
topography. 
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Winds are a significant f~ctor in the area because they can erode the 
land surface. Erodible soils,l2) mainly Rupert Sand and Burbank Loamy 
Sand, exist on the plateau. The shear stress of the wind at the earth's 
surface determines whether sufficient force exists to move sand grainse 
Where vegetation exists, the shear stress is reduced sharply and erosion 
is thereby limited . However, where vegetation is destroyed by fire, con
struction, ~lowin(g)or other means, the sandy soils are easily transported 
by strong winds. 2 

3. 1.3 Population Distribution and Trends 

The. 1970 population 1 iving within a 50-mi radius of the Hanford 
Meteorological Station (HMS) was 246,00Q.{2) The 1980 population was 
about 341,ooo.(3) (The HMS is used as the population reference point 
for the PUREX Plant because of the availability of data and its proximity: 
4 mi west of the plant.) The 1979 populations of cormunities within a 
50-mi radius centered on the HMS are shown in Figure 3-5. Population 
estimates were made through the year 1990(3) based upon 1980 census 
information, current birth rate trends, and estimates of net migration 
into or out of the state as economic and employment opportunities change 
over the forecast period. Figures were updated by allocating increased 
population on a proportional basis to sectors in the Tri-Cities area 
(Richland, Kennewick, and Pasco), where the most rapid growth has occur
red. · It is assumed that the Hanford Site wi 11 remain under the contra 1 of 
DOE and that no persons will reside within the site boundaries. The popu
lation residing in the unincorporated areas was calculated on the basis of 
unifonn population density in the portion of a specific census district 
which lies within .the area. This assumes an even distribution of popula
tion throughout the unincorporated areas of each census district. It is 
further assumed that the rate of population growth will be the same for 
both incorporated and unincorporated areas on a county-by-county projec
tion.(3) The distribution of population within a 50-mi radius of the 
HMS for the year 1980 is shown in Figure 3-6 while the projection for year 
1990 is shown in Figure 3-7. 

3.1.4 Uses of Nearby Land and Waters 

The nature and extent of present land use(2) are presented here on 
the basis of arcs from the HMS. The Hanford Site vicinity map with 
sectors overlaid is shown in Figure 3-8. Starting from a line directly 
north of the HMS, the 0- to 10-mi zone between the 0° and 150° radials is 
a limited access area under DOE control. Land north of the river is con
trolled by the U.S. Bureau of Sports Fisheries and Wildlife as ' the Saddle 
Mountain National Wildlife Refuge, and the Washington State Department of 
Game as the Wahluke Wildlife Recreation Area. Most of the zone between 
the 150° and 270° radials consists of the Arid Lands Ecology Reserve, which 
is also limited-access DOE land under the control of Pacific Northwest 
Laboratory. Between the 270° radial and the starting radial, land south 
of the Columbia River is DOE controlled limited access, while north of the 
river the Saddle Mountain National Wildlife Refuge is again encountered. 
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FIGURE 3-5. Population of Corrmunities in the Hanford Site Area, 
August 1979. 
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Again starting from the 0° radial, the 10- to 20-mi zone is a contin
uation of the Saddle Mountain National Wildlife Refuge. Farther north, 
this zone includes the easternmost portion of the Wahluke Slope and the 
Saddle Mountains. Between the Wah1uke Branch Canal and the Columbia 
River, the zone consists of lands in the Columbia Basin Project that are 
irrigated or being developed for irrigation. The area west of the river 
is a limited access area (Hanford Site). There are no private industrial 
facilities located within the 10- to 20-mi radius of the PUREX Plant site. 
From the 140° to the 360° radial and within the 10- to 20-mi radius, the 
area outside the Hanford Site is available for residential ljving or farm
ing, which is not now substantial. This area is mainly unirrigated and 
used for grazing cattle and sheep. South and west of the Columbia River, 
in the vicinity of Priest Rapids Dam, are 411 miZ of undeveloped and 
unpopulated land used for the U.S. Army Yakima Firing Range. Northeast of 
Priest Rapids Dam and Reservoir is the Wahluke Slope portion of the 
Columbia Basin Project. This area is partially irrigated, with the rest 
(outside the Hanford Site) expected to be irrigated in the next 10 yr. 

The 20- to 30-mi zone on the 0° radial is north of the Saddle Moun
tains and is irrigated farmland, part of the Columbia Basin Project. The 
area from lower Crab Creek to northwest of Othello is generally undevel
oped. From Othello south to the Columbia River, the land is irrigated 
farmland. On the west side of the river is the City of Richland. West 
from Richland, the 20- to 30-mi zone includes the Yakima River and the 
towns of Prosser, Sunnyside, Grandview, and Mabton. Land along the Yakima 
River is primarily in orchard use. Higher land away from the valley floor 
is used primarily for grazing livestock, with some land used for grain 
crops. At about the 270° radial, the U.S. Army Yakima Firing Range is 
again encountered. At 320° is the Ginkgo Petrified Forest, a state park 
and national landmark. 

At the 0° radial, the 30- to 40-mi zone consists of an undeveloped 
area of sagebrush and sand dunes. At 20°, the Potholes Reservoir, a 
recreation area surrounded by sand dunes, is located south of Moses Lake. 
Between 30° and 50°, this zone encompasses a major portion of the 
U.S. Water and Power Resources Service Columbia Basin· Irrigation Project. 
At about the 130° radial, the Columbia River is encountered, with the City 
of Pasco on the north side and the City of Kennewick on the south side. 
South and west of Kennewick, ·the 30- to 40-mi zones run south of the Horse 
Heaven Hills. Although this land is primarily used for dryland wheat 
farming, there are about 88 sections (56,320 acres) where permits have 
been granted for private irrigation development. Crossing the Horse 
Heaven Hills, the 220° zone includes part of the Yakima Valley, containing 
the towns of Granger, Toppenish, Zillah, and Wapato. This land is largely 
in orchards and truck crops, with livestock grazing at the higher eleva
tions. Northeast of Yakima is the U.S. Army Yakima Firing Range, east of 
which lies irrigated farmland of the Columbia Basin Project. 
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At the 0° radial in the 40- to 50-mi radius, the land is primarily 
rangeland with some irrigated farmland. The town of Moses Lake is in this 
zone at about the 20° radial. Between the 20° and 90° radials is a large 
portion of land planned for irrigation development as part of the Columbia 
Basin Project. At about 70° between the 40- and 50-mi radius, the land is 
used for dryland wheat production . Between the 90° and 120° radials and 
extending to the 50-mi radius, the land is used for dryland wheat produc
tiono An exception is the area at the confluence of the Snake and 
Columbia Rivers, where private irrigation projects are under way. Land on 
both sides of the Columbia River below McNary Dam supports private irri
gation projects totalling about 345 sections (220,800 acres). Between the 
200° and 260° radials, the terrain is very rugged and, for the most part, 
undeveloped. At the 260° radial, the Yakima Valley commences with the 
city of Yakima at 270°. North of the Umtanum Ridge and Manastash Ridge is 
the Kittitas Valley. This is an area of both irrigated and dryland farm
ing and cattle production. At 330°, a portion of the Wenatchee National 
Forest is encountered. 

An estimated 200,000 acre-ft of water may be taken annually for irri
gation from the Columbia River in the Hanford vicinity.(2) This esti-
mate is based on the best data available from the State of Washington 
Department of Ecology. These are "paper water rights" (legal permits to 
limit usage) and are estimated to be twice the actual pumpage, even though 
not all withdrawals of water are listed. Water rights received after 1969 
are not reflected, and not everyone who withdraws water has applied to the 
state for water rights. However, the data given are an adequate ypper limit 
for cur"rent water usage to 40 mi downstream from the PUREX Plant.l2J 

For the next 65 mi of downstream flow, the Columbia River forms the 
border between Washington and Oregon. Private irrigation development is 
extensive on both sides of the river. Land that is now irrigated or is to 
be irrigated in the next 5 to 10 yr totals about 227,000 acres. 

Within the Hanford Site are numerous faciljties concerned with 
nuclear energy. Descriptions of the various facilities and activities are 
contained in Reference 2. Figure 3-9 is a diagranrnatic representation of 
those activities directly related to the PUREX Plant. 

3.2 NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY FACILITIES 

The PUREX Plant is located near the center of the Hanford Site and 
there are no nearby industrial or military facilities. A commercial 
facility, U.S. Ecology, is located on land leased from the State of 
Washington. The site is within 5 mi of the PUREX Facility and handles 
low-level radioactive wastes. The nearest military facility is the 
U.S. Army Yakima Firing Range, located just northwest of the Hanford Site 
western boundary. All facilities on the site are controlled or licensed 
by DOE or the U.S. Nuclear Regulatory Commission (NRC) (see Fig. 3-2, a 
map of the site showing the location of all major facilities). 
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Roads near PUREX include State Highways 24 and 240 (Fig. 3-2). These 
highways and the site roads are used by many types of vehicles including 
conmercial trucks for deliveries of gas, diesel fuel, chemicals, and rea
gents. However, the separation of the roads from the PUREX Plant is such 
that no adverse effects from highway accidents are projected for PUREX 
operations. 

There are no private or conmercial airports within a distance of 
20 mi from PUREX. The Richland Airport, nearest to the site, is a small, 
general utility airport. The Tri-Cities Airport at Pasco, used by local 
carriers, is 28 mi from the site. Due to the low volume of air traffic 
and distance of airports from the site, the probability of aircraft 
affecting the plant is remote. 

There are no refineries, major oil storage facilities, munition or 
explosive storage facilities within 20 mi of the site. The nearest natu
ral gas transmission pipeline is approximately 30 mi away. The consider
able distance of these facilities eliminates these potential hazards to 
PUREX from fires and explosions. 

A tabulation of the active nuclear areas on the Hanford Site is pre
sented in Table 3-1. The possible accidents at these facilities and the 
effects of such accidents on the safe operation of the PUREX Plant were 
reviewed. The safety analyses for the Washington Public Power Supply System 
(WPPSS) Plants, the Fast Flux Test Facility (FFTF), and N Reactor indicate 
that the radioactive releases as a result of the postulated maximum credi
ble accident for each facility will not present an unacceptable risk to 
PUREX operations. The distance of these facilities from PUREX and the 
engineered safeguards built into each plant provide adequate assurance 
that no significant hazard to the PUREX Plant or personnel could result 
from nuclear areas outside the 200 Areas. 

The Z Plant, located in the 200 West Area, is about 5 mi from the 
PUREX Plant. This is sufficiently close to PUREX to have an impact on 
PUREX operations should a major release of plutonium occur. An analysis 
of Z Plant plutonium handling OP.erations has been made with· the conclusion 
that undue risk does not exist.(4) 

A review of potential hazards in the immediate vicinity of the PUREX 
Plant was conducted. The only potential hazard noted was a 12,200-gal 
arrmonia storage tank located at B Plant (about 1.5 mi from PUREX). Under 
certain meteorological conditions, a gross leakage from this tank could 
result in a possible evacuation of PUREX personnel. No damage to PUREX 
equipment is foreseen. 

Toxic gas (chlorine) is stored in 1-ton cylinders at the water treat
ment plant located about 0.5 mi away. A gross leakage could result in a 
possible evacuation of PUREX personnel. 
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TABLE 3-1. Active Hanford Nuclear Areas. 

Facilities 

100 N Reactor, irradiated and nonirradiated 
fuel storage, laboratory, test loop, 
Hanford Generating Project 

PUREX, B Plant, critical mass laboratory, 
laboratories, waste retention and 
treatment 

Plutonium processing, storage, and reclama
tion, waste storage and disposal, 
laboratories 

Fuel and fissile material storage, metal 
fabrication development, plutonium 
laboratory, fuels manufacture, radio
chemistry, radiometallurgy, waste 
vitrification, subcritical facility 

FFTF 
U.S. Ecology 
WPPSS- l, -2, -4 Reactors ( under 

construction) 
Exxon Nuclear Company, Inc., (fuels plant) 

3.3 METEOROLOGY 

3.3.1 Regional Climatology 

Distance 
from PUREX 

(mi) 

9 

0.5 to 1.5 

5 

17 

11 

3 

11 

17 

The Cascade Range to the west greatly affects the climate of the 
Hanford area. Storm tracks generally move from the Pacific Ocean across 
the Cascade Range and then across the Hanford Site. The orographic effect 
of this range helps create the moderate)winters, hot su111T1ers, and the 
relative dryness of the Hanford area.{2 · 

Average annual precipitation is 6.25 in.; 41% of the annual precipi- • 
tation occurs during November, December, and January, whereas only 11% 
occurs in July, August, and September. The driest month is July with 
0.18 in. and the wettest month is January with 0.98 in. 
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A maximum annual rainfall of 15 in. has only Oe2% chance of occurring 
(see Fig. 3-10). Precipitation in excess of 0.5 in. during a 24-h period 
occurs on an average of twice a year. Rainfall of 1 in. has occurred only 
3 din the last 30 yr of recorded data (1946 through 1975). One of these 
was the record storm of October 1 through 2, 1957. During this storm, a 
total rainfall of 1.91 in. was recorded in 24 ho Of this total, 1.08 in. 
were recorded in 3 h, 1.68 in. in 6 h, and 1.88 in. in 12 h. At the other 
extreme, there have been 81 consecutive days without measurable 
precipitation (June 22 to September 10, 1967) and 172 d with only 0.32 in. 
(February 24 to August 13, 1968). 

About 39% of all precipitation from December through February is in 
the form of snow. However, an accumulation of as much as 6 in. on the 
ground can be expected only one winter in eight. The average seasonal 
nunber of such days of reported ·preci_pitation in the form of snow is 4, 
although the 1964-65 winter had 35, 32 of which were consecutive. 

The Cascade Range serves as a source of cool air, especially during 
the su11111er months, and has a considerable effect on the Hanford Site wind 
regime. The drainage (gravity) wind, plus topographic channeling, causes 
a considerable diurnal range of speeds during the sullll'ler. In July, aver
age speeds range from a low of 5.2 mi/h, from 0900 to 1000 h, to a high of 
13.0 mi/h from 2100 to 2200 h. In contrast, the corresponding speeds for 
January are 5.5 and 6.3 mi/h (see Fig. 3-11 and Table 3-2). 

While gravity winds occur with regularity in the sunmer, these are 
seldom strong unless reinforced by frontal activity. In June, the month 
of highest average speed, there are fewer instances of hourly averages 
exceeding 31 mi/h than in December, the month of lowest average speed. It 
is also notable that, although channeling results in a prevailing 
west-northwest or northwest wind the year around, the greatest wind speeds 
are from the southwesterly direction (see Fig. 3-12 and Table 3-3). 

Light winds at Hanford in winter cause considerable atmospheric 
stagnation. December, for example, has an average of 10 d with a peak 
gust under 13 mi/h. By contrast, only once in 7 yr does June have even 

· one such day. 

The average maximum temperatures in January and July are 37°F and 
92°F, respectively. The average minimum temperatures for the same months 
are 22°F and 61°F, respectively. The average monthly relative humidity 
varies from a low of 31.8% in July to a high of 80.4% in December. The 
minimum diurnal temperature in winter seasons ranges from -27°F to 22°F; 
the maximum diurnal temperatures in surrmer seasons vary from 100°F to 
ll5°F.(2) 
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TABLE 3-2. Percentage Frequency Distribution of 50-ft Wind 
Distribution Versus Speed. {She~t 1 of 7) , 

Speed class (mi/hr) 

Direction 0 4 8 13 19 25 32 39 Total Average 
to to to to to to to to >46 speed 
3 7 12 18 24 31 38 46 

January 

N 2.8 1.2 0.2 0.3 0.2 4.7 4.3 
NNE 2.0 0.8 0.4 0.1 0.1 * 3.4 4.6 
NE 1.8 0.7 0.2 0.1 0.1 * 2.9 4.4 
ENE 1.3 0.5 0.1 * * 1.9 3.0 
E 1.8 0.6 0.1 * 2.4 3.0 
ESE 1.8 0.7 0.2 0.1 * 2.8 3.4 
SE 2.7 1.5 0.4 0.2 * * 4.8 4.0 
SSE 1.6 0.8 0.3 0.1 0.1 2.9 5.4 
s 1.4 0.9" 0.4 o.s 0.2 0.1 0.1 * 3.6 7. 7 
SSW 1.2 1.0 0.6 1.0 0.6 0.3 0.1 * 4.8 11.5 
SW 1.4 1.4 1.4 1.6 0.7 0.3 * 6.8 10.7 
WSW - ·. • 1.4 1.5 1.7 0.8 0.4 0.2 * 6.0 8.9 

w 1.8 2.3 1.3 10.6 0.1 6.1 6.3 
WNW 2.4 5.6 5.1 0.9 * * 14.0 7 . 1 
NW 3.6 7.8 6.6 1.2 0.1 * 19.3 6.9 
NNW 3.D 2.8 0.6 0.1 * 6.5 4.2 
VAR 1.3 0.1 1.4 1.8 
CALM 5.4 5.4 
TOTAL 38.7 30.1 19.6 7.6 2.6 0.9 0.2 * 100.0 6.2 

February 

N 2.6 1.6 0.4 0.2 * * 4.8 4.5 
NNE 1.8 1.3 0.8 0.4 0.1 0.1 4.5 6.3 
NE 2.2 0.9 0.2 0.2 * 3. 5 3.8 
ENE 1.3 0.6 0.1 1.9 3.3 
E 1.3 0.7 * 2.0 3.0 
ESE 1.3 0.7 o. l 2.1 3.3 
SE 1.9 1.1 0.3 0.1 3.4 4.0 
SSE 1.2 0.8 0.4 0.2 * 2.6 5.2 
s 1.3 0.7 0.4 0.3 0.1 0.1 2.9 6;6 
SSW 1.0 1.0 o.8 0.6 o.s 0.2 a. 1 * 4.2 10.5 
SW 1.0 1.6 1.3 1.8 1. 1 o.s 0.1 * 7.4 12.6 
WSW 0.9 2. 1 2.1 1.4 0.5 0.3 0.1 * 7.4 10.5 
w 1.6 3.4 2.9 1. 1 0.2 0.1 9.3 7.8 
WNW 1.9 4.9 6.8 1.5 0.3 0.1 15.5 8.3 
NW 3.3 6.9 6.4 1.5 0.2 0.1 18.4 7.3 
NNW 2.3 2.5 0.8 0.1 * 5.7 4.8 
VAR 1.3 0.2 * 1.5 1.8 
CALM 2.4 2.4 
TOTAL 30.6 31.0 23.8 9.4 3.0 1.5 0.3 100.0 7. 1 

:;:_ 
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TABLE 3-2. Percentage Frequency Distribution of 50-ft Wind· 
Distribution Versus Speed. {Sheet 2 of 7) 

Speed class (mi/hr) 

Oirect;on 0 4 8 13 19 25 32 39 Total Average 
to to to to to to to to >46 speed 
3 7 12 18 24 31 38 46 

March 

N 1.9 1.8 1.0 0.2 * 4.9 5.4 
NNE 1.4 1.6 0.9 0.6 * * 4.5 6.8 
NE 1.7 1.2 0.3 0.2 0.1 * 3.5 4.8 
ENE 0.7 0.8 0.1 * * * 1.6 5.0 
E 0.9 0.8 0.2 * * 1.9 4.2 
ESE 1.0 1.1 0.2 0.1 2.4 4.4 
SE 1.4 1.7 0.5 0.1 * 3.7 5.0 
SSE 0.6 1.1 0.8 0.3 * 2.8 7.1 
s 1.0 1.4 0.7 0.4 0.2 * 3.7 7.4 
SSW 0.6 1.3 1.1 1.2 0.7 0.3 0.1 5.3 12.1 
SW o.8 2.0 2.0 2.5 1.5 0.8 0.2 * * 9.8 13.5 
WSW 0.8 2.5 3.0 2.5 1.0 0.4 0.2 10.4 11.7 
w 1.1 3.9 3.1 1.2 0.2 0.1 9.6 8.2 
WNW 1.1 4.4 5.8 2.2 0.8 0.1 14.4 9.5 
NW 1.5 4.4 5.3 1.8 0.6 0.1 13.7 8.9 
NNW 1.4 2.4 1 .1 0.2 * 5.1 5.6 
VAR 1.3 0.2 * 1.5 2.1 
CALM 0.7 0.7 
TOTAL 19.9 32.6 26.1 13.5 5.1 1.8 0.5 100.0 8.6 

April 

N 1.6 1.6 0.7 0.3 * 4.2 5.5 
NNE 1.0 1.3 0.6 0.3 o. 1 * 3.3 6.8 
NE 1.4 1.2 0.4 0.2 * * 3.2 5.3 
ENE 0.6 1.0 0.2 o. 1 1.9 5.2 
E 0.8 1.0 o.s • 2.3 s.o 
ESE 0.8 1.0 0.2 * 2.0 4.5 
SE 1.0 1.5 0.5 0.1 3.1 5.2 
SSE 0.5 1.0 0.8 0.2 2.5 6.8 
s 0.7 1.4 0.7 0.3 0.1 * 3.2 6.7 
SSW 0.7 1.5 1. 1 0.9 0.4 0.1 4.7 9.6 
SW 0.7 2.3 2 .1 2. 1 1.6 0.6 0.1 9.5 12.7 
WSW 0.8 2.6 3.8 2.5 1.1 0.4 0.1 11.3 11.4 
w 1.1 4.2 4.3 1.7 o.s 0.1 * 11.9 8.8 
WNW 0.8 3.9 e.0 4.2 1.3 0.3 16.5 11.0 
NW 1.2 3.7 4.2 3.2 1.5 0.4 * 14.2 11.0 
NNW 0.9 1.9 0.6 0.2 * 3.6 5.8 
VAR 1.6 0.5 2.1 2.7 
CALM o.s 0.5 
TOTAL 16.7 31.6 26.7 16.3 6.6 1.9 0.2 100.0 9. 1 
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TABLE 3-2. Percentage Frequency Distribution of 50-ft Wind 
Distribution Versus Speed. (Sheet 3 of 7). -· . 

Speed class (•i/hr) 

Ofrect1on 0 4 8 13 19 25 32 39 Total Average 
to to to to to to to to >46 speed 
3 7 12 18 24 31 38 46 

May 

N 1.2 1.7 0.9 0.1 3.9 5.7 
NNE 0.6 1.4 0.7 0.3 * 3.0 6. 7 
NE 1.0 1.5 1.0 0.1 0.1 3.7 6.4 
ENE 0.8 1. 1 0.3 0.1 2.3 5.0 
E 0.9 1.2 0.3 * 2.4 4. 7 
ESE 0.9 1.0 0.3 * 2.2 4.6 
SE 1.0 1.5 0.6 0.1 3.2 5.4 
SSE 0.6 1.3 0.6 0.2 * 2. 7 6. 4 
s 0.6 1.7 o.s 0.1 * 2.9 5. 6 
SSW 0.7 1.3 a.a 0.4 0.1 * 3.3 7.4 
SW 0.6 2.4 1.7 1.1 0.5 0. 1 * 6.4 9.6 
WSW 0.9 2.7 3.5 1.8 0. 7 0.2 * 9.8 10.1 
w 1.2 4.0 4.4 1.6 0.2 * 11 .4 8.3 
WNW o.a 3.9 6.7 4.7 1.7 0.2 * 18.0 11.2 
NW 1.2 3.6 4.9 4.4 2.6 0.5 * 17.2 12.0 
NNW 1.0 1.8 0.7 0.1 3.6 5.5 
VAR 1.9 1.3 * . 3.2 3.2 
CALM 0.6 0.6 
TOTAL 16.5 33.4 27.9 15.1 5.9 1.0 * 100.0 8.7 

June 

N 0.9 2.0 0.9 0.2 4.0 6.0 
NNE 0.6 1.8 0.8 . 0.4 * 3.6 7 . 1 
NE 0.8 1.4 0.8 0.5 0.1 * 3.6 7.5 

. ENE 0.4 1.0 0.4 0.1 * * 1.9 6.5 
E o.s 1.3 0.3 * * 2.1 5.6 
ESE 0.6 1.3 0.3 * 2.2 5.0 
SE 0.7 1.6 0.4 * 2.7 5.2 
SSE o.s 1.1 0.4 O.J * 2.1 5.8 
s 0.6 1.7 0.3 0.1 ,· 2.7 5.5 
SSW 0.4 1.5 0.7 0.2 0. 1 * 2.9 7.3 
SW 0.7 2.5 · 2.0 1.0 0.3 • 6.5 8. 8 
WSW 0.6 z.s 3.5 1.5 0.4 0. 1 * 8.6 9. 7 
w 0.7 4.1 4.4 1.6 0.3 * 11.1 8.8 
WNW 0.6 3.5 6.9 6.2 2.1 0.4 * 19.7 12.1 
NW 0.7 3.7 5.1 5.4 3.4 0.7 * 19.0 13 .0 
i'iNW 0.6 2.0 0.8 0.1 * • 3.5 6.3 
VAR 1.6 1.7 * 3.3 3.4 
CALM 0.3 0.3 
TOTAL 11.8 34.7 28.0 17.4 6.7 1.2 100.0 9.3 
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TABLE 3-2. Percentage Frequency Distribution of 50-ft Wind 
Distribution -Versus--Speed. (Sheet 4 of 7) . 

Speed class (mi/hr) 

Direction 0 4 8 13 19 25 32 39 Total Average 
to to to to to to to to >46 speed 

3 7 12 18 24 31 38 46 

July 

N 1. 1 2.6 0.6 0.1 4.4 5.3 
NNE 0.7 2.1 0.0 0.2 * 3.8 6.0 
NE 0.9 2.1 0.5 0.2 * 3.7 5.7 

ENE 0.5 1.2 0.2 * 1.9 5.0 
E 0.7 1.5 0.3 2.5 4.9 
ESE 0.7 1.3 0.3 * 2.3 4.9 

SE 0.9 1.7 0.3 * 2.9 4.9 
SSE 0.4 1.0 0.4 * * 1.8 5.6 
s 0.7 1.5 0.2 0.1 * * 2.5 5.3 
SSW 0.5 1.3 0.5 0.2 * * 2.5 6.5 
SW 0.8 2.3 1.7 1.0 0.4 0.1 * 6.3 9.1 
WSW 0.7 3.0 2.8 1.4 0.4 0.2 * 8.5 9.5 
w 1.0 4.4 3.5 0.9 0.1 * 9.9 7.7 
WNW 0.7 4.2 7.7 4.8 1.8 0.2 19.4 11.2 
NW 0.9 3.8 5.6 5.1 3.0 0.5 18.9 12.4 . 
NNW 0.8 2.0 0.7 0.1 * 3.6 5.8 
VAR 2.6 1.8 * 4.4 3.3 
CALM 0.4 0.4 
TOTAL 15.0 37.8 26.1 14.1 5.7 1.0 100.0 8.6 

August 

N 1.3 2.5 0.4 0.1 4.3 5.0 
NNE 1.0 1.8 o.s o. 1 3.4 5.1 
NE 1.3 1.6 0.3 0.1 * 3.3 4.4 

ENE 0.7 1.1 0~1 * 1.9 4.3 
E 0.9 1.3 0.2 * 2.4 4.5 
ESE 0.0 1.6 0.3 2.7 4.7 
SE 1.1 1.8 0.5 * 3.4 4.8 
SSE 0.7 1.1 0.6 * * 2.4 5.5 
s o.a 1.4 0.3 * 2.5 4.8 
SSW 0.6 1.6 0.7 0.2 0.1 3.2 6.6 
SW 1.0 2.7 1.6 a.a 0.2 0.1 * 6.4 8.1 
WSW 0.9 3.2 2.9 1.4 0.1 o·.1 8.6 8.5 
w 1.3 5.1 4.1 0.7 * 11 .2 7.5 
WNW 0.9 4. 1 7.6 4.1 1.3 0.2 18.2 10.6 
NW 1.2 3.8 5.1 4.5 2.3 0.5 17.4 11 .8 
NNW 1.0 2.3 o.s 0.1 * 3.9 5.4 
VAR 2.8 1.3 4.1 3.0 
CALM 0.6 0.6 
TOTAL 18.9 38.3 25.7 12.1 4.0 0.9 * 100.0 7.9 
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:TABLE 3~2. Percentage Frequency Distribution of 50-ft _Wind 
-Di-stribution Versus · Speed.. (Sh~et _5 of 7} . . 

Speed class (mi/hr} 

Direction 0 4 . 8 13 19 25 32 39 Total Average 
to to to to to t o to to >46 speed 
3 7 12 18 24 31 38 46 

September 

N 1.9 2.4 0.9 0.3 * * S.5 5.3 
NNE 1.5 1.8 1.0 0.4 0.1 * 4.8 6.4 
NE 1.8 1.8 0.6 0.3 0.1 * 4. 6 5.6 
ENE 1.3 0.9 0.1 0.1 2.4 3.9 
E 1.5 1.1 0.2 * 2.9 3. 7 
ESE 1.2 1.5 0.2 2.9 4.1 
SE 1.4 2.1 0.4 * 3.9 4. 6 
SSE 0.9 1.3 0.5 0.1 2.8 S.3 
s 0.9 1.3 0.3 0.1 * 2.6 5. 2 
SSW a.a 1.6 o.s 0.2 0. 1 0. 1 3.3 7.0 
SW 0.8 2.1 1.3 1.0 0.5 0.3 * 6.0 9.9 
WSW 1.0 3.0 2. 7 1.3 0.6 0. 1 * 8. 7 9.4 
w 1.3 4.9 . 3.7 0.8 0.3 0. 1 11 .1 ·1 .6 
WNW 1.2 4.0 S.6 2.9 0.9 0.1 14.7 9.8 
NW 1.4 3.6 4.9 3.3 1.4 0.2 14.8 10·.5 
NNW 1.3 2.6 0.9 0.2 * s.o S. 7 
VAR 2.0 0.6 2.6 2.6 
CALM 1.2 . 1.2 

. TOTAL 23 .S 36. 6 23 .8 11.0 4.0 0.9 100.0 7.5 

October 

N 2.6 1.7 0.4 0.1 4.8 3.9 
NNE 2.1 1.1 O.J 0.1 3.6 3.9 
NE 2.4 0.8 0.2 0.1 * 3.5 3.5 
ENE 1.4 0.7 0. 1 * * 2.2 3.6 
E 1.8 0. 9 0. 1 2.8 3.1 
ESE 1.8 1.4 0.1 3.3 3.6 
SE 2.5 1.9 0.6 0. 1 S.1 4.2 
SSE 1.0 1.5 0.7 0.1 * 3.3 5.7 
s 1.1 1.4 0.5 O.J 0.2 * 3.5 6.7 
SSW 1.0 1.4 0.7 0.7 o.s 0.2 * * 4.5 9.7 
SW 1.0 2.0 1.5 1.4 1.0 0.4 * 7.3 11 .3 
WSW 1.0 2.8 3.0 1.6 0.6 0.1 * 9. 1 9.5 
w 1.7 4.6 3.6 0.7 0.1 * 10.7 7. 1 
WNW 1.7 4.7 5.0 1.4 0.4 * 13 .2 a. 1 
NW 2.4 4.4 4.0 1.6 0.4 0.1 * 12.9 8.0 
NNW 2.1 2.5 0.6 0.1 * * 5.3 4.7 
VAR 1.6 0.1 * 1. 7 1.8 
CALM 2.7 2.7 
TOTAL 31.9 33.9 21.4 8.3 3.2 0.8 * * 100.0 6.7 
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TABLE -3-2. Percentage Frequency_ Distribution of 50-ft Wind 
, Distrfbution Verst1s Speed~ (Sheet 6 of 7) 

Speed Class (mi/hr) 

Direction 0 4 8 13 19 25 32 39 Total Average 
to to to to to to to to >46 speed 
3 7 12 18 24 31 38 46 

November 

N 2.7 1.3 0.4 0.2 4.6 4.0 
NNE 2.2 0.7 0.4 0.2 * 3.5 4.0 
NE 1.9 0.5 0.1 * 2.5 2.8 
ENE 1.8 0.4 • 2.2 2.5 
E 1.9 0.6 * 2.5 2.6 
ESE 2.0 1.0 0.1 3.1 3.1 
SE 2.5 1.4 0.3 0.1 4.3 3.9 
SSE 1.4 1.2 0.4 0.2 0.1 * 3.3 5.3 
s 1.7 1.2 0.5 0.5 0.3 * 4.2 6.8 
SSW 1.4 1.2 0.8 0.9 0.7 0.2 0.1 5.3 9.9 
SW 1.6 1.6 1.4 1.5 0.8 0.3 0.1 * 7.3 10.5 
WSW 1.3 2.1 1.9 1.3 0.4 0.1 * * 7 .1 9.1 
w 2.1 3.4 1.9 0.6 0.1 0.1 * 8.2 6.8 
WNW 2.5 4.6 4.9 1.0 0.3 0.1 13.4 7.5 
NW 3.6 5.9 4.7 0.7 0.1 0.1 * 15.1 6.6 
NNW 3.0 2.8 1.0 0.2 7.0 4.6 
VAR 1.4 0.1 1.5 1.6 
CALM 4.7 4.7 
TOTAL 39.7 30.0 18.8 7.4 2.8 0.9 0.2 * 100.0 6.1 

Decelber-

N 2.7 1.0 0.3 0.2 4.2 3.5 
NNE 1.6 0.6 0.2 * 2.4 3.6 
NE 1.7 0.5 * * 2.2 2.6 
ENE 1.5 0.5 * 2.0 2.4 
E 1.6 0.6 0.1 * * 2.3 2.9 
ESE 1.9 0.7 0.2 0.1 * 2.9 3.6 
SE 2.6 1.2 0.4 0.1 • 4.3 3.6 
SSE 1.7 1.2 0.2 0.2 o. 1 3.4 4.7 
s 1.7 0.8 0.4 0.4 0.2 0.1 * 3.6 6.7 
SSW 1.3 0.7 0.6 0.8 0.5 0.4 0.1 * 4.4 11.1 
SW 1.5 1.3 1.2 1.4 1.0 0.5 0.1 • • 7.0 11.8 
WSW 1.6 1.8 1.7 1. 1 0.4 0.1 * 6.7 8.6 
w 2.1 2.7 1.5 0.5 0.1 * 6.9 6.0 
WNW 2.9 5.7 5.3 0.8 0.1 * 14.8 6.9 
NW 3.8 7.3 6.0 1.0 0.1 18.2 6.7 
NNW 2.9 2.4 0.9 0.1 6.3 4.3 
VAR 1.5 0.1 1.6 1.7 
CALM 6.8 6.8 
TOTAL 41.4 29.1 19.0 6.7 2.5 1.1 0.2 * * 100.0 5.9 
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TABLE 3-2. Percentage Frequency Distribution of 50-ft Wind 

Distribation Versus Speed. · -(Sheet 7 of -7) 
Speed ~lass (~1/hr) 

Direction 0 4 8 13 19 25 32 39 Total Average 
to to to to to to to to >46 Speed 
3 7 12 18 24 31 38 46 

COMPOSITE OF ALL MONTHS 

N 2.0 1.8 0.6 0.2 * * 4.6 4.9 
NNE 1.4 1.4 0.6 0.3 * * 3.7 5. 7 
NE 1.6 1.2 0.4 0.2 * * 3.4 4.9 

ENE 1.0 o.s 0.2 * * * 2.0 4.1 
E 1.2 1.0 0.2 * * 2.4 3.9 
ESE 1.2 1.1 0.2 * * 2.5 4.0 
SE 1.6 1.6 0.4 0.1 * * 3.7 4.5 
SSE 0.9 1.1 0.5 0. 1 * * z.o 5.7 
s 1.0 1.3 0.4 0.2 0.1 * * * 3.0 6.4 
SSW 0.9 1.3 0.7 0.6 0.3 0.2 * * 4.0 9.5 
SW 1.0 2.0 1.6 1.4 0.8 0.3 0.1 * * 7.2 10.9 
WSW 1.0 Z.5 2.7 1.6 0.5 0.2 * * 8.5 9.9 
w 1.4 3.9 3.2 1.0 0.2 * * 9.7 7.7 
WNW 1.5 4.5 6.1 2.9 0.9 0.1 * 16.0 9. 7 
NW 2.1 4.9 5.2 2.8 1.3 0.3 * 16.6 9.6 
NNW 1.7 2.3 0.8 0.1 * * 4.9 5.1 
VAR 1.7 0.7 * 2.4 2. 7 
CALM 2.2 2.2 
TOTAL 25.4 33.4 23.8 11.5 4.1 1.1 0.1 * * 100.0 7.6 

• Denotes less than o.oss. 
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i· NUMBER OF DAYS 

. ! . CLEAR 10-i°TENTHS s1<Y:i:rivER. SR TO .. SSI 
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\ 
'' ! :· 

l 
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GREATEST ANNUAL 11946-751 
LEAST ANNUAL 11946-751 

CLOUDY 18-10 TENTHS SKY COVER. SR TO SSI 

141 
85 

"GREATEST ANNUAL 11946-75! 181 

LEAST ANNUAL 11946-751. 84 

THUNDERSTORMS 

GREATEST ANNUAL 11974-751 23 
LEAST ANNUAL 11974-751 3 

HEAVY FOG VISABILITY 1/4 mi OR LESS! 

GREATEST SEASONAl.11945-1975I 
LEAST SEASONAL 11946-751 

PRECIPITATION 0.10 in. OR MORE 

GREATEST ANNUAL 11946-751 
LEAST ANNUAL 11946-75! 

SNOW 1.0 in. OR MORE 

GREATEST SEASONAL 11946-751 
LEAST SEASONAL 11946-751 

3 in. OR MORE SNOW ON GROUND 

GREATEST SEASONAC 11946-751 
LEAST SEASONAL 11946-751 

PEAK GUST 40 mi, hr OR GREATER 

GREATEST ANNUAL 11945-751 
LEAST ANNUAL 11946-751 

MAXIMUM TEMPERATURE 90'F OR ABOVE 
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10 

15 

0 
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41 
13 

GREATEST ANNUAL 11912-751 85 
LEAST ANNUAL 11912-751 31 

MAXIMUM TEMPERATURE 100'F OR ABOVE 

GREATEST ANNUAL 11912-751 32 
LEAST ANNUAL 11912-751 

MAXIMUM TEMPERATURE 32'F OR BELOW 

GREATEST SEASONAL 11912-751 
LEAST SEASONAL 11912-751 

MINIMUM TEMPERATURE 32'F OR BELOW 

GREATEST SEASONAL 11912-751 
LEAST SEASONAL 11912-75! 

MINIMUM TEMPERATURE O"F OR BELOW 

GREATEST SEASONAL 11912-751 
LEAST SEASONAL 11912-751 

LOCATION ANO HISTORY 
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o 

1951 
1966 

1969-

1949 

1948 
1949 

1950-51 
1948-49 

1950 
1965 

1955-56 
1957-58 

1964-65 
1966-67 -

1961 
1958 

1940-
1964 

1942 
1954 

1955-56 
1937-38 

1916-17 
1957-58 

/ 1949-50 
/ 1974-75-

PRESENT LOCATIO•I 25 mi NW OF RICHLAND. WASHINGTON 

LATTITUOE 46"34'N: LONGITUDE 119"36-W, ELEVATION 733 ft 

OBSERVATIONS FROM 1913 TO 1944 WERE BY UNITED 
STATES WEATHER BUREAU COOPERATIVE OBSERVERS AT 
A SITE ABOUT 10 mi ENE OF PRESENT LOCATION. BETWEEN 

1944 ANO 1975. OBSERVATIONS HAVE BEEN MAINTAINED 
ON A 24 hr-A-DAY BASIS BY THREE DIFFERENT 
GOVERNMENT CONTRACTORS. 

RCP8204-191 
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Temperatures at Hanford are colder in winter_ and warmer in summer 
_than would be the case without the Cascade Range. However, other mountain 
ranges shield ·the area from arctic surges, and half of all winters are free 
of temperatures as low as 0°F. However, six winters in 63 yr of record 
have contributed a total of 16 d with temperatures of -20°F or below; in 
January through February, 1950, there were four consecutive such days. 
There are recorded 10 d when even the maximum temperature failed to get 
above 0°F. At the other extreme, in the winter of 1955-56, the lowest 
temperature all season was 22°F~ Although daytime temperatures reach 90°F 
or above for an average of 56 d/yr, nighttime temperatures of 70°F or 
above occur only an average of 8 d/yr. · The cool nights are a result of 
the-gravity winds mentioned earlier. 

Thunder.storms have been observed at the HMS in nearly every month or 
the year, but are very rare· during the winter months. Although severe 
thunderstorms are rare, the site is vulnerable to lightning strikes 
causing grass fires; the most notable occurrences were in August 1961, 
July 1963, July 1970, and August 1973.(2) · 

The formation of a severe tornado of the Midwest type is highly 
-unlikely under the ·climatologic and orographic conditions of the Pacific 
Northwest. There have been only two tornado funnel clouds and one small 
tornado (June 16, 1948) observed on the Hanford Site in the 34-yr period 
1945 through 1978. Although one of these touched ground, it caused no 
damage. The nearest reported tornado damage was in Yakima (April 30, 
1957), about 4tmi to the west~ and at Wallula J~nction· (June 26, 1958), 

·about 50. mi to the southeast.(£:) Only minor damage was noted. · 

3.3~2 Local Climatology 

3.3.2.1 Data Sources. The principal source of climatologic data for the 
Hanford Site is the HMS, with its 410-ft tower, located between the 
200 East and 200 West Areas (see Fig. 3-2). Elevation of the station is 
733 ft above mean sea level. This ·meteorological station has been col
lecting data since 1944. From 1912 through 1942, weather records were 
kept at a U.S. Weather Bureau cooperative station near the old Hanford 

· towns ite. 

Wind measurements 
1970, but were reduced 
ments were recorded at 
eight levels in 1971. 
levels: 

20 

were taken at eight tower levels from 1944 through 
to six tower levels in 1971. Temperature measure
nine tower levels from )944 to 1970, but changed to 
The following chart shows present tower observation 

Tower levels (ft) 

50 100 150 200 250 300 I 400 

Temperature 

Wind 

X i X X X X X X X 

X X ·x X X X 
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Surface observations of dewpoint temperatures and ambient air temperature 
are taken about 75 ft northwest of the tower. About 1,500 ft west of the 
tower is a pyranometer, a precipitation gauge, and an instrument shelter 
with maximum and minimum thermometers. 

At the HMS Site, upper wind measurements are made by the pilot
balloon-theodolite (pibal) method~ These measurements are available for 
the period January l, 1969, through the present. Some of these. 
observations are su111narized for climatologic use. Observations are.· 
presently taken at 0100 and- 1_300 h--Pacific standard time (PST) e. 

3.3.2.2 ·Normal and Extreme-Values of Meteorological Parameters. These 
data are given in Table 3-3. 

3G3.2.3 Topography. The topography around the PUREX Plant basically 
slopes downward to the Columbia River to the north and east and slopes up 
to the hills to the south and west.· Contours within a 50-mi radius are 
shown in Figure 3-13. Cross sections showing profiles of the ground sur
face are presented in Figure 3-14. 

3.3.3 Onsite Weather Forecasting and Climatology Capability 

Meteorological and climatological services available from the HMS 
include the following list. 

• Emergency Response Capability 

In the ev~nt of an accidental release of radioactive material, 
the forecaster on duty would immeoiately compute a downwind 
centerline concentration and identify the endangered area. To 
do this 11 one uses wind data available from a network of 20 wind 
stations which are on a telemetry network and automatically 
reported each hour. On a routine basis, these wind data are 
used to construct airflow charts over the Hanford Site at 0400, 
1000, 1600, and 2200 h, PST. The next duty of the forecaster is 
to incorporate the wind d.ata and stability category with an 
interactive mesoscale diffusion and transport computer model to 
produce computer printouts of trajectories and concentrations 
over the Hanford Site. This service is available 24 ha day, 
365 d_ a year. · 

• Severe Weather Advisories 

This service is provided to facilitate safe and efficient opera
tion of the Hanford plants. These advisories consist primarily 
of winds in excess of 35 mi/hand thunderstorms; however, occa
sional warnings are required for drifting snow and freezing rain. 
Although tornadoes are seldom seen in the Hanford Site, if condi
tions were such that a tornado could be produced, a warning to 
that effect would be issued over the emergency warning system. 
People designated by each contractor are notified to take appro-
priate action. · 
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. FIGURE 3-14. Ground Surface Cross Sections. 
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• General Weather Forecasts 

General weather forecasts are prepared and recorded at 0700 and 
1500.h each day. The forecasts are tailored to the requirements 
of DOE and Hanford .contractors for general work scheduling. 

e Climatology 

Climatologic data and analyses for the Hanford Site are provided 
to assess energy demands for preliminary site assessments and 
for the design and construction of facilities in which environ
mental control is essential. 

One of the functions of the HMS is to monitor and record the wind 
speed and direction and stability data from the HMS tower. Joint frequency 
distri_bution of wind speed, wind direction (at 200 ft), and stability data 
(AT between the surface· and 200 ft), are given in Table 3-4 for t:he period 
1973 through 1975. 

Atmospheric stability refers to the degree of turbulence in_ the air; 
when the~atmosphere is thermally stable, turbulent motions are suppressed 
and less mixing and dilution of contaminants can occur. 

Stability is a function of the vertical thermal gradation of the 
atmosphere (Table 3-5). · Divided into classes: class A represents the 
most unstable atmospheric conditions and class F represents the most 
st~ble conditions (Table 3-6). . 

Figure 3-15 presents a wind rose for all stability classes combined. 

3.3.4 Short-Term Diffusion Estimates 

Diffusion estimates for short-term, accidental releases have 
been described and calculated using·Pasquill's parameters(5) with 
Gifford's(6) conversion giving standard deviations of plume 
concentration distribution.(7J 

Calculated diffusion estimates for a 200-ft stack release show that 
for the unstable class the maximum concentration of radionuclides would 
occur at a distance of 1,300 to 1,900 ft from the source. The maximum 
concentration of radionuclides for the neutral class would be expected to 
occur at 3,300 to 6,600 ft, and for the moderately stable class at 3 to 
18 mi. The very stable class gives a maximum concentration of radio
nuclides at about 60 mi. 

The seasonal and daily variation in stability classes indicates that, 
on the average, the unstable class dominates on summer days and the stable 
class is most prevalent at night. During winter, stable or neutral condi
tions are more prevalent. 
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TA.BLE 3-4. 
---· .. 

Hnd 
Stabil tty ;peed 

rni/hr) type* NNE NE 
--
o·-3 

4-7 

8-12 

13-18 

19-24 

25-7 

vs 0.06 0.05 
MS 0.38 0.28 

N 0.42 0.50 

u 0.62 0.71 

vs 0.04 0.02 

MS 0.28 0.18 

N 0.28 0.21 

u 1.04 0. 79 

vs 0.01 0.01 
MS o. 21 0.15 

N 0.16 0 .. 10 

u 0.54 0.25 

vs 0.00 0.00 

HS 0.08 0.04 

N o. 14 0.07 

u 0.23 0.08 

vs 0.00 0,00 

MS 0.00 0.01 

N 0.00 0.02 
u 0.05 0.04 

vs 0.00 0.00 

MS 0.00 0.02 

N 0.00 0.02 

u 0.01 0.00 

* . 
VS= Very stable 
MS • Moderately s_table 

II " Neutra I 
II''= Unstab 1 e 

'. 
j::· 

av•1~1a nru,11 111J,1,eUa~, 
\~ 

Joint Frequency Distribution of Wind Speed_Direction-~t 
200-ft" Level Versus Atmospheric Stability. "' 

Wind direction 

ENE E ESE SE SSE s SSW SW WSW w WNW 

0.03 0.06 0.08 0. 12 0.08 0.04 0.08 0.05 .0.07 0. 12 0.08 
0. 18 _ 0.30 0.38 0.60 0.37 0.30 0. 19 0.26 0.36 0.39 0.51 
0.34 0.37 0.38 0.48 0.28 0.21 0.13 0.16 0.22 0.20 0.24 

0.33 0.29 0.37 0.41 0.19 0.13 0.10 0.23 o. 12 o. 17 0.15 

0.02 0.01 0,04 0.07 0.10 0.07 0.07 0.11 0.10 0.24 . 0.23 
0.16 0.19 0.37 0.56 0.41 0.36 0.31 0.42 0.58 o.-86 1.13 

0.17 0.20 0.31 0.28 0.14 0.17 0.12 o. ]6 0.19 0.2~_ 0.48 
0.56 0.57 0,59 0.65 0.37 0.34 0.41 0.50 0.43 0.34 0.5? 

0.00 0.00 0.OI 0.02 0.02 0.03 0.03 0.04 o. 13 0.24 0,33 

0.11 0. 14 0.13 0.31 0.37 0.25 0.28 0.39 0.77 I .69 2.73 

0.04 0.07 0. 15 0.12 0.10 0.10 0.21 0.21 0.29 0.36 0.76 
0.12 0.13 0.08 0.17 0.10 0.09 0.29 0.48 0.50 0.27 0.52 

0.00 0.00 0.00 0.01 0.02 0.OI 0.01 0.02 0.08 0.13 0.26 

0.02 0.03 0.03 0.12 0.22 0.15 0.21 0.40 0.97 1.53 3.65 
0.01 0.01 0.02 0.03 0.08 0.11 0.22 0.38 0.53 0.50 1.15 
0.02 0.01 0.00 0.02 0.03 0.04 0.12 0.48 0.75 0.25 0.61 

•,c' .• 

0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.9s 
0.00 0.00 o.oo 0.01 0.05 0.07 o. 16 O.J] 0.56 0.26 - 1. 31 . 
0.01 0.00 0.00 0.00 0.03 0.06 0.20 0.43 0.35 0. 19. - 0.99 
0.00 0.00 0.00 0.00 0.00 0.01 0.10 0.28 0.30 o. 12 0.31 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00. 0.00 

0.00 0.00 0.00 0.02 - 0.04 0.04 o. 19 0.31 o. 15 0.05 0.37 

0.00 0.00 0.00 0.01 0.00 0.04 0.23 0.5] 0.24 0.04 0.63 

ci.oo o.oo 0.00 0.00 O.!)O 0.00 0.06 0.34 0.30 0.03 0.26 ----~-

NW NNW 

o. 10 0.07 

0.46 0.52 

0;33 0.39 

-o. 19 0,32 

0.20 0.14 

1.20 0.93 

0.62 0.56 

0.93 L:n 

0.45 0.22 

2.317 0.97 

1.01 0.29 

1.31 0.57 

0.79 0.08 

2.67 0.42 
0.86 0.17 
0.84 0.13 

0. 12 0.00 

1.20 0.04 
0.80 0.05 
0.63 0.03 

0.00 0.00 

0.39 0.00 

0.93 0.01 

0.67 0.01 

N 

0.11 

0.43 
0.47 

0.44 

0.11 

0.52 

0.44 
0.91 

0.01 

0.34 

0.21 

0.40 

0.01 
0,06 

0.09 
0.10 

0.00 

0.01 
0.02 
0.01 

0.00 

0.00 

0.01 

0.02 

(/) 
C 
I 

:J: 
;:ICI (/) 
rr, I 
< (/) 
wi; 

-1 
0 
o· 
~-

... ~ 



~:: ,., 
e!i¾ 
~" .e,...J: 
r'~~ 
~i,tft\V.t-· 

~~X· 

~",, 

Surface wind speed 
at 10 m (m/s) 

·ic:: .2 
2 to 3 
3 to 5 
5 to 6 
:::,.6 

SD-HS-SAR-001 
. REV 3 

TABLE 3-5. Hanford Stability 
TypeSs.(see Table 3-12). 

Type 6T/6Z (°F/200 ft) 

vs >3.5 
MS -0.4 to 3.5 
N -1.4 to -0.4 
u <-1.4 

TABLE 3-6. Key to Stability Classes. 

Day Night 

Incoming solar radiationa Thinly over-
cast or 

broken low 
Strong Moderate Slight clouds 

A A, B B 
A, B. B C E 
B B, C C Db 

C C, D D D 

C D D D 

Scattered 
clouds 

F 
E 

D 
D 

aStrong incoming solar radiation corresponds to a solar altitude 60° 
with clear skies; slight insolation corresponds to a solar altitude of 
15° to 35° with clear skies. 

b The neutral class D should be assumed for overcast conditions day 
or night. 
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FIGURE 3-15. Joint Frequency Distribution of Wind 
Speed Direction.. 

3.3.5 Long-Term (Routine) Diffusion Estimates 

Using the joint frequency distribution of wind speed and.direction 
versus atmospheric stability (Hanford diffusion model) for the period 
1973 through 1975 (see Table 3-4 and Fig. 3-15) atmospheric dilution 
factors were calculated for all 16 compass sectors and distances to 
35 mi. Results of these calculations are shown in Figure 3-16. These 
estimates are for a 200-ft stack release. 

3-38 



c:::5:' 
it 

r~. -e-~ 
r-,~ 

SD-HS-SAR-001 
REV 3 

km 

40 

30 

20--~ 

. 10--..._ 

5 X 10"8 

t ) REL~SE POINT ·1:o_J 1 X 10'.°8 

40 

60 

X/Q = UCi/cml3 
Ci/s 

RCP7903-84A 

FIGURE 3-16. Isopleths of Average, 
Normalized Cloud Concentrations. 

3.4 SURFACE HYDROLOGY 

3.4. 1 Surface Water 

The surface water located within the boundaries of the Hanford Site 
consists of the Columbia River, various ditches and ponds in and near the 
200 Areas, and three ponds located in the 300 Area. These are shown in 
Figure 3-17. Two ephemeral streams just west of the Hanford Site, Cold 
and Ory Creeks, may flow for a short period after a heavy rainfall or 
snowmelt. The Yakima River borders part of the Hanford Site southern 
boundary. 

The surface hydrology of the Hanford Site has been extensively 
studied.(2,8) These studies include an analysis of the Columbia and 
Yakima Rivers, as well as extensive investigations as to the nature of a 
number of man-made ditches and ponds used for the disposal of low-level 
radiactive liquid waste, certain industrial waste, and cooling waters from 
various processes. A complete list of the ditches and ponds, with their 
physical dimensions and radioactive inventories, has been compiled.(2) 
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As discussed in previous sections, the climate at the Hanford Site is 
arid to semiarid with an average annual rainfall of 6.25 in. The projected 
maximum annual rainfall that might occur in the next 1,000 yr is about 18 in. 
(a threefold increase in the recorded average annual precipitation).(2) · 

A calculation of the effect of a Columbia River flood that might occur 
in the next 1,000 yr on waste management operations has been performed and 
reported.(2) The flooding condition used in the analysis is the dam
regulated "probable maximum flood" (PMF) previously predicted(2) by the 
U.S. Army Corps of Engineers. This projection was derived using extensive 
data and computer modeling techniques and incorporating assumptions for a 
combination of conditions which are the most severe and are considered 
11 reasonably,possible 11 for the Columbia Rive~ Basin. Contributing factors of 
winter snow accumulation, spring melting, and runoff-season rainstorms were 
max imi zea. · 

The basic cause of the PMF would be spring snowmelt runoff in the 
mountains of the Col1.011bia River watershed following exceptionally cold and 
wet weather during the October to April snow accumulation season. It was 
assumed that, over the Col1J11bia River Basin as a whole, the October to April 
precipitation equaled 1.3 times the normal annual precipitation. Unusually 
rapid melting due to meteorologic c·onditions was predicted as a result of the 
assumption of extreme seasona 1 _values for .air temperatures.~ dewpoi nt,_ -solar 
radiation albedo, and wind speed. In addition, two hydrologically 
significant (the most severe considered "reasonably possible") basin-wide 
rainstorms were assumed. It was also assumed that rain contributions to the 
PMF fell entirely during two 5-d periods during the snowmelt season~ Mid-May 
was arbitrarily chosen for the first storm; the second was timed to maximize 
the natural peak ~ischarge of the lower Columbia River. The calculation 
shows that, even under these circumstances, there would be no effect on the 

. PUREX Plant and other operations in the 200 Areas. 

The probable maximum 24-h precipitation that can be expected in the 
Hanford region at least once in 1,000,000 yr is 11 in.(9) The maximum 
recorded 24-h precipitation has been 1.91 in. Even an 11-in., 24-h down
pour would not cause flooding of the 200 Areas.(2) 

Estimates of the consequences of hypothetical (artificial) floods have 
been reported.(10) A worst-case event would result from a postulated 50% 
breach of Grand Coulee Dam. The ensuing flood of 8,000.,000 ft3/s would 
crest at about 460 ft above MSL in the channel between 200 East Area and 
Gable Mountain (see Fig. 3-4). The PUREX Plant would be well above the cre~t 
of the flood, but normal operations could not be continued. (The export 
water line and certain electrical transmission lines would be affected by the 
flood, necessitating the use of backup services at the PUREX Plant.) 

Aside from the hypothetical breach of Grand Coulee Dam, surge- or 
seiche-type flooding cannot occur there. 
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3.4.3 PUREX Water Discharge and Disposition 

The PUREX Plant is located within the 200 East Area on a plateau about 
700 ft above MSL (see Fig. 3-4). This plateau is 300 ft above the Columbia 
River water level and about 7 l!li from the closest point to the river. 

Full-scale PUREX operation is projected to discharge an average of 
5,500 gal/min. Maximum water discharge could reach 6,000 to 8,000 gal/min. 
Of this amount, 4,000 gal/min are planned to be routed to pond 216-A-25 with· 
the remainder going to pond 216.-B-3. During periods of PUREX shutdown,. 
discharge to pond 216-A-25 will be about 2,000 gal/min. 

Water samples are collected weekly from ponds 216-A-25 and 216-B-3 and 
.the.effluent ditches and analyzed for total alpha and beta concentrations. 
Special analyses are conducted following any known radioactive release. 

3.4.4 Environmental Acceptance of Radionuclides 
1-i'lfJ~<:; 

::ic"~ The sediments beneath the site consist of a thin mantle of windblown 
•:::~ silts and sands which cover layers of sand and gravels up to 200 ft thick 

.. , deposited by catastrophic Plei_stocene floods. Older sands, silts, and 
gravels lie. beneath the flood deposits. These sedimentary deposits have the 
capacity to sorb and retain radioactive contaminants from the waste streams 
and from accidental spills or leaks from waste tanks. 

Because of the mild, dry climate (average annual precipitation of 
J. 6.25 in.), the influence of precipitation and evapotranspiration on the 

sediment moisture content is most pronounced in the surface 6 to 7 ft, with 
.. ,: measurable changes occurring as deep as 40 ft.(11) Even though the · 
·.. sorption capacity of the sediments is low, the total sorption capacity of the 

sediment column between waste release point and the water table is high 
because of the long length of the column (up to about 320 ft in the 200 East 
Area). The high column sorption capacity and low precipitation provide 
excellent conditions for maximum sorption of radionuclides released 
to the sediments. This prevents most of the radionuclides (except neutral 
and negatively charged species) released to the sediments from reaching the 
water table.(2} - · 

3.5 GROUNDWATER HYDROLOGY 

3.5. 1 Regional Hydrogeology 

· The Hanford Site lies within the Pasco Basin, a structural and topo
graphic low within the Columbia Plateau physjographic province. The Pasco 
Basin (Fig. 3-18) is bounded by the Saddle Mountains to the north, the 
Umtanum and Yakima Ridges to the west, the Rattlesnake and Horse Heaven Hills 
to the south, and a broad regional monocline (known locally as the Jackass 
Mountain mo~ocline) to the east. 
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FIGURE 3=18o The Setting of the Pasco Basin. 
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The regional geology of the Hanford Site has been extensively studied 
and documented.(12J From a hydrologic standpoint, the area is composed 
of a series of confined aquifers (primarily sedimentary interbeds of the 
Ellensburg Forination and interflow zones within the Columbia River Basalt 
Group) overlain by an unconfined aquifer in the upper and middle Ringold 
Formation and overlying sediments of the Hanford fonnation (informal name)o 
The hydrologic characteristics.of the various stratigraphic horizons are 
summarized in Table 3-7. 

Based upon interpretations from available geologic datas numerous. lava 
extrusions flowed out from extensive fissure: systems and flowed across the 
Columbia Plateau during the late Tertiary. The highly fluid lavas covered 
the surrounding terrain and flowed into the regional low areas such as the 
Pasco Basin. As basining continued, thick sections of basalt accumulated 
within these low regions. Because of the geometry of the flows and the 
erosion or deposition of various sediments between the flows, there· exists 
within these rock units several artesian aquifers (eog., the Mabton-Priest 
Rapids aquifer in the Cold Creek area and.the Frenchman Springs aquifer in 
the Quincy-Odessa area)~ Water recharged these aquifers about 14,000 yr 
ago, based on radiogenic age-dating using the radioactive 14c technique.· 

During the late Tertiary, the number and size of fissure eruptions 
decreased markedly and finally ceased. Even though volcanic activity 
ceased, -basining continued and was accompanied by a regional north-south 
compression. As a result of these compressional forces acting on the 
basalt rocks, several east-west-trending anticlinal ridges (e.g., Saddle 
Mountains--see Fig. 3-18) were fanned in the western part of the Columbia 
Plateau. The formation of these ridges had a significant impact on the 
course of the Columbia River. Where the Columbia River was able to erode 
the basalt at least as quickly as the anticlinal ridges, little change in 
the course of the Columbia River occurred~ Where the ridges rose faster 
than the water was able to erodes the river was temporarily halted and 
lakes were fanned. As basining continued 9 lacustrine and fluvial deposits 
continued to fill the Pasco Basin and covered previously deposited basalts. 
These sedimentary deposits comprise the Ringold Formation. The White 
Bluffs just east of the Columbia River and north of Richland represent the 
upper portion of the Ringold Formation. 

The total thickness of the Ringold Formation in the Pasco Basin is about 
1,200 ft. It is characterized by clay, silt, and fine sand with some gravel 
lenses in the lower section, cemented gravels in the middle, and silts and 
sands in the upper part of the section. The Ringold sediments are well to 
poorly sorted and show a wide range of cementation. Locally, the coarse. 
silts, sands, and grave ls possess high hydraulic conductivities and are 
capable of storing vast quantities of groundwater. The silty clay and silty 
very fine sand beds have very high porosity, but yield little or no water~ 
These deposits are considered to be impermeable under hydraulic gradients of 
normal magnitude. The water tab-le over the Western portion of the Hanford 
Site occurs near the top of the Ringold Formation. In the eastern half of 
the site, the water table rises well above the Ringold Formation and satu
rates the lower portion of the overlying Hanford formation. 
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TABLE 3-7 •. Hydrogeologic Characteristics of the Pasco Basin, 
------ ·- -- . --- ...... ...... . . . '. -. ' 

GEOLOGIC TIME SCALE GEOLOOJC CHARACTERISTICS 'HYOROGEOLOGY 

RADIOGENIC STRATIGRAPHIC AVERAGE 
ERA PERIOD EPOCH DATE, YEARS 

UNIT BED OR FLOW UNIT . GENERAL LITHOLOGIC CHARACTER THICKNESS HYDROLOGIC CHARACTER . AQUIFER 
BEFORE PRESENT lnl 

... 
z AUUVIUM BANDS, SILTS, GRAVELS, AND CLAYS , OCCUR EVERYWHERE ABOVE THE ... 

DUNES TO eo DRY u 
COLLUVIUM AND MODIFIED BY WIND EROSION WATER TABLE 9 8,800-

0 EOLIAN SEDIMENTS 
::c 

10,000 

.. 12,600- TOUCHET BIL TS FIND-GRAINED FACIES OF THE GI.ACID• 
II: FLUVIAL DEPOSITS. BEDDED IN QUIET OCCUR ABOVE THE WATER TABLE 
Cl 

EXCEPT BETWEEN THE HIGH OCCASIONALLY &i WATER 

~ 
... 0-400 TERRACE PLATEAUS ANO THE AN UNCONFINED 

ili <12.000- PASCO GRAVELII PAEOOMINANTL Y COARSE-GRAINED COLUMBIA RIVER. HAS VERY HIGH AQUIFER OR DRY 
u TRANSMISSIVITY AND STORAGE a 0 GRAVELS, COBBLES AND SANDS WITH 

i GLACIOFLUVIAL CUT-AND-Fill STRUCTURE 
<,18,000- SANDS AND GRAVELS 

!HANFORD FORMATION) 
PALOUSE SOil CALCAREOUS SAND AND SILT EOLIAN 

DEPOSIT MAINLY DERIVED FROM 0-80 ABOVE WATER TABLE WHEN PRESENT ot-
40,000- RINGOLD FORMATION 

1,000.000 
u .. 
0 UPPER RINGOLD LOCALLY CAPPED IIY CALICHE. MOSTLY 

I WEll-lEDDED FLUVIAL Sil TB AND 
SANDS WITH SOME GRAVELS SANDS AND GRAVEL BEDS HAVE VERY UNCONFINED u ... 

ili 0·400 HIGH HYDRAULIC CONDUCTIVITY AND AQUIFER 
u RINGOLD FORMATION MIDDLE RINGOLD SANOS AND GRAVELS, WELL SORTED. STORAGE SOME BEDS OF SILTY CLAY 
0 COMPACT, BUT VARIABLY CEMENTED OR CLAY ARE ESSENTIALLY i! 

LOWER RINGOLD SR.Tl AND CLAYS WITH INjERBEDDEO 
IMPERMEABLE 

; GRAVELS AND SANDS. CLAY 19 
4.000,000- CHARACTERISTICALLY BLUE, IIUT MAY 0-400 AQUICLUDE 

> IIE GREEN, BROWN, OR TAN 

I 6.600,000 

BASALT FLOWS WITH INTERFLOW ZONES 
,- -11.000,000 SADDLE MOUNTAINS SEVERAL SEDIMENTARY INTERBEDS OR SOD 

ELLENSBURG FORMATION ARE PRESENT 
FLOWS ARE DENSE WITH LOW-

... BASALT FLOWS WITH INTERFLDW ZONES 1,000 
HYDRAULIC CONDUCTIVITY INTER· CONFINED 

ili 18,000,000 - COLUMBIA RIVER WANAPUM FEW INTERBEDS Of ELLENSBURG FLOWS AND INTERBEDS HAVE HIGHER AQUIFERS u HYDRAULIC CONDUCTIVITY AND 0 BASALT GROUP FORMATION ARE PRESENT 
i TRANSMISSIVITY 

GRANDE RONDE. BASALT FLOWS WITH INTERFLOW ZONES 3,000 

INTERBEDS OF ELLENSBURG .. FORMATION ARE INFREQUENT ANO 
VERY THIN WHEN PRESENT 
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The gravel zones in the basal and lower units of the Ringold Formation 
tend to form a local confined aquifer system. The upper part of the· 
Ringold Formation and the overlying Hanford formation constitute the major 
unconfined aquifer beneath the Hanford Site. · 

The extent of the Columbia River downcutting that took place primar
ily during the Pleistocene is an influential factor in the unconfined 
aquifer. Significant paleochannels.of very high· hydraulic conductivity 
were formed as a result of this downcutting. The nature and location of 
th~ paleochannels have b~en studied using d~ta.from ab9ut)J,009 wells 
drilled on the-Hanford S1te and ·from a gravity survey.\ 13 · 

3.5.2 The Uppermost Confined Aquifers 

The uppermost confined aquifers consist of the lower and basal units 
of the Ringold Formation and the uppermost sedimentary interbeds and inter
flow zones.{8jl4,15) From a water supply standpoint, the only signi-
ficant confined aquifer is in the Priest Rapids Member of the Columbia River 
Basalt Group.(8) This aquifer is about 975 ft below the surface at the· 
PUREX location. . 

Within the Hanford Site and vicinity, the hydrostatic head in all 
the uppermost confined aquifers is about the same at any location~ The 
shape of the potentiometric surface of these aquifers is used to obtain 
an approximate picture of the regional flow system (FigG 3-19). Flow · 
lines are perpendicular to contours of equal hydrostatic head contours. 
Recharge into these aquifers appears to occur within the ridges and 
plateaus fringing the Pasco Basin, with discharge being toward the 
Columbia River. The eastern portion of the Hanford Site appears to be 
a regional discharge area for the_ uppermost confined aquifers.(8) 

The hydraulic properties of the uppermost confined aquifers have been 
studied and reported by various investigators.(15} These properties are 
summarized in Table 3-8. 

The uppermost confined aquifers are interconnected in places to the 
overlying unconfined aquifer. This occurs in areas where the confining 
layer has been eroded or subjected to extensive warping and deformation, 
such as along the anticl inal axis that runs from Umtanum Ridge to. Gable 
Mountain. 

3.5.3 The Unconfined Aquifer 

The unconfined ·aquifer consists of sarid and gravel deposits of both 
the Hanford and Ringold Formations. Since these materials are very 
heterogeneous, greater lithologic differences appear more often within a 
given bed than between.beds. The water table represents the top of the 
unconfined aquifer at any given time (Fig. 3-20). The aquifer bottom is 
either basalt bedrock or silt and clay zones- of the Ringold Formation 
(Fig. 3-21). The aquifer bottom has been determined using information 
from hundreds of wells _drilled at Hanford. 
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TABLE 3-8. Hydraulic Characteristics of the 
Uppermost Confined Aquiferse 

Well number 

699-84-35P 

699-24-lP 
699-Sll-El2 

699-20-El2P 
Mean 

Range 

199-B3-2P 
l 99-H4-2 
699-14~E6Q 
Mean 
Range 

Transm~s~ivity 
(ft /d) . 

Lower Ringold 

4 

go· 

40 

350 
.. 120 

4 to 350 

Rattlesnake Ridge 

3.5 
3 

600 

200 
3 to 600 

Mabton, Wanapum, Grande Ronde 

ARH-DC-1 Range . 
· DH-8 Range 

· 0. 1 to 200 
600 to 2000 

Hydraulic 
.conductivity 

( ft/d} 

0.11 

5 

0.5 
7 

3 

0.11 to ~7 

0.25 
0.3 

. 30 

10 
0.25 to 30 

0.006 to 10 

20 to 66 

NOTE: Other Properties: The porosity for the 
uppermost confined aquifers ranges between 0.3 and 0.4 
(30% to40%). Hydraulic conductivity in the interbeds 
ranges between 1.6 x 10-3 ft/d and 6 x 10-3 ft/d. _. 
The storage coefficient approaches the ~qmpressibflity 
of water. 
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The. hydraulic characteristics of the unconfined aquifer are quite 
variable and are sumlT)arized in Tables 3-9 and 3-10. The storage coeffi
cient is not sufficiently known to plot its areal distribution; however, 
as a result of extensive pump testing and geologic studies, a map was 
developed ( 13). from the vertically averaged hydraulic conduct.i vity . 
distribution -for the unconfined aquifer system (Fig. 3-22). ~ A zone of 
high hydraulic conductivity is situated between Gable Butte and Gable 
Mou~tain and continues through the-middle of·the site. 

TABLE 3-9. Hydraulic Conductivity of the Unconfined Aquifer.· 

Hanford 

. Interval ·tested 
. · (fo_rmation) 

Hanford and Ringold 

Ringold (includ_ing clay) 

Hydraulic condlJctivity (ft/d) 

500 to 20,000 

100 to 1,000 

1 to 200 

· . TABLE 3-10. .Tr~nsmi ssi vity of the Unconfined Aquifer. 

Region Transmissivity (ft2/d) 

North o~ Gable Butte and Gable Mountain 

· On the flank of Gable Butte and Gable 
Mountain and along paleochannels · 

Other areas of the site 

4,000 to 25,000 

40,000.to 600,000· 

2,000 to 40,000 

NOTE: ·storage coefficient ranges from 0.05 to O. l5 throughout the 
site. 

The R_attlesnake Hills, Ya~ima Ridge, and Umtanum Ridge to the west 
and southwest (Fig. 3-23) are impermeable boundaries. Gable Mountain and 
Gable butte, as well .as other small areas of basalt rise above the water 
table, distorting the groundwater flow. The Yakima River recharges the 

. unconfined aquifer along its reach from Horn Rapids to Richland. The 
Columbia River represents a hydraulic discharge boundary for the aquifer. 
Groundwater flow and bank storage are affected by seasonal river stage 
fluctu9tion~ of the Columbia River. · · _ 

. The flow pattern that originally prevailed in thi unconfin~d aquifer 
prior to waste discharges was primarily to the east and northeast with 
discharge into the Columbia River.(2) Natural recharge occurs in the 

· Cold Creek and Dry Creek valleys along the margin of the Rattlesnake Hills 
an_d Yakima Ridge. Groundwater flow appears to be distorted by a buried 
extension of Yakima Ridge, which parallels the Rattlesnake Hills for a 
distance of about 2 mi. 
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As a.result of waste disposal activities at Hanford,· the .unconfined. 
groundwater system has been modified by the imposition of two synthetic · 
flow systems: the 200 West Area and the 200 East Area (see Fig. 3-23)0 

The 200 West Area receives about one-third of the liquid disposed of 
at the Hanford Site. Based upon piezometer measurements 9 groundwater from 
this area appears to underflow that of .the 200 East AreaJ 16) · · 

The flow system of the 200 East Area- and pond .216-A-25. receives about· 
two.-thirds of the liquid waste disposal at·the'Hanford Site. The, input of 
200Areas effluents forms two "local" flow systems imposed over the- 11 inter
mediat_e1.1 flow system .. (See Fig·. 3-23.) 

3.5.4 The Unsaturated Zone 

The unsaturated ( vadose) zone has been defined by the U.S. Geological 
Survey 1 s Committee on Redefinition of ·Groundwater Terms_ as: 

11 
.... the zone between the land surf ace and the water table. Character

istically, this zone contains liquid water under less than atmospheric 
pressure, and water vapor and air or.other gases usually at atmos
pheric pressure. In· parts of this zone, interstices may be tempo
rarily or permanently filled with water. Perched water bodies may 
exist within the unsaturated zone.11 (17) 

: On the Hanford Site, the thickness of the unsaturated zone varies from O to 
350 ft. 

The·movement·of water in the unsaturated zone is influenced.by the 
physical properties of the sediments in two ways: the size and structural 
arrangement of the sediment particles determine the space configuration 
through which the water moves, and the interaction between the sediments 
and the water gives rise .to• water-moving forces. - In sediments where pores 

· are completely filled with water, the fluid is a single phase. Where 
water does not completely fill the pores, the hydraulic potential depends 
on the gravitational field and on the- absorptive forces associated .with 
interfacial boundaries in th.e sediments. Where air partially fills the 
soil pores, with water occupying the remaining void space, a two-phase flow 
can take place. As the percentage of liquid water decreases, it occupies 
the sinallest capillaries.that exist between soil particles. 

During the year August 1, 1973, through July 31, 1974, Hanford 
experienced 170% of normal .rainfall. ·At a field test site located south 
of the 200 East Area, where ra:i nfall moisture penetration is measured 
routinely, this ·excessive rainfall penetrated about 8 ft into the 
sediments. Moisture from rainfall during this period appears to have 
evaporated to the atmosphere. · The data i ridicate that the loss of moisture 
by evaporation is greater than that gained through precipitationi forming 
a desiccated zone at the near-surface during the summer months. ( 8) .The -
Hanford sediments below a depth of. about 30 ft are essentially dry. 
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3.5.5 Characteristics of the PUREX Plant Site 

The PUREX·Plant is underlain by three major stratigraphic units: 
basalt of the Columbia River Basalt Group which forms the local bedrock, 
semiconsoliaated sediments of the Ringold Formation which overlie the 
bedrock, and unconsolidated sand, silt, and gravel of the Hanford 
formation (Ref.12 and 19 through 21). 

· The surface of the Columbia River Basalt Group beneath the PUREX. Plant 
lies about 300 ,ft above mean sea level, whereas the PUREX Pl ant i's about · 
700 ft above MSL. The water-table elevation beneath the PUREX Plant is 
about 400 ft above MSL. Prior to Hanford operations, the water table 
beneath the PUREX sjte and the ptesent 200 East Area waste disposal ponds 
was about 380 ft above MSL. The water table has been raised by the 
disposal of effluent to surface ponds and cribs. The water-table rise 
beneath the two major surface ponds (ponds 216-A-25 and 216-8-3), has been 
about 25 ft. Beneath the PUREX Plant itself, the water level has risen 
about.20-ft.(2) 

The groundwater monitoring network surrounding the~ PUREX Plant and 
ponds 216-A-25 and 216-B-3 are shown in Figures 3-24 and 3-25, respec
tively. Wells ~sed for water':"'level monitoring and geochemical sampling 
are noted. · Three hydrographs, representative of the typical water- level 
rises _in the vi~inity of the PUREX Plant and the waste disposal ponds, are 
shown in Figure 3-26~ ·The ground-water monitoring results for three sites 
near the PUREX Building are ljsted in Table 3-11. • The monitoring results 
for three wells located near,ponds 216-A-25 and 216-B-3 are given in 
Table 3-12. 

Groundwater wei'ls are .currently sampled near the PUREX Plant and 
ponds 216-A-25 and 216-B-3 · in accordance with the Rockwell and Pacific 
Northwest.Laboratory groundwater monitoring scheaule.(22,23) 

Inthe vicinity of the PUREX Plant and the associated liquid waste 
disposal ponds, the unconfined aquifer has a very high transmissivity and 
hydraulic conductivity. Consequently, the migration of liquids from dis
posal ponds down· into the unconfined aquifer could occur rapidly. This is 

· particularly true for pond 216-A-25, where the lo~al water table is 30 ft 
below the pond level. Migration from pond 216-8-3 to the unconfined aqui
fer would take longer, since the unconfined aquifer lies about 150 ft below 
the P.Ond. Radionuclides which are not readily absorbed on sediments would 
tend.to move with the liquids. . · . 

3.6 REGIONAL GEOLOGY AND SEISMIC INFORMATION 

3.6.l Regional Physiography 

· The Hanford Site is situated within the Columbia Plateau physiographic 
province, characterized by the occurrence of a thick sequence of tholeiitic 
basalts varying significantly in topographic expression as well as struc
ture. TheColumbia Plateau physiographic province is bordered by the 
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* TABLE 3-11. Groundwater Quality Near PUREX Building. 
(See Fig. 3-24 for well locations.) 

i pCf/L 
Date Total Total 

alpha beta 60co 89,90sr 137Cs 3H 

1/13/71 17 1,800 140 35 33 -
1/13/72 17 790 49 + 16 33 15 -
1/16/73 17 330 20 '30 10 -
1/22/74 17 180 20 32 20 -
1/16/75 17 80 30 10 25 6.7 X 1Q6 

1/14/76 17 80 23 + 24 16 + 2.7 24 4.4 X 106 
-

1/13/72 17 870 28 + 13 26 13 -
l/16/73 17 470 20 30 10 -
1/22/74 30 200 20 29 20 -
1/16/75 22 120 - - - 4.8 X 106 

1/14/76 54 100 - - - 4.2 X 106 

1/13/72 17 1.000 12 + 13 76 11 = 

1/16/73 17 3,100 20 99 30 -
1/22/74 17 230 30 + 30 47 20 -
1/16/75 17 120 31 38 20 -
1/14/76 17 80 55 + 26 33 + 10 28 --

106Ru 

-
310 + 71 
710 + 6l0 

-
-
-

420 + 67 
170 + 70 

-
-
-

3.600 

-
J -

-
-

mg/L 

Nitrate 

230 

-
-
-
-
-

160 
176 
200 

-
-
-
-
-
-
-

* 

VI 
C 
I 

':c' 
:;:icVI 
l'T1 I 

<~ 
w:;:ic 

I 
·o 
0 ..... 



~. 
~-.·. 
C'll, 

ljJ, 

~(';-. 
_, 

i - e-,...Ji 
f'\,,~ 

~": -~"ii_w,., 

5(,-., 

Well 

699-42-42 
(near pond 
216-8-3) 

699-53-47 
(near pond 
216-A-25) 

699-55-50 
(near pond 
216-A-25) 

* As N. 

, ',,\;'.,'. .. '.;. 

SD-HS~SAR-001. 
REV.3 . 

TABLE 3-12. Groundwater Quality Near Ponds 216-B-3 
and 216-A-25 c 

Average Concentrations 

Year pCi/L mg/L 

Total 
beta 3H 89,90sr Nitrate 

1970 150 1.0 X 106 27 34.6 
1971 - 0.6 X 106 - 73.3 
1972 - LO x 106 - 13.1 
1973 · - Oe5 x 106 - 10.3 · 
1974 80 0.6 X 106 7.8 13.0 
1975 75 7,200 3.ci 1.5 
1976 75 8,200 3.4 2.6 

1970 160 5,400 - 0.5 
1971 - 3,100 - 0.5 
1972 - 3,400 - 0.5 
1973 - 3,600 - 0.5 

1974 - 810 - 0.5 
1975- - 1,200 - 0.5 
1976 - 840 - 0.5 

1970 - 2,500 - 0.5 
· 1971 - 2,000 - 0.5 

1972 - 2,500 - l. l 

1973 - 1,300 - 0.6 

1974 75 1,800 - 0.5 

1975 75 - - 0.5 

1976 80 - - -
- -
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Northern Rocky Mountains physiographic province to the north and east, the 
Basin and Range physiographic province to the south, and the Cascade and 
Pacific Border physiographic provinces to the west (Fig. 3-27). 

3.6.1.1 Columbia Plateau Physio5raphic Province. The Co.lumbia Plateau 
physiographic province can be su d1v1ded into several smaller physiographic 
sections. The divisions are made as follows: Columbia Basin section, 
sometimes referred to as the Columbia Plateaui the Blue Mountains section; 
and the Harney-Snake River Plateau section.(2q) 

3.6.1.1.1 Columbia Basin Physiographic Section. The interior low
land portion of the Columbia Plateau, represented by a broad, geologic, 
and structural basin, is referred to as the Columbia Basin physiographic 
section. 

The major topographic relief forms are several east- to southeast
trending ridges on the western side. The Frenchman Hills, Saddle 
Mountains, Horse Heaven Hills, Rattlesnake Hills, Yakima Ridge~ and 
Umtanum Ridge are surface expressions of anticlinal folds of Tertiary 
Columbia River basalts and sedimentary interbeds. Within the Hanford 
Site, Rattlesnake Mountain, Yakima Ridge, and Umtanum-Gable Mountain Ridge 
represent an eastward to southeastward continuation of the ridge system. 

The Pasco Basin is lowest of the several structural sub-basins within 
the Columbia Basin (Fig. 3-28). The PUREX Reprocessing Facility is in the 
Pasco Basin. 

The Columbia Basin contains the Channeled Scablands formed at the 
close of Pleistocene glaciation. The Cordilleran Ice Sheet extended into 
northern Washington, but its maximum extent was 61 mi north of the Hanford 
Site. Ice-dammed lakes formed in northern Idaho and western Montana when 
ice lobes filled major drainage valleys. The failure of these dams resul
ted in multiple, catastrophic flooding as the water spilled across the 
Columbia Basin section. Maximum discharge through scabland channels has 
been estimated to be as much as 752 x 106 ft3/s.l25) These floods eroded 
the basalt, Ringold Formation and Palouse Formation, forming large coulees 
and thick sequences of glaciofluvial sediments.(26) 

The eastern portion of the Columbia Basin is comprised of rolling 
hills mantled by the Palouse loess derived from degradation of Quaternary 
sediments from the west-southwest and northwest. 

The Columbia Basin section is drained by three major rivers: the 
Yakima River and its tributaries drain the southwestern portion, the 
Columbia Ri.ver and its tributaries drain the central and northern portion, 
and the Snake River and its tributaries drain the southeastern portion. 

3.6.l.lo2 Blue Mountains Section. The Blue, Ochoco, and Wallowa 
Mountains all occur 1n this section and tontain elevated plateau basalts 
similar to those of the Columbia Basin, as well as older rocks that have 
become exposed by erosion. Alpine glaciers were present in the Wallowa 
Mountains during the Pleistocene. 
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The structure and topography of this section, which 1 ies mostly in 
northeastern Oregon, has more in conman with the Northern Rocky Mountains 
physiographic province than with the Columbia Basin sectionG The mountains 
rise above the Columbia Basin section to the north and the Harney-Snake 
River Plateau to the south. The Snake River crosses the eastern portion 
of this section through deeply entrenched gorges. The eastern portion is 
bordered by the Idaho Ba tho 1 i th sect ion, a sect ion of the- larger Northern 
Rocky Mountains physiographic province. -

The Wallowa Mountains are the southeastern end of the Olympic-Wallowa 
Lineament, a 1 inear topographic featureJ27) This alignment is further 
described in Section 3.6.6. · 

3.6.1.1.3 Harney-Snake River Plateau Section. The Harney region lies 
south of the Blue Mounta1ns and 1s a high pla1n w1th little local relief, 
except for volcanic craters mostly Quaternary in age. Internal drainage 
is characteristic of this region. · 

The Snake River Plateau region lies beyond the 200-mi radius. 

3.6.1.2 Northern RockS Mountains Physio0raphic Province. The Northern 
Rocky Mountains are su divided into the kanogan Highlands section, the 
Idaho-Montana Rocky Mountains section~ and the Idaho Batholith section. 

3.6.1.2.1 Okanogan Highla.nds Section. This section lies north of 
the Columbia Basin section Of the Columbia Plateau. The southern boundary 
is where the Columbia River basalt laps onto the highland. It is made up 
of north-south-trending mountains between the Cascade Range physiographic 
province to the west and the Idaho-Montana section of the Northern Rocky 
Mountains physiographic province to the east. The region slopes toward 
the so'uth with stream drainage into the Columbia Basin. The Okanogan · 
Highlands molded by Pleistocene glaciation have been highly dissected by 
fluvial erosion. 

3.6.1.2.2 Idaho and Montana Northern Rocky Mountains Section. The 
mountains of this section of the Northern Rocky Mountains phys1ographic 
province have a north-northwest fabric and are drained by the Clark Fork 
River, Kootenai River, Pend Oreille River~ and other tributaries of the 
Columbia-River. The section was glaciated by both continental and alpine 
glaciers. The flood waters which formed the Channeled Scablands of the 
Columbia Basin had their origin in this section when ice blocked the Clark 
Fork River and formed Glacial Lake Missoula. 

3.6.1.2.3 Idaho Batholith Section. This section of the Northern 
_Rocky Mountains 1s defined geolog1cal ly. It lies east of the Blue 
Mountains section and is drained by the Salmon and Clearwater Rivers, 
which flow into the Snake River. 

3.&.1.3 ·Cascade Range Physiographic Province. The Cascade Range is 
bordered by the columb1a Plateau and Northern Rocky Mountain physiographic 
provinc~s on the ea~t and the Pacific Border physiographic province on the 
west. In Washington, the northern section of the range is referred to as 
the Northern Cascade Range. In Oregon, the Cascades are divided into the 
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Western Cascade Range and the 'High "f~i~;kal·Ran§~',"-~hich" extends· into 
Washington. Mount Hood, Mount Rainier, Mount Adams, and Mount St. Helens 
are prominent Quaternary stratovolcanoes of the High Cascades. Many 
glaciers are present on the high peaks of the Cascades. The Columbia 
River cuts across ·the Cascade Range at the Washington-Oregon border. 

3.6.1.4 Pacific Border Phrsiographic Province. The Pacific Border 
physiographic province (28 includes the Puget-Willamette Lowlands 
section, the Coast Range section, and the Olympic Mountains section. 

3.6.1.4.1 Puget-Wil·lamette Lowlands Section. This lowlands section 
extends from Eugene, Oregon to Vancouver, Brhi sh Columbia. The northern 
part of this section, which lies in general between the Cascade Range and 
the Olympic Mountains, was modified during. the Pleistocene by the Puget 
Sound ice lobe. The southern portion of the Puget-Willamette Lowlands is. 
drained by the Willamette River and contains fluvial and glaciofluvial 
valley fill. 

3.6.1 .4.2 ·Olympic Mountains Section. Included in this section are 
the Olympic Mountains of Washington. The Olympics are higher, wider, and 
more rugged than the Oregon Coast Range, and many alpine glaciers are 
found there. 

3.6.1.4.3 Coast Ran1e Section. The Coast Range extends about 600 mi 
along the Pacific Coast o Washington and Oregon. The anticlinorium i~ 
the Coast Range south of the Olympic Mountains is Miocene and Pliocene in ·. 
age •. 

3.6.2 Regional Geoloqy 

The regional geology is dominated by Cenozoic volcanic rocks and 
structures. A generalized geologic map of the region is shown in 
Figure 3-29. · A regional tecto.nic map is shown in Figure 3-30. The major 
regional geologic provinces are described in the following subsections. 

3.6.2.1 Columbia Basin. The Columbia Basin is a broad structural basin 
that was downwarped while lavas were periodically being extruded. The 
region continued to deform, forming anticlinal ridges coincident with the 
axis of the anticlines. The Columbia Basin contains a thick sequence of 
Miocene basalt flbws with intercalated sedimentary interbeds overlain by 
Pliocene-Pleistocene lacustrine and fluvial sediments, Pleistocene glacio
fluvial sediments and Holocene alluvium, colluvium, and eolian deposits. 

3.6.2.2 Blue Mountains. The Blue Mountains section is a northeasterly 
trending complex of deformed Paleozoic and Mesozoic sediments and intru
sive Cenozoic rocks that lie south of the Columbia Basin section. The 
structure is generally described as an asymmetric anticline with a steep 
northern flank and gently dipping southern flank. Some of the region is 
covered with basalt which has been elevated and .deformed by continued oro
genic activity. Resulting erosion has stripped much of the younger basalts 
and exposed Paleozoic and Mesozoic rocks not found in the Columbia Basin. 
The present topography is a result of major Pliocene deformation and 
Qua.ternary eras ion. 
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3.6.2.3 Harney Region. This region lies south of the Blue Mountains and 
extends from the Cascades to the Steens Mountains in southern Oregon. 
This region is similar to the Columbia Basin in that it is dominated by 
basalt flows and sedimentary interbeds. The region lacks the fluvial and 
eolian overburden found in the Columbia Basin. 

3.6.2.4 Idaho Batholith •. The area lies southeast of the Columbia Basin 
and south of the Idaho-Montana Northern Rocky Mountains. The most promi
nent rock types are quartz monzonites and granodiorites with some granites. 
The main batholithic intrusion took place during the Cretaceous. · 

3.6.2.5 Idaho and Montana Northern Rockies. This section is northeast of 
the Colum61a· Basin and primar1 ly consists of an extensive segment of 
Precambrian crystalline and sedimentary rocks. The dominant rock types 
are quartzites, slates, and argillites of the Belt Supergroup. Major 
deformation and mountain building took place during the Mesozoi.c. 

3.6.2.6 Okanogan Highlands. This section, which lies north of the 
Columbia Basin, can be divided into two geologic regionsJ26) East of 
the Columbia River, the region is composed of Precambrian Beltean rocks 
and lower Paleozoic rocks primarily composed of quartzite, phyllites, and 
carbonates. This portion of the highlands has been folded and faulted 
during several periods of deformation and was intruded by granitic intru
sions of British Columbia. The folds of this belt are cut by pre-Tertiary 
faults. 

The area west of ·the Columbia River is composed of graywacke, green
stqne, · slate, chert, conglomerates, and 1 imestone. The sediments have 
been intruded by late Mesozoic quartz monzonites and granodiorites. 
Tertiary volcanics unconformably cap the older rocks. The western portion 
contains north-south-trending, high-angle, normal faults which have pre
served the Tertiary rocks by down faulting into alder crystalline rocks. · 

3.6.2.7 Cascade Range. This north-south-trending morphologic geotectonic 
unit extends from southern British Columbia to northern California along 
the western boundary of the Columbia Basin. · The broad uparching occurred 
normal to a north-south axis during late Pliocene and early Pleistocene 
time. The uplift increased to the north, reached a maximum in the North 
Cascades near the Canadian border, and decreased to the south. Quaternary 
volcanic acti vitY has built large stratovolcanic cones which dominate the 
southern portion of the range and decrease in number to the north. The 
Cascade Range can be divided into three geologic subprovinces: the Western 
Cascades of. Oregon, the High Cascades of Oregon and Washington, and the 
Northern Cascades of Washington.(29) The High Cascades are composed of 
coalescing Pliocene shield volcanoes capped with Quaternary stratovol
canoes. The Western Cascades of Oregon extend the length of Oregon and 
into southern Washington and are composed of slightly to moderately de
formed rocks of Eocene through Miocene age. · The Northern Cascades include 
the part of the range north of Snoqualmie .Pass and are dominated by pre
Cenozoic igneous and metamorphic rocks. · 
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The geology of the North Cascades is strongly influenced by 1 arge 
steeply dipping fau-lts of late Mesozoic, early Cenozoic age. The crystal
line core is composed of deformed schists and gneisses and is flanked by 
younger sedimentary and volcanic rocks. In general, the oldest rocks are 
the most strongly deformed. 

3. 6. 2.8 Puget-Wi 11 amette Lowlands. This sect ion 1 ies between the Cascade· 
Range and the Coast Range. The structure is a broad downwarp with trans
verse-trending faults and folds. Rock outcrops· are closely related to the 
Tertiary rocks of the nearby Cascade and Coast Range provinces. The low
land contains thick deposits of Quaternary fill. 

3.6.2.9 Coast Range. The Coast Range of Washington and Oregon extends 
about 600 mi from the Klamath Mountains of southwestern ·Oregon to the 
Strait of Juan de Fuca in no~thwestern Washington. Tertiary eugeosynclinal 
sediments are exposed in the· core of the Olympic Mountains and the Coast 
Range, the oldest of which are low-grade metasediments, argillites, and 
graywackes. The flanks of the Olympics are made up of marine basalts and 
marine sedimentary rocks of Eocene and Miocene age. The anticlinorium in 
the Coast Range south of the· Olympic Mountains is Miocene and Pliocene in 
age. 

3.6.3 Geological Setting of the-Pasco Basin 

The Pasto Basin (Fig. 3-31) is one of several structural and topo
graphic basins within the western Colum~ia Plateau. The Pasco Basin·is 
partly surrounded by large anticlinal ridges, the Yakima Folds, that 
developed during Miocene and Pliocene time. The Saddle Mountains form the 
northern boundary of the Pasco Basin, Umtanum Ridge and Yakima Ridge form 
the western boundary, Rattlesnake Hills and Horse Heaven Hills form the· 
souther·n boundary, and a broad zone of gradually increasing westward dip 
forms the eastern boundary. Umtanum Ridge and Yakima Ridge plunge east
ward, decrease in relief, and die out within the basin interior.ll2) 

The Pasco Basin occupies about 2,000 mi2 between 46°00' and 46°50' 
north latitude, and 119°00 1 and 120°20 1 west longitude. It is a semiarid 
steppe with a sparse covering of vegetation. Descriptions of the climate, 
soil, vegetation, terrain, and other aspects of the geograP.hY of the basin 
are·in reports that describe the Hanford Site environment.(2,30) 

The Pasco Basin is underlain by a bedrock section of the Columbia 
River Basalt Group at·least 4,800 ft thick. This bedrock section is over
lain by Oto -greater than 700 ft of fluvi,l, lacustrine, and glaciofluvial 
sediments of Pliocene and Pleistocene age, with the greater sediment thick
nesses in the synclinal positions in the basin interior. Volcaniclastic 
sedimentary layers are interbedded between the basalt flows in the upper 
part of the bedrock section. Many of the basalt flows throughout the bed
rock section are apparently blanket-like and extend laterally as single 
rock-stratigraphit units (and time-stratigraphic units) across the Pasco 
Basin and beyond; whereas other flows are less extensive, although still 
blanket-like, and pinch out within the basin. A few flows in th~ upper 
part of the section were emplaced as valley fills and are restricted in 
their lateral extent.(12) 
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Yakima Folds bound the Pasco Basin•on the north and so~th and'plunge 
eastward into the basin from the west (see Fig. 3-31). Structural defor
mation that fo~med the Yakima Folds was occurring during deposition of the 
younger basalt flows and sedimentary interbeds. Consequently, these 
younger units are thick in synclines and thin or pinch out toward anti
clines. Most anticlines are asymmetric and have second-order folds in 
their hinge zones. Their style of deformation changes along strike and 
their steep flanks are commonly faulted where structural relief is ·high. 
Sync l i nes between the anticlines are genera 11 y broad, open folds.. Dr i 11 
holes and gepphysical surveys reveal that most subsurface structures in 
the central Pasco Basin appear to be extensions of the Yakima Folds ind 
their associated second-order structures, but a few subsurface structures 
might be related to northwest-trending, structures that appear to cross-

tfi- cut the east-west-trending Yakima Folds. ( 1_2) 
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3.6.4 Geology of the Pasco Basin 

3.6.4.l Stratigraphy and Lithology. The Pasco Basin is underlain by 
five major rock un1ts: Pre-co1umb1a River Basalt Group rocks, Columbia 
River Basalt Group, Ellensburg Formation, Ringold Formation.including the 
Palouse Soil, and Hanford ·formation (informal name). These major rock 
units are locally mantled by surficial sediments. All major rock units 
crop out w·ithin the Pasco Basin except for Pre-Columbia River Basalt Group 

-roc~s, ·although they are partially penetrated in borehole RSH-1 at depths 
below about 4,000 ft. · Formal rock stratigraphic nomenclature used in the 
Pasco Basin is shown in Table 3-13.( 12) The surface of the basalt is 
given in Figure 3-32. (31) Generalized geologic crQss sections of the _ 
Pasco Basin are given in Figures 3-33 and 3-34.(31J 

3.6.4~1.1 Pr~-Columbia River Basalt Groups Rocks. _The deep-seated, 
· crustal rocks of the Pre-Columbia River Basalt Group are interpreted 
from geophysical data and from one deep borehole. The geophysical tech
niques included an ~nr~versed, north-south refr~ction profile across 
eastern Washington;l32J seismic modeling;(33,34J and magnetotelluric 
survey$.(35) The borehole data are from RSH-1 drilled by Standard Oil 
Company of California on the south slope of Rattlesnake Mountain. 

Results from these surveys and borehole data indicate a deep-seated 
crystalline basement, possibly of granite origin, overlain by a 3,000- to 
6,000-ft-thick section of sedimentary rocks. A volcanic rock sequence is 
interpreted to overlie the sedimentary rocks. Details of the geophy~ical 
surveys and borehole data are given in Reference 12. 

3.6.4. l .2 Col_umbia River Basalt Group. Lavas of the Columbia River 
Basalt Group on the Columbia Plateau (see Fig. 3-31) comprise a tholeiitic 
flood-basalt province of moderate size covering as si.reQ. of about 78,000 mi2 
and having an estimated volume of about-41,000 mi .l3bJ The plateau is 
both a structural and topographic depression with its lowest elevation in 
the center of the province, the approximate location of the Pasco Basin 
(see Fig. 3-31 and 3-32). Here, the accumulation of flows of the Columbia 
River Basalt Group and interbedded s~diments attain their maximum known 

· thickness, greater than 4,550 ft.(28J . 
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TABLE 3-13. Pasco Basin Stratigraphic Nomenclature. 
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The Columbia Plateau is the earth's ·youngEfs{ recognized flood-basalt 
province. It was formed between l6o5 and 6 million years ago 9 {37,38) 
when large volumes of lava were erupted from north-northwest-trending 
linear vent systems now preserved as dikes.(39,40) Individual Columbia 
River basalt flows are voluminous, generally 2 to 6 mi3, with a maximum 
known volume of 145 mi3. Flows range in thickness from a few inches to 
about 300 ft, with an average thickness of 90 to 120 ft. The thickest 
flows are generally caused by ponding in pre-basalt valleys, in structur~ 
ally controlled basins that developed during volcanism, or in narrow can
yons previously eroded into older flows •. {36J 

The Columbia River Basalt Group in the Pasco Basin consists of three 
formations: Grande Ronde Basalt, Wanapum Basalt, and Saddle Mountains 
Basalt {see Table 3-13). Detailed stratigraphic and lithologic descrip
tions of the Grande Ronde Basalt, Wanapum Basalt, and Saddle Mountains 
Basalt are given in Reference 12. 

3.6.4.1.3 Ellensburg Formation. Within the upper- part of the basalt 
sequence, sedimentary materials are increasingly prevalent upward, begin
ning with the Vantage sandstone.(12) These volcaniclastic materials 
include tuffs .and tuffaceous sediments of many kinds, now partly altered 
to clay. Virtually every basalt flow above the Vantage sandstone horizon 
is capped at one site or another by stream-deposited sediments. The extent 
and thickness of these interbedded sediments generally increase upward in 
the section and are more extensive in the western portion of the Columbia 
Plateau. The lower beds tend toward rock types co111110n to the Okanogan 
Highlands, southern British Columbia, and· the North Cascades. The upper 
beds show an increasing abundance of volcanic debris, referred to as the 
Ellensburg Formation. · 

Approximately 15,000,000yr ago, the ancestral Columbia River was 
crossing central Washington, laying down trains of gravels, sands, silts, 
and clays comparable to today's Columbia River sediments. As the basalt 
flows advanced upon the river, the river was forced westward toward Yakima. 
As the basin subsided, the river returned by gravity to the basin center, 
leaving its sediment trains as a mark of earlier courses. East of the 
current course, river sediments are virtually nonexistent between basalt 
flows, attesting to the shift exclusively westward from the current basin 

-center •. 

3.6.4.1.4 Ringold Formation. The Ringold Formation was deposited in 
response to a flattening of the gradient of the Columbia River, perhaps 
related to the uplift of the Horse Heaven Hills, and consequent deposition 
of the sediments carried. Previously, deformation of the basin was accom
panied by basalt flow extrusion into the topographically low areas. Cessa
tion of flows about 6,000,000 yr ago permitted the deposition of a contin
uous sequence of sediments. Initially, these were blends of up-river rock 
types derived from the North Cascades and the Okanogan Highlands, with 
volcanic debris, largely of andesitic composition, from the central and 
southern Cascades. These latter sediments were transported to the Pasco 
Basin_ by the ancestral Yakima and related rivers. With-_time, the composi
tion of the sediments b_eing deposited in the Pasco Bas in became more and 
more that_ o~ the Okanogan rock typ~~ 
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The beginning of anticlinal uplift, especially to the west and 
sli·ghtly prior to the eruptions .of the latest basalt flows, locked the 
Columbia River into the Pasco Basin and halted the east to west migration. 
Somewhat later, uplift of the Horse Heaven Hills resulted in a continuously 
rising base level for the river and deposition of sediment. Today, ·the 
Ringold Fonnation is recognized only upstream from the Ho.rse Heaven Hi.lls, 
reflecting the control of deposition by those hills. · 

The Ringold fonnation has arbitrarily been divided into a basal l.ower 
gravel, a lower blue clays unit, a middle gravel or conglomerate unit, and 
an upper sand-silt u.nit. This .divisi.on can be generally applied to the 
Pasco Basin as a whole. Sands, silts, clays, and gravels are interbedded 

·and inter-layered throughout the basin in a manner indicating a nearly 
. continuous stream flow and continuous fluvial deposition. Locally, the 
. finer grained sediments are true lacustrine· deposits. 

. 3.6.4.1.5 Palouse Soils. Eolian s·ilt (loess) and firie sand over
lie part of the eroded surface of the Ringold Fonnat.ion and caliche bed 
beneath the western part of the Hanford Site.(41) These fine-grained 
sediments are considered to be the equivalent of the Palouse soils 
( loesses) of eastern Washington· and western_ Idaho. The climate during 
the period was probably comparable· to that of today, with effectiv.e wind 
transport and deposition of sediment~ 

3.6.4. l.6 Hanford Fonnation. The Ringold Fonnation and the basalts 
.and sedimentary· interbeds were eroded and truncated by normal flow of the 
Columbia River and by multiple •floods that occurred when ice dams breached 
during the Pleistocene. These ice-darrmed glacial lakes released cata
strophic torrents. The floods scoured the land surface of the Hanford 
Site, leaving a network of buried channels filled with the .outwash sands 

·and gravels. 

The glacfofluvial sediments in the Pase.a Basin were deposited on the 
basalt and Ringold Formation. These sediments can be divided into the 
coarser sands, gravels, and boulders and are referred to as the Pasco 
Gravels;(42) the fine-grained sand and silt units are called the Touchet 
Beds.(43) · 

The Touchet Beds represent low-energy deposits in Glacial Lake Lewis, 
which formed when floodwaters were backed up behind the Wallula Gap con
striction. The Pasco Gravels represent higher energy deposition in areas 
of more rapid water flow. In general, the Touchet Beds are found in the 
margins of the· basin and the P~sco Gravels in and near the center of the 
basin. The characteristic variability of sediment size and degree of 
sorting within the 11 gravel 11 unit can be attributed to changes in water 
velocity and water level which occurred during the flooding process. The 
thickness of the Hanford formation varies significantly within the basin, 
with the thickest occurrence •in the region of buried channels. 

3.6.4.1. 7 Volcanic Ash Deposits. Several volcanic ashfalls were 
deposited in the late Pleistocene and Holocene over the Pasco Basin 
sediments. The thin, widespread ash associated with the last major 
flood was identified as the Mount St. Helens Set S,(44) and dated at 
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13,000 radiocarbon years before present {BP)'. ' Younger ·ash, such as that 
from Mount Mazama {6,600 yr BP) and Glacier Peak {12,000 yr BP) have been 
found in the basin where the environment was favorable for preservation. 
The latest ashfall to be preserved in the Pasco Basin is from the May 18, 
1980 eruption of Mount St. Helens. 

3.6o4. 1.8 Eal ian Depositso Loess and sand dunes mantle the surface 
of the Pasco Basin. These deposits are primarily reworked sediments of 
the Hanford formation. The thickness of the wind~blown sediments varies 
considerably, ranging to greater than 50 ft in some dunes_.. · 

3.6.4.2 Structure. The major structural elements of the region surround-
ing the PUREX Plant are shown in Figures 3-33, 3-34, and 3-35. Tectonic 
deformation has resulted in folding and related secondary 

'•,&"Ji f au 1 ting. ( 12, 45 ,46) · 
~...o 
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3.6.4.2.1· Folds.· The prominent structural features in ·the Columbia 
Basin are the folds in the Columbia River basalts. Folding has divided. 
the Columbia Bas in into several subbas ins and produced numerous· anti cl inal 
ridges. Although the orientation of the folds is generally east-west, the 
folds can be classified into three general orientations: east-west 
trending~ west-northwest trending, and northeast trending. Examples 
follow.l 12,29) _ 

• East-West-Trending Folds 

The Toppenish· anticline·, Wapato syncline, the western portion of 
the Rattlesnake anticline, Moxee syncline, and Yakima anticline 
make up an asynmetrically folded ridge system with steep north 
slopes and gentle south slopes. The Saddle Mountains, Frenchman 
Hills, and Soap Lake anticlines are north and east of this fold 
system and are also asymmetrical, with the steep dips on the 
north slopes. 

• West-Northwest-Trending Folds 

The eastern portion o~ the Horse Heaven Hills and the Rattlesnake 
Hills, Umtanum Ridge and Manastash Ridge anticlines all trend 
west-northwest with steep north slopes. Gable Butte and Gable 
Mountain appear to be an east-west extension of Umtanum Ridge. 
Kittitas, Wenas, Wahluke, and Cold Creek are west-northwest
trending synclines. The Cold Creek and Wahluke synclines under
lie the Hanford Site. 

1 Northeast-Trending Folds 

The Columbia Hills, the western portion of the Horse Heaven 
Hills, and the 'Beezley Hills are northeast-trending anticlines. 
The·Horse Heaven Hills anticline is asymmetrical, with a steeply 

- dipping north slope and a gently dipping south slope. The 
Beezley Hills anticline reflects generally the same asymmetry, 
but the crest is very convoluted and is offset by minor faults 
and cross fa 1 ds. ( 47) · · 
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3;6.4.2.2 Faults. Th~ faults mapped in the Columbia Basin are asso
ciated with folds 1n the basalt and appear to reflect local adjustments to 
folding. The faults are relatively short in length, with generally small 
displacements. In most cases, the major faults are about 30 mi in lengthe 
The offset is generally less than 500 ft,(12,45,48) but an offset 
of 1,000 ft of vertical movement in the Wallula Gap fault was found.(49) 
There are very few geometric features which can be attributed to recent 
fault activities--a possible exception being the triangular facets to the 

_ east of the Columbia River along the Wal lula Gap fault. The faults and 
associated anticlinal folds in the Pasco Basin and vicinity are listed 
below and shown in Figure 3-35·: 

• Wallula Gap fault and Rattlesnake Hills anticline 

• Umtanum fault and anticline 

• Gable Butte and Gable Mountain and minor faults 

1 Manastash Ridge fault and anticline 

• Saddle Mountains fault and anticline(29) 

• Toppenish Ridge fault and anticline. 

3.6.5 Tectonic Structures 

Tectonic discussions can be found in Reference 29. Significant _ 
structures in the Hanford Site are presented in the following subsections. 

3.6.5~1 Gable Mountain. Gable Mountain is 4 mi from the PUREX site and 
is made up of twomaJori en echelon, doubly plunging anticlines separ·ated 
by a synclinal trough.(q7) The eastern anticline is asymmetrical with a 
steep north slope and the western anticline is asymmetrical with a steep 
south slope. A fault on Gable Mountain appears to be of the same period 
as the folding and has a stratigraphic displacement of 70 ft or less. 
Glaciofluvial deposits overlying this fault have been 14c dated as being 
more than 40,000 Yr old~ No displacement by faulting could be found in 
thes~ sediments.(Zl-8) However, shearing in the glaciofluvial deposits 
overlying the fault zone has been found on the north side of Gable 
Mountain. The offset on the shearing is up to 0.3 ft. It is not cur
rently known if these shears are of tectonic origin. 

3.6.5.2 Gable Butte. Gable Butte is 6 mi from the PUREX site and is made 
up of three en echelon anticlin~s ~hich are gently and symmetrically 
folded~ A fault was postulatedl46J to be near the west end of Gable 
Butte. Subsequent investigations{45,50) have determined that no fault 
exists at that location. 
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3.6.5.3 Umtanum Ridge. The Umtanum Ridge anticline extends for about 
50 mi .in· a northwesterly-by-southwesterly direction (see Fig. 3-35). 
Umtanum Ridge plunges into the Pasco Basin toward Gable Butte and Gable 
Mountain. The easter.mrost 9 mi were mapped and this segment: 

· 
11 

••• is· asymmetrical to the north with a steeply dipping and locally 
·overturned north slope. 11 (12,29) · · · -

To the northwest, Umtanum Ridge is sharply folded into a steep monocline 
with shear zones of fractured basalt running subparallel to the axis of 
the mono·cline. {51) These structures trend eastward beneath the Hanford 
Site. Several faults were identified{52) on the north limb of the 
anticli.ne in th_e vicinity of Priest Rapids Dam. A prominent, high-angle, 
reverse fault has been traced for about 2 mi southeast of Priest Rapids 
Dam, and inferred for another 4 mi. No evidence of faulting has been 
detected in the Hanford formation along the inferred trace of fault 
activity. ( 12, 29) . 

3.6.5.4- Saddle Mountains. The Saddle Mountains anticline is an asym
metrical fQ1d with steeply dipping and overturned north limbs. {see 
Fig. 3-35). Faul ts h_ave been mapped on both the north and south sides of 
the Saddle Mountains.(47,48,53) A high-angle fault has been traced 
along the north limb of the Saddle Mountains through a series ofwidely 
spread outcrops over a distance of 42 mi. 

Several small, pre-Holocene faults. on the south side of the Saddle 
Mountains were found to have no more than 50 ft of vertical offset.(29) 

3.6.5.5 Yakima Ridge. The Yakima Ridge anticlinal system is about 35 mi 
long and extends from the Pasco Basin to the city of Yakima. About 20 mi2 
at the eastern end of the ridge were mapped and consist of three asymmet
rical_ anticlines.(12,29) Two small faults were mapped on the south limb 
of the southernmost anticline. A reverse fault was traced for 800 ft; 
·it then turned eastward for an additional 1,200 ft. There is no surface 
expression of the fault in the Touchet sediments where the fold axis 
plunges into Dry Creek Valley. 

The second.fault trends obliquely to the reverse fault and is infer
red for 1,000 ft from an isolated breccia outcrop. Both faults are inter
preted to be adjustment faults associated with the folding of the tightly 
folded anticline. · 

3.6.5.6 Rattlesnake-Wallula Lineament.· The R~ttlesnake-Wallula Lineament 
is a portion of the Olympic-Wallowa Lineament.l27) This lineament can 
be traced from the Olympic Peninsula to the Wallowa Mountains. Faults are 

~ 

· definitely present at several locations along its strike, and the feature 
must represent,. at least in some segments, .an underlying or basement rock 
feature. However, the Olympic-Wallowa Lineament is not a sharply defined 
or continuous ·structure. A segment of ttiis lineament along the Rattlesnake 
Hills to Wallula Gap is referred to as the Rattlesnake-Wallula Lineament 
(see Fig. 3-35). The Horn Rapids alignment, the Badger Coulee alignment, 
and the Horse Heaven Hills anticline (see Fig. 3-35) are _structures 
subparallel to the Rattlesnake-Wallula Lineament. 
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Faults have been mapped in the Rattlesn.ake-Wallula Lineament.(12) 
· In general, these faults can be related as anticlinal deformations. The 
Wallula Gap fault (see Fig. 3-35) is a zone of normal faulting in tne 
Columbia River basalt, with an offset of 1,000 ftQ(49} Horizontal 
slickensides on the high-angle, locally reversed fault suggest the last 
movements were strike slip. There was no conclusive evidence of deforma
tion found in the overlying Quaternary sediments. This fault zone continues 

· across the Columbia River where deformation of the Touchet sediments has 
been noted.(48) · If the Touchet sediments were deformed· by fault movement·, 
the last activity in this region was less than 12,900 yr ago. 

Northwest of the.Wallula-Gap fault, there are brecciation zones on 
many of the en echelon, doubly plunging anticlines.(29,40,45,54) . 
Recently, at Finley Quarry, 6 mi northwest of Wallula Gap, sediments over
lying deformed basalt were found to be sheared. The age of these sediments 
is estimated at late Pleistocene (pre-7,000 yr). Elsewhere, the structures 
are blanketed with loess, and outcropping is limited. 

3.6.6 Site Geology 

3.6.6.1 PUREX Plant Geologic History. The thick sequence of Columbia 
River basalt masks the pre-basalt history of the Pasco Basin. The basalts 

d• are Miocene. in age. An age of 16.5 to 6.5 million years has been inferred 
from radiogenic ages of basalts that crop out int.he region.(37,38) . 

The.Ringold Formation was deposited during Pliocene time~ It was 
suggested (55) that deposit ion continued into. the Pleistocene, but later 

,. work(56,57) shows evidence for termination of sedimentation in the 
:i' ··latest Pliocene. · 

During the Pleistocene, Glacial Lake Missoula floods scoured the area 
north and east of the site and glaciofluvial action put down thick deposits 
in the Pasc6 Basin. The PUREX Plant ~ite, shown in Figure 3-36, is situ
ated on an expansion bar of glaciofluvial deposits. Figures 3-37 and 3-38 
show general geologic cross sections at the PUREX site. 

3.6.6.2 Surface Geoloft at PUREX. The surface and near. subsurface 
. geology at the plant si:e are shown in Figures 3-37 and 3-38. The lithol
·ogy, stratigraphy, and structure are discussed in Section 3.6.6.4 • 

. 3.6.6.3 PUREX Plant Physiography. The PUREX Plant is in the north-central 

. Pasco Basin. The topography of the Hanford Site is mostly a broad plain. 
Gable Butte and Gable Mountain are two east-west anticlinal ridges just 
north of the center of the PUREX Plant Site, and Rattlesnake Ridge forms . 

· the western boundary. The topography near the PUREX Plant site is shown in 
Figure 3-4. The 200 East and 200 West Areas are located on a Pleistocene 
flood expansion bar referred to as the 200 Areas Plateau. 

Large )andslides are found on the north slope of Rattlesnake Ridge 
and. are interpreted to be late Pleistocene and early Holocene in age. 
This hummocky topography is greater than 9 mi from the PUREX Facility. 
Active landslides occur along the bluffs of the Ringold Formation, east of 

. the Columbia River~. This area is greater than 7.2 mi from the PUREX Site. 
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FIGURE 3-36. Reference of Cross Sections at the PUREX 
Plant Location. 
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3.6.6.4 PUREX Plant Site Geolo2,Y. · Stratigraphic cross sections at the 
PUREX Planf S1te are snown 1n Figures 3-37 and 3-38e The cross-section 
locations are shown in Figure 3-36. 

The Columbia River basalt lies about 400 ft beneath the PUREX Plante 
The basalt stratigraphy is shown in Figure 3-31~ The highly fluid lava 
was extruded intermittently from fissures in and around the periphery of. 
thesubsiding Pasco Basin. During quiescent periods between lava extru
sions, streams transported sediments from the surrounding highlands into 
the Pasco Basin. These interbed sediments consist largely of sand and 
tuff, extending to a thickness of 120 ft. At the cessation of volcanism, 
the basin had been filled with at least ·a 4,800-ft thickness of basalt. 
The surface of the Columbia River. basa-lt 1 ies beneath the PUREX Plant at 
an elevation about 300 ft above mean .sea 1 evel (measured from the center 
of the PUREX Plant).. . 

Following the cessation of the Columbia River basalt extrusions, 
ancestral rivers transported. sediments from the surrounding highlands 
into the Pasco Basin, where the sediments accunulated to form the Ringold 
Formation. Beneath PUREX, this formation is the middle Ringold gravel 
unit and is about 200 ft thick. 

Approximately 200 ft of middle Ringold sediments overlie the basalt 
under the PUREX Plant (see Fig. 3-37 and 3-38). The unit consists predomi
nantly of well-rounded pebbles and cobbles with the interstitial spaces 
filled with coarse to very coarse sand. The sediments are slightly indu
rated. Table 3-14 summarizes the grain size distribution and calcium car
bonate (CaC03) content of the Ringold sediments beneath the PUREX Plant. · 

' 

TABLE 3-14. · Typical Grain Size Distribution and Calcium Carbonate 
Content of Ringold Sediments Beneath PUREX Plant (wt%). 

Pebbles Sand Silt 
Classifi- and Very Very and CaC0 3 cation cobbles Coarse Medium Fine clay coarse fine 

Very 
coarse 
to 34 · 25 19 12 5 3 2 1.1 coarse· 
sandy 
gravel 
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Approximately 200 ft of glaciofluvial .sediments overlie the Ringold 
Formation at the PUREX Plant site between the elevations of 489 and 
702 ft. This unit is composed predominantly of. coarse to medium sand. 
These sediments vary in sediment sizes and degree of sor:ting~ This is 
normal in flood deposits where there are abrupt changes in water velocity 
and water level during glaciofluvial action. Table 3-15 sunmarizes grain 
size distribution and CaC03 content of glaciofluvial sediments beneath 
the 241"".A Tank FarmJ 19) · · . 

TABLE 3-15. Typical Grain Size Distribution and Calcium Carbonate Content 
for Major Glaciofluvial Lithologies Beneath 241-A Tank Farm (wt%). 

' Pebbles Sand ..... • 
· Silt 

Classifi- and Very Very and Caco3 cation cobbles coarse Coarse Medium F.ine fine clay 

Pebbly, 
very 
coarse 29 32 25 8 4 1 1 · 1. 5 to 
coarse 
·sand 

Coarse·to 
. medium 2 12 36 29 10 5 6 1.5 

sand 

Slightly 
pebbly, 
coarse 9 18 34 25 8 .4 2 l.O to 
medium 
sand 

Slightly 
pebbly, 
silty 9 5 7 9 22 13 35 1.2 
fine -
sand 

Clastic dikes have been found cross-cutting the Ringold and glacio
fluvi al ·deposits throughout the Pasco Basin. These dikes range from· less 
than 1 in. to greater than 4 ft in width, to depths of greater than 100 ft 
below the ground surface. Some elastic dikes were detected i_n the sedi-. 
ment samples collected from water-monitoring wells around the PUREX Plant, 
but it was not possible to map them. · 

The site area is mantled with a thin layer of wind-blown sand and 
silt. 
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3.6.7 .Vibratory Ground Motion·,, 

3.6.7.1 Behavior durin Previous Earth uakes. Adverse behavior of the 
surficial geologic materials i.eG, soils or the local bedrock during 
previous earthquakes has not been reported. A review of isosei smal maps 
indicates that ground motion corresponding to an earthquake of intensity 
Modified Merc·alli (MM) VI is the largest projected (i.e .. , extrapolated) to 
have been felt at the siteJ29) Such motion is perceptible, but 
generally cause~ no adverse behavior of natural geologic materials. 

3.6.7.2 Engineering Properties of Materials Underlying the Site. The 
PUREX Facility is founded on.glaciofluvial, medium-to-coarse sand, andc 
gravelly coarse sand known locally as the Hanford formation (informal · 
name) •. This material is essentially dry, containing 2% moisture by 
weight--well above the water table--and about 200 ft thick. Underlying 
the Hanfo.rd formation is a sequence of sandy gravel and gravelly coarse 
sand .that is part of the Ringold Formation. Ringold sediments overlie 
basalts and sedimentary interbeds of the Columbia River Basalt Group and· 
Ellensburg formation. The water table occurs at an elevation of 403 ft 
above mean sea level, or at a depth of about 300 ft below ground surface. 

· Seismic refract ion surveys have been performed along several 1 i nes at 
the. site of the 242-A Building(58) and along a waste line leading from 
the 202-A Building.(59) As these tests were run close to the PUREX
Facility (202-A Building), the velocities for compressional waves in these 
sediments beneath the 242-A Building, and along the waste line ~re con
sidered to be representative of those beneath the 202-A Building 
(Fig. 3-39). The general profile shown by these refraction lines is a 
surficial unit of 1.6- to 9.8-ft depth in which the velocity of the com
pression waves (Vp) ranged between 847 to 1,100 ft/s, and a second unit 
at least 5 ft thick in which Vp ranges between 1,100 to 2,600 ft/s. All 
of these profiles are restricted to sediments (soils) of the Hanford for
mation. None of the profiles penetrated deep enough to encounter the 

· Ringold Formation •. Shear and elastic moduli for these soils have been 
calculated .(29) · 

3.6.7.3 Earthquake History The Columbia Basin, including the smaller 
structural unit, the Pasco Basin, is an area of law seismicity in which 
moderate level earthquakes (MM intensity less than or equal ta VIII) have 
occurred. · While the historical r~cord of earthquakes is relatively brief, 
it is sufficiently long to .indicate that this· area of eastern Washington 

.has experienced fewer earthquakes of generally lower level than areas. in 
the Puget Sound-Willamette Lowlands of western Washington or the Rocky 
Mountains. The Pasco Basin contrasts markedly with zones of higher seismi
city to .the west and east.(29) A summary of western Washington earth
quakes is presented in Table 3-16. These earthquakes attenuated rapidly 
eastward, so that the maximum known intensity in the vicinity of the site 
tas MM less than or equal to rv.(6rr) .. · 
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FIGURE 3-39. Location of Seismic Refraction Survey Lines. 
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TABLE 3-16. Western Washington Earthquake Surrmary. 

Location Epicentral 
Date intensity 

0 North 0 West (MM) 

November 12, 1939 47.5 122 .5 VIII 
April 29, 1945 47. 75 121.75 VII 

February 14; 1946 47.5 122.5 VII 
April 13, 1949 47 .25 '. 122.5 . -VIII 

April 28, 1965 47.4 122 .4 vu to vru, 

Distance to 
site (mi} 

155 

134 

155 

12l 

148. 

#:;:D:. NOTE: PUREX location is 46.5°N and 119.5°W. 
r-
c:::it 
' ;,;-

. t:'r,~., --' e---.J; 
~~. ~· :;:~.~ .. 
~""-

A network of seismographs was established in eastern Washington and has . 
been operational since March 1969. · Without this dense network of recorders, 
most events that have been recorded in this period would have gone undetected -
because of: (1) relatively low population density, (2} small area in which -· 
the shock .occurred, (3) low levels of stress release -that are not generally 
felt by humans, and (4} too great a distance from the network of established 
stations prior to 1969. Some spatially and temporally restricted swarms have 
occurred, but the distribution of earthquakes generally indicates that stress 
is low, infrequent, and not concentrated in planar zones suggestive of-fault 
activity. · 

A large earthquake occurred at about 10 :40 p.'m. on December 14, 1872, 
in a sparsely populated area of northern Washington and southern British 
Columbia. Because of scarce data, details of this earthquake are not well. 
established. - Research was conducted(61) to determine the epicenter and 
epicentral intensity of this earthquake, along with any possible relationship 
to the geologic structure.· This research was undertaken in the preparation 
of preliminary safetY analysis reports and amendments thereto for several 
commercial light-water reactor units located on the Hanford Site. The 
research included detailed geologic mapping in the epicentral area, as well 
as in the region, analysis of imagery, compilation and review of contemporary 
accounts of this earthquake,_ geophysical investigations, development of a 
plate tectonic model for the Pacific Northwest, and analysis· of both macro
earthquakes and microearthquakes (Ref. 62 through 7t). Some of the 
conclusions reached by a review panel* on the 1872 earthquake follow.(73) 

•· The epicenter was located in the Northern Cascades-Okanogan 
area within a zone extending from Lake Chelan. in the south 
to southern British Columbia in the vicinity of .Chilliwack. 

Panel members included: Dr. H. A. Coombs, Professor Emeritus of 
Geology, University of Washington, Seattle, Washington; Or. W. G. Milne, 
Victoria Geophysical Observatory, Victoria, British Columbia; Dr. O. w. Nuttli, -
St. Louis University, St. Louis, Missouri;· and Dr. D. B.· Slemmons, University 
of Nevad:a, Reno, Nevada· •. 
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• Contemporary accounts suggest that a few aftershocks of smaller 
magnitude occurred during the night after the main shocks, which 
happened about 10:40 p.m. These aftershocks occurred over a 
broad area initially and may in. part account for the large area 
in which the event was sensed and assumed to be the result of 

. just the ma in event. 

• A widely sensed shock area may be the result of the main shock 
only -or the cumulativ~ effect of the main shock plus seemingly 
widely scattered aftershocks. Since the records are not adequate 
to distinguish between these two possibilities, all that can be 
said is that there is a broad area in which effects ~orresponded 
to MM .VIII. The epicenter was probably within this broad region. 
Surface faulting compatible with an 1872-type event has appar
ently not occurred in the Columbia Plateau (Basin) in the last 
11,000 yr. 

• Since this was probably a deep crustal event of .about 24 mi 
focal depth, the probability is very remote that it could have 
occurred, or could occur, in the Columbia Plateau, where the 
crust is limited to a thickness of 15 mi. Aa earthquake ·that· 
occurred at a focal depth of 24 mi in the Columbia Basin would 
have been generated ,in the mantle. 

• Structures in basement roc~s· along the margin of the Columbia 
Plateau do not appear to have affected thin Columbia River. · 
basalts that are younger than mid-Pleistocene in age (i.e., 
there appears to have been no deformation ·of Columbia River 
basalts in the last 1,000,000 yr).· Geologic and aeromagnetic 
investigations along the margins. of ·the Columbia Basin disclosed 
no evidence of late Quaternary deformation.(74) 

Since the December 14, 1872 earthquake is of potential significance 
to the proposed Hanford, Pebble Springs, and Skagit nuclear generating 
stations, a number of hearings and reviews were conducted after submission· 
of Reference 61 to the NRC in October 1977. Joint hearings involving mem
bers of WPPSS, Portland General Electric, Puget Sound Power and Light, 
the NRC, Advisory Committee on Reactor Safeguards, and the U.S. Geological 
Survey (USGS) were conducted. As a result of these meetings and reviews 
of new information on the 1872 earthquake, the USGS and the NRC reevalu
ated the geology and seismology pursuant to the design of these proposed 
nuclear facilities. The USGS concluded that: (1) the 1872 earthquake 
was probably an MM IX because of the numerous landslides reported; (2) an 
earthquake similar to the 1872 event will not occur in the Columbia Plateau, 
but could occur along the northern margins of the plateau; and (3) a 0.25-g 
zero-period horizontal ground acceleration was appropriate for design of 
WPPSS-1 and -4.(75) . 

. The NRC concluded that: (1) ~he Columbia Plateau is a unique tec
tonic province within the context of Reference 1(~1)and is distinct from 
the area in which. the 1872 earthquake occurred; (2) ~n event simi- · 
lar to the 1872 earthquake need not be considered near WPPSS-1 and -4; 
(3) a zero-period horizontal ground acceleration of 0.25 g is appropriate 
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for de~igQ of WPPSS-1 and -4, as earlier stated in the safety evaluation 
reportl78J and (4) the 1872 earthquake should be considered a "strong . 
intensity MM VIII," based on the absence of evidence other than landslides 
(which have occurred at much lower intensities)., 

While many details relating to. the 1872 event remain uncertain~ the 
recent investigations summarized· above indicate that this event was gener-,i · 
ated at least 118 mi northwest of the site in a sparsely populated area 
that is geologically different from the Columbia Basin. The epicentral · 

· intensity was probably MM VlII, but the_ site. apparently experienced effects · 
corresponding to a maximum MM VI. ( 73) Geologic investigations· indicate · 
that surface faulting apparently did not occur dur·ing this, earthquake. 
Therefore, the potential for recurrence of a similar sized event and the 
potential for surface faulting during an earthquake in the Columbia Basin 
seem low.· 

3.6 ... 7 .4 Correlation of Epicenters with Geologic Structures., There is no 
well-defined relat1onsh1p between macrose1sm1c1ty and geologic structure 
in the Columbia Basin or anywhere in the region of the site. Most stress 
release i_n the region of the site is concentrated in the Puget Sound
Willamette Lowlands of western Washington where some.moderate-to-large· 
earthquakes of focal depths· 1ess than or equal to 36 mi have occurred .in 
the past 40 yr (see Section 3~-6.7 .3). 

-The broad topographic low of the Columbia Basin is filled with many 
hundreds of feet of unco_ns_ol idated sediments that bury any structures pres
ent in the bedrock along which earthquakes may have occurred. Stress in · 
this area may be relieved along the dipping boundary of the already sub
ducted Juan de Fuca plate near the area where the angle of descent changes 
from about 14° to about 40°.(7Q). Lengthy strike-slip faults, such as 
the Straight Creek, Ross Lake, and Pasayten faults along which lengthy 
displacement apparently occurred in late Mesozoic to early Tertiary 
times, are found to the east of the Puget Sound-Willamette Lowlands and do 
not appear to be the focus of present stress release. 

The July 15, 1936 MM VII Milton-Freewater, earthquake occurred 30 mi 
east of the area where t_he extensions of the northwest-trending Horse Heaven 
Hills and Rattlesnake-Wallula structures merge, along with the projected 
extension of the WallLila Gap fault. The northeast-trending Hite fault also 
occurs in this area. Ground rupture was·reported in the epicentral area 
and near Walla Walla~(79) Both areas_are underlain by thick sequehces of 
unconsolidated sediments. The nature of these reports suggests nontectoriic 
deformation, especially along the edges of slopes artificially excavated for 

•· a highway and a railroad. Several aftershocks of this earthquake suggest 
that the plane of rupture was oriented northeast, an alignment that agrees 
with that of the Hite fault and the Blue Mountains anticline. The sensed 
area ~nd jsQseismals also display an elongation in a northeasterly direc
tion.l29,7YJ It is not certain whether-this earthquake occurred along any 
of the mapped structures in the area. Since it is the only recorded MM VII 
or greater earthquake within a 72-mi radius of the site, it is unique. In 
the absence of surface faulting or a fault plane solution, the northeast
trending zone of aftershocks and the northeast-trending felt area suggest a 
relati6nship· to the Hite fault, an association that is not proven. 
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_Various interpretations have been given to the steep slopes on the 
north and northeast sides of antic li nal ridges such as the Horse Heaven 
Hills, Rattlesnake Mountain, Saddle Mountains, and Gable Mountain •. A rel
atively thick layer of loess and other unconsolidated deposits cover.the 
bedrock in many critical areas, complicating the observation and inter
pretation of these zones of steep slope. Whether the apparent stratigraphic 
offset o~ basalt units is due to folding, faulti~g! or some com~ination of 
the t\',O 1s not clear.(29,46,48,80) At two local1t1es; Warm Springs and 
Finley Quarry, outcrops clearly expose a fault that offsets suprabasalt . 
sediments, but because of a cover of unconsolidated sediment, it is not 
possible to trace these faults any distance laterally. In other exposures, 
the rocks are clearly folded and not faulted, but the lateral extent -of 
the structure has not been determined. The two processes .seem to be. 

__ re.tated, as suggested by the strike of folds and faults. Large blocks of 
·· baialt have slid downslope as a result of nontectonic slope processes, 

further compounding the problem of interpretation. Recent interpretations 
suggest that these steeply dipping northern flanks may not be continuous 
structures in length, but rather a composite of several segments, each of 
which may have behaved independently.{29) Sediments less than 50 ft 
thick interbeodecLbetween basalt flows are commonly sheared along their 
margins in the areas where dip changes abruptly. Such shearing would be 
expected where materials of different mechanical properties slide past one 
another in the process of flexure-slip folding.(81) In some instances, 
delicate, primary, sedimentary structures such as ripples are well pre
served in the central part of interbeds, suggesting that the shearing is 
confined to the margins of the bed· as _would be expected in the flexure
slip folding process. In other cases, the shearing appears to be more 
pervasive, suggestive of fault gouge. For the most part, the interbeds 
are _concordant with the stratification in the basalts, suggesting that 
faulting has not occurred. However, in at least one locality, an interbed 
terminates abruptly against basalt with a marginal zone of shearing sepa
rating the two lithologies. LQrge landslides that have displaced large 
blocks of some of the units on the north sides of these ridges complicate 
the interpretation of the structure. 

With one exception, neither macroearthquakes nor microearthquakes 
appear to align along any of the northwest-trending zones of steep slope 
on the north sides of these anticlines. An MM IV-V earthquake that 
occurred on_ November 1, 1918 near the t_own of Corfu (about 10 mi north of 
the site) has been tentatively located along the Saddle Mountains struc-. 
ture. The accuracy of location of this event is poor. ·Corfu, the reported 
epicenter of this event, lies along an extension of a shear zone in basalts 
along the front of the Saddle Mountains some 15 mi to the west. This 
shear zone has been interpreted as the Saddle Mountains fault.(48,49) 
A large block slide has occurred in the vicinity of Corfu. The evidence 
for association of the Corfu earthquake with the Saddle Mountains fault is 
equivocal. Subsidence, originally interpreted as a graben produced during 
the 1918 earthquake,(46) has more recently been interpreted as a · 
landslide.(48) 
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Microearthquake activity that has been- monitored continuously in the 
Columbia Basin since March 1968 (first by the U.S. Geological Survey and 
later by the University of Washington with an expanded network) indicates: 

• Low levels of str,ess release 

• Shallow focal depths (less than or eq~al to 5 mi) 

• No obvious relationship to any-mapped geologic structure. 

1 Except for· swarm·activity; stress release does not appear ·to. be· 
concentrated in any zone;· even within the· area of'a.,swarm, there. 
is no concentration of events along planar zones. 

Swarm act1vity has been recorded at Wooded Island and there have been 
clusters of events in time within controlled zones. Unlike the situation 
in California, where segments .of the Hayward, San Andreas, and Calaveras 
faults are clearly delineated by microearthquakes, there is no clustering,
concentration, or alignment of micr.oearthquake epicenters along any of the 

. mapped northwest-trending structures in the Columbia Basin. 

On the basis of probable geomorphic expression in the Touchet Beds 
(12,000 yr old), a fault extending 5 mi from VanSycle Canyon across the 
Columbia River to Yellepit Station is considered to be a capable fault.(29) 
The north side of this fault, kn9wn as the Wallula Gap fault, has moved 
down, displacing stratigraphic horizons greater than 1,000 ft.(49) 
There is no displacement or geomorphic expression of the fault in Holocene 

. loess deposits. No earthquakes are known to have occurred along the. fault. 

3.6.7 .5 Identification of Capable Faults. In the. absence of definitive 
evidence of the age of last movement, the Rattlesnake-Wallula structure is 
considered capable, even though there appears to be no earthquakes 

. associated with it.(29,82) · . . 

3.6.7.6 Description of Capable Faults. The Rattlesnake-Wallula structure 
is considered capable and 1s described in Section 3.6.7.4. Faulting in 

· the central Gable Mountain area (see Sect~on 3.6.5.1) is being studied to 
-dete,rmine if this structure is a capable fault. 

3.6.7 .7 Hanford Regional Historical Earthquake. The· largest historical 
earthquake known to have.-9ccurred within the Columbia Plateau and the 

· . characteristics of free-field motion expected at the PUREX Site should an 
earthquake of the same size occur on a postulated extension of the 
Rattlesnake-Wallula structure, who,e surface trace passses within 10 mi of 
the site, have been identifiect.(83J This event has been designated as 
the Hanford Regional Historical Earthquake (HRHE). 

A statistical analysis of the completeness for the reporting of felt 
earthquakes in W~shington and northern Oregon was made in 1972.(84) The 
results show that felt earthquake reporting has approached comp_leteness 
for MM V and VI since 1933, and for MM .VII and VIII since 1870. Hence, 
the historical record for establishing the HRHE is about a century 
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in length, which is short· in comparison to estimated recurrence intervals 
for potentially damaging earthquakes in the Columbia Plateau~ Therefore~ 
it is an uncertain sample of long-term seismicity. The largest earthquake 
known to have occurred within the Columbta Plateau was the Milton-Freewater 
earthquake of July 18, 1936, with an epicentral intensity rated at 
MM vn.(77) · · - ·. • 

The minimum HRHE epicentral distance between PUREX and the Rattlesnake
Wallula structure is 10 mi. Recent intensity attenuation investigations 
for crustal-focus earthquakes indicate that the ground niotion intensity 
falls by half a unit at.epicenter distances of 12 mi or less. Therefore, 
MM VII is the PUREX site intensity for the HRHE estimated~(83) . . · 

.· ,- The expected HRHE peak horizontal ground acceleration at PUREX (for 
MM VII) is 0.10 g.(83) This estimation was made using the Modified · 
-Mercalli intensity/acceleration correlation of Reference 85. The 0.10 g 
HRHE smoothed mean horizontal response spectra for the PUREX site recom-
mended{83) are given in Figure 3-40.. . _ 

3.6.7.8 Safe Shutdown Earthquake. The safe shutdown earthquake (SSE) now 
in use for oes1gn1ng nuclear tac1lities on the Hanford Site, within the 
Columbia Plateau and including the PUREX site, would produce a peak hori-. 
zontal free-field acceleration of 0.25 g. The SSE was originally estab- · 
lished for the FFTF in 1970(86,87) and is in compliance with NRC 
criteria.(76) .· - · 

3.6.8 Surface Faulting 

Surface manifestations of faulting include sudden rupture and dis
placement, tilting, and gross changes in land level. Hence, surface 
faults have the potential to severely damage structures. No evidence of 
surface faulting or potential for surface fault manifestations have been 
found on the PUREX site.(20) 

3.6.9 Stability of Subsurface Material 

At one time, the Ringold Formation sediments filled the Pasco Basin 
to an elevation about 1,000 ft above mean sea level (the crest of the 
White Bluffs). The 200 to 600 ft of Ringold sediments eroded from the 
Hanford Site have been a static load and.hence a factor in the compaction 
of the existing Ringold Formation-under the PUREX site. The Ringold beds 
are compacted and partially cemented; these characteristics are confir~ed 
by the measurement of 6,000 to 12,000 ft/s (relatively high0 seismic com
pressional (P) wave velocities in the Ringold Formation.(88) · 

The Ringold Formation on the PUREX •site is covered by about 200 ft of 
glaciofluvial gravels and associated sediments, informally called the 
Hanford formation. The Hanford formation gravels and sediments are com
pact, though uncemented, deposits of late Pleistocene and early Recent · 
times. The Hanford formation was .laid down by glacial meltwaters and the 
Glacial Lake Missoula floods between about 100,000 and 10,000 yr ago.· 
Evidence suggests that in some places the sediments were buried by an. 
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additional 200 ft of gravel that ·were later swept away. The Touchet Beds 
have not been identified below the PUREX site. For at least the upper . 
100 ft of the Hanford formation, the seismic (P) waves measure consistently 
low at about 2,000 ft/s. However, the load-bearing capacity of the sedi-
ments, without undue settlement and consolidation, generally exceeds · 
6,000 lbs/ft2, even at the ground surfac~.· Thi~ high capacity confirms 
the compatt nature of the Hanford format1on.(20J . 

. , . . ' . 

The water table is controlled by the elevation of the Columbia River. 
Over much of the Hanford Site, the Ringold Formation occ~rs ne~r the river . 
level and is generally saturated. Therefore, the Hanford formation is typi
cally unsaturated. The water table is at a depth of about 300 ft beneath 
the PUREX Plant; there is no liquefaction hazard.(20,84,88) 

3.6.10 _Slope Stability 

Within the region along flanks of anticlines and banks of rivers, there 
are lands 1 ides which have been · attributed to earthquakes; howev.er, these· 

_landslides are more commonly due to groundwater. Recent findings indicate 
that most of the slides along the north face of the Saddle Mountains were 
caused by the Glacial Lake Missoula floods about 12,000 yr ago. Groundwater 
decreases the shear strength of the .. c 1 ay-rich beds conman to slopes; pore 
pressure gradients will occur at the draining face of the slopes. These 
phenomena plus the.added weight of _groundwater will create slope inst'abili
lities. Also, erosive·action on the toes of slopes during floods contri
butes to landslides.(20,88) . · . · 

A recent PUREX site reconnaissance revealed that there are no near or 
adjacent slopes whose failure (instability) might constitute a hazard. 

· Moreover, the soils at the site are typically granular and, hence, rela
tively resistant to failure due to sliding.(83J 

3.7 SUMMARY OF CONDITIONS AFFECTING PUREX SITE CONDITIONS 

The PUREX Plant is located near the geographic center of the Hanford 
Site. All activites within the Hanford Site are controlled by DOE. State 
Highway 240 passes within about 5 mi of PUREX; the nearest approach of the 
Columbia River is about 7 mi from PUREX. · 

The SSE now in use for designing nuclear facilities at the Hanford Site 
would produce a peak horizontal free-field acceleration of 0.25 g.(72,75) 
The HRHE determined for the PUREX site would produce a peak hoiizontal free-
field acceleration of 0.10-g.(83) · · · 

The volcanic sequence, which lies about 400 ft beneath the PUREX site, 
is greater than 10,500 ft thick. The Ringold Formation overlies the basalt 
and is about 200 ft thick at PUREX and about 200 ft of glaciofluvial sedi
ment overlie the Ringold Formation. The sediments are compact and_have a 
high loadbearing capacity. The water table is about 300 ft beneath PUREX. 
There is no 1 iquefaction hazard. The glaciofluvial sediments, which are 
normally moisture-deficient (dry) because of the mild and dry climate, can 
accommodate large discharges of cooling water. 
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4.0 PRINCIPAL·DESIGN CRITERIA. 

4.1 PURPOSE AND STATUS OF PLANT 

The Hanford Site Plutonium-Uranium Reduction Extraction (PUREX) Plant 
•. -was· original_ly designed, constructed, and operated to receive ·and process 

irradiated aluminum-clad fuel from. the Hanford production reactors for the 
recovery and purification of uranium and-plutonium. Modifications and l 
additions have been made to the primary processing systemse-- These changes 
make it possible for the systems to provide .the following services,:: 

• Receive and process Zircaloy-clad fuel from N Reactor 

• Recover, purify, and ship neptunium nitrate 

•_Convert plutonium nitrate to plutonium oxide, then package and 
transfer to storagec 

General and detailed descriptions of PUREX Plant processes and operations 
are presented in Chapters 1.0 and 6.0, respectively. 

The currently defined functions of PUREX follow: 

• Receive and process irradiated fuel from N Reactor 

• Recover, purify, and transfer uranyl nitrate hexahydrate in acid 
solution (UNH) 

• Produce, package, and transfer plutonium oxide powder. 

The processing capacity of PUREX is 10 tons/d for 94-Metal* fuel ~nd 
6 tons/d for 94/125-Metal 11 Spike 11 rA> fuel.-

More detailed descriptions of the plant feed, products, and functions 
are provided in the following subsections. 

The PUREX Plant was designed in the 1950s (30 yr ago) to design 
criteria then current with respect to site and national standards such· as 
the 1952 Uniform Building Code (UBC).(l) These "designed-in" features were 
maintained during its operating life and, during the shutdown-standby 
period, have been examined and renovated as part of the restart program~ 
More than 5 yr of lloperational testing" and "readiness testing" and 2.yr of 
"readiness review" have been employed to determine the suitability for 
restart. Any significant deterioration that has occurred since completion 
of construction has been or~; 11 be corrected· prior to restart. 

*Fuel enriched tci a 235u content of 0.947% ialso called 95-Metal). 
*""'The inner element of the "spike" fuel is enriched to 0.947% 235u 

and the outer element is enriched to 1.25% 235u. 
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Startup Criteria(2) for the PUREX Plant have been prepared and 
approved. These criteria require a number of improvements in the original 
design of the PUREX Plant, particularly in the measurement and control of 
gaseous and liquid effluents. The PUREX Plant will restart in conformance 
with the above criteria. 

Beyond the original PUREX Plant-Design Criteria of the 1950s and the 
specific improvements of the Startup Criteria, this Safety Analysis Report 
(SAR} was preP,ared in accordance with the backfitting requirements of DOE 
Order 5481.1A(3) based upon current technical criteria (site and national). 
The PUREX Plant is not required to meet current design criteria for modern 
plant construction, such as those contained in DOE Order 6430.(4) However, 
it shall meet 'the safety requirements of DOE Manual Chapters covering 
facility operation. Hazards have been identified which have been or will be 
eliminated, controlled, or mitigated.through reasonable measures. Upgrading 
actions .based on cost-benefit trade-offs have been identified in ·the text of 
this SAR. Upgrading actions based on cost-benefit trade-offs not included 
in the startup configuration are described in supporting (referenced) 
documentation. 

The preceding approach has been used to demonstrate that there is 
reasonable assurance that PUREX Plant operation can be resumed in a manner 
that will limit risks to the health and safety of the public and employees 

- and adequately protect property an~ the environment. 

4.1.1 Plant Feed 

The feed material to be processed in PUREX consists of irradiated fuel 
discharged from N Reactor and aged a minimum of 180 dafter discharge from 
the reactor. The fuel elements consist of two concentric cylinders or tubes 
fabricated of metallic uranium and clad in Zircaloy. The fabrication 
process is depicted in Figure 4-1. The fuel elements are of two basic 
types. One {Mark IV) is a two-part, tube-in-tube element; both parts are 
composed of uranium enriched to 0.947% 235u. The other {Mark IA) is also a 
two-part element, but with the inner tube enriched to 0.947% 235u and the 
outer tube enriched to 1.25% 235u. The Mark IA element, called the 11 spike, 11 

is used to obtain the desired reactivity pattern in the N Reactor. As shown 
in Table 4-1~ there are differences in lengths and in cladding thicknesses 
between the two types and, thus, minor differences in the ratio of uranium 
and zirconium per unit of length. About 80 wt% of the feed inventory will 
consist of Mark IV elements; the remaining 20 wt% will be Mark IA elements. 
Physical characteristics of the Mark IV and Mark IA elements are included in 
Figure 4-2. For charging, the fissile material limits for the Mark IA 
elements are set at 12,000 lb of uranium, containing approximately 12 kg of 
plutonium. For the Mark IV elements, the charging limits are governed only 
by the physical dimensions of the dissolver. However, the amount of 
plutonium in solution in the dissolver ij limited to the range of 11.7 to 
14.5 kg depending on the 240pu isotopic content. Table 4-2 shows the 
chemical compositions of the more commonly used spent fuels to be processed. 
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07 
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12 
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0.115 

1.25 ENRICHED 
URANIUM 

1.IHI 
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Al 
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Fuel Identification Codes. 

EXPLANATION OF FUEL CODES 

INNER BOTH 

__,,,__ 
N 09 A 

T I T • LENGTH CODE 

.. MATERIAL 

I NUMBER 

" 
MARK LETTER 
(GEOMETRY) 

MARK LETTERS 

REFERENCE DIMENSIONS UN.I 

O.D. I.D. 
CLAD 

OUTER INNER 

2.41M 1.767 0.025 

2.425 1.701 
0.025 

0.020 

2.299 1.437 0.030 

2.345 1.360 
0.035 

0.025 
2.399 1.718 

0.028 

2.435 1.770 0.030 

2.434 1.776 D.025 0.020 

2.433 1.762 O.D20 D.D15 

1.246 0.440 
0.040 O,D25 

1.3411 D.475 

1.344 0.476 O.D30 D.020 

1.337 0.4IO 0.020 0.015 

1.2711 0.41D O.D30 O.D20 

1.337 - -
0.030 

D.379 - -
0.565 - D.D32 -
D.731 - D,030 -

LENGTH 
REFERENCE LENGTH 

UN.I 
CODES INNER 

CODE CALLED (in.I 
OUTER 

TUBE ROD 

D 12 11.60 11.54 -
F 15 14.91 14.116 14,714 

C 17 17.40 17.34 -
p 19 18.98 18.92 18,830 

T 19.5 19.58 19.52 -
B 211 19,90 19.84 -
M 21 20,18 20.112 20,730 

A 23 23.ZO 23.14 23,050 

s 24.5 24.56 24.50 -
E 21 26.10 26.04 25,850 

RCPIIOlll-118A 

4-4 

f_;, .. _,, 

"iii/ 



I -

~ 
«..':'~~-.
~ 

.;, 

c~r" 
~~ 

i:.'-.Ji 
N~ 

~ ~....,, 

PREIRRADIATION ENIIICHMl!NT 

o,mu 

'!YA! • U!NGTH COOE 

OUTi!fl 1.ElllG'ffl IIN.J 

OIAMEnR OF ELEMENT (IN.) 

1.. OUTEII 01' OUTER ELEMENT 

2. INNER OF OUYER ELEMENT 

3. OUTER OF INNER ELEMEll!'i' 

4. INNER OF INNER ELEMENT 

CLADDING WEIGHT (LBSil · 

1. OUTER ELEMENT 

2. INNER ELEMENT . 

WEIGHT 011' URANIUM IN 
OUTl!R(LBSI 

1. 10.!M1% mu, 

2. 11.2n, mu, 

WEIGHT 01' URANIUM IN 
INNER (LBS) 0.947'1, u-zas 

WEIGHTED AVERAGE 01' 
URANIUM IN ELEMENT (LB'.i1r 

RATIO 01' ZIRCALOY-2 
TO URANIUM (LBS/TON) 
WEIGHTED AVERAGE (LBS/TON) 

'la OF PROCESSING LOAD 
OF EACH TYPE 
'la OF TOTAL ELEMENTS 

DISPLACEMENT VOLUME 

GAL/TON URANIUM 

SD-HS-SAR~001 
. REV 3 

.t; 
' 1•-

9 LOCKING-SPACER 
CLIPS; INll!ER TUBE 

MARK IV 

O.Ml"ll, llNRICH!D 

I! s ,,. 
21.1 24.11 23.2 

2.42 · 2.a 2.42 

1.70 , 1.70 1.70 

1.21 1.a 1.2!! 

0.41 DAI o.411 

2.41 2.Zil 2.11 

1.21 1.111 1.118 

35.2 33.1 31.2 

-... 
-

111.5 15.5 14.11 

-
50.3 

140 141.8 143.2 

140.7 

811 7 1 

80 

111 16 18 

MARK1•A 

US-G.1147'1\i mmCHl!D "SPIKE" 

C Ill T I' 

H'A 20.11 111.1 14.11 

2.42 2.40 2.40 uo·. 

1.70 1.11. 1.77 1.77 

1.21 1.25 1.21 1.25 

0.41 o." 0-44 0.44 

1.74 1.94 ·1.83 1.45 

o• 1.111 1.12 0.811 

23.1 

24.4 22.9 17.3 

10.9 12.1 11.3 8.11 

311.1 

154.1 171.Q 172.5 180.7 

171.3 

4 88 10 2 

20 

111 18 111 111 

RCPIIOlll-17A 

FIGURE 4-2·. N Reactor Fuel Element Descriptions .. 
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Element 

Al 
Be 
Sn 
Fe 
Cr 
Ni 
C 
u 
Zr 
B 

Cd 
Co 
Cu 
Hf 
H 
Pb 

Mg 

Mn 
Mo 
N 

Si 
Na 
Ti 

w 
V 

0 
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TABLE 4-20 Chemical Composition of N Reactor 
Fuel Components. 

Uranium Zircaloy-2* Braze 
alloy 601* filler* 

700 to 700 75 145 
10 4.75% to 5.25% 

1.20% to 1. 70% 0.14% to 1. 70% 
300 to 400 0.07% to 0.20% 0.60% to 0.21% 

65 Oo05% to 0.15% 0.05% to 0.15% 
100 0.03% to 0.08% 0.028% to 0.08% 

365 to 735 275 500 
Balance 2.5 4 

65 Balance Balance 
0.25 0.5 0.5 
0.25 0.5 0.5 

10 20 
75 50 60 

200 200 
2 25 50 

100 130 
25 20 60 
25 50 60 

50 50 
75 80 200 

124 100 250 
20 
50 20 
50 100 
50 50 

2,300 

*concentrations given in parts per million maximum or 
parts per million range unless shown as weight percentage 
range. 
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· The 4verage operating power level of the N Reactor is between 3,600 and 
3s 700 MW. l5) Typical isotopic composition of uranium and plutonium · 
in N Reactor spent fuel .is listed in Table 4-3. The buildup of 240pu with 
respect to exposure is shown in Figure 4-3~ 

The fis·sion product content of spent fueJs is shown in Table 4-4 •. Two 
nominal spent fuel decay periods which could be encountered during the 
upcoming PUREX operation are listed for comparative purposes: 5.yr, the aver.;-. 
age age of the stored.:fuel, ,. and: 180 d, the--current minimum cooling time. 

In addition to spent N'Reactor·fuel,. small quantities of other fuel 
material, including the Shippingport (pressurized water) Reactor core number 2 
blanket fuel, may be processed by PUREX at the request of the DOE. These 
fuels will be within the range of characteristics on which the safety analysis 
is based, or will be the subject of.supplementary analyses prior to 
processing. 

4.1.2 Plant Products and Byproducts 

The normal products to be shipped from the PUREX Plant are-·plutonium 
oxide powder and UNH solution. · 

The plut~nium oxide powder will meet the Fast Flux Test Facility,(6) 
Los Alamos National .Laboratory, or Savannah River.Plant specifications.(?) 

. · · The uranium product stream is a 60 wt% solution gf UNH. · A quality 
specification fqr this product is shown in Table 4-5.lS) The gamma · 
radioactivity level of the UNH product solution is, typically, less than 30% 
of the specification limit (about equivalent to that of aged natural uranium). 
The LINH solution is batch-transferred to· TK-K6 and sampled, after which it is 
pumped to one of four 100,000-gal tanks in the 203-A Storage Facility where 
the temperature is maintained between 45°C and 60°C. Shipments are by 
2,800-gal tank truck 6 mi ta one of two 100,000-gal feed storage tanks at 
the.Uranium Oxide (U03) Plant. During operation, up to five loads per day 
(one shift) can be shipped. As t.he name implies, the UNH solution is 
calcined to uoj powder at the U03 Pl ant .for o.ffsite shipment. 

Product specifications may be modified in some respects because of 
customer requirements or process capabilities. Such modifications shall not 

. result in adverse safety impact relative to the analyses in this report. 
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Typical Isotopic Composition of 
N Reactor Spent Fuel .(at 180-d after 

discharge from the reactor).{5} 

Isotope g/t Ci/t of U 

Mark IV 2,500 MWd/t 

234u 1.02 x 10-l 6.30 X lQ-4 
235u 7 .11 X 103 1.52 X lQ-2 
236u 9.52 X lQ2 6.00 X l0-2 
237u 2.26 X 100 1.84 X 10-3 
23Bu 1.05 X lQ6 3.52 x 10-l 
238pu · 2.05 X 100 3.56 x l_Ol 
239pu 1.92. X 103 1 .. 17 X 102 
240pu . 2.91 X lQ2 6.61 X 101 
24lpu 5 .. 97 X 101 · 6. 71 X lQ3 

· 242pu · . 6001 X 100 2o34 X lo-2 

Mark IA 3,000 MWd/t 

234u 1.35 x 10-l 8.32 X lo-4 
·23su 8.87 X 103 1.90 X lQ-2 
236u 1.13 X 103 7 .11 X lQ-2. 
237u 2.32 X lOO 1.89 X 10-3 
238u 1.10 X 106 3.64 x 10-l 
238pu 2.13 X lQ0 3.68 X 101 
239pu 1.92. X 103 1.18 X 102 
240pu 2.99 X lQ2 6. 79 X lQl 
24lpu 6.03 X lQl 6. 79 X lQ3 
242pu 6.20 X 100 2.42 X lQ-2 

4-8 



22 

20 

18 

16 

14 

,R 12 Q 

~ :i I 
'0 £L 

~ 10 

8 

6 

4 

2 

0 
0 1000 

FIGU.Rf. 4-3. 

2000 3000 

EXPOSURE, MWd/ton 

4000 5000 6000 

RCP8008-115A -1 

Perce~~age of Plut·o~ium .. Con~erted to ?40Pu wft~ E·xposure. (4 ... s)·_, .', 
• - • ___ .i:,_ 

! 

.: u, 
0 
a 

:::c 
:;ciu, 
l!Til 6 
<en 
w~ 

.fl 
0 

.0 _,, 



~ 
I 

t-> 
0 

TABLE 4-4. Fission Product Activity of Fuels.to be Processed 
(curies per metric ton _of uranium).· 

240pu content 121 9% 61 

Fuel Mark IV Hark IA Hark IV Hark IA Mark IV Hark IA 

235u enrichment 0,9471 1.251-0.9471 0.9471 1.251-0.9471 0.9471 1. 251~0; 94 71 

Exposure: MWd/t 2,500 3,000 1,670 2,030 1,000 1,000 I 1,000 
I 

Cooling time 5 yr 180 d 5 yr 180 d 5 yr 5 yr 5 yr 180 d 5 yr : 180 d I 

· 147pm 9.2 • 103 l.0 x 104 · l.l x 104 3. 7 X 104 4.6 X 103 ·7.0xl03 4.1 X 103 ' 1.3 X }04 4,1 X 103 ! 1.4 X }04 
137csa 8.7 ll 103 9.6 X }03· 1.0 X 104 1.2 X }04 5.0 X 103 6.2 X }03 3.5 X 103 3.8 X 103 3.4 X 103 3.8 X 103 
90sra 7.7 x 103 8.6 X 103 9.2 X 103 1.0 X 104 4.2 ·x 103 5.7 X 103 3.3 X 103 3.7 X 103 3.3 X 103 '3.7 X 103 
144cea 2.9x·103 1.6 X 105 3.6 X 103 1.9 X 105 }.6 X 103 2.3 X 103 1.4 IC 103 7.5 X 104 1.4 X 103 7.6 X 104 
l06Rua 1.3 X 103 2.9 X 104 1.6 X 103 3.5 X 104 8.5 X 102 8.0 X 102 3.7 X 102 8.2 X 103 3.5 x 102 , 7 .7 X 103 
85Kr 7.8 x 102 1.1 X 103 9.3 X 102 1.3 X 103 4.7 X 102 5.8 X 102 3.4 X 102 4.5 X 102 3.4 x 102 4.5 X 102 
134cs 3.1 X 102 1.4 X 103 3.7 X 102 1.7 X 103 3.7 X 102 1.4 X 102 4.6 X 101 2.1 X 102 5.6 X 101 1.6 X 102 
125Sb 2.0 X 102 6,4 X 102 2.5 X 102 7.7 X 102 1.8 X 102 1.3 X 102 6.8 X 101 2.1 " 102 6.7 X 101 2.0 11102 
3H 1.9 X 101 2.5 11 101 2.J X 101 3.0 X 101 1. 7 X 101 2.1 X 101 b b b b 
1291 2.3 11 10-J 2.J 11 10-l 2.8 X 10-3 2.8 X 10-3 1.4 X l0-3 1.6 11 10-3 C C C C 

95zr 2.8 i 10-3 1.0 X 105 3.4 11 10-3 1.2 X 105 1.2 11 10-3 2.6 x l0-3 1.9 x l0-3 6.7 X 104 2.0 x 10-3 7.1 X 104 
95Nb 6.1 X 10-3 2.0 X 105 7 .3 X 10-3 2.3 11 105 1.2·x l0-3 2.6 x 10-3 4,0 X 10-3 1.2 X 105 4. 3. II l0-3 1,3 X 105 
9ly C 7.2 X 104 C 8.6 11 104 C C C 5.2 X 104 C 5.6 X 104 
89sr C 4.6 X 104 C 5.3 X 104 C C C 3.4 X 104 C 3.7 X 104 
103Rua C 2.1 ~ 104 C 2.6 X 104 C C C 1.4 X 103 C 1.5 X 104 
14lce C 1.6 X 104 C 1.8 X 104 C C C 1.3 X 103 C 1.4 X 104 
12;mTe 2,7 X 10-2 9.5 X !02 3.J X 10-2 1.1 x 103 1.0 X 10-2 2.0 X l0-2 1.2 X 10-2 4.1 X 102 1.2 .• 10-2 4 .1 X 102 
12gm1ea C 6.5 X 102 C 7.8 X 102 C C C 4.5 X 102 C 4.8 X 102 

aoaughters of these Isotopes are also present at the same activity level. Example: 90sr has a daughter (90y) which is present 
In the fuel at the same curie content as 90sr. 

bNot available; will be less than 91 or 121 cases. 
CLess than l x 10-l, 
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TABLE 4-5. Typical Uranyl Nit)rate 
Quality Specifications.(8 

Chemical or property 

u 
HN03 
23Su 

Actinides 
Pu 
Th 

Fission products 
95zrNb 
103Ru and 106Ru-Rh 
All others, 

excluding 99Jc 

. Organic 
Other impurities 

Fe 
Cr 
Ni . 
Na 

Specification 

3o9 to 4.4 lb/gal 
0.10 lb/gal maximum 
l.O.wt%.maximum· 

10a 
750b 

10 µCi/lb uranium maximum 
20 µCi/lb uranium maximum 

20 µCi/lb uranium maximum 

No visual organic.phase 

aparts per billion parts uranium maximum. 
bparts per·million parts uranium maximum. 

4.1.3 · Facility Functions 

The PUREX Plant receives scheduled shipments of irradiated, aged, 
N Reactor fuel elements from·the 100 Kor 100 N Area storage basins. 

· _A Mark IV fuel shipment consists of three or four railroad cask cars, each 
of which will contain up to nine fuel element canisters; the cars are 
remotely unloaded one at a time. A typical charge of Mark IV fuel contains 
less than 23,200 lb of uranium (33 canisters of 14 elements each, for a 

. total of 462 elements). A typical charge of Mark IA fuel contains less than 
10,600 lb of uranium (21 short canisters of 14 elements each or 10 long 
canisters of 28 elements each, for a total of 294 or 280 elements, 
respectively). Mark IA and Mark IV fuel -will not be included in the same 

·. dissolver charge. · 
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As further described in Chapter 6.0 9 the fuel cladding is then removed, 
the fuel is dissolved, and then separated into the various constituent 
products, resultant effluents, and waste streams. Effluents and waste 

: streams are further discussed in Chapter 7.0. Uti.lities and support 
· functions are described in Chapter 5.0. · 

4o2 STRUCTURAL AND MECHANICAL, SAFETY CRITERIA 

This section presents the architectural and civil engineering criteria 
which govern the startup and operation.of the PUREX Plant. These criteria 
include the original plant design criteria(9) •and additions intended to · 
limit risks to the health and safety of the public and employees and ade
quately protect property and the environment. The original design criteria 
specified that the arc;hitectural and structural design requirements of the 
1952 UBC be followed.ll) Currept safety analyses of DOE operations are 
required by DOE Order 5481.1A(3J to identify and categorize hazards 
into three levels: low~ moderate~ and high. · Rockwell guidelines have been 
formulated for this level determinationc(IO) Structural upgrades, other 
backfitting efforts, and administrative controls to mitigate the haz-
ards have been selected using comprehensive natural forces evaluationsg 
hazards risk analyses, and cost benefit studies for the PUREX Plant (Ref.- 11 
through 14). · 

4.2.1 Wind Loadings 

Section 2307 of the 1952 usc(l) specified that the buildings and 
structures be designed to resist wind pressures of not less than 15 lb/ft2 
for portions less than 60 ft above the ground, and not less than 20 lb/ft2 
for portions greater than 60 ft above the groundc These criteria remain in 
effect for the startup and op.eration of the PUREX Plant. There has been no 

. wind damage to the PUREX structures to date. The maximum wind loaoing of 
about 17 lb/ft2 occurred during a 80 mi/h wind in January 1972.(15) 

4.2.2 Tornado Loadings 

· The original PUREX d~sign criteria did not give specific requirements 
for tornado.resistcJn~e;(9J the 1952 UBC did not include tornado-resistant 
design provisions.llJ As a result, special features for tornado resist
ance were not provided when the original PUREX Plant was built. Currently, 
a 175 mi/h design basis tornado (DBT) is designated for the Hanford

1
S)ite, 

· including PUREX, in th~ Hanford Standard Design Criteria, SOC 4.1:( 4 

• Wind Loads 

- Tangential Speed: 
- Translational Speed: 

150 mi/h 
25 mi/h 
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0.75 lb/in2 pressure decrease in 3 s, held 
for 1 s, and returned to ambient at same rate 

• Tornado-Borne Missiles 

- 2-in. by 12~in. by 12-ft wood plank 
traveling 100 mi/h 

- 4-ft by 8-ft by 3/4-in. plywood sheet 
traveling 150 mi/h 

- 26-in. by 20-ft sheet of 20-gauge corrugated 
steel siding traveling at 150 mi/h~ 

Recently completed analyses of PUREX Plant structures and systems 
concluded that radionuclide releases could re~ult in the event of a DBT, 
including the following potential effects:(llJ 

• Breaching of the 202-A east crane maintenance platform (ECMP) 

• Loss of the 291-A exhaust ventilation system 

• Damage to the PUREX laboratory 

• Destruction of the sample.gallery exhaust filter plenums _and the 
· product removal stack filter plenum~ 

However, according to data from the following hazards analysis,(14) the 
maximum offsite individual whole body radiation exposure as a result of •BT 
damage would be well within Rockwell ~anford Operations (Rockwell) 
guidelines for "Low Hazard Level 11 .(lOJ 

Maximum •BT-induced 
individual offsite · 

radiation exposure{l2) 

0.06 rem/yr 
. (whole body)· 

Low-level hazard guideline 
individual offsjt~ 

· radiation exposure{8J 

0.5 rem/yr 
{who 1 e body)· 

· In c1dditio11
1
-the probability of the DBT striking PUREX is extremely low 

(~l x 10-l;yr).{ 4) · · · · · 

· ··Costs of upgrading structures to withstand the DBT range frqm $150,000 
·for the 291-A ventilation_ equipment to $12,000,000 for the ECMP.t17J 

Thus, the potential. radionuclide releases from PUREX in the event of a 
. DBT are concluded to be as low as reasonably achievable (ALARA), and 
structural upgrades to specifically enhance the tornado resistance of the 
PUREX Plant are not required or planned. 
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4o2o3 Water-Level (Flood) Designs 

Flooding of the PUREX Plant site was judged to be incredible at the 
time the original design criteria were prepared, approved, and issued.(9) 
A more recent evaluat-ion confirms this judgment, and• it remains in effect for 
the PUREX Plant startup and operation~(l8) . 

4.2.4 Missile Protection 

Section 11.7.1 of the original PUREX design criteria specified the fol
lowing for the noncanyon portion of the 202-A building: "Interior partitions 
shall be designed to minimize the effect of secondary missiles." Design 
requirements for external missile protection, including definitions of 
secondary missiles in terms of origin, weight, dimensions, material composi
tion, impact velocity, and ori~nt(ltion were not giveno .A recently completed 
PUREX tornado hazards analysisl14J concludes that the offsite individual .. 

.radiation exposures re~ultfng from DST-generated missiles would be within 
Rockwell guidelines(lOJ for "Low Hazard Level" (see Section 4.2.2)o 

However, PUREX seismic evaluations indicate that protection of the 
dissolver drown tanks and the H/J cell fire suppression system·from falling _,. 
items-or missiles caused by earthquake ground motions is required (Ref. 11 
through 13). This protection_ was provided by Project B-336, "Structural 
Upgrade - PUREX Plant" (see Section 4.2.5). Evaluation of other accidents 
(explosions, centrifuge failure) which could generate PUREX internal missiles __ 
did not identify any resulting in significant radioactivity releases. 

4.2.5 Seismic Design 

The origi.nal PUREX design criteria(l) specified that earthquake re~i~tance 
be provided in accordance with 1952 UBC Zone 2 earthquake regu-lations.ll) The 
1952 UBC (Section 2312, seismic design provisions) is interpreted to have 
required static horizontal forces on the 202-A building at each flyQr or roof 
level above the foundation equal to 0.01 W (W = total dead load).{ J A 0.25 g 
safe shutdown earthquake (SSE) is currently designated for the Hanf(Qrd Site, 
including PUREX, in the Hanford Standard Design Criteria, SDC 4.1. l6) Also, a 
0.10 g Hanford regional historical ~~rthquake (HRHE) was established for the 
PUREX site in the seismic analyses.lll) These recently completed seismic 
analyses of the PUREX structures and systems conclude that radionuclide 
releases could result in the event of the HRHE or the SSE from the following 
potential failures:(11) 

• Breaching of structural barriers which confine radionuclides 

• Loss of the 291-A exhaust ventilation system 

4-14 



~-· 

t':'.i .. 
~; 

,;, 
a..--.,, -~. 

~ 
~~ 

', ,, ,·· 

SD-HS ... SAR-001 
REv,3, 

• Damage to safety systems and utilities such as radiation monitorss 
alarms, fire suppression systems, emergency cooling water, steam 
power, emergency electrical power, etcc 

• Process equipment failures with the potential to release radio
nuclides. 

A seismic cost-risk analysis determined that the most severe possible· 
post-earthquake consequences at PUREX, without upgrading to .enhance seismic 
resistance, would be.a uranium metal fire in a fuel element dissolver and a 
~olvent fire in H/J cell (codecontamination solvent extraction processing); 
ll2) the potential resultant offsite radiation exposures resulting from a · 
seismic event are given in Table 4-6. Three alternatives for PUREX seismic 
upgrading· for reducing the potential offsite radiation expqsures to within 
.Rockwell guidelines for "Low Hazard Level" were developed;llO) relative costs 
and exposure reductio~~ were reported in the cost-risk analysis and are sum
marized in Table 4-7.,ll2) This cost-benefit analysis recommended implemen-

.·~::- .L· 

tation of Alt~rn~tive III to preclude a uranium metal fire or an H/J cell 
organic fire.ll2J Hence Project B-336, "Structural Upgrade PUREX Plant", 
backfitted PUREX with a dedicated fire suppression system for H/J cell and 
structural modifications to the dissolver drown tanks. 

The PUREX Plant seismic hazards onsite risk analysis defined seismic 
radiological risk to the onsite population as the product of the probabi
lity of occurrence of an e4rt_hquake and the resulting maximum ·potenti.al 
onsite radiation exposure.ll3) This analysis concluded that the onsite · 

,;: seismic risks for operating PUREX "as is" presented by the 0.10 g HRHE and 
). the O. 25 g SSE are within an accept ab 1 e 1 eve 1 , based on the 1 ow prob ab i 1 i ty. 

of occurrence established for these events. Hence, modifications to the: 
PUREX Pl4nt to)mitigate only the onsite seismic risk are not required or 
planned.lll,13 - .. 

4.2.6 Sno~ Loadings 

· The 1952 UBC, Section 2305, (1) specified resistance to a minimum live . 
load of 20 lb/ft2 fgr roofs w·ith a rise of· less t~aet 4 in./ft~ which includes 
the 202-A building.ll) In addition, the 1952 UBC(lJ held the designer .· 
responsibl~ to determine whether snow loads could exceed the 20-lb/ft2 
minimum.(lJ These criteria remain in effect for the startup and operation 
of the PUREX Plant. There has been.no snow load or other roof live load · 

. damage to the PUREX structures to date •. The maximum snow accumulatioet on 
the ground since plant construction was 12.1 in. in December 1964.(19) This· 

.corresponds to a snow loading of about 8 lb/ft2. 
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. TABLE 4-6. Maximum 0ffsite Radia
tion Exposure Resulting from 

Seismic Event. 

Individual 

Annual 

Lifetime 

Whole body {rem) 

6.5 

36.0 

TABLE 4-7. PUREX Seismic Upgrade Alternatives. 

Upgrade 
Cost in 

thousands of 
·1983 dollars 

Individual offsite 
radiation exposure 

reduction. {rem) 

Annual . j Lifetime 

Alternative I - Maintain Safe Structural Barrier 

HRHE - Strengthen 202-A ECMP 

SSE. - Strenghen 202-A canyon and 
ECMP 

. . 

2,000 

54,300 
·10,000 

Alternative II - Maintain_ Exhaust Ventilation Flow 

· SSE - Ensure 291-A exhaust ventila~ 
tion system remains functional 
and upgrade the 291-A stack 

2,500 5.4 32.6 

Alternative III - Preclude Serious Dispersion of Radionuclides 

HRHE - Ensure fire suppression system 
and drown tanks are functional 

SSE - Ensure fire suppression system 
and drowntanks are functional 
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4.2.7 Process and Equipment Derived Loads 

The 1952 UBC, Section 2302, contained the following specifications:(1) 

11 In designing floors to be used for industrial or commericial pur
poses, the actual live load caused by the use _to which the building or. 
part of the building is to be put shall be used in the design of such. 
building or part thereof. Special provision shall be made-for machine 
or apparatus loads when such machine or apparatus would cause a greater 
load than specified for such use in Section 2304, which requires a 
125.psf (lb/ft2) minimum floor live load for heavy manufacturing 
occupancies." 

Section 11.3 of the original design criteria identifies the process . 
equipment; remote maintenance and auxiliary cranes; piping in the hot pipe 
trench, pipe and operating gallery equipment; a~d sample gallery equipment 
as functional components of the-202-A bui1dingct9) These criteria, 
accounting for current actual ·live loads, remain in effect for the PUREX 
Plant startup and operation. There has been no live floor load damage to 
the PUREX structures to date. 

4.2.8 Combined Load Criteria 

The general requirement of the 1952 UBC was that live and d~ad loads be 
combined without exceeding the material unit stress allowable.(lJ The wind 
loads were to be combined with all vertical loads on-the structure, except 
the roof live load and crane load. The seismic horizontal static forces per 
the 1952 UBC, Section 2312 were to be U$ed only if these would produce 
stresses greater than the wind loads.(9J The combined stresses in the 
structure due to wind or seismic and other loads were permitted to exceed . 

-the allowable unit stresses by one-third. An addition to these criteria has 
been made for the PUREX Plant startup and operation as follows: · 

11The combined stresses in PUREX structures, services systems, and 
components due to seismic or tornado and other loads shall be limited 
such that the consequences of the SSE or DBT, as defined in terms .of 
maximum individual offsite radiation doses are within Rockwell 1 Low 

· Hazard Leve 1 1 guide 1 i_nes. 11 
( 10) - . . 

The backfitting efforts required for increased seismic protection described 
in Section 4.2.5 ensure compliance with these additional criteria. · 

4.2.9 Subsurface Hydrostatic Loadings 

Groundwater-induced hydrostatic loadings on subsurface portions of the 
202~A building structure were judged to be incredible at the time the 
original design criteria were prepared, approved, and issued.{9) This 
judgment remain_s in effect for the PUREX Pl ant startup and operation. 
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4.3 SAFETY PROTECTION SYSTEMS 

4.3.l General 
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No items relating to the site location are so unusua·l or unique as to 
require special protection systems orother-considerations.indesign beyond 
those normally required for a facility of this type. 

Hydrogen and ammonia are evolved during chemical decladding of the 
irradiated fuel elements; special equipment is provided for detection, 
dilution, and/or-removal of these from the process ventilation system • 

. Special design considerations, such as favorable geometry, concentra
tion control, neutron poisons, sump and vent system design, etc., are pro
vided to minimize the probability of a nuclear criticality accident. 

The potential exists with the PUREX process for the formation of 
unstable, nitrated materials {red oil) from the organic. Special design 
considerations ensure control of such process variables as temperature, acid 
concentration, and residence time, and provide adequate venting of the 
system to preclude formation of unstable compounds. 

Process solution temperatures are controlled to preclude the potential 
for flammability/explosion of the organice Organic aerosol formation is 

· minimized and decant/strip phase separations are performed. · 

The high-level waste in the waste treatment vessels continuously gen
erates hydrogen by radiolysis; controls are provided to ensure adequate 
dilution air in the vessels at all times~ 

Safe shutdown of the processing operati_ons in abnormal events (such as 
loss of primary services or an incident necessitating evacuati.on of the 
facility) is enhanced by design and selection of instrument control systems 
that ensure response occurs in the safest manner possible. 

4.3.2 Protection by Multiple Confinement Barriers and Systems 

The confinement system for the PUREX Plant consists of one or more in
dividual confinement barriers and systems which restrict releases of radio
active or otherwise hazardous material to the environment or into areas 
normally occupied by operating and support personnel. The confi~ement bar
riers and systems are designed in accordance with DOE Order 643Ol 4) and 
Rockwe11(2OJ .criteria. . 
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The confinement systems and barriers limit releases of radioactive 
materials to the two following areas: 

• Restricted areas, so that 1nd1viduals are not ~xposed to con
centrations of radioactive materials in exce$S of the guidelines 
specified fn Table I of DOE Order 5480.lA-XIlZl) 

• Unrestricted areas9 so that releases of radioactive.materials·are
ALARA and do not exceed the ·concentration guidelines specified in• 
Table II of DOE Order 5480.lA-XI. [In this·case, the confinement. 
systems limit releases:resulting from design-basis acc.idents, 
including natural phenomena, allowing the maximum offsite 

_ individual whole body radiation exposure to fall within the "Low 
Hazard Level" guidelines (see Sections 4.2 .. 2, 4.,2.4, and 4.2.5)]. 

The methods of confi-nement depend on the mobility, quant-ity, type, and -
intensity of the radioactive material and its radioactive effect on the 

- environment. The primary confinement barriers in PUREX are the walls of the 
process vessels and piping. Instrumentation is provided to detect leakage 
from the primary barriers to process cell or glovebox sumpsG The secondary 
barriers .are gloveboxes, process cell vault walls, and building walls. 
These secondary barriers act in conjunction with the "selective" barriers. 
{which are the mass-transfer devices, offgas systems, and ventilation 
systems) to limit the spread of airborne contamination. This airborne 
contamination could arise from leakage of either gases or liquids from 
process and storage vessels into cell or vault air spaces and-ultimately 
into other areas. Barriers also are used to prevent the spread of contami
nation via leakage of contaminated liquids and solids. 

4.3o2.l Confinement Barriers and Systems. Confinement barriers and sys-
tems are selected in accordance with proven practices. In those cases where 
the systems selected extend beyond proven practice~ the system is explained, - · 
evaluated, and documented on the basis of either work under development or 
analytical extrapolations. Confinement barriers and systems are classified 
according to importance in protecting the health and safety of the public 
(as discussed in Section 4.4). Barrier design compliance with the standards 
and guides specified assures that the effects of design basis accidents. 
including natural phenomena, are considered._ The following general criteria 
were considered in the design of all containment barriers. 

• The facility is separated bY confinement barriers into areas or 
zones classified according to the potential level of airborne 
contamination to limit the spread of radioactive materials. 

• Confinement systems are constructed of nonflammable materials, 
except where thi_s js not possible because of special functional 
requirements. · 

• Materials of.construction are resistant to the corrosive effects 
of process and decontamination fluids at the temperatures and 
pressures encountered._ Corrosion allowances are based on a 
minimum service_ life of 20 yr. 
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• Barriers are designed to withstand loadings due to pressure dif
ferentials imposed by the process offgas and building ventilation 
systems, as well as pressure differentials caused by natural 
phenomena. 

e Differential pressure monitors are provided to control and 
indicate atmospheric pressure differentials between confinement 
zones to monitor the integrity of total confinement barriers 
between zones. Continuous air monitors are used to indicate 
deterioration or loss of.function in integrity of a selective 
barrier which could release radioactivity from a designated 
confinement area into a monitored area. To monitor a total 
confinement barrier that is used for liquid confinement, leakage 
is detected by high-level detection alarm systems, with the 
detectors in specially designated leakage collection sumps, or by 
analytical devices which measure and alarm contamination intrusion 
into normally uncontaminated tanks or process streams. 

• Penetrations through confinement barriers which could provide 
potential pathways for release of radioactivity to the environ
ment or to normally occupied areas have means for isolating the 

. penetration. Air locks may be used at personnel entrances to 
potentially contaminated zones. Isolation valves may be used in 
piping penetrations of the barrier, provided the lines between 
barrier and valves are sealed. In addition, the valves are 
located as near the barrier as practicable •. 

• Confinement barriers are designed to maintain functional inte
grity under the major and design basis accidents hypothesized at 
the time of construction. Upgrades reduce the consequences of the 
currently defined SSE or OBT to within low hazard level 
guidelines. 

• Confinement systems and components are designed to facilitate 
maintenance of the system. 

• Alternate power service is provided to those confinement barriers 
and systems in which loss of confinement capability could result 
from loss of primary electrical service. 

In addition to the above considerations, the following items were con
sidered in the design of specific confinement barriers. 

• Process Vessels and Piping 

- Piping systems which penetrate confinement barriers have at 
least one isolation valve located outside and as close to the 
confinement barrier as practicable~ unless it can be demon
strated that isolation is assured by some other means. 
Design guides are contained in Hanford Site plant standards 
for process and service piping.(22) 
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- Process vessels and p1p1ng systems are designed as primary 
confinement barriers in accordance with appr·opriate corro
sion and structural criteria. 

• Secondary Confinement Barriers 

-··· Process and waste storage vessels .and piping, serving as 
primary confinement barriers, have a secondary barrier pro
vision so that a breach of the primary does not result in a 
significant radioactivity release to unrestricted access 
areas. 

- Structures housing vessels and piping normally containing 
radioactive liquids are designed to serve as secondary liquid 
confinement barriers to-confine potential leaks from a 
pr-imary system. The structures are provided, as appro
priate, with an impervious liner of a material having ade-
quate corrosion resistance to the liquids which the liner may. 
contain. The structure is capable of containing a liquid · 
volume greater than the credible leakage from a single 
vessel. Capability for liquid transfer from.the structure-is 
provided. · 

. - The liner and structural anchors are designed and constructed 
to accommodate stresses due to temperature variation and com~· 
binations of applicable live and dead loads. When used as 
forms for concrete placement, the liners are provided with 
sufficient structural support to withstand loadings incurred 
during construction, supplemented by temporary shoring sys
tems if required. The stainless steel liners~ when used on 
floors and walls, are welded to steel embedments in the con
crete support structure. The liner welds are tested by 
proven nondestructive testing methods. 

• Selective Confinement Barriers 

- Building ventilation and process offgas systems-control the 
spread of airborne contamination through openings in barriers 
by regulating the direction of airflow between these zones. 
Therefore, flow is from zones of low contamination potential 
to zones of high contamination potential. 

- Capacity of the ventilation system is adequate in relation to 
confinement system requirements. This assures that the 
velocity of air flowing through any barrier opening is suf
ficient to prevent backflaw of airborne contaminants through 
such openings and that airflow patterns are not disrupted by 
winds, movement of equipment or personnel, or temporary 

. open_ing of passageways through confinement barriers. 
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- Standby fans are provided to automatically take over the 
function of any essential fan that may become inoperative. 

- Process offgas systems are designed and installed to confine 
hazardous chemical or radioactive materials evolved during 
process operations and radioactive waste storage and to reduce 
concentrations in-gaseous process effluents to ALARA levels. 

- Ventilation systems are designed and installed to confine, 
channel, and control airborne radioactive contaminants and 
provide normal ventilation requirements. 

· 4.3.2.2 Ventilation Offgas. The ventilation systems for the PUREX Plant are 
designed to provide containment of airborne radioactive particulates under 
both normal and abnormal conditions, to provide comfort conditions for 
personnel commensurate with the required work, and to provide suitable 
operating conditions for equipment. 

The total ventilation system consists of subsystems which provide supply 
a,r, area recirculation, area ·exhaust, and process exhaust. The total 
ventilation system is controlled and coordinated with the facility 
arrangement to achieve the necessary confinement of airborne radioactive 
materials under all modes of operation, including single failure of equipment 
and exposure to natural forces as given in Section 4.20 

·The building exhaust systems collect, filter, and exhaust the 
ventilation air from the facility, and provide the necessary airflow 
patterns, pressure differentials, anq ventilation rates for confinement. 
These systems are coordinated and -balanced with the supply air systems and 
the process exhaust systems to assure that the required differential 
pressures between ventilation zones are maintained under all conditions. The 
effect of air expansion due to high temperatures _in a fire has been included 
in the design considerations. 

· Continuous operation of exhaust systems necessary for maintaining 
negative pressure in Zones I, II, and III, as defined on the following pages, 

· is achieved by features such as multiple or standby units, alternate power 
service for controls and machinery; isolation dampers, and automatic 
interlocks. · 

The PUREX Plant is divided into the following four main ventilation 
zones similar to those recof91!!e~ded by the U.S. Energy Research and 
Development Administration.t23J 

• Zone I 

Incl_udes the interior of hot cells, gloveboxes, canyon, open face 
hoods or other containment for handling radioactive material 
exposed to the air~ Containment features prevent the spread of 
radioactive material to other zones or release from the building 
under both normal and abnormal conditions. 
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Barriers, as defined in Secti_on 4.3o2.l; are provided between the 
radioactive material and the environso Air exhausted from Zone I 
passes through high-efficiency particulate air (HEPA) filters or 
equivalent adequate to reduce the contamiciation level to that 

·required by the PUREX startup criteriao(2J 

·_ Release of unfiltered contaminated air is prevented by redundant 
exhaust fans and backup power supplies. Sufficient negative pres~
sure is maintained at all times. to assure containment velocity into 
Zone I through any opening from adjacent zones; this may vary from
negligible:pressure:for open face hoods. to -1 ino water·gauge>(WG) 
for gloveboxes • 

Entry into Zone I requires adherence to provisions of applicable 
Radiation Work Permits (RWP). Access is only from Zone II or 
equivalent., Egress requires contamination survey and release 
before continuing into Zone II. Contaminated apparel is properly 
packaged and surveyed by Radiation Monitoring before leaving 
Zone I., 

Ventilation airflow provided for Zone I is that-required for 
heating, heat removal, corrosive fume removal, or airborne con
taminant control. 

The quantity of radioactive· material contained in_Zone I is 
unlimited except as defined for available shielding, criticality, 
radiological safety,· heating, and structural vulnerability to 
radioactivity or other_ physical 1 imitati_on • 

• Zone II 

Includes all areas providing access to Zone I. It may be a 
glovebox operating area, a hot fume hood operating area~ a hot cell 
service or maintenance area, or another building space where 
radioactive contamination could be present because of an ·unplanned 
release from operations in Zone I. 

Containment barriers between Zone II and the environment. or 
Zone IV, sha 11 be provided per the genera 1 criteria in Sec-
ti on 4.3.2.1. Filtration for exhaust air from Zane II cansi sts of -
at least one HEPA filter or equivalent with parallel filter and fan 
redundancy so that one can be out of service while the other 
maintains containment. 

Air locks and/or a personnel clothing change facility are provided 
at entry. of Zone II. Personnel are required t~ wear, at a minimum, 
laboratory coats and shoe cover-sin glovebox room operating areas 
and full protective clothing in service areas as specified by 
applicable RWP. Respiratory protection is available in the event 
of an operational upset, but is not required for normal operation. 
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Uncontrolled radioactive material is not allowed to be present 
except as contained in Zone I hoods, gloveboxes, etc., or in sealed 
packages. limits in such containment are as specified in 
RHO-MA-220.(24) . 

· • Zone III 

Includes general chemical laboratory office areas, a maintenance 
area, or other general working areas usually free of radioactive 
materials, but potentially' subject to unplanned low levels of 
airborne radioactive materials. A chemical fume hood is a minimum 
requirement for operations· which could produce greater than maximum 
permissible concentrations of radioactive,* toxic, or noxious 

·materials. Operating personnel are required to wear lab coats or 
equivalent protective clothing as specified by applicable RWP. 
Respiratory gear is available for emergencies and routine airborne 
radiation monitoring is required. 

No planned radioactive material is allowed in Zone III except in 
sealed containers approved for this purpose. · 

One barrier from Zone III to the environment or Zone IV is pro
vided as described in Section 4.3.2.1. This may include one HEPA 
filter on the exhaust. Parallel filters and fans are provided to 
maintain containment with ·one unit out of service~ Zone pressure 
settings are 0 .. 1-in. WG below atmospheric pressure or Zone IV and 
at least O.1-in. WG above Zone II. 

Access to Zone III may be from Zone IV or outside. Egress may 
require contamination survey or self-survey as determined by 
Radiation Monitoring. 

• Zone IV 

Includes offices, clean shop areas, lunchrooms or any areas where 
radioactive contamination is prohibited, except in an approved 
container. 

No RWP protective clothing, either 11 clean 11 or "soiled, 11 is allowed, 
except under strict control. 

Normally, no contamination barriers are required from Zone IV to 
the environs. Under special conditions, a positive pressure with 
air locks or containment velocity may be required at exit points. 

*Reference 23 allows handling of very small quantities of radionuclides 
in fume hoods loated in Zone III areaso However, this practice is not 
permitted at the PUREX Plant. 
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Personnel entry is not limited, except from zones of higher con
tamination or in unusual circumstances., 

Ventilation provided in Zone IV 1s only as required for industrial 
or personnel purposes • 

.. ·.:Zone IV is the cleanest personnel working area; however~ the. 
surrounding environment canbe·more.contaminated •. Therefore, 
Zone IV is· kept at· atmospheric. or 'Slightly positive., pressure. to 
minimize dust entry and. provide proper airflows to surrounding. 
areas~ 

All zones are maintained with a pressure differential setting of at 
least 0.05-in. WG between zones. Zone I requires two exhaust fans with a 
backup source of power to assure continued exhaust on failure of fan, power, 
or control.· All zones are equipped with differential pressure monitoring 
instruments which will indicate and alarm in a continuously manned location 
from which corrective action can be taken., 

Air locks are provided where frequent personnel passage into Zones I 
and II is required. This allows differential pressures between zones _to be 
maintained. 

Air quantities supplied from outside equal the· exhaust requirements less 
an allowance for building irl-leakage. - Air intakes are arranged to minimize 
the effects of high winds, rain, snow, ice and windblown trash on the· 
operation of the system. The outdoor air supply is cleaned to the extent 
practicable.before use in the building. Air intakes are vulnerable to damage 
from missiles resulting from natural phenomena.-- However, risk analyses show 
that the maximum ind~vidu4l Qffsite dose releases are within guidelines and 
no upgrades are requ1red.l lJ . 

Systems are provided to distribute ventilation supply air thro~ghout the 
facility. The design of the supply-air distribution system is coordinated 
and balanced with the exhaust system. Operation of radiation zone air-supply 
fans is coordinated and interlocked with the operation of exhaust fans to 
ensure that the supply-air quantity can never equal or exceed the exhaust air 
quantity, which would cause a pressure reversal between zones. 

Supply inlets and exhaust outlets within operating areas a.re generally 
located to provide a downward airflow pattern and minimize the spread of 
contamination (i.e., airflow is toward areas, enclosures, etc. of higher or 
potentially higher contamination). · 

Provisions are made for cleaning of ventilation air or process offgas 
that may contain radioactive particulates or toxic or noxious materials 
through the.use of filters, scrubbers 9 mi~t eliminators 9 sorbents 9 and other 
air-cleaning devices to rfi!duce contamination levels to that required, by the . 
PUREX startup criteria.(2J . . . 
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Sufficient exhaust air capacity and controls are provided for Zone I 
enclosures so that an inflow of air at an average velocity of at least 125 to 
150 ft/min through a maximum credible breach (nondesign basis accident) of 
the enclosure will be maintained.(24) The 125 ft/min velocity is well above 
the 50- to 100-ft/min containment velocity recommended in Reference 25. The 

· size of the maximum credible breach depends on the barrier; for example, the 
maximum credible breach for the-canyon is equivalent to the area of the 
vertical door to the railroad tunnel, whereas the maximum credible breach for 
the glovebox is the area of the gloveports.in use. 

Appropriate surveillance instrumentation is provided at a common and 
conspicuous location for all essential functions of the ventilation systemso 

The system is designed to provide fcir orderly and safe startup, -opera
tion, and shutdown to maintain confinement under all normal operating and 
upset conditions. 

Manual or automatic (with-manual override) controls are provided based 
on an analysis of the required system operating modesa 

Points in the process zone (Zone I) ventilation· system where fissile 
radioactive materials cou)ld potentially accumulate have been analyzed for 
criticality safety.(26,27 . . . . · 

-· 

Filtration is provided as near as practicable to the exhaust of each 
hood, glovebox, or other enclosure that may contain radioactive particulates. 

· High-efficiency air cleaning systems are designed to provide for con
venient, repetitive,(~nd reliable i~-place testing in accordance with Hanford 
Site specifications. 28) The design includes the necessary provisions such 
as aerosol injection ports and sampling ports. 

The ventilation system is maintained under control at all times, either 
manually or automatically. The control system is designed so that the 
fai-lure· of any single component shall not significantly degrade the · 
confinement function of the ventilation system. All controls are designed to 
assume a safe position or mode in case of failure. A power control room is 
provided which contains controlling, indicating, and alarming devices for 
essential operating conditions. Thi~ system includes airflows, pressure 
differentials between zones and across filters, temperature indicators which 
may indicate space or equipment overheating problems, and derivative 
indications of safety-related control damper positions. 

Integral fire detection and suppression equipment is provided for each 
ventilation exhaust system. This equipment is located to prevent a fire in 
the space being ventilated from destroying the final filter. When a water 
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spray cooling chamber is used, a prefilter, mist eliminator, and spark 
arrestor screen precedes the final filtersc Cooling sprays are automati'
cally actuated, and annunciated by fire detection devices. Provisions are 
made for the collection, retention, and disposal of the cooling waterc 

Provisions are made so that components of the ventilation system can be 
tested periodically for operabi 1 ity, efficiency, and required .. functional 
performance under conditions as close to design as practicable •. These tests 
include the transfer to alternate power service and ability to deliver design 
conditions inflow and differential pressure. Penetrations of the building 
exterior are lceptto a minimum. 

4.3~3 Protection by Equipment and Instrumentation Selection 

Key items of equipment and instrumentation are provided to ensure pro-. 
tectiori against uncontrolled release. of radioactivity or noxious gaseso 
These items are provided in accordance with the following criteria. 

• Protective instrumentation is designed to sense potential accident 
or other hazardous conditions, and automatically activate control 
equipment, give audible and visual alarms, or otherwise initiate 
corrective action in a timely manner to assure the safety of the 
public and operating personnele 

• Protective ~ystems are designed to be fail-safe (i.e., in the event 
of loss of energy or motive power, or adverse environments, the 
systems shall revert to the most stable state). 

• Sufficient redundancy and independ·ence are provided in the design 
of the systems to assure that no single failure will result in loss -
of th.e protection function. --

• Components of protective systems are designed to facilitate 
maintenance, inspection, periodic checking9 and testing of 
functions or calibrations while the plant is in operation to 
determine whether failures or losses in redundancy have occurred. 

· 4.3.3. 1 Equipment •. 

4.3.3.1.1 Gaseous Radioactive Environmental Discharges. The design 
criteria for the exhaust ventilation and offgas systems are detailed in 
Section 4.3.2. 

4.3.3.1.2 Geometrically Favorable Equipment. The design criteria for 
the subject equipment are detailed in Section 4.3.4. 

4.3.3.1.3 Iodine Adsorbers/Absorbers. Iodine removal equipment is 
installed in an offgas treatment system 1·f the possibility exists for the 

. discharge to the envir(on~ent of l29I or 31I in excess of Table I limits on a 
. weekly average basis. 24J _ 
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4.3.3.1.4 Radiation Shielding. The design criteria for radiation shield
ing for personnel protection are detailed in Section 4.3.5. 

4.3.3.l.5 Fire and Explosion Protection. The design criteria for the 
subject systems are detailed in Section 4.3.6. 

· 4.3.3.L6 Liquid Radioactive ·Environmental Discharges. All aqueous 
effluent streams, which normally discharge to surface ponds and which 
have the potential of exceeding Table II concentration guides of DOE 
Order 5480.lA-XI,(21) are continuously monitored for beta-gamma* activity. 
Upon detection of radionuclide concentr4ti9ns in excess of Table I concen
tration guides of DOE Order 5480.1A-XI,{21J capability is provided to divert 
the stream to a'retention basin for future rework and/or routing to a crib or 
an underground storage tank, depending upon retention basin sample analyses. 
Audio/visual alarming to a continuously occupied central surveillance location 
is also provided. · 

4~3.3.2 Instrumentation. Instrumentation is provided for the detection of . 
"green fuel; 11 alpha, beta-gamma, and 1311 in gaseous effluent streams; 
beta-gamma in liquid effluent streams; a criticality; airborne contamina
tion; and area radiation levels. In addition, provision has been made for 
primary and secondary safety controls for the process and services associated 
with the facility. 

4.3~3u2.l Fuel Feed Monitoring. Green fuel (fuel aged less than 180 d) 
is detected before entry into the process and an alarm will sound in a 
central surveillance location. 

4.3.3.2 2 Effluent Monitoring. Detection capability for alpha, beta
gamma, and 1311 is provided on any gaseous effluent discharge system in which 
significant quantities can be expected. Audio/visual alarming is provided to 
a central surveillance location. Detection capability for oxides of nitrogen 
is provided on the primary building exhaust stack (291-A-l). Detection capa
bility for ammonia is provided on the ammonia offgas system stack (296-A-24). 

Detection capability for beta-gamma activity is provided for any aqueous 
effluent discharge system where significant quantities can be expected. 
Audio/visual alarming is provided at a central surveillance locatiqn. 

4.3.3.2.3 Nuclear Criticality Monitoring. Nuclear criticality detec
tion capability is provided at noncanyon locations where there is potential 
for a nuclear criticality. Audio/visual alarming is provided locally and at 
a central surveillance location. 

*cooling water streams with a potent1al for transuranic contamination 
are routed to the steam condensate crib or recycled within closed-loop 
cooling systems. 

4-28 



··.-. '.'.-, 

fJ!"J, .. 
,•1t'~.~ -. c ... ~, 

, C::it 
l<k 

0.?~, 
Zllo;;-;;.-w,o 

~--
zy,,..~---i#: 
~iii~ 

::.'rf~: 
.~ ,,. 

SD-HS-SAR-001 
REV 3 

., , , _1_1 ._ • 

4o3o3.2.4 Airborne Contamination Monitoring. Airborne contamination 
detection capability is provided at all locations which are considered 
occupied areas or where there is- potential for manned entryc Audio/visual 
alarming is provided locally and at a central surveillance location. 

4 .. 3o3&2.5 Area Radiation Monitoring. Area radiation detection capa
bility is provided in all-normally or potentially- occupied. locations .. 
Audio/visual alarming is provided locally and at a central surveillance 
location. Portable detection capability is employed to supplement station
ary systems ... 

4.3.3.2.6 Ammonia and Hydrogen Monitors. Monitors are located on 
sample streams from each of the three dissolver offgas systems and on the 
vent. from the dissolver decladding waste storage vessel to assist in 
maintaining the concentration of ammonia and hydrogen below explosive limits 
while operating this equipment. 

· 4.3 .. 3.2 .. 7 Process and General Instrumentation., · Process control 
instrumentation fully monitors and controls all safety-related process 
variables. It is designed so that its failed mode is a safe mode for the 
process system and alarms its failed condition. An independent protective 
system sue~ as manual control also is employed. Fail-safe design requires 
assured heat removal or cooling for exothermic processes in the event of 
instrument failure. Instrumentation is provided to prevent or control 
conditions which lead to explosions or uncontrolled chemical reactions. 
Instrumentation has backup power sufficient to safely shut down the process 
and services and to adequately monitor the shutdown condition. 

4.3.4 Nuclear Criticality Safety 

The PUREX Plant ts designed and operated to minimize the potential for 
a nuclear criticality accident by including criticality prevention criteria 
in the design of equipment and process where practicable and providing 
operating criteria to meet the criticality prevention specification (CPS) 
limits. These criteria and CPS limits are derived from criticality safety 
analysis reports (CSAR}· which meet the contingency philosophy (i.e., at 
least three separate, unrelated contingencies must occur concurrently before 
a criticality accident is possible in an unshielded area; if adequate 
shielding is.provided for personnel, only.two contingencies may be 
required}. These·contingencies may involve equipment failure, accident or 
operating error, or a combination of failures and errors. The CSAR which 
defines these contingencies is based on verified data from experiments or 
validated computational methods (whether empirical or theoretical using 
computer codes). The nuclear,criticality safety program is in complfance 
with the requirements of DOE Order 5480.1A-v(29J and is impl~mec,ted by the 
Rockwell Nuclear Criticality Safety Standards (NCSS) Manual. t30J · 

4.3.4.1 Nuclear Criticality Safety Criteria. The following basic nuclear 
criticality sa1:ety criteria apply to all phases of fissile material handl
ing throughout Rockwell. Procedures are prepared for the handling, storing, 
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processing, and shipping of fissile material. The CPs{31,32) impose limits 
and controls on the handling, processing, storing, and shipping of fissile 
material. The CPS are based upon the technical CSAR{26,27J which provides 
the basis for the limits and controls imposed. 

Parameters to be controlled include mass {density, enrichment, con
centration), geometry (shape, spacing), moderation (material, amount), 
reflection (material, amount, geometry)s and neutron poisons (internal, 
external). When practical, equipment is designed to be subcritical for the 
most reactive concentration of fissile material foreseeable. If control by 

· design is impractical, the Criticality Engineering and Analysis Group 
specifies parameters to be controlled administratively to meet the required 
contingency philosophy. The facility manager involved (with Process Control 
Group and/or Engineering Design Group support) is responsible for providing 
justification to the Criticality Engineering and Analysis Group for the use 
of such parameters under administrative control. When geometry controls are 
not used, the Criticality Engineering and Analysis Group preparing the CSAR 
includes the administrative controls with justification for review by the 
Nuclear Criticality Safety Conunittee (NCSC)o 

Criticality -prevention limits shall take into account neutron inter
action between systems or individual units {e.g., individual fissile· 
material batches, containers, or vessels), unless the systems are isolated 
to the extent ensured by one_of .the following criteria. 

• Each system or unit-is separated from other systems or units by at 
least 8 inc of water, or by some other material or combination of 
materials that gives the equivalent or better isolation than 8 in. 
of water, and it is not credible that this separating material can 
be inadvertently.removed. 

• Solid angle subtended by surrounding fissile material is less than 
or equal to a fractional solid angle of 0.005. 

• Interaction has been shown by previous calculations to be 
insignificant under the conditions being investigated. Previous 
calculations shall be referenced when used. 

Periodic inspections and reviews are performed to ensure that nuclear 
criticality prevention requirements are being implemented and to provide 
information for maintaining and improving nuclear safety. 

All facilities not exempt from nuclear criticality safety controls are 
inspected regularly.both by facility personnel and by the Criticality 
Engineering and Analysis Gro~p according to the schedules and procedures 
given in the NCSS Manua1.(30J It also includes methods and guidelines for 
performing such inspection, notification ~hannels, and documentation and 
distribution of the results to assure that appropriate organizational 
management is informed and that necessary corrective action is taken. 
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· Independent safety revie\YS {ire provided by the NCSC for complia1Jce with 
DOE Order 5480.lA, Chapter V,l29J as implemented by the NCSS Manual.l30) 
The NCSC reviews all CSAR and CPS for all Rockwell facilities in which 
fissile material is handled, processed, storeds or analyzed; this review 
includes packaging and transport systems. The NCSC makes recommendations to 
the approval authority for approval and conducts an annual appraisal of the 
overall operation of each fissile facility for compliance with·DOE 
regulations and Rockwell nuclear·criticality-safety standards~ This 
appraisal reports- forma.1 findings of deficiencies and. recommends .corrective·: 
actions. · 

The CPS and PUREX CSAR are found in References 31, 32s 26, and 27 
respectively. 

4.3.4.2 Contingency Philosophy. At least three unlikely, independent 
changes in process conditions must occur concurrently before a criticality 
accident is possible in areas where personnel are unshielded. In shielded 
areasi one of the three contingencies may be omitted. 

In evaluating. the contingency criterion, the margin of subcriticality 
shall meet one of the following: 

• keff + 2a* is less than 0.95, including allowances for .biases i.n 
the calculations. (If the method of calculation can be shown to 
be accurate by comparison to experimental data for a similar 
system, a higher valu.e may be justified and approved. The maxi
mum allowable keff is-0.98.) 

• The fraction of a critical·dimension, volume,·mass, etc., 
including allowance for accuracy, is equal to or less than 0.90. 

--· 
. 4.3.4.3 Verification Analyses/Experimental Bases. The criticality pre-

vention limits are based on experimental data whenever possible. In th~ 
absence of directly applicable experimental measurements, the limi.ts are 
based on theoretical calculations, provided the validity of the calcula
tional method has been proven by correlation with experimental data. 
Attempts are made to assign limits of error to both experimental and calcu
lational rf:!sults •. 

Various computer codes (e.g., KENO, MONK; HFN, DTF) are used for PUREX 
criticality calculations. These codes will be correlated with experim~nt? 
and/or other codes which have been verified. The Criticality Handbookt33J 
has been used to obtain information on sample systems; the values within 
this handbook were also obtained from correlated codes. 

. *In this instance, sigma (a) means the standard deviation (uncer-
tainty) in keff, calculated by the Monte Carlo code and.included in the 
printed code output. 
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4.3.4.4 Criticality Alarm and Dosimetry System. As required bY DOE 
Order 5480.lA, Chapter V, and Standard VII of the NCSS Manual,(29,30) 
a criticality alarm system to detect and alarm a criticality accident has 
been installed throughout the plant in noncanyon areas where the potential 
for criticality exists; in addition, the standard requires a criticality 
dosimetry.system to provide gannna and neutron dose information for indivi-

. ··· duals after the··accident: · -·personal dosimeters,· fixed-station dosimeters, 
biological sample analyses, and 11 quick-sort 11 techniques. Criteria for 
design, installation, calibration, testing, and redundancy are provided in 
ANSI/ANS 8.3.(34) . 

Based on evaluation of the most probable criticalities, inunediate 
evacuation will occur in areas of the facility where possible doses exceed 
1 rem. In areas where persons could not receive 1 rem, evacuation will be 
initiated by the dispatcher. The maximum forseeable accident as defined in 
ANSI/ANS 8.3 is 2 x 1019 fission.(34) 

4.3.5 Radiological Protection 

This section contains those design criteria for PUREX Plant access 
control, shielding, and radiation alarm systems which provide radiological 
protection. Those radiological protection design criteria pertaining to 
multiple confinement barriers and to ventilation offgas systems are pre
sented in Section 4.3.2. 

These design criteria are supplemented with administrative procedures 
designed to prevent the spread of radioactive contamination to normally 
noncontaminated areas within the plant, prevent unauthorized personnel from 
entering radiation zones, and minimize radiation exposure in excess of 
established limits. 

The design criteria are intended to minimize the exposure of operating 
personnel to radiation. The design permits PUREX operations to be 
"conducted in a manner to assure that radiation exposures to individuals and 
population gro~ps are ALARA within the standards of DOE Order 5480.lA, 
Chapter XI.l21J 

4.3.5.1 Access Controls. The design criteria presented herein are those -
access controls contributing to radiation protection and to control of 
radioactive contamination. 

The PUREX Plant is located in an isolated area and surrounded by 
physical barriers so that the general public and other unauthorized per
sonnel who may be unaware of the hazardous consequences of exposure to 
radioactivity may be restricted from access to the plant and the plant 
environs. The physical barriers are pro~ided with facilities which make it 
possible to monitor personnel entering and leaving PUREX. 
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Certain areas within the PUREX Plant where a potential exists for 
radioactive contamination and/or exposure.are to be identified as personnel
regulated areas. 

_ The other areas within PUREX where .the potential for radioactive con-
- ,·-tamination and/or exposure is extremely low are identified as unregulated 

areas. Under normal conditions, person'1el are al lowed to .move abo.ut in 
unregulated areas without restrictions for radiological or-contamination 
protection. 

Electric. doors, which are operated from a ·central survei·llance loca-- • 
tion, are used to control ingress, and where necessary, traffic within the 
contrplled areas. Controlled areas are areas within regulated areas that 
have a potential for personnel exposure to high radiation levels or have 
limited access to ~elf:> safegua·rd special nuclear materialo 

Emergency escape doors are provided so.that personnel can, under 
emergency conditions, leave the controlled areas rapidly. The emergency 
escape doors are provided with locks for preventing unauthorized entry into 
the controlled areas. Quick-release hardware is provided so that each door 
can alw~s be opened easily from within the controlled areas. Each 
emergency escape door has an electric device which indicates the status of 
the door (i.e., open or closed). The status indicators are located in a 
central surveillance location, so that unauthorized use of the emergency 
escape:-doors· -can be detected quickly. · 

A safety analysis indicated that none of the safeguards and security 
features would obstruct emergency access and egress fr9m the PUREX Building 
or from personnel regulated areas within the building.t35, 

Facilities are provided for donning and removing protective clothing at 
al l normal entrances to regu 1 ated areas •. 

Monitoring stations are provided at all normal exits from regulated 
areas so that personnel leaving the areas can be surveyed for radioactive 
contamination befor_e leaving. These stations are used unless a criticality 
alarm sounds that is not part of an announced .test. Under this condition, 

-the area is evacuated as·rapidly as possible and personnel from regulated 
areas are monitored as they reach the assembly area. 

. . . . . . . - . 

4.3.5.2 Sh~elding. The design criteria p~esented herein are those radia
tion shielding requirements which limit PUREX background radiation to safe 
dose rate levels. The design objective for radiation shielding shall be to 
limit onsite PUREX personnel exposur~s to less than_one-fifth of the DOE 

. Order 5480.lA, Chapter XI standards.l~l) Design considerations are 
occupancy_ time, source term~ spacing, processes, equipment, and shielding. 

4.3.5.2.1 Regulated Areas. Continuous personnel occupancy is allowed 
in regulated areas where the radiation dose rate does not exceed 0.5 mrem/h. 
11 Contin·uous occupancy" is defined for this criterion as time equivalent to 
40 h/wk for 50 wk/yr. · 
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In some regulated_ areas, it is impractical, because of necessary 
activities, to limit radiation dose rates to 0.5 mrem/h. Thus, regulated 
areas where radiation dose rates exceed 0.5 mrem/h are posted and admin
istrative controls are used to prevent radiation exposure to personnel who 
enter these areas from exceeding predetermined safe limits. 

4.3.5.2.2 Unregulated Areaso With existing shielding,- radiation dose 
rate levels in the unregulated PUREX areas do not exceed 0.1 mR/h. Because 
.of this low maximum dose rate, there are no occupancy time· limitations for 
unregulated PUREX areas. 

4.3.5.3 Radiation Alarm Systems. This section describes the criteria used 
for action levels from radiation alarm systems. The following monitoring 
systems for detecting unusual levels of radioactivity are equipped with 
alarms, which sound at central surveillance locations: -

• Nuclear criticality accident detection 

• Area radiation detection 

• Airborne radiation detection 

• Effluent monitoring 

• Green fuel detection. 

Radiation monitoring systems (area monitors, continuous air monitors, 
effluent-monitors) are appropriately selected, installed,(te$ted, and cali
brated following the recomendations of ANSI Nl3.10-1974. 36J The action 
level criteria for each of these systems are described in the following 
sections. 

4.3.5.3.1 Nuclear Criticality Accident Dete{tiyn. In accordance with 
the requirements of DOE Order 5480.lA, Chapter V, 29 the criticality 
detectors are capable of detecting a criticality accident which produces an 
absorbed dose in soft tissue of 20 rads of combined neutron and gamma 
radiation at an unshielded distance of 6.5 ft from the reacting material 
within 1 min. The detectors are capable of triggering evacuation alarms for 
radiation bursts as short as 1 ms. Noncanyon areas where there is a 
potential for a criticality accident are covered by at least two criticality 
detectors; concurrent response by at least two detectors is necessary to 
activate a criticality alarm. Administrative controls limit the amount of 
fissile material not in approved containers in other· noncanyon areas to less 
than a critical mass. Fissile material is handled, stored, processed, or 
transported only in designated areas which have been .an~lyzed and are . 
controlled to prevent a criticality accident. There will be administrative 
procedures to prevent significant quanti~ies of fissile material from being 
transported to nondesignated areas. 
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Since adequate shielding is provided to preclude significant radia
tion exposure to personnel, criticality detectors are not installed in 
canyon areas. Any criticality accident occurring in these areas would be 
detected by effluent monitors (see Section 4e3e5e3.4)e 

4.3.5~3.2: Area Radiation Monitoring. The area radiation detection/ 
monitoring system is an early warning system which provides alarms at 
local and centr..al surveillance locations. About 60 fixed radiation detec
tors are located throughout the plant process-related areas that. are fre- -
quently occupied er contact maintained. 

Each detector in the system activates a warning alarm at a level high 
enough above the normal area r~diation dose rate to avoid an inconvenient 
number of false alarms, but low enough to prevent high radiation levels 
from existing for periods long enough to be hazardous. The detectors 
activate the warning alarms at radiation dose rates.ranging from 10 to 
100 mrem/h. 

4.3.5.3.3 Airborne Contamination Monitoringe All areas within PUREX 
where a potential for personnel exposure to airborne radioactivity exists 

··,-- are continuously monitored and sampled fer particulate airborne radioacti
vity. _The monitors are set to activate warning alarms at radioactivity 
_levels which are as low as possible above background levels, but high enough 
to preclude frequent false alarms • 

",'.'' 
·'·,• 

. 4.3.5.3.4 Effluent Monitoring. The gaseous effluent monitors alarm at 
a central surveillance location. Alarms are triggered at the lowest 
possible radioactivity con~entrations below the Table I guides of DOE 
Order 5480.lA, Chapter XI,t21) but high enough to avoid frequent false 

. alarms. The canyon stack effluent is monitored for short-lived isotopes 
(iodine and noble gasses) to detect a criticality within the canyon cells. 
The liquid effluent monitors perform in the same manner but alarms 
are triggered belcw_Table II guidelines for transuranic contaminants. 

4.3.5.3.5 .Green Fuel Detection. A green fuel monitor activates an 
alarm at a detection level which identifies irradiated fuel containing mere 
than 75 Ci 1311/t of uranium. -The. monitor must alarm for fuel aged less 
than 97 d (991 confidence) and shall not alarm for fuel aged more than 
180 d. The measurement is indirect and based· upon gamma radiation. A check 
source is provided to periodically_verify operability of the monitor. . . .. 

4.3.6 Fire and Explosion Protection 

. Fire and explosion protection is provided for_ the PUREX Plant to me~t 
the "improved risk" level required by DOE Order 5480.lA~ Chapter vrr.(37J 
"Improved risk" signifies that qualified ~ngineering judgment has been used 
to obtain the highest economically justifiable level of industrial loss 
prevention. The major criteria for the protection system are described in 
the following paragraph. 
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Structures, systems, and components are protected so that performance 
of safety-related functions is not impaired under credible fire and explo
sion conditions. Noncombustible and fire-resistive materials are used 
wherever practicable throughout the facility, particularly where associated 
with or part of confinement barriers and systems. Fire detection~ alarm, 
and suppression systems are provided to be compatible with the radiation, 
chemical, and temperature environments in which they are to function. 
Fire suppression systems are provided to quench the maximum credible fire. 

· Fire alarms, supplemented by manually initiated sirens, are audible 
throughout the facility and ancillary buildings. The location of the fire 
is indicated on alarm panels at a continuously manned location (i.e., the 
Dispatcher's office) and transmitted to the fire station. Fire protection 
systems and equipment are maintained and operated in accordance with 
national fire codes.(38J · . 

A Factory Mutual fire protection review was conducted in 1971, with 
recommendatiqns made for improvements necessary to comply with the "improved 
risk" level; l39) these improvements have been made. A Factory Mutui}.l . · 
revisit was made jn 1975 to confirm the "improved risk" compliance. l 40) · 
However, a surveyl41) conducted by Rockwell Industrial Hygiene and Safety in 
December 1981 revealed several deficiencies for ~ompliance with the life 
safety code, as required by national fire codes,l38J DOE 5480.lA, 
Chapter VII,(37) and DOE Order 6430.(4) All critical survey deficiencies 
have been corrected; less serious deficiencies will be corrected following 
startup. Future consultant reviews and DOE appraisals, as required by DOE 
Order 5480.lA, Chapter VII, (37) will be made to maintain the "improved risk" 
status. 

4.3.7 Fuel and Radioactive Waste Handling and Storage 

4.3.7.l Spent Fuel Receiving and Handling. A 20- by 30-ft concrete basin 9 

open to the canyon and containing 12 ft of water is designed to limit the 
radiation level at the surface to 100 mR/h during interim storage of 
aluminum-clad production reactor fuelc The storage rack is designed for a 
nominal capacity of 35 t of fuel in yoke-suspended buckets on one level and 
a maximum capacity of 68 ton two levels. The yokes are specially designed 
and will not accept canisters containing N Reactor fuel. Equipment is 
provided·to add water and empty the water by jet to the steam condensate 
header and the 216-A-30 crib. Weight factor instrumentation, with visual 
observation as a backup, is used to determine the water level; analyses of 
periodic dip samples is the method specified to determine fuel element 
integrity. 

The basin will not be used for N Reactor fuel. Additional safety 
analysis and physical modification would be required to ensure the safe 
storage of any fuel other than the aluminum-clad production reactor fuelo 
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The PUREX facility provides for the receipt of N Reactor fuel con
tained in shielded transport casks. Either 11 NPR 11 or 11 K11 casks and cars can 
be received and handled. The casks are not removed from the waterfilled 
"well cars11 at the PUREX Plant. Principal safety=related design criteria f · 
for the fuel receiving and handlfog facilities include the following: 

,.,. Facilities for·handling-the cask cars, including remote moving· and 
positioning of the cars . 

•· . Remotely control led (lock-unlock) entrance doors -to the railroad 
tunnel to prevent uncontrolled personnel access·to the tunnel and, 
in conjunction with the canyon ventilation system, prevent the 
spread of contamination to the environment 

• Facilities for decontaminating cask cars 

• Provisions to measure the temperature of the water in the cask 
wells and detect abnormally high radiation from the casks or cask 
wells 

• Provision for detecting short-cooled fuel 

• Provision for adding water to the cask wells 

• Provision for the remote removal of the cask 1 ids and tran_sfer of 
the irradiated fuel from the casks to the dissolvers~ 

4.3.7.2 Radioactive Waste Treatment. Radioactive wastes generated at the 
PUREX Plant are divided into five classifications according to the methods 
of handling or disposal and/or their• potential radioactivity: gaseous, ·1ow
level liquid, high-level liquid, miscellaneous solid, and failed equip
ment. The general criteria requirements for the management of radioactive 
wastes are delineated in DOE Order RL 5820.2.(42) Design criteria for the 

· gaseous and low-level liquid waste treatment and handling facilities were 
discussed in Section 4.3.3. Principal'safety-related design criteria for 
the treatment and handling facilities for high-level liquid and miscel
laneous solid wastes and failed .equipment are described below. Onsite 
transfers of f(issil~ and/or radioactive material comply with the require-
ments of DOE. 43,44J · 

• High-Level Liquid Wastes 

- Vessels containing concentrated, high-level waste solutions 
are provided.with adequate cooling for the maximum expected 
heat generation rate as determined by tank capacity and fuel 
history (defined in Section 4.lol). 

- Vessels containing high- level waste are provided with means · 
of assuring a sufficient air supply (either purge air, sparge 
air, or other in-leakage) to dilute the hydrogen formed by 
radiolysfs. to a safe concentration. 
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All pipelines used for transporting high-level waste 
solutions are contained either in a building or in a second, 
larger pipe or encasement, and are shielded to minimize the 
potential for radiation exposure to personnel and accidental 
releases to the environment. 

• Miscellaneous Solid Wastes 

- Miscellaneous solid wastes, including small equipment items, 
are packaged, sealed, and shielded as necessary to prevent 
accidental spread of contamination or exposure of personnel. 

- Provision is made for segregating the solid wastes according 
to the transuranic element content. 

The transuranic wastes are packaged in impervious, 20-yr 
retrievable containers, and stored in a retrievable storage 
area. Transuranic wastes are defined as containing greater 

. than 10 nCi of transuranium elements (alpha-emitting radio
nuclides with half-lives greater than 100 yr, including 233u 
and daughter products) per gram of waste matrix. 

• Failed Equipment 

- Large-size failed equipment (e.g., large process equipment 
pieces such as dissolvers, towers, vessels, concentrators, 
etc.) is loaded on old rail cars and stored in the PUREX 
burial tunnels. 

- Materials of construction capable of sustaining combustion 
are kept to a minimum on both the rail car and the equipment 
containment envelope (if one is provided). 

- Intermediate-size failed equipment (e.g., tube bundles, 
process jumpers, pumps, etc.) is placed in noncombustible 
retrievable boxes that are capable of being sealed. The 
boxes are either stored on old rail cars in the PUREX burial 
tunnels or placed in concrete burial boxes and 11 buried 11 in a 
designated radiation burial ground in trenches covered by at 
least 8 ft of earth fill for radiation shielding. 

4.3.7.3 PUREX Solid Waste Storage Facility. PUREX burial tunnel 2, 
described in Section 7.7.6.1, is used for storage of all large-size, failed 
equipment and, optionally, for storage of sealed boxes containing inter
mediate-size equipment. It is provided with a filtered exhaust system 
meeting the criteria of Section 4o3.2.2. A shielded containment door is 
provided at the entrance to the tunnel and is kept closed except when 
equipment is actually being transported into the tunnel. 
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4.3.8 Industrial and Chemical Safety 

Operations of facilities in a manner to protect the general public, 
government and contractor personnel, as well as public and private property 
against potential health and safety hazards and excessive exposure to 

- radiation is of primary importance to the continued operation of Rockwell 
-- -•-facilities. - One of the:management· control factors in obtaining the· 

objective of a safe work environment is the application of recognized 
standards and codes in design, construction, and operation. The··Rockwell 
Occupation4l Safety and ~e~lth Standards include applicab]e .Saf(ety Standa.r~s 
and Codes.l45) The prov,s,ons of DOE Order 5480.lA, Chapter I 46J and DOE 
Order 5483.1(47) are included. · . 

A discussion of the design criteria implemented to avoid chemical 
hazards follows. 

4.3.8.l Flammable Materials and Oxidants. A li_st of design criteria 
implemented specifically to avoid damage by combustion-type mechanisms 
follows. 

• Only nonflammable or flame-resistant materials are used in the 
construction of plant facilities to the extent practicable. 

• All vessels in·which solvent is stored or processed are provided 
with means ·for measuring and controlling the solution temperature.· 

• Equipment in areas where solvent aerosols might be generated are 
designed to minimize the probability of occurrence of sources of 
localized high temperature (e.g .• , sparks and hot bearings). 

• Hydrogen· is produced· in the PUREX process during fuel decladding 
and by the radiolysis of process solutions. Capability is pro
vided for dilution of hydrogen to a noncombustible concentration. 

• Sufficient chemical storage capacity/space is provided so that 
oxidizing chemicals (e.g., ·nitric acid, potassium permanganate) 
can be isolated from·combustible materials. 

4.3.8.2 Thermodynamically Unstable Compounds. A list of design criteria 
for thermodynamically unstable compounds follows. 

• Nitrated Organic Solvent 

Solvent/diluent nitration products can be formed by chemical 
reaction between the organic and nitric acid or heavy-metal 
nitrate solutions. These compounds are unstable and some can 
decompose violently if heated sufficiently. To prevent the 
formation of solvent/diluent nitration products, equipment is 
provideq to remove organic from aqueous solutions by decantation 
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or steam stripping prior to concentration. In addition, inst'ru
ments and controls are provided on all concentrators to ensure 
-temperatures less than the safety boundary ·(135°C or 140°C 
depending on concentrator function). 

•-Nitrated.Ion-Exchange Resin (not currently planned for use) 

Anion exchange resin reacts readily with concentrated nitric acid 
to form various nitrated organic compounds. The nitration 
reactions are enhanced by the presence of neptunium, plutonium 
radiation, and increased temperature. The compounds formed are r 
unstable and will decompose violently and spontaneously with 
substantial energy release. The resin nitration reactions can be 

· controlled at acceptable rates by controlling the temperature of 
the resin. Explosive decomposition can be prevented by providing 
adequate -emergency venting·of the system. Ion-exchange processing 
equipment is protected by instruments and equipment adequ~te to 
provide positive control of the temperature at less than 50°C and . 
by an emergency venting system, including a rupture disk. 

4.3.8.3 Physiological Irritants. Some process materials are harmful to man 
ff inhaled, ingested, or contacted. · · 

_ Vessels that might contain physiological irritants are. provided with 
ventilation systems of sufficient capacity ·so that the maximum concentra
tions of irritants in air to be breathed by man are limited to the concen
tration levels shown in Table 4-8. 

TABLE 4-8. Maximum Concentra
tions for Irritants in Air. 

Irritant ·concentration 
(ppm parts of air) 

5 

2 

1 
3 

1 

Systems containing chemicals that can injure people by contact (e.go, 
liquid oxygen or nitrogen, fluorine, hydrazine, nitric acid) are designed 

- so that personnel need not contact.the materials during normal operations 
or while flushing for maintenance. 
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Appropriate protective equipment (insulated or impervious clothing, 
face mask, etc.,) is provided for the protection of personnel while coping 
with abnormal or potential accident conditionso 

4.4 CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS 

When the PUREX Plant was designed and constructed, structures, compo
nents, and systems were not specifically classified as to safety function, 
seismic considerat.ions, or quality assurance level. However, all process 
vessels were grouped into three classifications, according to location and 
use; descriptions follow: 

• Class I 

All vessels normally located in the 202-A canyon process cells or 
subject to remote maintenance and operation 

• Class II 

.All vessels fabricated of stainless steel, located outside the 
202-A canyon process cells, and subject to contact maintenance and 
operation 

•. Class III 

All vessels not included in classes I or· II and normally 
fabricated of carbon steel. 

Design criteria for the classes of proc~S$ vessels described above are 
. contained in the original criteria document.l9J 

The structural design of the original 202-A building was based on the 
natural forces resistance requirements of UBC-195i ~hich specified minimum 
{life and limb) wind, seismic, and snow loadingse(lJ Detailed design . 
criteria are given in Section 4.2. Recent natural forces studies with risk
benefit analyses have resulted in planned structural upgrading improvements. 
Detailed design cri_teria for the improvements are given in Section 4.2. 

. ' 

Quality assurance levels, as such, were not specified for design and 
construction of the original PUREX Plant; however, a high-quality facility 
was realized by good design and construction practices. Quality as~ur~nce 
was formally instituted at the H4nfQrd Site in 1974 by ERDA MC 082Ql48J 
{ superceded by DOE Order 5700 .1) ,l 49 J and imp 1 emented in t,he chemi ca 1 
processing facilities in 1975 by the Rockwell Quality Assurance Manua1.(SO) 
The current Quality Assurance program is described in Section 10.7; all 
PUREX Plant modifications and improvements since 1975 have been designed and 
constructed using this program. · 
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The design of the original PUREX Plant contained no specific criteria 
to facilitate its future decommissioning. The -requirement for incorpora
tion of decommissioning criteria in federal facilities wa~ instituted in 
·1972; the latest revision is contained in DOE Order 6430.l4) Four design 
.Principles were offered by the latter document for consideration, so that 
the facility could be decontaminated for future decommissioning; none of 
these principles were incorporated in the original design. In addition, due 
to the nature of the basic facility structural design, only one 
{i.e., minimization of radioactivity accumulations in soil columns) has been 
included in facility modifications and/or improvements. 

Although it is recognized that the required structural design of the 
PUREX Plant does not lend itself to simple decontamination/decommissioning 
techniques, it is judged that its proposed startup and renewed operation 
will not render its ultimate decommissioning appreciably more difficult or 
costly. · 

Additional PUREX Plant decommissioning information, including planning 
and past experience, is presented in Section 10.6. 
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5m0 FACILITY DESIGN 

5.1 SUMMARY DESCRIPTION 

This chapter provides a description of the Plutonium-Uranium Reduction 
Extraction (PUREX) Plant buildings and related facilities~ The design· 
features discussed include-those employed to: 

• Withstand natural forces 

• ;,. Ensure, safe_, operation 

• Provide personnel safety 

• Ensure radiological protection. 

The PUREX Plant was designed to chemically process irradiated fuel 
elementso Radiological cont~inment and confinement features were 
incorporated in the various facilities and support systems to prevent 
exposure of plant personnel and the general public to excessive radiation. 
After plant production was initiated, the design was modified to improve the 
. containment and confinement capab.i 1 i ty ·by the fo 11 owing: 

•· Provision of additional· filtration of certain gaseous effluent 
· streams · 

• ._ Installation of additional fire protection systems 

•·Provision for reusing, reprocessing, or divertin·g the- aqueous 
effluent streams to reduce radioactive discharges. 

5.1.1 Site Location and Facility Layout 

The Hanford Site is located in the southeastern part of the State of 
Washington (Fig. 3-1) about 45 mi north of the Oregon border. The site 
occupies about 57~ mi2 (365,000 acres) of arid land. ·. , 

In the middle of the Hanford- Site, on an arid terrace about 7 mi from 
the Columbia River, are the 200 East and 200 West Areas,.where fuel and 
waste processing and waste storag~_facilities- are located. _The locations of 
the 200 Areas were chosen to provide the most isolation from the site 
boundaries and.are the most remote from both surface and subsurface water • 

. The groundwater table varies from 150 to 300 ft below the surface of the 
200·Areas. 

Other occupied portions of the Hanferd Site include the 100 Areas along 
the Columbia River, where the production reactors are located; the 300 Area 
north .of Richland, where the research and development laboratories and fuel 

-production facilities are located; the. 400 Area, or Fast Flux Test Facility 
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{FFTF) site, about 7 mi northwest of the 300 Area; and the sites of the 
nuclear power reactors {under construction) about 2 mi north of the 
400 Area. 

The area of the Hanford Site not included as one of the lOOg 200, 300, 
or 400 Areas is designated the 600 Area. The support areas are shown in 
Figure 3-2. Each area, except the 600 Area, operates as an individual, 
fenced, and controlled, limited access area. 

Th_e PUREX Plant is a complex of several buildings and support 
facilities located within a fenced and controlled or limited area in the 
southeast corner of the 200 East Area. The support facilities are described 
in Section 5.1.2.5. Details of the roadways, railways, and associated 
facilities are given in Chapter 3.0. 

The plant grade elevation is 708 ft above mean sea level {MSL). It is 
300 ft above the underlying water table at 408 ft MSL, and 250 ft above the 
elevation of the Columbia River at 458 ft MSL. The river makes its closest 
approach 7 mi to the northwest of the plant site. 

Truck transportation to and from PUREX is provided via the Hanford Site 
highway system connecting the state highways at three portals on the 
southeast, south, and west boundaries. 

The Hanford Site railroad system provides rail transpo~t directly into 
the main processing {canyon) building and connects to other areas within the 
site. Commercial railroad connections are with Burlington Northern and 
Union Pacific through the south portal at North Richland. 

5.1.2 Principal Features 

5.1.2.1 Site Boundary. The general location of the PUREX Plant on the 
Hanford Site is shown in Figure 3-2. The 21-acre PUREX Plant site is 
surrounded by a fence within the.southeastern corner of the about 2,125-acre 
200 East Area. The PUREX Plant fenced area is shown in Figure 3-3. 

The plant site is managed as a limited area within the 200 East Area, 
which itself has limited access as a UoS. Department of Energy (DOE) 

_ security area. Security guards man the two entrances to the Hanford Site 
(two paved roads: one to the west at the Yakima Barricade and one to the 
south at the Wye Barricade). Only appropriately cleared personnel, or 
escorted tours with a need to enter either the 200 or the 100 Areas, are 
permitted to enter. 

5.1.2.2 Limited Area. The definition of "limited area,"(l) is a security 
area in which guards or other internal controls can prevent access by 
unauthorized p.ersons to classified materi-al. This includes denial or 
removal of personnel and property from the area. In this sense, the 
200 East Area (security area) and the Hanford Site (controlled area) are 
each considered a limited area. 
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5ol.2.3 Controlled Area. A controlled area is any area to which access is 
controlled to protect individuals from exposure to radiation and radioactive 
materials. The PUREX Plant site is a controlled area. Protection from 
radiation is achieved not only by control of access 9 but also through 
personnel training, proceduresi regulations~ management practices, and 
radiation monitoring systems and devicesQ Since only persons with. 
appropriate clearance are passed through the Wye and Yakima Barricades, the 
greater part of the entire Hanford Site is also a controlled area. 

5.1.2.4. Site Utility Supplies and Systems. Steams water, and electrical 
utilities are provided from sources outside of, but adjacent to, the PUREX 
Plant site {see Section-5.4); compressed air is furnished from within the 
PUREX Plant. These sources may serve plants in other areas·within the 

cr, . Hanford Site, or may serve only the facilities within the 200 East Area • 
. :~r- Utilities are described in detail in Section SA. -,~ 
c:::J: 

~ 5.1.2.4.1 Electrical. Normal electrical power js supplied via two 
.2:;. independent, separately located 13.8-kV power lines from the 251-W primary 
~• electrical substation. The 251-W Primary Substation, located within the 
""'"'~ Hanford Site 4 mi northwest of the PUREX Plant, receives its electrical 
~,::: supply of 230 kV from the Bonneville Power Administration's {BPA) Midway 

'"' Station 9.5 mi to the west on the south bank of the Columbi.a River below 
Priest Rapids Dam, and from the White Bluffs substation near Horn Rapids. 

.- .. 
. ... ,.,. 

See Figure 5-1 for an offsite supply, one-line diagram. · 

Standby electrical supply to the PUREX Plant is provided by diesel 
generators located on .the north side of the 202-A building. -A complete 
description of the electrical systems for the PUREX Plant is given in 
Section 5.4.2. 

5.1.2.4.2 Water. Water for the 200 Areas is drawn from the Columbia 
River atthe 100 B Area and is transported through a piping system known as 
the "export water systemc 11 Pumps at the 100 0 Area are also tied into this 
system and serve a backup function. 

Within the 200 East Area, the expo~t water is pumped into the 
282-E reservoir, which provides a 3,000,000-gal storage capacity •. The water 
is pumped, as needed, directly to·plants within the 200 East Area for use as• 

llraw" water, or through the 283-E building for conversion into 11 sanitary 11 

water by chlorination and .filtration. 

Raw and sanitary water are pumped by electric pumps (with steam-driven 
pumps for backup) to the PUREX Plant complex. The sanitary water system in 
the 200 East Area also includes the 2901-A, 50,000-gal elevated tank located 

-1400 yd east of the 283-E filtration plant. A complete description of the 
water systems for. the PUREX Plant facilities is given in Section 5.4.5. 
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5.1.2.4.3 Steam. Steam is produced at the 284-E powerhouse by coal
fired boilers (five boilers available, with up to four on line and at least 
one on standby) and supplied to the PUREX Plant at 225 lb/in.,2 gauge in ·an 
18-in. overhead line. A loop header--feeds the PUREX Plant from three 
lateral distribution points. A complete description of the steam system at 
the PUREX Plant is given in Section 5e4.4., 

5.1.2.4.4 · Air. Compressed air for instrumentation and control is 
produced in the PUREX Plant by three process air compressors, for process_. 
and instrument air, and one breathing air compressor., A complete 

· description of the· system is given in Section .5.4.3. 

5~1.2.5 Auxiliary Facilities within the 202-A Controlled Area. The various 
structures located in the 202-A controlled area may. be considered as two 
groups, based on geographical location around PUREX. Those structures south 
of the 202-A building are primarily for gaseous, liquid, and solid waste 
treatment and handling •. Those north of 202-A are concerned primarily with 
chemical storage and handling .. The auxiliary facilities are shown in 
Figure 5'.""2. 

5.1.2.5.1 Facilities South of 202-A. A list of the facilities south 
. --~ _of the 202-A building fol lows. 

• 212-A Building 

This .is. a steel building f'or load-in and load-out of. liquid 
wastes. The facility can handle casks as well as tank trailers. 
This facility is in shutdown status and there are no plans for its 
use. 

• 213-A Building 

This is a steel building formerly used for liquid waste loading, 
. now used for temporary storage of contaminated dry waste. 

• 241-A Diversion Box 

This is a below-grade concrete enclosure equipped with remote 
jumpers and spare nozzles for routing waste solutions ·to tank 
farms. · 

• 291-A Structures 

These. structures comprise the canyon exhaust air treatment and 
discharge facilities. Two underground concrete filter cells are 
operated in parallel, 'fiitering· the canyon exhaust air. · A third 

· filter cell is available for use in the event the other two cells 
- become plugged. The air is puiled through the filter cells and an 
underground concrete tunnel by three, electrically driven exhaust 
blowers operating in parallel. A fourth, steam turbine-dri_ven 
blower. provides backup service. The blower.s discharge via an 
underground concrete tunnel to a 200-ft-high concrete stack. The 

· stack has a full-length, ?-ft-diameter, stainless-steel liner. 
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This is a wood structure adjacent to the east side of the 200-ft 
stack housing stack monitoring and sampling equipment and stack 
flushing controlss 

•. 293-A Building 

This is a.concrete structure .with four processing cells on two .. 
levels. Housed. inside are two absorption towers used to remove 
oxides of nitrogen and residual radioiodine from dissolver offgas 
(DOG). 

• 293-A Storage Facility 

This is a concrete retention basin with a 13,000-gal capacity that 
contains three 10,000-gal ·aluminum tanks that are used to store 
50 wt% hydrogen peroxideG 

• 294-A Facility 

This is a small steel building above grade and three filter cells 
below grade. The 294-A facility is located north of 293-A and 
provides secondary filtration of DOG •. 

• 2711-A Facility 

This is a small steel building located near the southwest corner 
of the 202-A building •. The 2711-A fac·ility contains the equipment 
required to supply dry air to gloveboxes in the plutonium oxide 
production facility. . 

• 218-E-14 and 218-E-15 Tunnels 

These.are two earth-covered tunnels extending southward from the 
east end of the 202-A building. The inactive, older tunnel 
(218-:E-14) uses wood shoring·; the new tunnel (218-E-15) is a 
c;:oncrete and corrugated steel structure. 

5.1.2.5.2 Facilitie~ North of 202-A. A list of the ~~cilittes north 
of the 202-A building follows. 

• 203-A Tank Farm 

r 

I. 

I 

This facility includes a pumphouse, concrete pad enclosed and ·· I 
sectionalized with concrete dikes; containing four 100,000-gal 
tanks used for receipt, storage, and tank-tr~iler loading of· 
uranyl nitrate hexahydrate in acidic solution (UNH} product ,-. , 
solution. Also included are a 14,000-gal LINH concentration rework 

•.· tank, two 7 ,300-gal tanks and one 13,800-gal tank for nitric acid 
recovered at the U03 Plant, and a 4,000-gal sumpwaste-collection 
tank.· 
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1 205-A Facility 

This facility is comprised of a transite building housing the· 
deactivated silica gel facility that was formerly used for uranium 
product treatment. 

1 206-A Facility 

This is a concrete structure adjacent to U cell that contains a 
vacuum fractionator and associated equipment for concentrating in
plant and uranium oxide plant recycled nitric acid. 

1 -211-A Facility 

This is a steel and transite pumphouse and associated tank farm 
, for receipt, storage, and bulk-handling of "wet" process 

chemicals. The process water demineralizer is located in the 
pumphouse. See Section 5.3.3.2 for further descriptiono 

1 2714-A Building 

This is a steel warehouse for receipt, storage, and transfer of 
process chemicals received in less-than-bulk quantitiese 

1 Backup Diesel Generators 

These are the diesel generators that provide backup power for the 
plant. 

1 252-A Electrical Switch 

This is an electrical transformer station that serves the PUREX 
Plant. 

5.1.2.6 Stacks. There are 12 stacks (Fig. 5-3) exhausting to the 
atmosphere from the PUREX Plant. The largest, 291-A-l, is made of 
reinforced concrete, stainless-steel lined, 200 ft tall and handles the 
ventilation exhaust air from the processing cellso This stack is located 
near the southeast corner of the main canyon building (202-A}. The 
remaining shorter stacks and the areas exhausted are as follows. 

Stack number 

296-A-1 

296-A-2 

296-A-3 

Stack location 

Northwest corner of 
202-A building 

Southwest corner of 
202-A building 

Northeast corner 
(stairwell 13) of 
202-A building 

5-8 

Area exhausted 

Filtered exhaust from .N 
and Q cells and product 
removal (PR) room 

West sample gallery hood-
filtered exhaust 

East sample gallery hood-
filtered exhaust 
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Stack number 

296-A-5A 
296-A-5B 

296-A-6 

296-A-7 

296-A-8 

296-A-10 

296-A-14 

296-A-24 
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Stack location 

On roof of 202-A Laboratory 
Annex 

Northeast corner 
(stairwell 13) of 
202-A building 

Southwest corner of 
202-A building 

Northwest corner of 
202-A building 

South end of 202-A building, 
·equipment disposal 
tunnel 2 

On roof of 293-A backup 
facility 

South side of 202-A building 

Area exhausted 

Filtered air from rooms 
and hoods (east and 
west ducts) 

East sample gallery and 
U cell--filtered exhaust 

West sample gallery, 
N cell, PR corridors, and 
R cell--filtered exhaust 

White room--filtered 
exhaust 

Filtered air from dis
posal tunnel 2 

Filtered exhaust from the 
293-A building 

Filtered exhaust from 
ammonia offgas system 

The locations of the various PUREX Plant stacks in relation to the 
PUREX Facility and other nearby facilities are shown in Figure 5-3. 

The effluent streams from all of the exhaust stacks are all 
continuously sampled, and the samples are periodically analyzed for 
radioactive particulate content. In addition, the higher risk streams are 
continuously monitored for radioactive or noxious gas content. 

5.1.2.7 Buried Piping, Encasements, and Ductwork. A complex of buried 
piping, encased piping, and buried ductwork services the PUREX Plant. The 
systems described here include high-level waste transfer lines, UNH solution 
transfer liness the chemical sewer, steam condensate, process condensate, 
cooling water and ammonia scrubber waste condensate discharge lines, and the 
ductwork servicing the main filt~r and DOG systems. 

Liquid waste from the east end of the 202-A building (D and E cells) is 
routed to underground waste storage tanks in the tank farm system via piping 
in the east waste encasement. A similar encasement and piping system routes 
waste from F, G, and R cells around the west side of the building to the 
tank farm system. 

The LINH product transfer piping from K cell to the 203-A LINH storage 
tanks is in a similar encasement located on the north side of the buildingo 
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A buried, vitrified clay pipe located on the north side of the 
202-A building serves as a chemical sewer handling the aqueous makeup (AMU) 
and chemical storage drainage, ventilation system steam condensate and · 
cooling water from the acid fractionator overhead condenser. The stream 
discharges to the A-29 ditch and on to the 216-B-3 pond. The chemical sewer 
stream is provided with a continuous sampler/monitor, flow totalizer, and 
automatic diversion capability •. 

The cooling water discharge header is a buried carbon steel line .. 
located on the south side·-of the 202-A building. The header normally 
discharges to the 216-A-25 pond; however, continuous sampling/monitoring, 
flow totalizing, and automatic diversion capabilities· are provided •. The· 
stream is automatically diverted to a retention basin (216-A-42) in case the 
cooling water discharge stream is contaminated. 

The steam condensate header is also a buried, carbon steel line located 
on ·the south side of the 202-A building. The header drains from the east· 
and west ends to .a catch tank, and the steam condensate is ·pumped to the 
216-A-30 crib. The header is equipped with a sampler/monitor station and a . 
diverter station, which also diverts to the 216-A-42 retention basin. · 

The process condensate is discharged through lines located on.the south 
side of the building to the 216-A,...10 crib. A flow-proportional sampler and 
a monitor are provided for this stream~ 

Anunonia scrubber waste condensate is.sent to:the 216-A-36 crib located 
south of the 202-A building. A proportional .sampler and a monitor are 
installed in.this waste line~ 

On the south side of the building, buried -concrete ductwork routes the 
canyon exhaust stream from the air tunnel to the 291-A buried filters to the 
291-A plenum. The 291-A plenum is serviced by t_he exhaust fans, which 
discharge to a buried ductwork going to the 291~A stack. ·rhe stack drains 
to the buried 216-A-l or216-A-2 tanks, which in turn are jetted to the U3 
tank (laboratory waste receiver) in the 202-A building. 

The DOG lines are .routed through a covered, _ concrete encasement to the 
294-A offgas filter facility and then to the 293-A building. In the 
293-A building, the offgas is routed either through or around the backup 
facility (depending on whether the.dissolver is in a dissolving or cladding 
removal cycle). and to the 291-A stack. 

The details of handling and measurement of waste streams are discussed 
in Chapter 7~0, monitoring of the streams is discussed. in Chapter 8.0. 

5.2 · 202_:A PROCESS BUILDING · · 

The ~esign of the PUREX process facility provides for all of the 
processing.operations to be within the 202-A building, except for areas for 
storing equipment and the area that houses the. building services .. These are 
the burial tunnels and the steel-and,...transite annex. The buri.al tunnels· 
extend. south from th.e east end of the process build i_ng, and the annex is 
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located at the north side of the building. The waste stqrage facilities are 
detailed in the waste management environmental statementl2) and are not 
.inc 1 uded here. 

5.2ol Structural Specifications 

The plant was built in the early 1950s (construction occurred between 
1953 and 1956) and the criteria for establishing the structural design bases 
were those of the 1952 Uniform Building Code.(3J The code was followed, 
with the following modifications and interpretations: 

• Under the provisions of the cod~~ the building conformed to Type I 
construction, Group F occupancy{~) . 

• Reinforced-concrete construction followed building code 
requirements for reinforced concrete(4) 

• Structural steel was designed in accordance witb specifications of. 
the American Institute of Steel Construction.CS) 

The balance of the building and services was designed in co~formance 
with codes recognized as guides by the Atomic Energy Commission.{6-8) 

Earthquake resista~c~ was provided for in accordance with Zone 2 
earthquake regulations.l3J 

The canyon portion of the building is reinforced-concrete construction 
with a poured concrete roof. Interior partitions are poured concrete. 
Metal doors are used throughout. 

Two service area annexes, made of reinforced-concrete slab and steel 
girder construction, are attached to the north side of the canyon building. 
In general, partitions separating industrial-type or operating areas are 
poured concrete. Other areas with no contamination problem, such as 
offices, lunchrooms, and shops, are separated by metallic partitions of the 
demountable Hauserman type. All doors are metal or metal clad. 

5.2.2 Building Layout and Facility Description 

The 202-A building is 1,005 ft long and 119 ft wide, as shown in 
perspective in Figure 5-4. The building is 100 ft high, about 40 ft below 
grade and 60 ft above grade. Plan views of the building at various levels. 
are shown in Figure 1-5, and a cross section is shown in Figure 1-4. 

The canyon contains a single, 813-ft-long row of equipment cellso 
A heavy, 6-ft...,thick, concrete shielding wall separates the cells from the 
galleriese The pipe trench outside wall is 5-ft 6-in.-thick concrete" 
Above the cells, the concrete shield wall is 4 ft thick, and the extension 
of this wall becomes the parapet wall of the shielded cab way (crane cab 
gallery) for ~he master cranes. A slave crane, which may be operated either 
directly and independently or remotely from either master crane, is provided 
on rails above the master crane level. · 
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The pipe trench that parallels the cells is 30 ft 6 in. deep; this 
trench is 12 ft wide at the top and narrows to 11 ft as the wall between the 
cells and the pipe trench thickens from 1 ft 6 in. to 2 ft 6 in. The wall -
between the cells and the pipe trench supports one edge of the 3-ft-thick 
cover blocks that cover the cells and the 2-ft 6-in.-thick-cover blocks-that_. 
cover the pipe trench. The air tunnel, which lies directly below the pipe 
trench, is 11 ft wide and 7 ft 6 in. high. This tunnel exhausts the 
ventilation air from the cells to the outside filter cells and stack 
facility. The south wall of the canyon at the air tunnel and pipe trench 
levels is 5 ft 6 in. thick. From the canyon deck level to the master crane 
level, the south wall is 4 ft thick and again narrows to 2 ft 6 in. thick 
from the crane level to the roof. The roof is formed as a concrete beam, 
2 ft 6 in. thick at the edges and 1 ft thick in the centero No internal 
truss work is used to support the ceiling of the canyon. 

The railroad tunnel used for bringing in casks of irradiated fuel 
elements atid removing equipment from the canyon runs north and south, 
forming a 11 T11 at the east end of the canyon. On the east side of the 
railroad tunnel is a water-filled basin for storing irradiated fuel. The 
pool cell for storing 0 hot 11 equipment, the decontamination and storage cell, 
and the hot shop are located at the west end of the canyon at cell floor 
level. A 3-ft shield wall separates the hot shop from the decontamination 
cello 

.The building is supported on a 5-ft 6-in.-thick concrete slab with 
reinforcement in the top half. Transverse expansion joints are provided at 
90-ft· intervals throughout the length of the building. All expansion joints 
in shielding walls and slabs are offset and keyed to ensure the necessary 
shielding requirements. 

Five trap pits and two pump pits are attached to the south side of the 
building. The trap pits were built to handle the steam condensate from the 
process heating coils and steam chests. The pump pits were built to handle 
the trap pit drainage. The process steam traps are now located in the 
canyon. 

5.2.2.1 Remote Process Cells. Process cells are located in-line on the 
longitudinal axis of the building between the pipe trench and sample gallery 
and are designated as follows: 

Cells 
A,B,C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

Function 
Metal dissolution 
Metal solution storage 
Feed preparation and cladding waste treatment 
Waste treatment and process ventilation 
Solvent treatment system 1 
First decontamination system 
Partition system 
Uranium decontamination and concentration system 
Plutonium decontamination and concentration system 
Equipment decontamination and storage, plutonium 
nitrate storage 
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The listed cell designations are made according to the individual 
processing functions and do not indicate a physical partitioning of one cell 
from another. The actual locations of transverse partitions in the canyon 
were determined by ventilation and radiation criteria~ rather than by 
functional cell boundariesG 

All cells, excluding deep sumps and the 2A 11 doghouse, 11 are 14 ft wide 
and 39 ft 6 in. deep from the bottom of the cover blocks, and vary in 
length. Cell dimensions are listed in Table 5-L _ 

The 2A doghouse consists of·,two special cover-·blocks·· that. raise. the -
canyon .deck 5 ft for· a distance·of-13 ft: 9' in .. ,_ providing:extra head room· -
for the 2A column. 

TABLE 5-1. Process Cel. 1 Dimensions .. 

Cell 

. A 

B 

·c 

D 

£_ 

F (beginning} to parfition between 
TK-Fl2 and TK-Fl3· 

Partition to end of F 

·G 

H (beginning)·to partitfon in J between_ 
TK-J5 and TK-J6· 

Partition ,in J to:partition in K 
between TK~K5 and TK-K6 

Partition in K to partition _in L 
· between T-Ll and T-L2 

Partition in L to end of L 

*To top of cell cover blocks. 

5-15" 

Dimension __ 
- (length by width by 'height}* -

35 ft by 14 ft by 42 ft 6 in .. 

35 ft by 14 ft by 42 ft 6 in .. 

35 ft by .14 ft by 42 f~ 6 in. 

65 ft by 14 ft by 42 ft 6 in. 

_ 71 _ft by 14 ft by 42 :ft 6 in. 

_ 151 ft by 14 ft by .42 ft 6 in. 

65 ft by 14.ft by 42 ft 6 in. 

109 ft by 14 ft by 42 ft 6 in. 

117 ft by 14 ft by 42 ft 6 fn. 

111 ft 6 in. by 14 ft by 
42 ft 6 in. 

26 ft 11 in. by 14 ft by 
42 ft 6 in. 

33 ft 1 in. by 14 ft by 
42 ft 6 in. 
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The deep sumps (SH and SJ2} are two 8-ft wide by 10-ft long by 5-ft
deep holes. The sumps were dug in the PUREX canyon floor, after 
construct.ion but before radioactive operation, to accommodate tall columns 
(HA and lA). The lA column was eventually removed and the neptunium solvent 
extraction "package" plac~d over the sump. The original HA column also has 
been replaced, and when that occurred; a stainless steel liner was installed 
in the SH sump with grout filling beneath it. The overall dimensions remain 
similar. 

Design and arrangement of cell partitions and cover blocks are 
detemined to a great extent by ventilation requirements. High-temperature 
equipment must be adequately cooled, the canyon air balance must be 
maintained, and cell exhaust air temperatures must be maintained below 
125°F. These partitions are 12-in.-thick reinforced concrete, coated with 
various types of acid-resistant paint. The cells are made of reinforced 
concrete and coated with a protective paint to minimize absorption of 
radioactive solutions into the concrete. Dissolver cell cover blocks are 
designed to permit dissolver charging following the removal of only one 
block. This feature maintains ventilation flows and provides contamination 
control. The ventilation systems are designed to maintain between 1,500 and 
13,000 ft3/min airflow into a cell, depending upon the particular cell, when 

. the cells are covered, and an additional 40,000 ft3/min when a cover block -'"'-
. is removed. 

Any liquids released in a cell drain across the sloping cell floor to a 
sma11·central trench, which in turn drains to a sump. The deep sumps are· 
jetted out to the adjacent canyon floor and the solution· is then jetted from 
the regular cell sump to the· waste collection tank (TK-Fl8} for sampling and 
disposal. Procedures require periodic steam jetting of sump contents to 
TK-F18. Stainless steel liners cover the floors and 1 ft up the walls of 
Land M cells and in the H2, the A3, and the F6 positions: Otherwise, the 
floors and sumps of the process cell are concrete with a protective coating. 

Table 5-2 references the instrument engineering diagrams of A through 
M cells and U cell. Typical instrument engineering diagrams are shown in 
Figure 5-5. 

5.2.2.2 Hot Pipe Trench and Air Tunnel. Paralleling the process cells on 
the south side is the hot pipe trench, with varying levels of permanently 
installed (welded) transfer piping and spare routings supported by pipe 
racks. Overall dimensions of the pipe trench are 860 by 12 by 33 ft. 
Header piping is located at the bottom of the trench; built-in trench 
transfer piping is located above the header piping; piping terminating in 
connector heads to pemit flexible routing is located at the top. The 
header and built-in-trench piping slope at least 1/32 in./ft and have 
nozzles at the low points so that the line can be drained. About 30% spare 
piping was provided and all critical lines and headers were spared. Jumpers 
are installed on the top level piping, and the trench is covered with cover 
blocks. 
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TABLE 5-2. Instrument Engi
neering Diagram List. 

Cell References 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
u 

H-2=63201 through -63205 
H~2-63206 through -63210 
H~2-63211 through -63215 
H-2-63216 through -63219 · 
H-2-63220 through -63226 
H-2-63227 through -63243 .. 
H-2-63244 through -63251 
H-2-63252 through -63256 
H-2-63257 through -63268 
H-2-63269 through -63274 
H-2-63275 through -63280 
H-2-63281 
H-2-63282 through -63287 

I11111ed.iately below the pipe trench is the air tunnel through which 
exhaust air passes from the canyon through the cells to the filters and 
stack. The floors of the pipe trench and air tunnel are sloped to drain• 
holes to allow escape of liquids. The hot pipe trench drains to the air. 
tunnel, which in turn drains to the.adjacent cell flooro The air tunnel is 
segregated by low parapet walls to segregate drainage by processing area. 
Overall dimensions. of the air tunnel are 860 ft by 11 ft by 7 ft 6 in .. 

5.2.2.3 Gallery Section. Paralleling the process cells on the north 
side from top· to bottom are the crane cab gallery, p_ipe and operating 
(P&O) gallery, sample gallery, and storage gallery. The shielding wall 
between the cells and galleries is 6 ft thick at cell level and 4 ft thick 
above· cell level. The outside gallery walls are 3 ft thick. The crane cab 
gallery floor is 2 ft 3 in. thick and the P&O gallery and sample gallery 
floors are 1 ft 9 in. thick. 

The parapet wall of the crane cab gallery provides a shielded area so 
that the cab, or the operator when.entering or leaving the cab, is protected 
from direct radiation coming from the canyon. The cab way extends the full 

· length of the crane cab gallery and is 20 ft wide. The distance from. the 
crane cab gallery floor to the canyon roof is 39 ft 6. in. The slave crane 
rail is located 17 ft above the remote crane rail. The normal point of 
entry to the crane cab gallery and the remote crane is from stairwell 2 near 
the west end of K cell. Six emergency exit stairwells are distributed along 
the full length of the cab way. A person is never more than 100 ft from an 
emergency exit anywhere along the crane cab gallery. 
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The P&O gallery is located directly below the.crane cab gallery and 
contains the nonradioactive piping and service headers, canyon motor control 
centers, instrument transmitters, and other related equipment. The . 
P&O gallery also contains the.steam pressure-reducing stations, reducing the 
steam pressure from 225 to 100 lb/ino2. A mezzanine at the east end of the 

·gallery contains the east crane maintenance platform (ECMP) change room; at 
the west end of the gallery is a canyon lobby •. The ECMP is a building 
addition shown in Drawings H-2-57086, H-2-57087, and H-2:..57088. The 
addition is described in Section 5.2.2.7. 

The P&O gallery; extending the full length of the building, is 20 ft 
wide and 20 ft 3 in. high. Cold piping and services to cell equipment 
originate in this gallery and terminate at·various levels in the cells. 
Operating equipment such as centrifug~ bowl spray pumps, the organic blend 
tank, and dissolver drown-water tanks are locate~ in the gallery. A high
pressure steam-reducing station is located at each end of the gallery in a 
ventilated area. · 

. A 158-ft-1 ong segment at the west . end of the P&O ga 11 ery, ca 11 ed the. 
"white room, 11 is separated fromthe rest of the gallery by a 10-ft-high 
personnel control barrier. The controlled area was created shortly after 
plant startup due to a contamination s,pread. 

The sample gallery extends the full length of the building below the 
P&O gallery. It is 19 ft 6 in. wide and 10 ft 3 in. high. A sample gallery \ 
shielded-pipe chase adjacent to the canyon wall provides shielding for 
process piping to the samplers, the sampler drain.piping, and the recovered 
nitric acid and organic distribution piping to cell equipmento The sample 
gallery shielded-pipe chase has a permanent, concrete cover; facilities for 
water flushing; and floor drains to the cell sumps. A hood is installed 
adjacent to the shielded-pipe chase at Band F cells for sampling process 
offgases. A decontamination sink and hood are provided near the center of 
the gallery for cleaning of sampling equipment. The 11 A11

- and 11 B11 -type 
samplers are located along the gallery wall adjacent to the shielded pipe 
chase. The 11 C"-type samplers are located along the gallery wall near the 
shielded pipe chase. The A, B, and C designations refer to the amount of 
shielding and type of sampling equipment provided for solutions with 
decreasing radioactivity levels~ Buil~ing air sampling compressors are 
installed in the west end of the sampl~ gallery. Further details of the 
samplers are given in Chapter 6000 

The stairway from the special work permit (SWP) lobby serves as the 
normal entrance to this level. To mi~imize thg possibility of spreading 
contamination into the stairwell and the SWP change room, a personnel 
monitoring station is located at the stairwell entrance. At the west end of 
the gallery, the PR elevator .provides entry from zones ·other than the SWP 
lobby, and a stairwell serves as an emergency exit. A stairwell located at 
the east end of the gallery can be used fpr personnel entrance to the 
railroad tunnel or for emergency exit from the sample gallery. The sample 
gallery is connected to the analytical laboratory by a stairwell and a 
dumbwaiter. The dumbwaiter is used for the delivery of sampling equipment 
to the gallery and samples to the la~oratory. 
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The 19-ft 6-in.-wide by 25:..:ftihig~,\~~liery' bei~,·'the sample gallery, 
which also extends the full length of the canyon, is divided into five · 
separate operating areas: the storage gallery at the east end, the PIV room 
in the center containing positive infinitely variable drive mechanisms for 
column pulsers, Q cell adjacent to the PIV roomg the PR room adjacent to 
Q cell, and N cell at the west end of the gallery& The storage gallery is 
used for the storage of dry chemicals, spare instrumentss and miscellaneous 
operating suppliesc Just east of the PIV room, there is a seismically 
qualified.and fail-safe light-water foam system that provides backup fire 
suppression capability for- H and J cells. ThiS''System is discussed in 
Section 8c4.8.6. Sumps are provided along .the.outside wall of the storage 
gallery for col lectton of water. Indivi_dual sumps are emptied .by a portable. 
pump, which discharges to a collection header·terminating·in',the .. AMU pipe 
chase. The PIV room houses the PIV-frequency motor alternator sets that 
supply electric power to the pulse generators, and the central exchange for 
the in-plant private automatic exchange (PAX) telephone system. The Q cell, 
PR room, _and N eel 1 operating facilities are described later in this 
chapter. 

5.2c2.4 Trap and Pump Pits.· The steam condensate from the process· 
concentrator steam chest and coils is discharged through fixed p.iping in one 
of five trap pits attached to the south side of the building and then Joins 
the steam condensate header. The buried steam condensate header discharges 
to the 216-A-30 crib. This condensate is continuously monitored and if the 
condensate becomes contaminated, it is automatically diverted to a retention 
basin (216-A-42). · 

Any solution (predominantly rain water) that accumulates in the bottom 
of trap pits land 3 is routed to a French drain (see Section 5.2.2.15). 

,, The other trap pits drain to 43-ft-deep pump pits. Trap pit 2 drains to 
.i' pump pit 6, and t1:ap pits 4 <1,nd 5 drain to pump pit· 7. Solution that 

collects in the pump pits is automatically pumped to the steam condensate 
header. 

5.2.2.5 Fuel Receiving Facilities. Irradiated N Reactor fuel elements are 
received in the PUREX railroad tunnel located at the·east end of the 
202-A building. Railroad cars, casks, canisters, and crane devices are the 
equipment used in the fuel receiving process. The relative location of the 
railroad tunnel is shown in Figure 5-6. 

5.2.2.5.1 Components. The railroad tunnel is 22. ft wide, 145 ft long, 
and 24 ft high. The tunnel extension permits ini.tial spotting of three cars 
by the train crew and subsequent movement·of cask cars by the-crane 
operator, using a remotely operated car puller. A sliding metal ventilation 
cover at the canyon deck level provides an airlock when the tunnel outside 
door is open. The venttlation cover is electrically operated from the 
dispatcher's office. The railroad tunnel is accessible from the samp]e 
gallery, the outer tunnel door, and an outside door on the east side of the 

. tunnel •. A 1 iquid collection sump and pump are provided to route 1 iquids 
from the railroad tunnel to underground $torage via TK-U3. 
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The cask cars are of two types: short cars that transport a single 
N basin cask and the long, underslung cars that transport three casks that 
can be used at both N and K basins. The short cars have a flatbed, with an 
overall length of 30 ft and a load capacity of 100 tonsc The rectangular 
water tank has doors on top that are opened by a mechanism operated through 
a gearbox and a handwheelo The long car has an underslung rrame, an overa11· 
1 ength of 50 ft, and a 1 oad capacity of 200 tons. . The 1 oad is carried by 
4- or 6-wheel carriages, or 11 trucks. 11 The water tanks on the long cars have 
handwheel opening mechanisms .of the same type as on the short cars. 

The N basin cask·is .57 by 78 by 128 in. tall (outside dimensions) and 
weigh·s 5L85 :·tons.. Tl:.ibes_;penetrate·'. the;-·lead shielding via bends to allow .. -. 
water circulation. The lead, shielding is nominally 10 in. thick.· The lid 
is held in place by locking dogs operated by a large impact wrench nut. The· 
.cask cavity is divided into four compartments by a special neutron
absorbing, stainless steel partition. The cavity holds 4 tall fuel 
canisters or 12 short fuel canisters. 

: .. · The K basin cask is 57 by 59 1/4 by 74 3/4 in., tall (outside 
dimensions) and weighs 22. 1/2 tons. Circulation tubes penetrate the lead 
shielding via bends •. The lead walls are nominally 10 in. thick. · The .cask 
cavity is divided into three· compartments,· each of which holds a short fuel 
canister. 

5 •. 2.2.5.2 Function. The cask. cars are placed in the railroad. tunnel 
as:,~ attached by cable to the car puller, which permits remote positioning of 
cars by the crane operator. The.railroad tunnel's outside doo.r is closed 
for containment whenever a car is being loaded or unloaded. The overhead 
door to the canyon is opened remotely from the dispatcher's office, 
permitting access to the car from the canyon area. The cask lid is removed 
by the crane, and the canisters are individually removed from the cask by 
the canyon crane., A radiation-measuring device is installed in the railroad 
tunnel to gauge the relatfve activity of the material and also to verify the· 
minimum cooling time since the reactor discharge during caniste~ removal and 
transport to the dissolver. The canisters are then raised through the 
horizontal door to be taken to the dissolver cells. After the material in 
one car has. been emptied, _the empty canisters are placed in the cask wells, 
the cask lids are replaced, the car lids closed, and the car is 
decontaminated for return to .the reactor car-loading facility. 

5.2.2.5.3 Safety Considerations--Radiation Exposure. Extensive 
precautions are·taken during fuel receipt and handling to keep personnel 
radiation exposure to as low as is reasonably achievable (ALARA). Radiation 
Monitoring personnel are present during all operations requiring personnel 
to be near loaded cars. Normal dose rates from the shipping cars are low 
due to. the· large amount of shielding.· The water inventory is replaced and
the inside of the shipping cars is flushed on a regular basis by UNC Nuclear 
Industries at the reactor basin to preve~t buildup of contaminatione 
Rockwell Radiation-Monitoring personnel are required to authorize the 
release of the cask cars, when empty, for transport back to the reactor 
basin. 
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Dose rates to personnel outside the. canyon (service galleries) are low 
_because of the 6-ft-thick concrete shielding wall at the process cell level 
and the 4-ft-thick concrete shielding wall at the level above the deck •. The 
crane operator is protected by a shielded crane cab that travels behind a 
4-ft-thick concrete parapet. To avoid charging operations while personnel 
are in the railroad tunnel and the vicinity of the canyon, the PUREX 
dispatcher controls access to the tunnel and canyon, controls operation of 
the horizontal door between the canyon and the tunnel, and maintains a 
logbook of personnel entering and exiting the tunnel and canyon. The 
vertical and horizontal doors of the railroad tunnel are interlocked to 
prevent opening both doors at the same time. 

The railway approach to the railroad tunnel is through a railroad cut. 
This is a fenced, regulated area extending about 700 ft in front.of the 
tunnel door. The railroad track in the cut has a slight 11S11 shape curve; . 
there is an earthen berm on each side of the track and a concrete shield at 
the end of the cut. This arrangement prevents a direct shfoe to any area 
outside the cut enclosure from the tunnel door. Entrance to the railroad 
cut is from the railroad tunnel or through a dispatcher-controlled gate in 
the fence or the railroad entrance gate. Normal personnel access to the 
tunnel is from the sample gallery through a dispatcher-controlled door • 

Equipment is located within the facility space to facilitate the 
decontamination of the railcars and track, should this be necessary. 
Facility ventilation pressure differentials are maintained to ensure that 
airflow is from the less potentially contaminated areas toward the more 
potentially contaminated areas • 

. 5.2.2.6 Fuel Storage Basin. A storage basin (20 ft wide, 30 ft long, and 
27 ft deep) is located east of the railroad .tunnel at the canyon level 
(Fig. 5-7). The basin is open to the canyon and contains 12 ft of water. 
The storage area has a nominal capacity of 40 yoke-suspended buckets of 
aluminum-clad fuel* on one level, and a maximum capacity of 76 buckets on 
two levels. The basin is serviced by a raw-water fill line with overflow to 
the steam condensate header. A jet-out line discharges to the 216-A-30 crib 
via the steam condensate header •. Liquid level is determined by visual 
inspection and weight factor instrumentation. The storage basin will not be 
used for storage of N Reactor fuel without further evaluation of the 
intended use. Inadvertent use of the basin for storage of N Reactor fuel 
will not occur as the yokes will not fit the N Reactor fuel canisters. 

5.2.2.7 Crane Maintenance Facilities. The crane maintenance facilities, 
located at the east and west ends of the canyon (see Fig. 5-7), are used for 
repair and routine work on cranes. Each is a platform that extends across 
the canyon, with an installed bench for work on crane motors and other 
equipment. As a maintenance aid, a cross-building monorail hoist is 
installed in the raised section of the roof directly above each crane 
maintenance platform. 

*From the deactivated, "low-pressure," production reactors •. 
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The west crane maintenance platform (WCMP) is part of the original 
facility and is located above the canyon lobby and storage area. Access to 
the WCMP is via the crane way, or stairway, or (rarely) from the PR elevator 
at the west end of the building. 

The ECMP is in an extension that was added to the existing 
202-A building in 1957. The extension is 71 ft 3 in. tall, 36 ft wide, and 
61 ft 6 in. deep, and is a reinforced concrete and steel-beamed structure. 
The three exterior sides are made of 2-in.-thick asbestos-cement board, 
which is in turn covered with 9-in. precast concrete panels above the 731-ft 
elevation and 4-in. pre-cast concrete panels below the 731-ft elevation. 

Three interior, 3-in.-thick, steel plate shielding doors separate the 
canyon from the crane maintenance platform. Below the 731-ft elevation, 
10 in. of concrete of the original building separate these structures. The 
roof is made up of coal-tar pitch, roofing felt, mineral-surfaced roofingg 
plastic-roofing cement, and roofing gravel. This addition serves as the 
containment vessel when the shielding doors are open. 

5.2.2.8 ·Contaminated E ui ment Maintenance and Stora e Areas. 
A decontamination and equipment storage cell M cell , pool cell, and hot 
maintenance shop are located at the west end of the canyon (Fig. 5-8). 

The M cell is 11 L11 shaped. The main portion is 34 ft 6 in. long by 
14 ft wide and the extended base is 20 ft long by 16 ft 6 in. wide. It is 
equipped with a stainless steel floor- liner, wall spray nozzles, connectors, 
and flexible jumpers to facilitate remote decontamination of faulty canyon 
equipment. A vessel (TK-Ml) is provided for cleanup of pumps 1 agitators, 
etc. Removable equipment storage racks are positio~ed on the wall. 
Personnel may enter the decontamination and storage cell by way of the hot 
maintenance shop. Oil-filled glass viewing windows in the wall separating 
the hot shop from the decontamination and storage cell allow visual 
observation of failed equipment. To conserve floor space, this concrete 
wall is constructed of high-density aggregate. 

A portion of the north side of M cell, west of .the pool cell, is 
partitioned for storage of concentrated plutonium nitrate product solution 
(see Fig. 5-8). The plutonium nitrate storage tanks (TK-M3, M4, MS, and M6) 
are part of the plutonium oxide production system and are further described 
in Section 6.8.2. 

The pool cell (12 ft long, 14 ft wide, and 35 ft deep) is at the north 
east corner of M cell. The pool cell contains a stainless steel floor liner 
and is used for decontamination and/or storage of large equipment pieces. 

The hot shop (30 ft long and 20 ft wide) is located to the west of 
M cell; it is used for maintenance of canyon equipment by semiremote and 
contact methods. That portion of the hot shop accessible from the crane is 
furnished with metal ventilation covers.· The remaining portion of the hot 
shop roof is located below the canyon lobby. Handling of equipment in this 
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area is accomplished by a monorail and a jib crane. A decontamination sink 
and hood are provided for cleaning small tools and equipment. A shielded 
vessel (TK-M2) is located in the hot shop to facilitate additional 
decontamination and disassembly of pumps and agitators. 

An upgraded equipment decontamination and repair unit is being destgned 
for installation in M cell, and the hot shop. High pressure water spray 
systems in M cell operated remotely from the hot shop or manually from 
within M cell and supplemented by chemical soaking will be used to 
decontaminate jumpers and other equipment pieces.l9) 

.5.2.2.9 Acid and Or anic Recover Vaults. The recovered acid and 
laboratory waste storage vault U cell is .located along the north wall of 
202-A building, just east of the headend control room. It is constructed 
below grade with removable concrete blocks extending above grade forming the 
roof. The cell has 1-ft 6-in.-thick reinforced-concrete walls and is 76 ft 
long, 20 ft widew and 35 ft deep. Entrance to the vault is by way of a 
stairwell from the sample gallery through an electrically operated door and 
an airlock. U cell contains four large tanks: two· for storing recovered 
nitric acid and two for collecting and sampling low activity laboratory 
waste. Tank volumes and dimensions are listed in Table 6-lc The recorders 
and controls for the associated equipment are located in the headend control 
room. The instrument diagrams for U cell are listed in Table 5-2. 

The solvent recovery and storage.vault (276-A or R cell) provides 
decontamination of organic solvent from the final uranium cycle and storage 
of the recovered solvent. Located below grade at the northwest corner of 
202-A, this facility is operated from the central control room. Vessels 
located in R cell include a solvent washer (TK-Rl), a scrub column (T-R2), 
an acid scrub recycle tank (TK-R2), a spare utility tank (TK-RS), a decanter 
(TK-R6), a treated-solvent storage tank (TK-R7), and an alkaline waste tank 
(TK-R8). These vessels are also listed in Table 6-1. The R cell is 65 ft 
long and 23 ft wide. Access is provided to the vault floor from the PR 
corridor and to the centrifuge platform by way of the sample gallery, The 
relative location of R cell is shown in Figure 5-9. · 

Because of similarity in structure and equipment, the following 
description applies to each of the two (Rand U) vaults. (Equipment 
arrangements for the two cells are shown in Fig. 8-6 and 8-7.) 

• The structure is reinforced concrete. The base of the vault is at 
the same elevation as the 202-A structural mat because of process 
hydraulics and equipment requirements. Curb and door sills are 
provided to confine leakage within specific areas. Removable 
concrete cover blocks at 2 ft above grade are designed to provide 
radiation shielding and to facilitate equipment replacement by 
motor crane. An emergency exit from U cell is provided via a 
caged ladder and escape hatch in the vault roof. The emergency 
exit from R cell is via the mezzanine door to the sample gallery. 
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1 The equipment, in general, is designed with the same physical 
dimensions as comparable canyon assemblies, but fabricated to 
commercial allowances with conventional flanges and supporting 
structures. All equipment maintenance is performed by contact 
methods under regulated work procedures. 

5.2.2.10 Uranium Product Handling. The 203-A tank farm is used for storage 
and shipping of UNH product from the PUREX Plant. The LINH product is batch
transferred through a pipeline from TK-K6 in the PUREX canyon to one of four 
LINH storage tanks in the 203-A area. The 203-A area is described in 
Section 5.3.1. 

5.2.2.11 Product Removal Room. The PR room is located in the west section 
of the storage gallery, north of L cell and separated from N cell to the 
west by a 6-ft-wide pipe chase. The PR room is 41 ft 2 in. long and 19 ft 
6 in. wide and contains three concrete-shielded areas that isolate contained 
equipment from the working area. One area isolates the vacuum/rework tank 
(TK-Lll) enclosed in a glovebox. Another area isolates the plutonium 
sampler tank (TK-L9) enclosed in a glovebox and the third area contains an 
empty glovebox that formerly enclosed another plutonium sampler tank 
(TK-LlO). There are no plans, at present, to replace TK-LlO. In addition, 
there is a load-out facility for shipping containers in the PR room, the 
Ll3-10 glovebox and load-out hood. A doorway from the PR room provides 
access to L cell for possible contact maintenance of the 2B column and third 
plutonium system. The PR room layout is shown in Figure 5-10. 

Eventually the Ll3-10 glovebox and load-out hood will be replaced by an 
upgraded gTovebox Ll4 that is designed to load out plutonium nitrate into 
the existing metal shipping containers or polyethylene bottle-type 
containers or load in from the same containers.{10) 

5.2.2.12 Neptunium Purification Unit. The neptunium purification system, 
also known as Q cell, is located at the storage gallery level of the PUREX 
building between the west end of the PIV room and the PR room. As shown in 
Figure 5-11, Q cell includes a control room, a load-out room, an AMU level, 
a maintenance room and shielded maintenance hood, and a shielded hot cell. 
The AMU level is located above the control room. Access to Q cell is 
obtained through the PR corridor and SWP lobby, or, in emergencies, through 
the PIV room. 

The Q cell was installed in the building, along with the neptunium 
recovery and decontamination facility in J cell (J cell package), to further 
purify the neptunium recovered in the J cell package prior to shipment 
offsite. The Q cell purification system is designed for batch operation. 
The current plan is to activate neptunium recovery and purification in the 
future. These operations will be described in an amendment to this report. 
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Because of potential radiation problems associated with neptunium 
processing and the difficulty of contact maintenance, the Q cell equipment,· 
except for the ion-exchange column, is of all-welded stainless steel 
construction, with.major equipment pieces located within a shielded 
enclosure or hot cell (Fig. 5-11). 

The piping penetrates the back shielding wall of the hot cell into a 
maintenance hood •. This hood contains most of the replaceable mechanical, 
electrical, and operating equipment for handling the radioactive solution
transfer between the major pieces of equipment.in the hot cell. All 
equipment in the. hood is flanged with standard stainless steel flanges. 
This. hood is 1 ined with. stainless stee·l and has a l-in. stainless. steel 
front containing 1~1/2-in.-thick lead-gJass viewing ports·- and glove -ports • 

. Primary control of the neptunium purification operations in Q cell is 
carried out on the graphic panel board in the control room; however, 
secondary control is carried out by hand in the maintenance hood. 

Nuclear criticality safety for. Q cell uses vessel geometry and upstream 
plutonium mass control. The vessels that_ are not of geometrically favorable 
design, including the 3-in. annular 3XF tank, are preceded by.vessels Ql and· 
Q2 that are geometrically favorable. Multiple samples of the recirculating 
solvent extraction product stream are analyzed to ensure low plutonium 
content prior to diversion to Q cell. 

5.2.2.13 Plutonium Oxide Production Facility. The original regulated shop 
and N cell area in the west .end of th~ storage gallery has been modified to 
provide the process,_.transfer, maintenance, primary canning, secondary . 
canning, control, and storage areas necessary. to convert p.lutonium nitrate 
to plutonium dioxide and.prepare the product for shipment to storage. 
A plutonium oxide rework facility is also provided in a single glovebox in 
the east end of the first floor. of. . .the N .. cel l area. The relative location 
of the N ce.11 area is shown in· Figure 5-120 A perspective drawing of the 
plutonium oxide production facility is shown in Figure 5-13. 

On the first floor, a concrete shielding wall separates the control 
room from the glovebox and product load-out areas. Access to the glovebox 
area from the contro1 room is via an air lock. A stainless steel-clad, 
polyethylene shielding wall within the glovebox room separates the vessel 
and calciner gloveboxes from the powder load-out glovebox and the secondary 
canning area. 

The second floor contains th~ upper portion of the vessel and calciner 
gloveboxes, maintenance gloveboxes, and the second floor control room. 
Acces.s to the glovebox area is provided through an air lock fr.-om the control 
room. 

The ca]ciner glovebo~ is s~parited from the-maintenahce glovebox area 
by a stainless steel-clad, polyethylene shielding wall. Doors are located 
between gloveboxes for equipment access.- Two shielding doors of the same 
composition as the walls- on either side of the glovebox are provided for 
personnel access. 
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The plutonium rework glovebox··, N-6, contai~s two g·lass dissolvers and 
associated tanks to convert off-specification plutonium oxide, clean out 
material, and plutonium oxalate to plutonium nitrate. The N-6 glovebox has 
a criticality drain to L cell that uses a common header between gloveboxes 
N-1B, N-6, and N-7 and L cell. The rework product is routed back into the 
process for purification. 

Various tanks to support the N cell operations are located in a pipe 
chase to the east of N cell. A listing of these tanks and their function 
follows. 

Tank 

N-15, -16 
N-21, -22 
N-39, -40 
N-53 

Service 

Filtrate holding tanks 
Condensate receiver tanks 
Vacuum dropout tanks 
Rework storage tank 

Operations and controls are monitored directly through viewing windows. 
The thickness of the windows provides the shielding equivalence of the walls 
in which positioned. 

The existing double doors at the west end of N cell are sealed, and a 
new door from the load-out room is located in the west wall to provide 
access into the elevator corridor. A new door provides access from the 
PR corridor and load-out room to the elevator and is located close to the 
foot of the new stairs. 

A ladder opening at the east end of N cell provides (nonroutine) 
personnel access between the first and second floor glovebox areas. On the 
second floor, an equipment transfer hatch at the west end of N cell 
accommodates the use of a monorail hoist for equipment removal from N cell. 

A section of M cell is partitioned with a new concrete shielding wall 
for housing four plutonium storage tanks. The M cell enclosure floor has a 
stainless steel liner turned up 8 in. at the walls to facilitate I 
decontamination. Surfaces not lined received special protective coatings~ 
Metal cover plates forming a ceiling over this area are gasketed to prevent 
entrance of moisture as are other wall openings from the M cell · 
decontamination area. 

In N cell, the concrete floors, walls, and ceiling surfaces were 
patched and smoothed prior to receiving special protective coatings. 

5.2.2.13.1 Gloveboxes. All gloveboxes are similar in construction and 
follow the design of gloveboxes used in the plutonium facility at the 
Los Alamos National Laboratory (Drawing ~-2-65350). Lead shielding, 1/4 in. 
thick, sandwiched between stainless steel plate, is an integral part of the 
maintenance and powder load-out gloveboxes only. All other gloveboxes are 
of s-ingle-wall construction. Separately supported, externally mounted, 
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neutron shielding is install~d outs
1

ide the 'primary canning glovebox, the 
calciner gloveboxes and the section~ of the vessel gloveboxes in front of 
TK-N3, TK-N5, and TK-N6. Shielding over glovebox windows is fabricated _of 
transparent acrylic-lead material. Shielding in other areas is fabricated 
of Bene lex TM 51 a woodfiber-phenol ic resin compos1tem Additional 2-in,,-thick .. 
movable shielding walls on tracks extend about 7. ft up from the floor on 
both sides of each calc1ner glovebo~. 

5.2.2.13.2 Piping. The engineering flow diagrams for piping and 
instrumentation are available in Drawings H-2-65483 through H-2-65498. All 
process and process instrument. 1 ines in the oxide .. production line are· 
stain 1 ess stee 1 and -are fabricated, .. i nsta 11 ed I tested; _and . inspected·· in 

·accordance with ANSI B31.t.(ll) Kynar piping and valves are used in the 
plutonium-rework glovebox. The instrument lines in the heating, ventilation· 
and air conditioning system are copper from the transmitters located in the 
glovebox room to the control._ room. ·· · 

Access for maintenance,-repair, and replacement of the equipment·in the 
N cell gloveboxes is provided th~oug~ glove ports and bag-in/bag~out ports. 
If it is necessary to replace vessels in a glovebox, an equipment access 
panel on-the front of the glovebox can be removed., Although piping, welded 

. fittings,· flanged piping connections, tubing, and tubing compression 
fittings are.all used for system assembly, all welded construction is used 
where feasible. Valves, pumps 9 filters, and other equipment have quick
disconnect capability to facilitate component removal. 

The vessels in M cell and the. piping to the vessels are of all-welded _ 
construction. The connections to N cell are through new penetrations·in the 
wall. · · 

·· - The . process equipment in · N ce 11 is designed .and arranged so that the 
change from the oxalate process to direct denitration can be made by , 
changing· removable spool pieces in .the process lines. · Service lines to 
vessels not in use can be valved off. Provisions.were made for flushing and 
draining vessels and piping prior to removal from service•in making the 
process changeover. 

All pressurized lines containing plutonium solution and located in 
personnel areas are encased. The filtrate holding tanks and the condensate 
receiver tanks are located in the pipe chase between N cell and the PR room. 
Piping to these tanks is welded. Both breathing air stations serving each 
of the glovebox rooms and 14 continuous air monitors (CAM) located in N cell 
are ·connected to existing piping. · 

5.2.2.13.3 Instrumentation. Control and readout instrumentation is of 
the conventional electronic type and. is mounted in panels. located in the 
first and second floor control rooms •. Space limitations preclude access to 
the rear of the panels; consequently, the customary rear-of-panel 
auxiliaries, terminal strips, and interconnecting wiring are in 
configurations that permit maintenance and future modifications from the 
front of the panels. · 
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Transmitters, the direct-connected alarm switches, and purge airflow 
meters are .mounted on open racks located in the P&O gallery in the vicinity 
of TK-R5Ao This location was selected to reduce the possibility of migration 
of process fluid to the rack via the sensing lines. 

Processing interlocks are provided as appropriate to facilitate process 
control or ensure safety. In addition, emergency shutdown buttons are 
located in the N cell upper control room, the PUREX dispatcher 1 s office, and 
the guard house to activate an interlock system that will automatically bring 
the operation to a safe shutdown condition. · 

Fixed-filter particulate air samplers and CAMs with alarm systems are 1· 
installed at selected locations in the N cell operating area, as well as in 
the first and second floor control rooms. 

5.202.13.4 Normal Power. Normal electric power is supplied as 480-V, 
3-phase power from existing Motor Control Center (MCC) 105, located in the 
P&O gallery, to three new panel boards: the process motor starter panel 
board {PMSP), product load-out motor starter panel board {PLMSP), and ser
vice distribution panel board (SDP)o The new motor starter panel boards 
contain disconnect switches and combination motor controllers for branch 
circuit protection and control of 480-V, 3-phase motors and three trans
formers. A 25-kVA transformer provides 480/208/120-V, 3-phase power to 
panel board NPP, a 50-kVA transformer provides 480/120/240-V, 3-phase power 
to panel board HTR, and a 15-kVA transformer provides 480/208/120-V, 3-phase 
power to panel board LP (Drawing H~Z-65271). Power at 120-V is supplied 
from the SOP panel board to loads such as room lighting,_ several fractional 
horsepower pumps, agitators, and motor-operated valveso Normal power is 
supplied to a welding receptacle at airlock 9 from the existing MCC 45, 
which is also located in the P&O gallery. 

5.2.2.13.5 Emergency Power. Emergency (standby) electrical power is 
supplied at 480-V, 3-phase, from existing Motor Control Center 3, located in 
the P&O gallery, to a new emergency motor starter panel board (EMSP). The 
new motor starter panel board contains disconnect switches and combination 
motor controllers for branch circuit protection and control of 480-V, 3-phase 
motors and three transformers. A 3-kVA transformer provides 480/120/208-Vs 
3-phase power to the first stage calciner drive motor, a 3-kVA transformer 
provides 480/120/208-V, 3-phase power to the second stage calciner drive 
motor, and a 25-kVA transformer provides 480/120/208-V 9 3-phase power to the 
emergency power panel board (EPP). Power at 120 V ac is supplied from the 
EPP panel board to loads such as emergency room lighting, motor-operated 
valves for the chemical addition process lines, vessel vent and vacuum sys
tems, liquid transfer valves, the radiation monitoring system, the glovebox 
leak-detection system, the intercommunications system, the Halon fire-sup
pression system, safeguards and security equipment, and several fractional 
horsepower pumps and agitators. 
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5.2.2.13.6 Fire Alarm System. Building· firE!°aiarm gongs are installed 
in the following rooms: -

• First floor control room 

• First floor glovebox room 

•· Load-out room 

• Second floor control room-

• Second floor-glovebox room 

• Second floor maintenance room. 

These alarms are connected to ·the·building fire alarm system .. Upori 
activation of any of the alarms located throughout the buildings each alarm . 
sounds, the actuated alarm is indicated on the fire alarm control panel near 
the central control room, an outside alarm is sounded, and an alarm at the 
central fire station is sounded. -

5.2.2.13.7 Criticality Alarm System. CrtticaJity detectio11.devices . 
· are located throughout the facility. Criticality alarm howlers are located 
in the first and .second floor control rooms., the powder load-out room~ the 
first floor glovebox room, and the second floor glovebox roomo The 
criticality alarm system is an extension. of the present building crittcality, 
alarm system (see Section 8.3.4.2) with full compatibility., . 

5.2.2.13.8 Heating, Ventilating, Air Conditioning. Air is supplied bY 
the existing sample gallery .supply system •.. A 11 previous ductwork .in the 
N cell area was.removed and a new duct·confjguration installed. New 
penetrations have been made between the sample gallery and N cell and 
between N cell-.and corridor 1. for supply ductwork. A steam reheat coil with 
controls is installed in the supply duct inN cell~ Existing steam supply 
and condensate piping is used. · · 

Part of the air supplied to the occupied spaces is exhausted through 
the west sample gallery exhaust system via an N cell exhaust duct. One 
stage of high:...efficiency particulate air (HEPA) filters is installed in the 
room exhaust system. A second stage of HEPA filters is provided in the west 
sample gallery exhaust system prior to discharge to the atmosphere. 

The remainder of the air supplied to the occupied.spaces is used to 
supply air to most.of the gloveboxes. The HEPA filters are provided on the 

· inlet to these gloveboxes. The drY air system described in the next 
paragraph supplies the second stage calciner vacuum system. primary canning9 
and maintenance glovebdxes. Air froin the second stage calcinerglovebox is
routed through the .first stage calc,ner glovebox to the exhaust. Unfiltered 
air from the loadout room suppli~s the bagging~ cori~eyor housing 9 and 
secondary canning gloveboxes. 
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The dry air supply system is located in the 2711-A building adjacent to 
the southwest side of the 2O2-A building. The system consists of a 
nonlubricated rotary compressor, filters, adsorption dryer, receiver tank, 
shutoff valves, and flow and pressure control valves~ Moisture analyzers 
and alarm systems are provided to ensure dry air with a dew point of -4O°F. 

All glovebox exhaust is filtered at the glovebox with paralleled, 
dioctyl phthalate (DOP)-testable HEPA filters. The exhaust system ties into 
the PR exhaust system, which has an additional two stages of •OP-testable 
HEPA filters. Plenum modifications were made to ensure adequate filter 
capacity. 

The process offgas is passed through two stages of •OP-testable HEPA 
filters prior to discharge to the PUREX canyon air tunnel for further 
filtration through the deep-bed fiberglass filters prior to discharge to the 
atmosphere. The system contains redundant exhauster~ with inlet vane 
dampers and has redundant HEPA filters. Offgases from the process vacuum 
lines, evaporators and calciner are routed through a scrubber and a liquid 
retention trap prior to passing through the HEPA filters. 

Ventilation for the new storage tank room in the M cell area is 
provided, using louvers to control the air entering the room from M cell and 
direct connection of the exhaust to the PUREX canyon air tunnel. 

All air discharged to the atmosphere from the plutonium oxide 
production facility is monitored for radioactivity by existing equipment 
associated with one of three systemsc All room atmospheres are monitored 
for radioactivity at selected locations. Glovebox exhaust is monitored and 
sampled between the first and second stages of HEPA filtration and 
downstream of the second-stage filters. 

5.2.2.14 Building Annexes. Two service area annexes are·attached to the 
north side of the 2O2-A building, as shown in Figure 5-14. The larger 
(west) annex houses AMU rooms, a switchgear room, ventilation supply rooms, 
a compressor room, a maintenance shop, dispatcher's office, central control 
room, change room and SWP lobby, offices, and a lunchroom. The smaller 
(east) annex contains the analytical laboratory, headend control room, and a 
switchgear room. 

5.2.2.14.l Aqueous Makeup Area. The main AMU area in the PUREX Plant 
is located in the west service annex. There are five levels comprising the 
AMU area. The first floor is used for all solids dissolution. First-floor 
makeup tanks are recessed in the floor for convenience in solids addition. 
Pumps for the first-level makeup tanks are located in the basement. 
Chemical and service piping and chemical makeup tanks and headers are 
located on the second level. The third floor contains head tanks and 
vessels for liquid makeup. A general utility head tank is located on the 
fourth floor in a regulated work area. For process tanks and safety-related 
details, see Section 5.3.3. · 
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5.2.2014.2 Electrical Switchgear Rooms. Switchgear for the electrical 
distribution system is located in the 2,400/480-V switchgear room, ·which is 
adjacent to the headend control room iri the east annex and in the 480-V. 
switchgear room near the maintenance shop in the west annex (Fig. 5-15). 

The east 2,400/480-V switchgear room is 56 ft long and 60 ft wide; the 
west 480-V switchgear room is 20 ft wide and 42 ft long; both are located at 
the P&0 gallery level. The east switchgear room contains a battery room 
with batteries to power switching equipment to convert from normal to 
standby power. Additional details for the electrical system are-provided in 
Section 5.4.2. 

5.2.2.14.3 Blower Rooms~ The service blower room and process blower 
room are located 1mmediately east of the AMU area. The two blowers for 
ventilation system 3 are located in the service blower room. The two 
blowers for ventilation system 1 and the two blowers for ventilation 
system 2 are located in the process blower room. The power control room is 
located at the south end of the process blower room. 

5.2.2.14.4 Compressor Room. The compressor room is located next to 
the process blower room at the east end of the west annex. It houses 
compressors and dryers to produce instrument air, process air, and fresh 
breathing air. 

5.2.2.14.5 Control Rooms. Five control rooms (the headend control 
room, central control room, power control rooms N cell control room, and the 
inactive Q cell control room) containing graphic panel boards are provided 
for process and ventilation control. The control rooms are described in 
more detail in Section 6.6. The relative locations of the three control 
rooms in the service annexes are shown in Figure 5-14. Centralization of 
controls for a continuous process, in contrast to decentralized location and 
control, is of particular importance in prompt detection of instrument 
malfunctions and system upsets. This arrangement is of particular 
significance in a process with a high throughput and a small surge capacity 
between cycles. Pictorial graphic panels aid in quick appraisal of process 
difficulties, since the various pieces of operating equipment with 
interconnecting flow lines are portrayed in the correct relative positions. 
A false ceiling, with recessed direct lighting, is designed to eliminate 
reflection at eye level. Instrument repair in all but the N cell control 
room is performed at the rear of the panels in enclosed cubicles. The 
headend and central control rooms are rectangular in shape, with the primary 
panel boards installed along three walls in a modified LI-shaped arrangement~ 
Secondary panel boards are located along the fourth wall in both of these 
control rooms. The N and Q cells and power control rooms are rectangular in 
shape, with the panel boards arranged linearly along one wall. 

The headend control room (42 ft long and 28 ft wide), located at the 
east end of the east service annex, contains the graphic panels for the 
batch-type fuel-decladding and dissolutidn processes and the acid 
concentration step, and is also located adjacent to the canyon area where 
those processes occur. 
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The central control room (63 ft long and 26 ft wide) contains the 
graphic panels for some batch processes and ·the continuous portions of the 
process. The central control room, located in the middle of the west annex 
adjacent to the main lobby and the first floor of AMU, is centrally located 
with respect to the related processing operationso 

The power unit control room (46 ft long and 12 ft wide) is located in 
the process blower room (see Fig. 5-14). The power unit control room 
contains controls for the building ventilation systems, laboratory 
ventilation systems, and compressor equipment; it also contains 
instrumentation for the utility services. 

The N cell control room is located on two floor levels: the first 
level is 21 ft long and 6 ft wide and the second level is 44 ft long and 
6 ft wide. It is part of the N cell processing area adjacent and to the 
west of the PR room (see Fig. 5-12), and contains the controls for the 
plutonium oxide production processing operations • 

The Q cell control room (20 ft long and 10 ft wide), located at the 
storage gallery level adjacent to and east of the PR room (see Fig. 5-9), 
contains controls for neptunium purification processing operations. The 
relative location with respect to the rest of Q cell is shown in 
Figure 5-11. 

5.2.2.14.6 Dispatcher's Office. The dispatcher's office is located 
across the hall from the central control room. The arrangement of the 
dispatcher's office is described in Section 6.6.1.5 and shown in · 
Figure 6-760 The dispatcher's office is the main control center for 
communications in the plant. The dispatcher maintains log records for 
personnel entering controlled zones and controls the electrical door locks 
from the dispatcher's office. The dispatcher's.office contains alarm 
panels, call bell system, the switch controls for the personnel access 
control doors, and PAX alarm system (described in Section 6.6.1.5). 

5.2.2.14.7 Maintenance Shop. A centralized industrial shop, located 
at the P&O gallery level at the west end of the west annex adjacent to the 
switchgear room, is equipped to handle all normal building maintenance. 
A central tool crib and clerical office are provided for this area. 
All compressed-gas supply containers are grouped on the loading dock with a 
manifold piping_system to the shop proper, the regulated and hot maintenance 
shops, and the crane maintenance platform. An overhead monorail system 
serves the loading dock and the valve, electrical, and instrument test 
benches. The dimensions are 67 ft wide (across the back), including tool 
crib, and 56 ft long. The location and layout are shown in Figure 5-16. 

5.2.2.14.8 Special Work Permit Lobby. Adjacent to the men's and 
women's change rooms is the SWP lobby 9 or the radiation zone entry lobby. 
The lobby contains a supply room, cabinets stocked with protective clothing 
for radiation work, hampers for used protective clothing, Radiation 

I 

Monitoring station, and step-off pads. The SWP lobby is adjacent to a I 
stairwell that provides the main access to the radiation zones within the 
PUREX Plant. The stairwell services the crane gallery, sample gallery, and 
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PR corridor. A stairwell at th~ east:end of the sample gallery provides 
entrance to the railroad tunnel and has an emergency exit door, opening 
directly to the outside of the building. The PR elevator and stairwell at 
the west end of the sample gallery and PR corridor serve as access to the 
canyon lobby and WCMP and also serves as an emergency exit. The PR corridor 
provides access to the Q cell, PR room, N cell, and the hot shop. Separate 
entry and exit doors connect the stairwell with the SWP lobby to minimize 
the possibility of spreading contaminati.on. The door entering the SWP lobby 
from the stairwell is serviced by a-step-off pad and Radiation Monitoring 

• station. 

5.2.2.14.9 Laboratory. The PUREX analytical laboratory, located in 
the western end of the east service annex, is 144 ft long and 34 ft high. 
The first floor 9 containing the laboratory work area and lunch and change 
rooms, is on the same level as the P&O gallery. The floor and walls of the 
first floor are made of reinforced concrete. The second floor, which houses 
the ventilation equipment and service piping, has concrete-asbestos panel 
walls. 

· The first floor of the laboratory contains the instrument repair shop9 
change rooms, lunchroom, and analytical equipment. The room requirements of 
the laboratory are given in Table 5-3 •. The floor plan of this area is shown 
in Figure 5-17. 

TABLE 5-3. Room Dimensions--Analytical Laboratories. 

Number Type Approximate size (ft) 

2 Hot laboratories 20 by 24 

1 Hot laboratory 24 by 28 

2 Hot laboratories 15 by 28 

1 Decontamination room 17 by 28 
1 Counting room 20 by 30 
1 Instrument repair shop 10 by 22 

1 Sample storage room 10 by 18 
1 Sample receiving room 14 by 17 
1 Hot waste storage 8 by 18 

3 Offices 10 by 12 

1 Storage room 15 by 60 

1 Personnel decontamination room 7 by 10 

2 Hot change rooms Varies 

2 Cold change rooms Varies 

5-55 



U1. 
I ·. 

U1 
O'I 

.
1 

LOADING DOCK 6 ··. .. . ·. . y HOT WASTE 
~-- ~ - - - - 7 LOAD LUGGER 

I . . 

STORAGE 

n 10 z 
9 0 

~ ii: 
LABORATORY I 31 zO 

30 fi ... ~ 
8 29 8~ 
1 28 

w 
Q 

6 27 

..... :-::::::::-:-::.-.·:t:·:.·._=.::·::·.'.:' . .".".":.· .• , ..... ::·-· _.·_:,.-_::_:,-::::-:, ::~·:_.::::·:_: .• 

FIGURE· 5-17. ; 

-1- =~~:~~ HOT 
CHANG!: 
'ROOM· / , LOADING. DOCK II 

-~~r~K~4==~•~=•~~--~-~,~~~ 
l INSTRUMENT t 

SHOP 

ENTRANCI!: 

AIR 
LOCK& 

LUNCH· 
ROOM 

COLD 
CHANGE 

.. : __ :_:;.:·,=.:•:,::·,:::::::./¥ . •.: 
AIR LOCK 7 

PIPE AND OPERATING GALLERY 
., .... 

U'I • 
C 

•. I· 
::c: 

~f 
<:U'I 

·):a 
w,a 

I 
0 
0 .... 



8 .. 
§'..;,"'j; 
~: 

~' 
~,-

f:4-,J: 
rs,.~ 
~mm,1:. 

5::~ 

_SD-HS-SAR-001 
REV 3 

The ventilation equipment room (ventilation loft) on the second floor 
of the laboratory houses all the piping, ventilation ductwork, and miscel
laneous equipment for servicing the laboratory. Utilities and services .are 
supplied to the-laboratory through 0headers-routed in common raceways located 
in the ventilation loft. Services to each room of the laboratory are brought 
through the ceiling and terminated at work stations. Service branches from 
the main building utilities inciude sanitary water, instrument air, 57% nitric 
acid, air sampling piping, and mask breathing air. A still and two vacuum 
pumps are located in the ventilation loft to provide distilled water and 
vacuum for the laboratory. 

Laboratory sink drainage is collected in one of two 8,000-gal, stain
less steel tanks (TK-U3 and TK-U4) located in U cell. The tank solution is 
sampled, made alkaline, and jetted to underground tank storage, with 
ultimate evaporation in the 242-A waste concentrator. 

Radioactive liquid wastes accumulated in the decontamination room 
receiving and slurping hoods are routed to the acid waste accumulation tank 
(TK-FlO) in the·backcycle waste system. A water jet (aspirator) is used to 
slurp and dilute the waste. 

5.2.2.15 French Drains. French drains are 10 ft (approximate) vertical 
sections of gravel located underground and normally surrounded by clay pipe. 
The six PUREX french drains listed have a potential for receiving contami
nated liquid. In each case, the contamination levels are low (the existing 
floor contamination is difficult to measure) ands.except for 216-A-26~ the 
volumes are also low. Isolating the first five drains listed with installa
tion of liquid-level detection capability, plus batch pump-out for disposal 
and rerouting the 291-A floor drain to an existing tank, .is planned. 
However, since PUREX operation does not affect the releases significantly, 
the work will be completed following startup. 

French drain 

216-A-ll 

216-A-12 

216-A-14 

216-A-15 

216-A-22 

216-A-26 

Liquid source 

Trap pit 1 cover 
block seal leakage 

Trap pit 3 cover 
block seal leakage 

Vacuum filter pit 
and blower, pit floor 
drains (abandoned) 

Leakage from abandoned 
process condensate 
sample station 

UNH truck apron sump 
(valved out) 

291-A building floor 
drains 
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Floor surface 



:::::r" 
~-
c:::t, 

~-
.:r1 ...... --~ -"~--

' .._,. 
~~ 
Q.---,.,_e 

_.,:-;., 

',,,.,-,, 

·,• :or;. 

5.3 SUPPORT SYSTEMS 

SD-HS-SAR-001 
REV·'J 

Auxiliary systems that support the PUREX Plant chemical processing . 
systems include the following: 

• Uranium product storage and handling facilities 

•·DOG backup treatment facilities 

•; Cold-chemical han~l ing facilities--

•· Maintenance . systems-. 

5.3.l Uranium Product Storage and Handling Facilities 

The uranium product storage and handling facilities are located in the 
203-A area, and consist of four UNH storage tanks, a uranium recycle tank, a
sump waste-handling tank, loading and unloading facilitieslil the associated 
pumps, and an inactive product decontamination facility (205-A building). 
The rel_ative locations of the tanks are as shown_ in Figure 5-180 The· 
205-A bu-ilding located near TK-P4 is not shown .. 

. . 
5.3.1.1 Uranium Storage and Handling--203-A Area. The 203-A area is used 
for storage and shipping of LINH product from the PUREX Plant. In addition, 
UNH waste solutions are received from the Uranium Oxide Plant (referred to· 
as the U03 Plant) and accumulated for rework, and nitric acid recovered at 
the U03 Plant is received and stored in the 203-A tanks .. · The 203-A area is 
located about 100 yd north of the 202-A building, and contains four 
100,000-gal, ·stainless. steel tanks (TK-Pl, -P2, -P3, and -P4) for LINH 
product storage and two 7,300-gal, stainless steel tanks (TK-13, and -14) 
and one 13,800-gal tank_(TK-15) for U03-recovered nitric acid storage. 
A 14,000-gal tank (TK-P6), which contains a steam coil and vents to a 
condenser (E-P7), is used ·to receive and concentrate-uranium-bearing liquid 
waste·from the U03 Plant and the 203-A sump. Condensate froin waste LINH 
concentration and 203-A sump waste is collected in a 4,000-gal tank (TK-PS), 
sampled, and disposed of as appropriate. 

The storage tanks are mounted on concrete pads and. are surrounded by a 1-- _. 
·dike that provides a containment basin in the event of tank leaks. 

The LINH solution is. pumped from the 203-A storage tanks to tank 
trailers for shipment to the LI03 Plant •. The 203-A building, located outside 
the containment dike, houses the pumps and controls for solution transfers. 

5.3.1.2. 205-A Building. This structure is a transite shelter containing 
lead-encased silica gel beds formerly used for decontamination of LINH 

. product.· The facility,_ located inside the 203-A enclosure, is deactivated. 
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5.3.2. Dissolver Offgas Backup Treatment Facilities 

The DOG backup treatment facilities consist of an acid absorber 
facility (293-A) and individual backup DOG filters (294-A)e 

5.,3.2.1 293=A Backup Facility. In·the 293-A backup facility, the offgas 
from the dissolution step is processed to remove the oxides of nitrogen and 
residual radioiodine by two bubble-cap tray acid absorbers in series. The 
offgas is .then discharged to .. the·291-A-1 main ventilation stack. 

The 293-A• backup, facility is 33 ft 6· in. wide,, 44 ft long, and 44·ft 
6 in. tall and is made of reinforced concrete,with concrete slab covers (see 
Fig. 6-61 for its relative location). Ttie--building cells and pipe pit are 
vented through a single-stage HEPA filter by a fan and are exhausted to a 
50 ._ft stack (296-A-14) .. 

The building contains four cells on two levels (the lower level is 
below grade and the upper level is above grade)., It contains two acid 

· absorption towers, two collection tanks, and the associated_ piping and 
pumps. The equipment is contact-maintained and large pieces of equipment 

·••can be replaced through the roof, whereas small pieces are carried in or out 
through the doors to the cells. For further functional and equipment 
descriptions of this facility, see. Ch~pter 6.0 •. · 

5.3.2.2 294-A Building. The 294-A building, located north of the 
_293-A backup facility, consists of an above-grade steel shelter over a· 
covered below-grade cell which contains three filters, one for each of the 
DOG stre~sfrom the 202-A building. Each filter is identical to the •in
cell filter in this system and provides secondary filtration of.the offgases 
prior to treatment in the 293-A backup facility or discharge to the 
291-A-l stack. · 

Each filter containment vessel is an insulated, dished-head, stainless 
steel tank, 9 ft in outer diameter (exclusive of insulation) by 8 ft 9 in. 
high. A 10-in. diameter flanged nozzle is located in the side wall near the 
bottom head and in the top head, for gas inlet and outlet, respectively. · 
The Fiberg_las filter (Type 115K). is in four layers of different densities 
he 1 d be.tween screen-covered supports. Fiberglas Type~ 115K · has a mean fiber 
diameter of 0.00115 in~ The layers range in density from 1.5 lb/ft3 at the 
bottom (gas inlet) with increasing density to 9 lb/ft3 for the top (gas 
outlet) layer. The bottom layer is 1 ft 9 in. · thick and the upper three 
layers are each 1 ft thick. · 

5.3.3 Cold Chemical Handling Facilities 

The industrial chemicals used at PUREX are aqueous solutions or are 
made up as aqueous solutions •. Two exceptions--the tributyl phosphate (TBP) 
and diluent, which comprise the process solvent-~are immiscible with water. 

·· These solutions are known as "cold streams, 11 as distinguished from process 
streams containing radioactive materials,known as "hot streams." 
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Some chemicals used at the PUREX Plant have potential hazards other 
than those of a radioactive or nuclear nature. These include physiological 
hazards and "disruptive" hazards that could damage the plant or equipment as , j 
a result of fire or explosion. 

· The disruptive hazards arise from violent reactions of imcompatible 
chemicals or the accidental combustion of dry chemicals or flammable mists 
and vapors. 

The main AMU area in the PUREX Plant is located in the 202-A building 
annex. Here, the bulk of the "cold" aqueous chemical solutions required by 
the PUREX Plant process is prepared. This area is composed of four 
operating floors and a mezzanine, as shown in Figure 5-19. Two facilities 
located outside of the 202-A building and annex support this work area. The 
fi'rst is the chemical warehouse {2714-A) where packaged chemicals are 
stored. These chemicals may be either dry or liquid solutions. The second 
is the 211-A chemical tank farm where bulk, liquid chemicals are stored. 
A building at this location contains pumps to supply the main AMU area and 
demineralizer units for the preparation of process water. 

Pipeline routings to and from the AMU vessels are designed ~nd operated 
to minimize chemical-hazards. This protection may be lost, however, by 
improper chemical makeup. Several solid chemicals of similar appearance are 
used in the plant and may be received in similar containers. For these 
reasons, strict identification of materials is maintained by administrative 
-procedures and contra 1 s. 

5.3 .. 3.1 Aqueous Makeup Area .. Approximately 30 "standard" chemical process 
streams and, occasionally, a few additional solutions for decontamination 
flushes or specialty processing operations are prepared in and distributed 
from the AMU area. In addition, two oxalic acid makeup tanks and a hydrogen 
peroxide tank are located in the sample gallery for use in the Plutonium 
Oxide Production Facility. 

The chemical makeup operations are conducted in accordance with 
standard operating procedures provided for each batch preparation 
requirement. The procedures are well defined to provide chemical solutions 
that are accurately preparedo 
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The first level of the main AMU area contains large tanks for mixing 
aqueous solutions of dry, solid chemicals plus certain concentrated liquid 
materials. The dry materials are generally received in bags or drums and 
are transported by forklift from the chemical warehouse to the appropriate 
makeup tank. First-level .tanks and uses are listed as followse 

First:..level 
tanks 

101 

103 

104 

105 

106 

107 

· 108 

Service. 

Ferrous sulfamate:makeup. 

Hydroxyl amine nitrate· 

Sodium nitrate makeup·· 

Utility; used for mixing chemical solutions 
used in equipment decontamination, etce 

Sodium nitrite makeup 

Sodium carbbnate (Na2C03)-pbtassium 
permanganate (KMn04) mixture · _ 

Utility;. used for mixing chemical solutions 
used in equipment decontamination 9 etce 

The completed chemical .solutions in the first-level makeup tanks are 
transferred by pumps positioned on the basement level to head tanks located 
on the second, third, and fourth levels of the AMU area. However, the 
fourth level contains only one, multipurpose tanke The elevation of the· 
tanks on the upper levels provides sufficient liquid head pressure for 
transferring the chemical solutions tovarious process points. Solutions of 
50% sodium hydroxide, 57% nitric acid, and demineralized water are pumped 
directly to the head tanks from the 211-A area. A list of the head tanks 
and uses follows • 

. Second-1 eve 1 
tanks 

150 

151 

Service 

3BX_ makeup, HN03 

Cd(N03)2 
makeup. and feed 

5-63 

Remarks 

Makeup tank for 3BX solution 
routed to feed tank, TK-155 

Made up and routed to the 
PR room; used as the motive 
fluid for transferring rework 
plutonium solution from TK-Lll 
to TK-E6 

I 
• I 

i 
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Second-level 
tanks 

152 

153 

155 

156 

51 

Third-level 
tanks 

201, 202, 
203 

204 

205 

206 
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Service 

NaNOz 

NaOH 

3BX feed 

3AS feed 

Resin wash tank 

Service 

NaOH 

Sugar makeup and feed 

[AL(N03)3•9 HzO] 

KOH feed 

5-64 

Remarks 

Filled from TK-106; routed to 
the HA column (HA-NOz) 
(inactive), TK-J5 (2AF-NaNOz) 

. • Filled from TK-20 (211-A); 
· serves all process locations 
using NaOH, except the 
dissolver systems (i.e., waste 
neutralizations solvent wash 
solutions, etc.) 

Head tank for routing 3BX 
solution to the 38 column; 
filled from TK-150 

Head tank for routing 3AS 
solution to the 3A column; 
filled from TK-211 

Used for the conversion of 
anion exchange resin to the 
nitrate form prior to addition 
to the neptunium purification 
anion exchange column 
(inactive) 

Remarks 

Not in service 

Head tank for making up and 
routing sugar solution to the 
waste concentration and treat
ment system for nitric acid 
destruction (waste denitration) 

Filled from TK-42 (211-A); 
routed to. the dissolvers and 
E cell for complexing fluoride 
during Zirflex processing 

Filled from TK~21 (211-A); 
routed to TK-Dl for metathesis 
of UF4 in the dissolvers during 
Zirflex processing 
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Third-level 
tanks 

207 

208 

209, 2-10 · · 

211 

212 

213, 214 

215 

216 

217. ,. 

218, 219 
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Service Remarks 

Na2C03 
-KMn04 
mixture. 

lBX solution-• 
HN03,_ 
FeSA and 
SA 

3AS solution 
HN03 

NaN02 ·. 

2BX solution 
HN N2H4 

57% HN03 

· FeSA 

HN 

5-65 

Filled from TK-11 {211-A); 
routed to the dissolvers for 
fuel element jacket removal 
during Zirflex processing 

Filled from TK-107; organic 
wash so.1 ut ion routed to 
TK-Gl . and TK-Rl . 

Head tanks . for mak fi'lgi·UP and 
routing solutions to the lBX 
partitioning column; HN03 
added from TK-215, FeSA added 
from TK-216, SA added as a 
solid 

Makeup tank for 3AS solution; 
routed to TK-156 

Filled from TK-104; used for 
adding NaN02 to waste solutions 

Head tanks ·for mak-ing up and 
.routing 2BX solution to the 

2B columno HN03 added from 
TK-215, N2H4 added from drums, 
HN added from TK-219 

HN03 addition tank serving 
TK-209, ~210, -211, -212, -213, 
and -214 

FeSA addition tank; filled from 
TK-101; serves TK-209, -210, · 
and -211 

Makeup from drums; serves TK-Kl 
(2DF-N2H4) stream 

Filled from TK-103; routed to • 
T-K2 (2D1S-HN); TK-219 is also 
used as a scale tank for HN 
addition to the 2BX makeup 

I 
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· Third-level 
tanks 

222 

223 

224, 225 

Fourth-level 
tank 

324 

Sample gallery 
tanks 

N34-l 

N35-l, 
N36-1 
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Service 

2NS solution, HN03 
FeSA, and NzH4 

57% HN03 

Demineralized water 

2PX solution and 
HN03 

Service 

Utility 

Servi-ce 

5-66 

Remarks 

Head tanks for making up and 
·routing 2NS solution to the 
2N column; HN03 added from 
211-A, FeSA added from TK-101, 
N2H4 added from drum via 
T/C 220/221A 

Filled from fresh HN03 headers 
(TK-12); serves numerous 
process points requiring 
continuous acid flow 

Filled from TK-30; serves all 
process cells and AMU tanks 

Head tanks for making up and 
routing 2PX solution to the 2P 
column; HN03 added direct via 
addition port 

Remarks 

Filled from TK-105 and -108; 
serves most sections of the 
PUREX Plant process as a 
utility addition tank 

Remarks 

Head tank for making up and 
routing 12-wt% H202 to the 
TK-NS prereduction tank via 
the TK-N4 metering tank. 

Head tanks for making up and 
routing lM (COOH)2 to the 
plutonium precipitator, TK-N7. 
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5.3.3.2 211-A Chemical.Tankiarm. The 211-A chemical tank farm (Fig. 5-20) 
is located north of the 202-A building. A listing of tanks, their uses 
capacities, and materials of construction follows. 

Capacity 
Tank Service ·{gall Materials of construction 

TK-10 57%·HN03 4,600 Type 309 stainless steel 

TK-11 NH4F-NH4N03·, 100,000 Type 304L stainless steel 

TK-12 57%, HN03· 100,000 Type 304L stainless steel 

TK-20 50% NaOH 30,000 Carbon steel 

TK-21 45% KOH 30,000 Carbon steel 

TK-30 Demi nera li zed · 50,000 Aluminum 
water 

.TK-40 Hydrocarbon. . 65,000 Carbon steel 
diluent 

. TK-41 TBP 30,000 Carbon steel 

TK-42 Al(N03)3•9H20 7,850 Types 347 and 304L . 
stainless steel 

TK-50 93% H2S04 .· 8,400 . Carbon steel 

A chemical warehouse (2714-A) is located north of the 202-A building~ 
This separate storage building is located away from·the main plant as a 
safety precaution in the event of a fire. 

5.3.3.3 Safety Considerations of Cold Chemicals. 

5.3.3.3.1 Nuclear Criticality Safety~ It is extremely unlikely that a 
criticality incident in any of the PUREX Plant processing zones could cause 
physical harm to anyone in the AMU area.: However, the emergency procedures 

· require complete evacuation from the buildingand area in the event of a 
criticality alarm. There are, however, nuclear safety implications in the 
work performed in AMU •. The three circumstances that follow are examples of 
ways in which the AMU operation has direct impact on nuclear criticality 
prevention in the plant. 

• The addition of oxidizing agents or precipitating agents to 
certain process streams could result in the refluxing or 
precipitation of plutonium and, thus, cause plutonium mass limits 

· to be exceeded. · 

·s;..s7 

I 

I 



U1 
I 

°' (X) 

CHEMICAL 
WAREHOUSE 

2714-A ."'l· 

LOADING--.,;;-.. 
DOCK 

.. ----, 

,,. ' ···' 

TK-20 

TK-21 

202-A BUILDING 

PUMP 
HOUSE 
211-A 

FIGURE 5-20.° Chemical Tank Fann.· 

TK-40 

TK-12 

TK-30 
/ TK-50 

I/ 

RCP8008-174A 

VI 
O· 

·:!c 
;;,c'Ut 
l'T1 I 
<VI ·::,:,, 
t,J::X:, 

I 
C) 
c:, ..... 



~--· 

r~ 
~ 

>jc: 

a---,, -~J 
[',,,~ 
6nftilm 
.::f!n, 
~. 

SD-HS~SAR-001 
REV 3 

• The cadmium in TK-151 makeup .serves as a neutron absorber during 
the transfer of plutonium rework solution •. Rework plutonium 
transfers frequently require the dilution and neutron absorptfon 
afforded by this stream to reduce the nuclear reactivity of the 
plutonium to an always-safe value., 

• Partitioning cycle operations which separates the plutonium from 
uranium, depends upon the presence of a reductant in lBX. 
Excessive reductant could feasibly result in the concentration of 
plutonium, by internal reflux, to an unsafe value. A safe ferrous 
ion concentration is ensured by laboratory analysis prior to use. 

5.3.3.3.2 Chemical Hazards. Hazards associated with each chemical 
used in the PUREX process are described in the next section. Many ·of the 
chemicals received in drums or sacks are either strong oxidants or strong 
reductants. The major hazard'involved in storing these chemicals is the 
possibility of a vigorous oxidant-reductant reaction occurring due to a 
leaking drum or other meanse To minimize this potentialt specific chemicals 
are stored in clearly designated areas of the 2714-A chemical warehouse-per . 
approved procedures. Proper storage is verified by periodic audit. Use of 
the wrong drummed or sacked chemical in a makeup is a remote pass i b il i ty 

. because each container is clearly marked. Also, due to the types of makeups 
-used, the consequences of errors of this type are minor. Bulk-liquid 
chemicals received in tank car or truck trailer lots are routed only to 
specific tanks in the 211-~ area an~ from there to specific tanks in the AMU
area. 

5~3~3.3.3 Descriptions of PUREX Chemicals. 

• Aluminum Nitrate Nonahydrate [Al(N03l3 _:-9 H2Ql 

In combination with certain other materials, Aluminum Nitrate 
Nonahydrate (ANN), an .oxidizing agent, can be explosive., The dry 
salt has been known to start fires. The ANN at the PUREX Plant 
is, therefore, received and handled-in a liquid form, and the fire 
hazard is greatly reduced. The ANN is received at the PUREX Plant 
in truck trailer lots .and is stored in the 211-A area, TK-42. 

•, Ammonium Fluoride-Ammonium Nitrate (NH4F-NH4N03l. 

The soluble fluorides ar.e very irritating to the skin, eyes, and 
mucous membranes. The .solution as received at the PUREX Plant is• 
alkaline. The solution is poisonous and ingestion results in 

. systemic poisoning. The material is received at the PUREX Plant 
in tank truck lots at a concentration of 36 wt% ammonium fluoride, 
7 wt% ammonium fluoride~ammonium nitrate (AFAN). It is stored in 
-the 211-A area, TK-11. 

• -Cadmium Nitrate, Cd(N03l2 

Cadmium is poisonous, and ingestion ·of cadmium salts causes 
.. effects .that resemble thos.e of food poisoning. The illness is 

serious, but seldom fatal,·with symptoms appearing 15 or 30 inin 
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after ingestion. As with other nitrates 11 cadmium nitrate is an 
oxidizing agent and is kept separate from reducing agents. It is 
received at the PUREX Plant as a 45 to 50 wt% solution in 55-gal 
drums and is gravity-fed into the cadmium nitrate tank in AMU from 
an upper level. 

• Diluent (Normal Paraffin Hydrocarbon} 

Normal paraffin hydrocarbon {NPH) is a petroleum diluent with a 
flash point of 155° to 160°F and is a moderate fire hazard. The 
range of concentration for flammability of vapor in air fs from 
0.6% to 6.0%. Solvent aerosol flanunability may occur, however, at 
much higher concentrations and at all process temperatures up to 
l94°F (in closed containers), at which temperature mist 
flammability is limited by lack of sufficient oxygen in the 
mixture. 

The NPH is classed as a physiological hazard and, under some 
conditions, may become anesthetic. Inhalation of the vapor causes. 
irritation of the mucous membranes of the eyes and nose. Early 
symptoms of exposure are impairment of mental and physical 
faculties and dizziness. The NPH is received at the PUREX Plant 
in railroad tank car lots and stored in the 211-A area, TK-40. 

• Ferrous Sulfamate, Fe(NH2S03l2 [FeSA] 

Ferrous sulfamate is a moderately acute local irritant. It is not 
seriously hazardous upon contact, provided that body areas 
contacted are promptly flushed with water. At elevated 
temperatures (417.6°F), the sulfamate may decompose with the ·I 
evolution of oxides of sulfur that are toxic and irritating. 
Ferrous sulfamate is received at the PUREX Plant as a green, 
viscous liquid in 360-lb containers of 50 wt% solution and stored 
in 2714-A. 

• Hydrazine, N2H4 

Hydrazine is a strong reducing agent received at PUREX in 55-gal 
drums as a 35 wt% (11.3M) .aqueousg nonflammable solution and 
stored in 2714-A. Hydrazine is a skin irritant and systemic 
poison. It ts an explosive at high concentration; it self-ignites 
with nitric acid. 

• Hydrogen Peroxide, H202 

Hydrogen peroxide is a powerful oxidant. Contact with greater 
than 35 wt% solution can cause blistering of the skin. Highly
concentrated solutions are explosive when heated. It is received 
at PUREX as 50 wt% solution in truck trailer lots or as 13 to 
15 wt% solution in 55-gal drumse The 50 wt% solution is stored in 
three 10,000-gal aluminum tanks in the 293-A storage facility. 
These tanks are inside a concrete retention basin that has a 
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capacity of 13,000 gal. The drums are stored in 2714-Ao The 
concentrated hydrogen peroxide is used as a 50 wt% solution in the 
293-A acid absorbers and the dilute solution is used in the 
Plutonium Oxide Production Facility. 

• Hydroxylamine Nitrate, NHzOH 0 HN03 

Hydroxylamine nitrate is a strong reducing agent. The 1.4'1,,to 
2.05M solution used in the PUREX Plant is more stable than the· 
anhydrous salt. Handling and storage:precautions and health 
hazards are similar to those required'for hydrazine. These-drums 
are also stored -in 2714.;.A. · 

• Mercuric Nitrate, Hg(N03)2 

Mercuric nitrate is an oxidizing agent. With nitric acid and 
alcohol, the highly-explosive mercury.fulminate is formed. With 
ammonia, unstable mercury diamine salts may be formed. · Mercuric 
nitrate is very poisonous, and smoking or eating is not permitted 
in areas where mercury or its compounds are used; individuals are 
instructed to wash thoroughly after handling this agent. Mercuric 
nitrate is received in.crystalline form in bottles of 2 1/2-lb 

· capacity and is stored in a vented and filtered cabinet located on 
the first floor of AMU. · 

• Nitric_~~;~, HN03 

Nitric acid is a powerful~ oxidizing agent. In combination with' 
wood .or cotton, it cforms cellulose nitrates, the basis for several 
nitrate explosives~ Nitric acid produces a characteristic brown 

· compound on contact with the skin. With concentrated solutions, 
severe skin burns will ·occur in a short time. Nitric acid is 
received at the PUREX Plant in truck trailer lots at 57 wt% 
concentration and is stored in the 211-A irea~ TK-12. 

• Oxalic Acid (COOH)i~Q 

Oxalic acid produces a strong,' local, caustic action on skin and 
mucous membranes arid can be fatal if ingested. · Oxalic. acid is 
received at the PUREX Plant in a _white crystalline form in bags . 
and stored in 2714-A. · 

• Potassium Hydroxide, KOH 

- Potassium hydroxide is extremely caustic and may cause severe and 
· even .f ata 1 burns. Hot caustic wi 11 cause almost instant 

destruction of body tissue. All forms, even solutions as dilute 
as 1%,·can produce serious injuryon short contact. Ingestion of 
2 g is usually fatal. The dusts or mists of solution are 
irritating to the respiratory organs, but because.of pain to the 

.·· nose, concentrations that might ·damage the lungs will not usually 
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be inhaled. Potassium hydroxide is received at the PUREX Plant in 
railroad tank car lots of 45 wt% solution and stored in the 

· 211-A area, TK-21. 

• Potassium Permanganate, KMn04 

Potassium permanganate is a powerful oxidizing agent. It is 
explosive when treated with sulfuric acid and in contact with 
alcohol, ether, or flammable gas. Dust of permanganate acts as a 
lung irritant and prolonged exposure causes pneumonia and 
bronchitis. Potassium permanganate is received at the PUREX Plant 
and stored in 2714-A in metal drums of 110-lb capacity. It is a 
dark purple, crystal form with a blues metallic sheen. 

• Silver Nitrate, AgN03 

Silver nitrate is a powerful oxidizing agent and a fire hazard. 
The crystals react vigorously with reducing solids. Ingestion of 
silver nitrate results in a poisoning caused by absorption in the 
blood, followed by deposition in various body tissueso A fatal 
dose for an adult is 3 g. Silver nitrate is received as a white 
crystalline salt at the PUREX Plant and stored in the basement of 
AMU in a locked metal cabinet in containers of 1,000-oz capacity. 

• Sodium Carbonate (Soda Ash), Na2C03 

Sodium carbonate is alkaline in reaction and may cause caustic 
burns. If ingested in significant quantities, it will cause pain 
in the mouth, throat, and stomach followed by nausea, vomiting, 
weakening pulse, and collapse. Death usually occurs within 24 h. 
Sodium carbonate is received at the PUREX Plant as a white, 
odorless, crystalline powder in paper bags of 100-lb capacity that 
are stored in 2714-A. 

• Sodium Fluoride, Naf 

Sodium fluoride is a poisonous material and must be hand1ed with 
extreme caution. Inhalation of the powder can destroy mucous 
membrane and tissue. Large doses can damage the gastrointestinal 
and nervous systems and bone structure. The lethal dose by 
ingestion is 60 mg. Care should be taken to avoid contacting 
sodium fluoride with acids. Sodium fluoride is received at the 
PUREX Plant and stored in N cell as a finely pulverized, white 
powder in 4-oz plastic packets. 

• Sodium Hydroxide, NaOH 

Sodium hydroxide is extremely eaustic and may cause severe and, 
even fatal, burns. Hot caustic will cause almost instant 
destruction of body tissue. All forms, even solutions as dilute 
as 1%, can produce serious injury on contact. Ingestion of 2 g is 
usually fatal. The dusts or mists of solutions, even in dilute 
quantities, are irritating to the respiratory organs. These 

5-72 

I 



~'tao.-
=· 

·r~~
~-

"' -~< --.,~ 

-~~ 
'• s.n-~~: 
~' 
r-::::¥.',. , 

r.r:_.• 

SD-HS-SAR-001 
REV 3 ·· 

.- . t • ~ . . ' 

concentrations that might damage the lungs should not be inhaled. 
Sodium hydroxide is received at the PUREX-Plant in railroad tank 
car lots of 50 wt% solution and stored in the 211-A areas TK-20 •. 

e Sodium Nitrite, NaNOz 

Sodium nitrite is a powerful oxidizing agent and ~ompares to· 
sodium nitrate as a fire and explosion hazard., Ingestion results 
in a drop in blood pressure, respiratory failure, and, · 
occasionally,_heart failure. It is received at the PUREX Plant
and stored iri 2714-A as white granular solids in bags. 

• - Sugar 

There is no associated toxicity with sugar during plant us~.· The 
reaction with oxidizing agents can be vigorous, so it is stored 
separately from such agents in 2714-A. Sugar is received in 
100-1 b bags •. 

• Sulfamic Acid,NH2S03J:! 

The hazards of handling sulfamic acid are the same as those· 
_ associated with ferrous sulfamate •. ~ It is received at the PUREX 
Plant as white granular -solid in bags and sto.red in 2714-A. 

• Sulfuric Acid, H2S04 

Sulfuric acid is a strong oxidizing and dehydrating agent, 
dangerously reactive with water or organic materials,.and highly 
corrosive to most metals·. Sulfuric acid is particularly hazardous 
because of its ability-to cause burns. The concentrated acid has· 
such an affinity for water that it will char wood, paper; or 
flesh. Death may result from severe skin burns. The acid. 
li.berates heat on mixing with water, and may erupt explosively if 
improperly mixed .. The acid should.always be added slowly to· 
water; never add water to the concentrated acid. Sulfuric acid is 
received in 9-lb bottles as chemically pure grade for use in the 
analytical laboratory~ Sulfuric acid is purchased as commercial- _ 
grade in tank truck lots and stored.in TK-50 in the 211-A-area: for 
use in regenerating the .water demineralizer beds. 

• Tartaric Acid, HOOC(CH0~}2COOH 

Tartaric acid is a moderate fire hazard with a flash point of 
410°F. There are no physiological hazards identified with 
handling.tartaricacid. It is stored away from strong, oxidizing 
agents in 2714~A. It is received at the PUREX Plant as colorless
to-white crystalline material in 100-lb bags. 
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• Tributyl Phosphate; (C4tlgl3P04 

The chemical tributyl phosphate (TBP) is a moderate fire hazard 
with a flash point of 295°F. A physiological hazard is the 
dissolving of natural oils from the skin that causes dryness, 
cracking of the skin, and irritation. The vapor pressure of TBP 
is very low, and the breathing of vapors at ordinary temperatures 
is not known to produce toxic effects, but fumes from fires of 

·organo-phosphates are reported to be very toxic. The TBP is 
received at the PUREX Plant in railroad tank car lots and is 
stored in TK-41 in the 211-A area. 

5.3.4 Maintenance Systems 
, 

· Process equipment located in the canyon has been designed, as much as 
possible, to give trouble-free service and to require minimal maintenance. 
Two shielded master cranes and a nonshielded slave crane have been provided 
to replace the process equipment when it fails, in addition to performing 
process functionso 

Preventive maintenance of the equipment in the radioactive processing 
cells is not economically feasible. Rotating equipment is, therefore, run 
until failure and then replaced, meaning that replacement or removal will 
occur only when complete failure is noted .. 

Specially designed connectors and tie-down nuts, operated by impact 
wrenches hung from the master cranes, permit the removal and replacement of 
equipment, process lines, and .electrical lines remotely from the master 
cranes. Cell jumper lines connect process line nozzles mounted on the cell 
walls to the equipment. 

Equipment, once removed from the cell by cranes, can be taken to the 
railroad tunnel for removal to the burial grounds or burial tunnel, or can 
be taken to the decontamination cell or hot shop for any necessary 
decontamination and repairs .. 

5.3.4 .. l Cranes. Two master cranes and one slave crane, each with an 
individual capacity of 40 tons, are located in the 202-A building canyon .and 
depicted in perspective in Figure 5-21. A general description of these 
cranes follows. 

• Master Cranes 

The master cranes do most of the routine remote work involving 
vessels, rotating equipment, pipe jumpers, and cell cover blockso 
Charging the dissolvers is performed by the master cranes. These 
cranes also perform all activities requiring impact wrenchesg 
grabbers, and viewing aids. 

Crane operations are observed from the cab by two variable-power 
monocular periscopes mounted.on either side of the crane bridge. 
The objective lens of each periscope may be moved across the 
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canyon and rotated about its axis to allow direct vision. Both cranes. 
can travel the full length of the canyon; however, one is serviced in 
the east crane maintenance facility, and the other is serviced in the 
west crane maintenance facility. 

Process functions and remote maintenance activities require the 
master crane to operate almost continuously. 

When the crane is in contact with a short section of rail con
ductor near the railroad tunnel, the operator in the master crane 
can control the car puller. The car puller positions railroad 
cars in the railroad tunnel. A second control station for the car 
puller is located at the track level in the tunnel. 

An intercommunication system (speaker and receiver) is mounted on 
the console of the master crane cab, allowing voice communication 
between the cab, the dispatcher's office~ and the railroad tunnel. 
A wall-type dial telephone is mounted on the cab wall and con
nected to the building telephone system by way of collector shoes 
and trolleys. The microphone of the public address system is in 
the master crane cab. The system's two speakers are located on 
the crane bridge. 

For safety and contamination control, the master cranes are oper- ·1 
ated from a totally enclosed 9 steel-shielded cab that travels 
behind a 4-ft concrete parapet wall. A fire suppression system 
using bottled Halon-1~01 is provided 1n each crane cab. In the 
event of a fire, the system is activated and an alarm is sounded 
in the dispatchers office. The alarm system is tested daily. 
(readout only) and a buzzer also sounds if the system is tampered 
with. An annual test of the entire system is conducted by the 
vendor field engineer. 

• Slave crane 

The slave crane has been provided to assist the master crane-for 
those operatfons in which two cranes are required for removal and 
installation of tall equipment, such as the solvent-extraction 
columns and the large, single-piece concentrators and to perform 
maintenance operations over areas where radiation levels are low. 
While assisting the master crane in high-radiation-level work, the 
slave crane is controlled fr-0m the cab of the master crane. The 
slave crane is controlled from the master crane by a 75-ft-long 
electric cable that is plugged into a receptacle on the slave 
crane. When the slave crane is used· for low-radiation-level work, 
it can be controlled from its own cabo 

The height of the slave crane places its cab above the concrete 
wall used to shield the master crane cab. Since the slave crane 
is only operated from its own cab for low-radiation-level work, 
sufficient radiation protection is provided by the cab walls and 
shatterproof glass windows. When operated from the enclosed cab, 
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air is supplied by wearing a fresh air-supplied mask. Otherwise, 
the slave crane is.operated from the master crane cab. The slave 
crane has limit switches to prevent bridgeg trolleys and hoist 
over-travel._ Rail stops are also provided on the bridge and 
trolley • 

. • Hooks and hoists 

All hooks have three directions of movement: the. bridge travels 
the length of the canyon, the monorail trolleys travel across the 
canyon, and the hoists travel vertically • 

• •· Grabber 

The grabber is a clamshell bucket device for handling small pieces_ 
of equipment that cannot be picked· up by the crane's hooks •. The 
jaws ·of the grabber are used to grasp loose nuts and other small 
items. Piping may·be picked up by special attachments on the 
grabber. 

• Power system 

The cranes are powered by-amplidyne variable voltage~ variable:.;. 
speed direct current (de) drive systems that provide high torque 
at low speed. Each driving motor, with the exception of those. 
operating the cross-canyon monorail trolleys under the master 
crane, has a-separate motor-generator set. • One set supplies the 
power for both monorail trolleys. Both trolleys cannot be used at 
the same time. 

5.3.4.2 Contaminated-Equipment Maintenance. Maintenance areas are provided· 
at the west end of the process building to decontaminate, inspect, or repair 
hot equipment after removal from the canyon. Tanks, pumps, agitators, and 
other equipment are first moved tothe decoritamination cell and then to the 
hot shop. 

Equipment removed from the 2O2-A canyon area for repairs~ inspection, 
or disposal is replaced immediately to maintain as .close to continuous 
operation as possible~ Because of the high cost in time and money to 
decontaminate equipment prior to repair work, it is generally more. 
economical to install new equipment,· rather. th.an repair old equipment~ 
Disposal of· contaminated equipment is covered in Section 7. 7 .1.1. · 

The decontamination cell, referred to in Section 5.3.4, is equipped 
·. with a stainless steel floor with an 8-in.-high flashing around the walls. 

The cell is also equipped with electrical outlets an~ piping to supply 
breathing air, compressed air, ·steam, and decontamination solutions. A tank 
to flush and decontaminate rotating equipment is located in the cell. 

' ' 

The east one-thirdof the hot shop is accessible from the canyon. . 
Partially decontaminated .equipment from the decontamination cell can be.· · 
lifted into the shop by e.ither canyon crane for contact maintenance work or 
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further decontaminationo The remaining portion of the hot shop is coveredo 
The covered area contains racks to store one of each size or type pump and· 
agitator used in the canyon. A 2O-ft-diameter shielded tank for pump and 
agitator work and a.centrifuge test stand are located in the open area. 

5.3.4.3 Diversion Boxes. Diversion boxes (Fig. 5 .... 22) are provided to. 
congregate radioactive liquid waste transfer lines in a single location for 
convenience in changing piping routings~ adding new lines, detecting leaks 
at junctions, and reducing duplication of piping. 

5.4 DESCRIPTION OF SERVICE .AND UTILITY SYSTEMS 

The following are service and utility systems that support PUREX 
Operation: 

• Building ventilation 

• Electrical power 

• Compressed air 

• Steam 

• Water 

• Sewer systems 

• Communications 

• Fire protection. 

Four ventilation systems (Fig. 5-23) provid.e air to process and 
personnel areas, confine radioactive contamination, and treat offgases. The 
systems are designed to maintain airflow from areas of lesser contamination 
to areas of greater contamination. Electrical power, compressed air, steam, 
and water are supplied for operations, process control, and safety systems. 
The sewer systems dispose of both sanitary and chemical (nonradioactive) 
wastes from PUREX operatonso The plant telephone system 9 an internal PAX 
system, a paging system, and emergency alarms provide communications. Fire 
protection is provided by automatic systems in the plant and by the Hanford 
Fire Department. 

5.4.1 Building Ventilation 

The building ventilation systems are used for control of radioactive 
contamination by maintaining four distinct and selective static pressure 
zones (Fig. 5-24) and to control ambient temperatures affecting the process 
and personnel. The systems are designed and pressures are maintained to 
ensure that the airflow is always from the less or potentially less 
contaminated zone to the more or potentially more contaminated zone. 
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FIGURE 5-23. Areas Served by Ventilation Systems 1, 2, 3, and 4. 

~BO: 

,··•,·· ,, 
., ~-~ \ 

I_; 



r--... 
r::.~J .. ·. 
~:_·'. 
~'. 

f.E:!""'. -· 
-~ 
nri:;m:iiW 

~ ~-,.,,,, 

swm:N OUIIAIIO CAIi.i · 

OKON AND STOJIMll M CELL 

SYMIOL 

~~-
~

[2]·. 
. D -

HVACZONU 

ZONE 

'" 
-, 

AIRLOCKS.In 
STAIRWEUS. 
ELEVATORS. & 
PIP£8HAFTS 

PRESSURl!'in. 
WO UIEF TO ATMJ 

,, ..... , 

'-0.31 •. 

-a.211. 

~0.10 

~ a.to 

ASSUME PttESSUR!. OF 
. ZONE TO WHICH IJQO,a 
IS OPEN EXCEPT 
LABORATORY AIRLOCICS 

SD-HS~SAR-001 
REV 3 

1111V1C1 ILOWIII 
ROCIM 

~I CA• GALLUIY 

mm TO ATMOaPNIJII JIIOffS: 1. SH N-Z-7GII FOIi ADDITIONAL DffA&L Otl N CELL 
ANO LOCA'notl OP AIIIILOCK9. ITAIIIWIUS. ETC. 

2.HOOD& AIID OUJVIIIOXU IN LAaGIIATOIIY PR IIOOM 
AND N AND Q CD.1.8 AIII ZON8 1. HOOD& USI > 121 ft/fflm 
ARI INLIT vnocrrr IN UEU OP o,i· PftEUUlltU CIIVl:N 

ARI APP,.OXIMAff AND All! VAJHID TO Miff SPl!CIAL 
CONDfflONa AND CONTROL"CAPAatUTf' PflllUUlll 
DIPRIIINJIAUI 811WRN·zoNQ AJltll MAllffMNm AT 
011 <. O.UI ln:WG. 

J. AWi TUJINIL AT .:..t.4111. w.a. 

4, PART OP SWP I.DUY IS ZONI!! 3. 

RCNml-ta 

FIGURE 5-24. Plan Views and HVAC Zones of the 202-A Building~ 
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Positive control of contamination is accomplished through the use of 
airlocks and pressure-monitoring instrumentation. All radioactively 
contaminated or potentially contaminated* air is filtered to remove 
radioactive particulates before it is released to the environment. 

Safety analyses of the ventilation systems are based on the description 
presented in this section. Four systems provide ventilation for the 
202-A building: system 1, canyon ventilation; system 21 sample gallery 
ventilation; system 3, service area ventilation; and system 4, laboratory 
ventilation. See Chapter 7.0 for waste management criteria. 

The four ventilation systems supply and exhaust air at 325,000 ft3/mino 
Most of the instrumentation and control of the 202-A building ventilation is 
located in the power control room in the west annex near the process blower 
room. The ventilation systems are designed to maintain air velocity of at 
least 125 ft/min through all process area openings to minimize reverse flow 
of potentially contaminated air. A general cross-sectional view of 
ventilation system 1 is shown in Figure 5-25. The gallery levels with room 
locations and HVAC zones are shown in Figure 5-24. The principal points of 
discharge from the 202-A building are shown in Figure 5-3. 

5.4.1.1 Ventilation System 1--Canyon Ventilationo This system serves the 
canyon and process cells, ECMP area, hot shop, and M cell. Figure 5-26 is a 
flow diagram of ventilation system 1. A listing of fans and ratings for 
this system is given in Tabl~ 5-4. 

5.4.1.1.1 Flow. Two supply fans, SF-1 and SF-lA, deliver air-from the 
outside to the crane cab gallery. The fans are rated at 73,000 ft3/min 
each, but are operated in parallel to supply about 126,000 ft3/min. Before 
entering the supply fans, the air is filtered, heated (as necessary), 
washed, and humidified. The fans discharge into a common "inlet duct" from 
which the air is distributed, via several air grilles, throughout the length 
of the crane cab gallery. The air flows from the crane cab gallery through 
the upper canyon, down through the process cells and pipe trench, into the 
exhaust air tunnel, and through the exhaust filters to the exhaust air 
plenum. Exhaust Fans EF-1-1, -2, -3, and -4 discharge the exhaust air 
plenum to the atmosphere through the 291-A-l stack, which is 7 ft in 
diameter and 200 ft high. 

*Part of the P&O gallery exhaust, which has a potential for 
contamination from a suck-back and line rupture, is not routinely filtered. 
Detection of airborne contamination by two or more CAMs automatically shuts 
down the unfiltered exhausters, causing the air to be drawn through the 
filter in the white room exhaust or into the east crane maintenance service 
areas which are exhausted to the canyon. This concept was adopted based 
upon a cost benefit analysis that indicated that it was the most effective 
method to minimize possible airborne radionuclide releases from the 
P&O Gallery. ·The overall occupational radiation exposure would not increase 
significantly as a result of the possible contamination spread during the 
air rerouting because of the early warning provided by the CAM 9 the small 
quantity of radionuclides available for transport, and the highly effective 
decontamination procedures that would be employed in this area. The storage 
gallery exhaust is discussed in Section 5.4.1.3. 
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Ventilation System 1. 
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TABLE 5-4. Vel),til•tion System ~ Fans. 

Location 
Des I gnat fon Service 

fan Drive control 

Sf-1 Canyon supply Process blower Power control ro011 
room. Process blower room 

Sf-1-A Canyon ·supply Process blower Power control room 
room Process blo~er rom 

. Sf-1-8 Crane maintenance · Crane maintenance Power control rom 
facility and ECHP facility (change Change ro011 in crane 
supply · room)b · maintenacce 

factllty 

BSF-1 Hot shop/H .cell Storage room In Power control room 
supply canyon lobby Canyon lobby 

Ef.:1-8 Crane maintenance Crane maintenance Power control rOOIII 
facility exhaust facility (change 

room)b · 

EF-f-1 Canyon exhaust· 291-A areaC Power control room 
291-A areac 

Ef-:1-2 Canyon·ellhaust 291-A areac Power control room 
291-A areat· 

Ef-1-3 Canyon exhaust 291-areac Power control room 
291-A areac .. 

EF-l-4 Canyon exhaust 291-areac Autornat tc emergency-
emergency standby· controls In 291-A 

area 
Manual turn-off in 
power control room 
Manual turn-on and 
off in 291-A area 

Ef-1-5 4th floor AMU Room above AMU Power control room 
head-tank room room AMU roof 

a1otal dynamic head. 
bcrane maintenance facility ts addition on east end of PUREX facility. 
c219-A ts south of PUREX facility. 

Rating 

TDHI ft3/•in (In. W6) 

73,000 2.0 
57.750 4.5 

73,000 2.0 
67.750 4.5 

19,130 2.0 

6.640 1.0 

1,000 1.5 

42,000 15,0 

42.000 15.0 .· 

42,000 15.0 

63,000 9.0 

1,385 0.8 

Drive descrip~ion 

. 

Electrtca l, 75 hp, 440 V, 01 A, 
60 cycl~ 

Electrlca 1. 75 hp, 440 v, 91 A, 
60 cycle 

Electrical, 10 hp, ~40 V, 
60 cycle 

Electrical, 1,445 rpm fan, 2 hp 
mtor, 1,750 rpm. 3~60/440 

Electrjca l, motor 440 V. 3 phase, 
60 cycle 

Electrical, 1,150 rpm fan. 200 hp 
motor, 1,770. rpm, 3/60/2 0 300 

Elecrical, .1,150 rpm fan. 200 hp 
1110tor1 _1,170 rpm, 3/60/2,300 

Electrical, 1,150 rpm fan,· 200 hp 
motor, 1,700 rpm, 3/60/2,300 

Steam turbine-type BH-1. fan-speed, 
876 rpm, overspeed trip setting, 
4,972 rpm,· full load hp f max 
load, 156 0 full load rpm i max 
load, 4,386/876, steam/hi 
156 hp, 7,566. lb/h, i 171 ~p -
8,037 lb/~ - .. · 

Electrical. belt, l hp, 440 V, 
1,725 rpm motor, 10 775 rpm fan 
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.:specially designed openings at the periph~ries of the process cell 
cover blocks allow the-correct amount of air to flow through each process 
cell. Small openings at the bottom of. the south wa.11 of .each process cell, 
which a 11 ow the air to fl ow from the process ce 11 s into the exhaust air · 
tunnel, are designed to restrict airflow through the process cells at ·those 

· times when the cell covers are removed. · · 

. . Tlie 73",000-ft3/min supply of one fan is adequate for. canyon .ventilation 
under reduced airflow conditions with all cell blocks installed, and 

· therefore, allows one fan to be down.when necessary for required 
nia i ntenance. · Airflow is · about 126,000 · ft 3 /min when the. PUREX· Pl ant is · 
operating and about. 85,000 ft3/min wtien in-_ standby. -

Two glass-fiber filter units and-·one HEPA filter Unit~ installed in 
·- parallel, filter the canyon· ventilation exhaust ·air before it is released to 
· ·atmosphere ·{see Fig. 5-26). ·_ Each unit was designed to handle the· full ·. 
·canyon ventilation airflow. However, solids accumulated on .filter 1 {glass

- .fjber) have. reduced its capacity, so _that the filter is no longer able to 
· handle ttle fu 11 canyon airflow wi thoµt excessive pressure drop. - · The present . · 

allowable flow configuration~ through these units follow: 

•- Parallel flow through glass~fiber filters land 2 

· • Single-path flow through glass-fiber filter 2~ , 
. . . . .· . . . . . - ' - . . -_ 

.·Glass-fiber filters 1 and .2 were designed to_ remove .99% of •.the· 
radioactive-particles from the exhaust ventilation air;recent tests have 
shown efficiencies greater. than 99.95%~ .The filters are 85 ft. long by 52 ft 
wide by 13 ft deep. In these filters, the· air· flows sequentially through .. 
two glass-fiber filters. The first unit or prefilter. consists of a _7-ft-
deep bed of nfree packed" type 115 K glass-fiber for filter 1 and five. 
separate layers -packed with different densities of glass-fiber for filter 2. 
The second unit or cleanup filter consists of 132 American Air Filter, 

. "Deep-Bed" filter units, each of which is packed with 1/2 in. of ·AA · · 
Fiberglass. (1.2 lb/ft3 density) and 1/2 in. of B Fiberglass {1.4 lb/ft3), 
each with a total area of 50 ft2. The design pressure drop is 2.0 in WG at 
superficial velocities of 50_ft/min through theprefilters arid 20 ft/min 
through the cleanup_filters. There is a bypass channel and provisions for 
the air ducts to direct the air through either or both filter-units. The 

. air flows downward through the prefilter bed in filter 1 and upward in 
filter 2 •. Airflow is upward through the cleanup filter cell in b6th glass~ 
fiber filtet units (Fig. 5-27). 

During previous operations, a•. large quantity of ammonium nitrate 
accumuJated on the prefilters of both units. Tests conducted by Hazards 
Research Corporation (HRC) in the fall of 1978 and spring of 1979, with _ 
filtei media ~ontaining several times the estimated concentrations in the 
actual prefilters, support the conclusio~ that this ammonium nitrate is· safe 
under any credible accident conditions. 
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· FIGURE 5-27. ·· Ventilation System 1 Exhaust Air Filters. 
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'.The significant findings.of the HRC study are listed below.(12) 

• The ammonium nitrate occluded on the prefilters could not sustain 
a detonation and would not be capable of thermal runaway reaction 
even if subjected to high temperatures (170°C, which is the ~ -

·melting point of. NH4N03) for extended periods (24 h) in stagnant 
- air. - - · 

• Irradiation of the organic (plant soly~nt conden-sed in the filter) 
results in decomposition into lighter, volatile products which 

· diffuse rapidly out of the pre.filter beds, f_urther reducing the 
possibility of reaction. - · - · 

• - Even under high confinement and initiating energy conditions much 
more severe than are credible in_ the PUREX prefilters, about · 
8.7 times the ammonium nitrate. estimated in prefilter 1 would be 
required to sustain a detonatione (A.separate system, described 
in Chapter 7.0, is provided ·to _handle ammonia-containing gases in 
the future). 

- -

• The prefi lter matrix wi_ll not detonate, even with· shock -loadings · 
orders of magnitude greater than could be attained mechanically as 
a result of a solvent fire. 

• Pressures of· about 3 kg/cm~ and temperatures of about 24_0°C are -
required for a thermal explosion-of ammonium nitrate sensitized 
with wax (hydrocarbon) or chloride. These conditions are not 
credible in the PUREX filters. 

• Sustained sudden impingement of very high temperature vapor/air or 
flames would only melt and decompose- the ammonium nitrate even at 
concentrations 7.5 times the estimated value. 

• Although the filter media directly exposed to: an acetyleneiair 
torch flame_ (10 min) was embrittled, the properties of the 
remaining filter media were essentially unaffected. 

- -

- Exhaust filter 3 (HEPA)s currently in standby, is designed to remove 
greater than 99.97% of the radioactive particles from the exhaust · 

• ventilation air. The facility is about .50 ft long by 20 ft wide by 16 ft 
deep. - 'In this fac-ility, the air flows sequentially through five vertical 
filter stages: the first two are prefilters and the last three are HEPA 

. filters (see Fig. -5-27). - The first three stages can be -bypassed by lowering 
the- upper two rows -of filters. - · 

. -Filter 3 (HEPA) is used as emergency backup only. The required .number-
. of HEPA f i 1 ter e 1 ements is ava i 1 ab_l e in the PU.REX storage ga 11 ery. · · However, 

these elements will not be installed in the frames until the filter is 
placed in servfce. The exhaust air filters are located just south of the 
east end of _the PUREX Building in the 291-A.area. Filter 3 is currently on 
standby. 
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A horizontal, 10,000-gal water-storage tank '·,s located just south of 
. the east end of the PUREX Building .in the 291-A area.. Water is maintained 
in this tank for filling the· water seal basin in canyon exhaust air filter 3 
(HEPA). The water is automatically released to the water seal basin 
whenever a high temperature is detected within filter 3 (HEPA), indicating a 
posstble fire. The water can also be released manua11Ys using controls 
located nearby in the 291-A area.. To make sure that freezing wi 11 not 
prevent the system from working in the winter, a steam coil within the tank· 
is set to automatically maintain a minimum tank-contents temperature of 
35°F, and the transfer line from the tank to the water seal ·basin is steam-. 
traced. 

A-pump will·be used to-remove the.water when it becomes,necessary •. 
Installation of the pump and removal of the water will be done in accordance 
with approved procedures, which will include provisions for disposing of the 

· water. · · · 

Four exhaust fans installed in parallel are located near the base of 
the 291-A-l stack. The exhaust .load is normally 126,000 ft3/min carried by 
the three electrically·driven fans, EF-1-1, ~2 and -3, each rated at 
42,000 ft3/min at 15 in. WG. These fans are backed up by an automatici 
emergency steam turbine-driven fan~ EF-1-4, which can maintain an adequately 

- safe, minimum canyon exhaust flow rate of 63,000 ft3/min at 9 in. WG. · · 

The main ventilation stack is 200 ft tall, rising 140 ft above the roof 
level of the 202-A Building. The stack is cons1;ructed of reinforced 
concrete and contains a ?-ft-diameter, stainless steel liner through which 
the-filtered exhaust air is discharged to the environment at a velocity of 
about 3,300 ft/min. The annulus between stack and liner is capped at the 
top. The bottom of.the li.ner has a dished head that drains to a collection 

. tank. The inlet breaching for the ventilation air is baffled and welded to. 
the liner at an upward angle of 45 degrees. Six 8-in. nozzles enter the 
.liner below the ventilation air breaching: three are for routing DOG to the 
stack, and the other three· are spares. · 

· The booster pump and wash system to spray the stack are located in the 
sample house. There are spray rings at the 50-, 100-, 150-, and 200-ft 
elevations. The stack is flushed periodically under conditions of (1) less 
than 15 mi/h wind velocity, (2) no dissolving activity, (3) all cover blocks 
in place in the canyon, and ·(4). stack flow rates throttled. to the. minimum 
flow rate attainable with no supply fans on and only one electrical exhaust 

. fan on. The stack is flushed with a 10-min, 20-gal/min spray at the 150-, 
100-, and.SO-ft levels (the use of the 200-ft elevation is ~ptional). The· 
flushing liquid drains to a collection tank. The spray system, drain line, 
and collection tank are stainless steel. 

Effluent sampling, monitoring, and flow measuring/totalizing capability. 
for the. 291-A--J primary exhaust stack is,described in Section 8.6.1.1.1. 
The operating characteristics for this subsystem are given in Table 5-5. 
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TABLE 5-5. --Typical Operating Characteristics for Canyon and Process 
Cells Ventilation (approximate values). 

Characteristics .Production modea Standby modeb 

Normal canyon airflow range 110,000 to 136,000 85,000 to 95,000 
- (ft3/min) 

Normal afrflow through process cells, 1,600 to 14,000 1,000 to 7,300 
cover blocks in place (ft3/min) 

Airflow through open process cells, 40,000 30,000 
cover blocks removed (ft3/min) · 

Emergency condition canyon airflow 
(EFl-4 capacity) (ft3/min) · 

Upper canyon vacuum range (in. WG} 

Exhaust air tunnel vacuum range 
(in. WG)C 

Upper canyon temperatures (°F} 

63,000 

0.2 to 0.45-

1.0 to 1.7 

· 68 

0.2 to Oo45 

1.0 to 1.7 

68 

apuREX process operating; two canyon air· supply fans and three electric 
exhaust fans operating. 

bpuREX process not operating; all process material removed from the 
process equipment and one canyon air supply and two exhaust fans operating. 

CThe openings between the cell and wind tunnel restrict the airflow 
values shown whenever three or more cover blocks are removed. 
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• East Crane Maintenance Platform and .Service Area Ventilation.· 
. Supply fan SF-1B delivers air via separate air ducts to the crane 
maintenance service area and the ECMP. About llsOOO ft3/min of 
air is cascaded from the east end of the P&O gallery into supply 
fan SF-lBe Before entering the supply fan, the air is filtered 
and heated (as necessary). 

The ECMP is normally open to the PUREX upper canyono Ventilation 
air enters the platform through a gravity damper and flows contin-

. uously into the upper canyon. In the upper· canyon, the air joins . 
with the primary canyon ventilation air •. The combined air stream 
is ultimately filtered and released to the atmosphere through the 
291-A-l stack. Most of the air delivered. by supply fan SF-1B 
(10,000 ft3/min) flows through this platform area. 

The balance of supply fan SF-1B output flows to the equipment rooms, 
the change room, and the locker room. Exhaust fan EF-1B exhausts 
the change room, locker romns lavatory~ and decontamination area 
to the ECMP via exhaust grills and ductwork. Each_ area can be 
manually isolated from the exhaust via manual dampers at the exhaust 
location. Fan EF-1B can be operated from the powe~ control room 
or locally in the east change room. Fan EF-18 is electrically 
interlocked to assure the exhaust fan does· not operate:unless supply 
fan SF-18 is operating. Air may infiltrate.into the canyon from 
the equipment rooms arid the switchgear room, located adjacent to 
the locker room and change roomo 

The airflow will be toward the canyon, since it is kept at a lower 
pressure •. The doors to the equipment rooms and switchgear room 
are normally closed and Radiation Monitoring is notified prior to 
opening the doors. The decontamination hood is radiation zone I, 
the upstairs area is zone !As the equipment rooms and. switchgear 
rooms are zone II, and the remaining areas are zone III. 

The normal operating conditions for·this subsystem follow: 

Characteristic 

Normal air supply 

Maintenance f ac i 1 ity a frf low 

ECMP airflow 

· Maintenance facility pressure, 
. slight positive 

ECMP vacuum 

Inlet-air temperature 

5-93 

15,000 ft3/min · 

4,000 ft3/min 

11,000 ft3;min 

0.05 to 0.10 in. WG 

0.20 to 0.45 ih. WG 

70°F 
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. •·.Hot Shop and ·M Cell Ventilation 

...... 
The hot shop and .M cell, locat.ed at the west end of PUREX on the 

· storage gallery level, -are·. used for the decontamination and main
tenance. of radioactively" contaminated equipment. · Consequently,· · · 
there is a high potential for airborne radioactive contaminationo 

. . . . . 
. , 

Booster fan BSF-1 delivers airfrom the canyon inlet duct through· 
a water cooler to the hot shop and M eel L The air flows from the 

· ho_t shop and M · ce.l J. through decontamination and. sump . hoods· to the 
exhaust air tunm~l, where it combines with the canyon exhaust air • 

. ·. The filtered air is then released through the 291-A-1 stack. The 
· normal_ .operating cond.itions for this subsystem follow. · 

Characteristic · 

Normal airflow 

·Hot shop/M cell vacuum 

Pressure difference, hot shop/ 
· M eel l to .exhaust air tunnel 

Inlet-air temperatur~ 

6,300 ft3/min 

0.25 in.·WG 

1.25 normal in. WG· 
0.25 minimum in. WG 

70°F . 

·•. AMU Ventilation 

The fourth floor AMU room houses TK-324, which is used·for feeding· 
nonradioactive chemicals to the PUREX process by gravity. The 
room· ventilation air is supplied from the inlet duct and is dis
charged unfiltered by exhaust fan EF-1-5, to the .environment~ The 
normal operating conditions for this ·system follow. 

Characteristic 

. Normal airflow 

Room pressure, vacuum 

Inlet-air temperature 

• Burial Tunnel Ventilation 

1,300 ft3/min 

0.10 in. WG. 

68°F 

Two _railroad (burial) tunnels, extending in a southerly direction 
from the east end of the PUREX Plant, are used for long-term 
storage of bulky and highly radioactive PUREX solid waste, such as 
failed processing equipment. The entrances to these tunnels 

.. 5-94· 
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are closed to avoid interaction with the canyon ventilation .· 
system, except when access is required. · Whenever the' tunne 1 · 
entrances are·opens the horizontal canyon door must be closed.· 
Burial tunnel 1 is inactive and filled with solid waste so that 
access wil 1 not be required. Some storage space is· st i 11 
-available in tunnel 2, necessitating· infrequent access to this 
tunnel. Both the ext,aust.fari and the HEPA.filter for tunnel 1 are · 
blanked off~ In addition, the door is.sealed with caulking so 
that the air in tunnel 1 is stagnant. When tunnel 2 doors are 
closed-, exhaust fan EF-1-7 ma-intains a. s.l ight vacuum in the tunnel 
and discharges HEPA~filtered air to·the .atmosphere. When the· · 
doors are open,.EF-1-7 mair:,taiiis inwardairflow through the'open 
door. · · 

• · Process Off gas 

. , The process offgas systems {except for DOG and ammonia·offgas 
systems) discharge to the air tunnel and are handled in 
ventilation system 1. The DOG are routed through separate filters 
and an acid recovery facility {see Section. 7.4c2~), and discharged 
to the 291-A-l stack. The ammonia offgas is discharged through. 
separate filters and through a.separate stack, 296-A-24 {see 
Section 7.4.3.). 

5.4.1.1.2 Ventilation System 1 Control Objectives. Ventilation 
system 1 prevents escape of airborne radioactivity and controls ventilation 
by automatically maintaining preestablished, slightly negative pressures in 
the upper canyon and the exhaust air•tunnel.· The exhaust air tunnel 
pressure is set lower than the upper canyon pressure so that.airflow will 

.:, always be toward the exhaust. The difference between these two pressures is 
selected to assure that the air flowing through the system is adequate. 
Under steady-state operation, the supply. and exhaust airflow rates are not 
equal. There is some difference in fl ow rate . caused by air in-1 eakage, · 
withdrawal of some ventilation air for the fourth floor AMU room, and 
introduction of exhaust ventilation air from the crane maintenance facility. 

'' 

When operating normally, ventilation system 1 instrumentation and air-· 
control devices automatically maintain the ventilation airflow, .temperature,
pr~ssure levels, and humidity in the PUREX process areas without allowing 
release or escape· of airborne radioactivity.. The mechani.sms through .which . 
the power operators establish the system operating conditions and the 
start/stop devices for the operating equ1pment· (e.g., fans) are located . 
either on a graphic panel board in the power control room or in local panel 
boards conveniently located in the PUREX Facility. In addition, selected 
system operating conditions are displayed and_out~of-normal operating range 
alarms are mounted in these panel boards to assist the power operators in 
monitoring and maintaining proper system operation. · 

Normally, all process cell cover blocks will be in place and all canyon . I 
. doors that can affect airflow wi 11 be c 1 osed ( i • e. , the canyon hori zonta 1 · - , _· 
door though which irradiated fuel elements enter the canyon and the burial 
tunnel doors) • 
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Some operations require removal of cover blocks from the process cells 
and/or opening of canyon doors (e.g., cell maintenance or irradiated fuel 
element charging operations). The outside, vertical door in the railroad 
tunnel and the overhead door between the tunnel and the canyon are never 
open at the same time; however, the system airflow pattern might be 
disturbed. Power operators will be forewarned of such activities, so that 
the system operating conditions.can be modified to maintain ventilation and 

· radioactive contamination control. 

Whenever more than three cell cover blocks are removed from position, 
the airflow pattern will change. Special precautions are defined in the 
appropriate operating procedures to assure airborne contamination control. 

Since the PUREX canyon is maintained at a lower pressure than its 
environs, airflow will be toward the canyon. However, should the canyon· 
vacuum be lost, for any reason, a gravity damper will close, preventing 
release of contaminated canyon air through the. maintenance platform area. 

To prevent a high vacuum from overstressing the canyon roof, two vacuum_ 
breakers are installed in stairwells to the canyon. The vacuum breakers are 
located on the north and south sides of the canyon on the eastern portion of 
the building. One breaker is mounted inside the canyon proper on the north· 
wall just west of the ECMP. The other is mounted on the south wall of the 
canyon proper across from C cell. 

Should supply fan SF-18 stop operating, another gravity damper will 
open, allowing untreated air to enter the system, so· that ventilation of the 

. maintenance platform can continue until the supply fan is operating again. 

The hot shop and M cell are automatically maintained at a somewhat 
higher pressure than the exhaust air tunnel, so that airflow will always be 
toward the tunnel. The pressure in the hot shop and M cell is somewhat 
lower than atmospheric so that any air leakage will always be from the 
atmosphere into the hot shop and M cell. · 

Two dampers control airflow through the inlet air duct to the fourth 
floor AMU room. One damper~ a remotely operated, pneumatic unit, is either 
open or closed. The other damper is a manual unit set to allow the amount 
of airflow that maintains a very slight vacuum in the fourth floor AMU room. 

5.4.l.lo3 Ventilation System 1 Control. Inlet air treatment for 
ventilation system 1 consists of the following: 

• Filtering for dust removal 

1 Heating for temperature control 

• Washing and humidifying for cootrol of ventilation air moisture 
content and for additional dust removal. 
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Temperature controllers and steam valves control heat and.moisture 
added to the ventilation supply air during the winter monthso During the · 
summer months when no heating is required, the supply air is evaporatively 
cooled by the water-spray washer. 

The-minimum ambient humidity and temperature.within the process cells• 
are.automatically maintained at values desirable for process operations. 
The air flowing through each process.cell removes the heat from the process 
equipment so that cell temperatures do not become too higJt;_ descriptions. of 
ventilation control follow. -

• Canyon and .Process- Cel 1 ·ventilation ·Control_ · 

Direction of airflow is maintained by static pressure control. 
Design static pressures in equivalent inches of water are 

. -0e35 canyori, -'0.8 cells, and -1.4 air tunnel. The canyon deck 
static pressure controller on the graphic power panel controls the 
inlet-modulating dampers on supply fans SF-1 and SF-lAc This 
controller modulates the inlet dampers to hold a design static 
pressure in the upper canyon~ 

.. ,., 

The exhaust air tunnel pressure-is kept slightly lower than the· 
canyon pressure, so that the ventilation air will flow from the 
crane cab gallery toward the exhaust air tunne_l. This- pressure is 
maintained by control dampers located at the inlets of exnaust 
fans EF-1-1, -2, -3e Under normal operations~ the openings of 

. these dampers automatically change whenever the atmospheric and 
f::!Xhaust air tunnel pressures differ from the setpoi.nts. 

Exhaust fan EF-1-4 automatically starts whenever there is an 
unplanned shutdown or failure of an exhaust 'fan (EF-1-1, -2; · 

. or -3) •. The capacity of EF-1-4 is. about one-half of' the normal.- . 
ventilation system 1 airflow. Therefore, the inlet to EF-1-4 does 
not have a control damper, nor is the exhaust air tunnel pressure 
automatically controlled (by instrumentation)_ whenever only EF-1-4 
is operating. · 

Should both supply fans (SF-1 and· SF-lA). stop operating, all 
dampers (isolation and control) in the air supply train 
automatically open so that the exha'ust air fans can continue to 
draw air through the PUREX canyon. · 

Ventilation system l- has been designed to provide sufficient flow 
of air through each process cell to.assure contamination control 
under normal operating conditions. With all cover blocks in 
place, engineered openings in the cover block seating gaskets 
provide the correct flow of air_. With three or more cover blocks 
removed, the openings between the cells and the wind tunnel 
restrict the airflow to_ prevent "starving" of the closed cells for 
air. · 
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• ECMP and Service Area Ventilation Control 

- The exhaust air fan (EF-18) and the supply air fan (SF-1B) are 
interlocked so that the exhaust fan cannot operate unless the 
supply fan is operating. 

- Gravity dampers in the ECMP inlet air ducts are weighted to 
allow, under normal pr~ssure differences, the correct amount of 
airflow to the platform, but to prevent backflow to the service 
area when the pressure difference is not adequate. 

• Hot Shop/M Cell Ventilation Control 

Ventilation air leaves the hot shop and M cell through the decon
tamination and sump hoods and flows through two ducts to the 
exhaust air tunnelo Ventilation air also flows into parallel 
exhaust openings into the ductwork directly. Dampers in each of 
the hood exhaust ducts are in the open position whenever the hot 
shop and M cell pressure exceeds the exhaust air tunnel pressure· 
by 0.25 in. WG. Whenever this pressure difference drops to this 
value, these dampers automatically close and the booster supply 
fan {BSF-1) stops operating. Whenever this pressure difference 
increases beyond this value again, the dampers automatically 
reopenp but the booster fan must be restarted manually. 

Another damper, located in the decontamination hood exhaust air 
duct, automatically maintains a hot shop and M cell pressure which 
is slightly lower than.that of its surrounding atmosphere 
(i.e., about 0.25-in.-WG vacuum). 

• Fourth Floor AMU Room Ventilation Control 

This room is ventilated from the canyon inlet air duct. Since 
there is no external contamination in the room, ventilation air 
from this room is exhausted directly to the atmosphere by a small 
roof-mounted fan {EF-1-5). The air entering the room passes 
through two dampers. One is manually set and locked in a position 
which allows the appropriate airflow. The other, a remotely oper
ated damper, is interlocked to open automatically whenever the· 
exhaust fan (EF-1-5) is operating and to close when it is not oper
ating. The damper is also interlocked to close when the canyon 
supply fans (SF-1 and -lA} are not operating. This damper can 
also be opened by manual override switches whenever the exhaust 
fan (EF-1-5) is not operating, should it become desirable to do 
so. 

5.4.1.1.4 Ventilation System 1 Interlocks. The system is instrumented 
to maintain control of radioactive contamination and a minimum ventilation 
airflow rate if abnormal events or upsets should occur. For example, should 
electric power fail, the steam-driven exhaust fan (EFl-4) will start auto
matically and the dampers in the inlet-air supply duct lines will remain 
open, allowing the system to continue operating at about one-half capacity. 
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Should the instrument air system fail, the supply fans (SF-1 and SF-lA) will 
stop operating, the dampers in the_ inlet air ducts will remain open, the 
isolation dampers will close on the electric exhaust fans, and the turbine 
will come on to maintain canyon ventilation. Should a fire occur or be sus
pected in the HEPA exhaust air filter 3, water will automatically flow into 
the water-seal basin on the HEPA outlet. If only filter 3 is in service, 
the ventilaticm supply fans will stop opera.ting, shutting off the I 
ventilation exhaust fans,·.and avoiding pressurization of the PUREX Canyon. . 

. . 

_. Operating equipment, control devices, and system instrumentation are 
interlocked (mechanically and/or· electrii:al ly) · to· permit only those·-aLito
mati c. opera.ting:' modes -lhat pr:ovi de· effective ,·vent i 1 at ion and -prevent e~tape -
or release of ventilation air contaminated with airborne.radioactivity~ 
These interlocks are functionally described as follows. · 

• If neither supply fan (SF-I orSF-lA) is operating:: 

- · The i so 1 at ion dampers for both fans wi.11 be open : 1 

Steam will flow to the preheat coils 

- The remotely operated inlet damper to the fourth floor AMU room 
will be closed · · 

The remotely operated damper to the hot shop and M ce 11 wi 11 be 
fully open 

The supply fans.will not start unless-there is a m,n,mum vacuum 
in the canyon of about 0.30 -in. WG; therefore·, the exhaust fans 
must be operating before the supply fans can start 

- The control (intake) dampers to the supply fans must be opera-
-_ ting in response to signals from the canyon pressure 
· controller. · · 

•· If one supply fan (SF-I or SF-lA) is operating: 

- The isolation dampers of the nonoperating fan will be closed to 
prevent the operating fan.from discharging·to the atmosphere 
through the nonoperating supply. fan. It should be noted that 
this is.the only-time that the supply fan. isolation dampers 
close. They are open at all other times 

_The remotely operated inlet damper to the fourth floor AMU room 
will b~ closed ·-

The remotely operated in.let damper to the hot shop and M cell 
will be fully open~ 

. ' -

• If both supply.fans (SF-1 and SF-lA) are operating: 

. - · The isolation dampers for both supply- fans will be open 
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The control ( intake) dampers of each supply fan wi li be . . 
operating to automatically mainta,n the.canyon pres~ure within 

. 0.02 in. WG. of its set value, about 0.35 .in. WG vacuum .. . 

The remotely op·erated inlet damper. to the: fourth floor AMU room 
will be open 

The remotely operated inlet daniper to the hot shop and M cell 
:will.be·at its -minimum opening 

The preheaters : and . reheaters •- wi 11 be . operating: · _ the -preheat er 
· will maintain a minimum temperature of 45~F + 2°F at its . _ 
. outlet; the reheater is set to maintain 68°F-+ 2°F within the 

' -.. canyon. 

· • If only the electrically driven exhaust fans are· oper_ating: 

- The.isolation dampers (suction and discharge) on each 
electrically driven·fan wil~ .be operi · · 

. ' . . . 

- Th~ isolation dampers (suction and discharge) on the steam-
- driven unit will· be closed. 

' ' . 

- .The control dampers in the suction of each electrically driven 
unit wi 11 be operating to· automatically maintain the· exhaust-· · 
ai.r tunnel pressure at about 1.0-in.-wG· vacuum in standby modeg . 
and about 1.4-in.-WG vacuum in production mode· 

. . 

- The steam-driven unit'can be manually placed in service to 
·maintain·ventilation capacity whenever an electrically driven 
unit must be removed from operation (e.g._, maintenance) 

The differential pressure (DP), ·dew _point, and flow 
instrumentation will be operating · 

- The 291-A-l stack radioactivity.monitor will be operating to 
.detect any unusual radioactivity releases_ 

-. The HEPA filter-water-seal basin will be filled with water or 
_ the water-storage tank will be filled with water and in a state 

of readiness. for flooding of the HEPA filter water-seal basin. 
. ' 

· . • If only. the steam-drive·n exhaust fan is operating: _ 

The isol~tion·dampers in the steam-driven fan will be open 

The isolation dampers in th~_electrically .driven fans will be 
closed 

Since there is no control damper in the suction line to the 
_ steam-driven fan, it wi 11 operate at full capacity, about _ 
63-~000 ft3/min 
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- The exhaust system OP, dew point, flow, and 291-A-l stack moni
toring instrumentation will be operating 

The HEPA filter water-seal basin and the water-storage tank for 
flooding will be in the same stage of readiness as when the · 
electrically driven fans are operating. 

5.4.l. 1.5 Abnormal Event or Upset Condition Operation. 

•:: Electrical Power Failure 

- In the event of a total electrical .power failure at PUREX', the· 
steam-driven exhaust fari (EF-1-4) wi 11 start up automatically . 
and all electrically driven equipment will stop. The latter 
includes the supply air fans (SF-1,· -lA; and ~1B), the elec
trically driven exhaust.fans (EF-1-1, -2, and -3), the fourth 
floor AMU room exhaust fan (EF-1-5), the crane maintenance 
facility exhaust fan (EF-1B), and the booster fan {BSF-1) for 
the hot shop and M cell ·_-

- The status of the supply air equipment will be the same as when 
neither supply air fan" {SF-1 or SF-lA) is operating, except_ 
that the spray-water pump will not operate~ The control 
dampers (intake) to the supply fans will continue to operate as 
long as instrument air is available. When instrument air is no 
longer available, these dampers will fail in the open position 

The status of the exhaust air equipment will be the same as· 
when only the steam-driven fan is operating 

It is remotely possible for the electrical .fans and the stream
driven exhaust {steam ·tu·rbine) fan to be out of service at the 
same time resulting. from two or more independent failures. ·In 
this event, process operations would cease. The canyon would 

. remain at, or slightly below, atmospheric pressure as a result 
of natural draft through the 291-A-1 stack • 

. • Instrument Air Failure 
. . 

-· :Should the instrument air pressure fail, the steam-driven• 
exhaust fan wi.11 start up and the electrically driven fans 
{supply andexhaust) will stop operating 

The status of both the supply and exhaust air equipment will 
become the same as if an electrical power failure had occurred. 
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• ·· High Pressure in the PUREX Canyon 

-----~----------------

- If the canyon pressure. rises to an unsafe level, the supply· air 
fans (SF-1 and -lA) will stop operating and the supply air equip
ment status will become the same as the 11 no supply-fan operating",. 
status. This occurs when the canyon pressure rises to 0.05 in. WG 
vacuum and remains at this value or.higher for at least 10 s. 

5.4.lo2 Ventilation System 2. This system serves the sample gallery 9 Q cell, 
PR room, neptunium loadout room, PR corridor, N cell 9 canyon lobby, R cell, 
and U cell. Figure 5-28 is a flow diagram of ventilation system 2. Table 5-6 
describes the fans and characteristics for this system. This system serves 
essentially all zone 2* areas; therefore 9 ·all exhaust air from this system 
passes through at least one stage of HEPA filtration to remove airborne radio
active particles before the air is released. · 

All HEPA filters used at the PUREX Plant are efficiency-tested in place 
at least once a year. The decision to change out a filter can be based on 
low particle retention as measured by the efficiency test. Evidence of activ.
ity breakthrough is measured by high activity in downstream samples or by a 
low DP reading and is cause for a filter change-auto· · High DP readings across 
HEPA filters are also cause for change-out. · 

5.4.1.2.1 Flow •. There are two ventilation system 2 air supply fans 
(SF2 and SF2-A) in the process blower room. The capacity of each fan 
(38,000 ft3/min) is large enough to satisfy the total system air require
mento Normally, one unit operates while the other is maintaineq in readiness, 
should the operating unit stop. The inlet air is filtered and washed to 
remove airborne dust that would otherwise deposit on the HEPA exhaust filters 
and thereby increase the replacement frequency. Steam preheaters, located 
between the inlet air filters and water-spray washers, make sure that the 
air entering the washers (in the winter) is warm enough (45°F ! 2°F) to avoid 
freezing the water in the washers. There are inlet and outlet louver 
dampers on each supply fan unit. Those on the idle unit are closed to 
prevent the operating supply fan from discharging to the atmosphere through 
the idle unit. Radial dampers at the inlet of each supply fan are manually 
set to establish the system air throughout. 

Th~ outlet air from the operating supply fan flows through four 
parallel venti.lation branches. The airflow rate through each branch is 
established by manually setting louver and/or diversion dampers in the air 
ducts leading to each branch. . · 

*The contamination control zones ar~ defined in Section 4.3.2.2. 
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FIGURE 5-28. Flow Diagram-
Ventilation System 2. 
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TABLE 5-6 • Ventilation System 2 Fans. 
.. 

Location Rat fog 
Designation Service CVI Drive description Drawing 1011a Fan Drive control ft3/min rpmb 

: 

SF-2 Ventilation system 2 8302 Process blower room Power control ro0111~ 38,365 3.5 Electrical, 40 hp, 440 V, 
- supply H-2-52416 -process blower room ffl 49 A, 60 cycle, 1,750 rpm 

SF-2-A , VentHation system 2 · 8302 'Process blower room . Power control room, 38,365 3.5 Electrical. 40 hp, 440 V, 
supply H-2-52416 process blower room ffl 40 A, 60 cycle, 1,750 rpm 

EF-2-1 Plenum 3 exhaust (east 8302 Northeast of PUREX, Power control ro0111 19,130 2.0 Electrical belt, 30 hp, 
sample gallery and H-2-64905 building (outside) outside near EF-2-1 665 440 v, 35.6 A; 60 cycles, 

- U Cell) . ' 1,750 rpm 

EF-2-2 Plenum 2 exhaust (we.st 8302 West of PUREX -Power control room, 27,625 2.0 · Electrical, 50 hp, 440 V, 
sample gallery, N cell, 

. canyon 1 obby, and 
H-2-64905 building (outside) outside near EF-2-2 645 58 A, 60 cycle, l 0 745_rpm 

R cell 
EF-2-3C Sampler exhaust header 8302 Northwest of PUREX Power control room, 4,600 6.0 . {lectr1cal. belt. 7 1/2 hp, 

'(east sample gallery H-2-52416 building (outside) outside:near EF-2-3 2.412 440 v. 10 A. 60 cycle, 
•hoods) · . ~,730 rpm 

Ef-2-4C Sampler exhaust header 8302 Southwest of PUREX Power control room, 4.600 6.0 Electrical. belt, 7 !/2·hp 0 

(west sample gallery H-2-52416 building (outside) outside near EF-2-4 2,432 440 V, 19 A. 60 cycle, 
hoods) ··I,730 r~• 

EF-2-sc Plenum 4 exhaust (PR 17064 On R cell roof Power control room~ 7,600 14.D Electrical. 15 hp. 440 v. 
room, neptunium load- H-2-52416 (outside) outside near.EF-2-5 1,485 -60 cycle.- 1,800 rpm 
out room, and Q cell) 

EF-2-SAC Plenum 4 exhaust (PR 8302 On R cell roof Power control roOR1 0 6.0~0 6.0 · Electr1c1l 0 10 hp. 440 v. 
room, neptunium load- H-2-52416 (outside) outside near EF-2-5A 2,385 60 cycle. 3,450 rpm 
out room, and Q cell) 

BSF-K20 Recirculate Q cell air H-2-59555 Above·Q cell control In Pl\/ room, 30 
room near BSF-K20 

a1otal dynamic head, inches of water. 
hRevoluttons per minute. · 
con backup (emergency) power bus. 
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. Human comfort temperatures are automatically,naintained in the ·venti-· 
1 ated areas by steam heaters . in the ventilation· branch in 1 et air ducts. The · 1 .· 
PUREX work- areas ventilated by each ventilation system 2 branch follow:· 

e Branch 1_ { samp 1 e ga 11 ery and. Q ce 11 ) 

• Branch. 2 (PR Room and, neptunium loacJ..;out· room) 

, ~- . Branch 3 {PR corridor and N_ eel l) 

• Branch 4 ( canyon lobby) • 

With the exception of ~ome air that discharges.through the process·sam
pler hoods located in the sample gallery, ventilation system 2 exhaust·air 
flows sequentially through exhaust air plenums, HEPA filters, and exhaust 

, air fans. This air is.released to ·the atmosphere above the ·PUREX building 
roof through several discharge stacks attached to the sides of the bu-ilding. 
There are four exhaust plenums; descriptions follow. ·· 

• Plenum.1-receives exhaust air from the west end of the sample gai-· 
lery'and Q cell vessel vent·systeni. 

• ·Plenum 2receives, exhaust air from plenum 1, R celi,· N cell~ and· . 
the canyon lobby. The PR corridor also discharges into this•plenum. 
A restr_icting orifice 1 _imits airflow from plenum 1 to plenum 2. 

. . ' 

. •· Plenum 3 receives exhaus_t air from the east end of the .sample gal- -· 
lery and U eel 1. 

•. Plenum 4 receives exhaust air from Q,ceil, the neptunium load-out 
room, the PR room, gloveboxes and load-out hood, and the ·N cell 
gloveboxes. · · 

Exhaust·-fan EF-2-2 draws air ,from plenum 2 through two parallel HEPA 
filters and discharges to the atmosphere through the 296-A-7 stack. ·Exhaust 
fan EF-2-1 draws from plenum 3 through a HEPA filter and discharges 

· through the296-A-6 stack. The airflow rates of these streams are automati
cally maintained by louvered dampers located downstream of the HEPA filters. 
Indicating flow controllers automatically change these damper openings when

-ever the .airflow rates, which are measured downstream of the exhaust air 
fans, vary from the controller setpoints. · , 

One of two exhaust fans (~F-2-5 or -SA) discharges plenum· 4 air to .the 
atmosphere ·through the 296-A-l stack. The capacity of each fan is large 
enough to satisfy plenum 4 exhaust air requirements. Because of the nature 
and degree of contamination of the plenum 4 exhaust air, it passes in series 

.:J 

. through two HEPA filters that are upstream of the exhaust air fans. There I 
are two parallel HEPA filtration branches with enough isolation dampers to -
permit filter changing without interrupting airfl<Jw. However, the two paral- ' 
lel, second-stage HEPA filters are paired with the exhaust fans. To replace . 

. s"."1os 
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· .. a second~stage HEPA filter without interrupting airflow, it is necessary to 
operate with the alternate exhaust fan (EF-2-S or -SA) as well as w·ith the 
alternate second-stage filter. There are non-HEPA-type prefilters upstream · 
of each second-stage HEPA. The nonoperating exhaust fan (EF-2-5 or -SA) 
will. start automatically whenever plenum 4 vacuum becomes inadequate (at 
about 3.0-in.-WG vacuum)Q Standby emergency electrical power is supplied to 
exhaust fans EF-2-S and -SA •. Low vacijum in plenum 4 will cause fan EF=2-5A 
to operate on standby electrical power whenever normal electrical power is 
not available. Exhaust fan EF-2-5 may be manually switched to standby power·.· 
if necessary. 

Stack 296-A-l is monitored with an.alpha monitor placed above a.fixed 
filter in a sample he~d through which.a sidestream is continuously drawn. 
The results are recorded in the control room and indicated in the dispatcher's 
office with both a visual and audible· alarm to signal higher-than-normal 
values. The fixed filter is changed on an established schedule (weekly) and 
a determination of the gross alpha and gross beta content is made-using 
appropriate counting instruments. Stacks 296-A-2 and -3 are sampled with a 
sidestrearn drawn through a fixed filter. Stack 296~A-2 is continuously 
monitored for alpha and beta-gamma and 296-A-3 is monitored for beta-gamma. 

• Branch 1 

· Branch 1 ventilates· the sample gallery and Q cell. The air is 
delivered to the center of a sample gallery distribution duct from 
which air is dispersed.through manually adjustable. louvers through
out the length of the sample gallery. There is a 11 take-off11 from 
the west end of the distribution duct that is used to conduct ven
tilation air to Q cell. Manual dampers in the distribution duct 
and the Q cell·take-off are set for the desired air distribution. 
The temperature of branch 1 air is thermostatically controlled 
from the sample ga 11 ery. . · · 

Ventilation· air leaves the sample gallery through separate east
end and west-end exhaust air ducts and from both the east and west 

· ends of the sampler hood exhaust air header. Air leaving the east 
. and west exhaust air ducts passes through .non-H~PA-type filters 

(to reduce the particulate loading on the downstream exhaust HEPA 
filters), manual dampers, HEPA filters, and remotely operated, 
louvered dampers. The manual dampers are set to establish the 

·flow through each-exhaust duct; the remotely operated dampers are 
modulated to control constant flow. The west exhaust duct dis
charges to plenum 1 and the east duct to plenum 3. Gauges (DP) 
downstream of the non-HEPA filters· are useful .in monitoring pres
sure loss through the filters (the filters must be replaced when 
pressure loss becomes too great) and for setting the manual dampers.-
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_In the sample gallery, ·there are about 70.process solution sampler
. stations. The design allows for sampler airflow from the sample . · 
gallery,.through the sampler station, and into the sampler hood 
exhaust air header: exhaust fan EF-2-3 draws-air from the·east 
end of the header, through a HEPA filter, and discharges. to the .. 
atmosphere through stack ·296-A-3;-exhaust-fan EF-2-4 draws from 
the west end of the header, through a HEPA, and discharges through 

· · stack 296-A-2. Manual dampers upstream and flow indicators down
stream -of the HEPA filters are used to establish and monitor the 

. airflow of each of these exhaust air streams~ There ·are OP indi- · 
: ... caters across each of these HEPA· filters for monitoring the pres- · 

sure loss through the filters .and for determining when they need . 
to be replaced. Remotely operated,, louvered dampers .downstream of 
these HEPA .filters·are normally open but may be closed and the · 
damper in the center of the sampler hood exhaust header may be 
opened to direct flow to the operating fan if either fan fails or 
is removed from service.-·.·· · · · · 

· The Q c:el l' (the PUREX nep.tunium · processing area) is partitioned· · 
into four discrete functional areas: a·room-containing. a main-

. tenance glovebox, a control room, an ··AMU room, and a hot corridor· 
· containing a neptunium processing glovebox. · The ventilation• air 
passes through Q cell in two parallel paths, always flowing toward 
increasingly contaminated-or potentia-lly contaminated areas. In 
one path, the air flows through.the maintenance room;·in the other, 

. it -flows sequentially through the control room, the AMU room, and 
:hot corridor. The exhaust air from.both the maintenance room and.
the hot corridor is combiried-wfth the exhaust air from the 
neptunium load-o·ut room (branch 2). ·. This combined stream- flows 
through another HEPA fi-lter, identified as the 11 Q eel l HEPA, 11 into 
plenum 4. Some -of the ventilation air leaves the maintenance room 
through th_e maintenance glovebox; from the hot corridor~ the venti
lation air leaves.through the neptunium processing glovebox. 
Severa 1- HEPA fi 1 ter:s ~ave been i nsta 11 ed in Q cell to prevent air
borne· rad i oacti vi ty upstream of and within Q cell, _should a reverse· 

. flow of the ventilation air occur. These HEPA filters are. Jocated· 
at the inlets to·the maintenance room, the control·room, both the 
maintenance and neptunium processing gloveboxes9 .and at the outlets 

· from both the maintenance and AMU rooms. Fan BSF-K20 circulates 
.the ~MU room air through a prefilter.and a HEPA to continuously . 
remove·particulate~ from the AMU room air. Manual dampers in the 

·Q cell inlet duct are set to proportion the airflow through the 
two Q cell airflow paths. There are manual dampers upstream and 
.downstream of the· Q cell HEPA a:nd in 'its bypass duct, so, that the 
HEPA cari be replaced without interrupting the flow of. air through . 
branch 1. 

· · A remotely operated, normally open, .louvered damper located in the 
sampler hood exhaust header isolates the suctions of exhaust 
fans EF2-3 and -4. Should either of these fans fail, the damper 
in the suction duct to the fai.led fan closes,- allowing the operat
ing ·fan to then service all ·of the samplers at a reduced capacity 
per sampler until the failed fan is operating again. 
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Remotely operated, normally closed, louvered dampers downstream of 
the HEP~ filters in each sample gallery room exhaust duct will 
close when a predetermined low-flow condition is reached 
(i.e., EF2-l or -2 fail to operate). The damper in the duct 
serviced by the failed fan will close and the sample gallery will 
be exhausted at a reduced capacity by the fan which continues to 
operatea 

• Branch 2· 

Branch 2.ventil-ates the PR room and the neptunium load-out room, 
both of which are located in the west end of the PUREX building at 
the storage gallery level.· The ventilation air is dispersed in 
the PR room from an inlet air duct through several manually adjust
able (dampered) outlets. _ An extension of the inlet air duct, also 
containing a manual damper for controlling airflow rate, is used · 
to conduct ventilation air to the neptunium· loadout room. All 
ventilation exhaust air leaves the PR room through four plutonium 
processing gloveboxes: one is a.plutonium nitrate load-out glove-• 
box; the other three are identified as the L-9, -10, and · 
-11 gloveboxes. There are manual dampers downstream of each of 

. these gloveboxes. These dampers are used to control the rate of 
airflow through each glovebox. The exhaust air from these four 
gloveboxes is.combined with the outlet.airstream from the Q cell . 

_HEPA-filter and flows to plenum 4. The ventilation exhaust air 
leaves the neptunium load-out room through two-neptunium nitrate 
load-out gloveboxes, one of which is also used for small-item 
neptunium decontamination. Downstream manual dampers are used to_· 
control.the rate of airflow through these gloveboxes. The 
neptunium.load-out room exhaust air is combined with the Q cell 
exhaust air upstream of the Q cell HEPA. The ventilation air 
enters the PR room and neptunium load-out room processing glove
boxes through HEPA filters. The temperature of branch 2 ven-

. tilation is- thermostatically controlled from the PR room. 

An intertie air duct, containing a normally closed manual damper, 
connects the sampler exhaust air header to the outlet from 
plenum 4. Should both exhaust fans (EF-2-5 and·-SA) fail to 
operate, the manual. damper in this duct can be opened· so that 

· ventilation air can be temporari.ly exhausted from the PR room,. 
neptunium loadout room, and Q cell through the sample gallery 
header by exhaust fans EF-2-3 and -4. Conversely, the sample 
gallery can be temporarily exhausted by either fan EF-2-5 or -SA, 
should fans EF-2-3 and/or 2-4 stop operating. 

The plutonium purification processing is conducted in L cell, in 
the west end of the PUREX building at the storage and sample gal
lery l eve 1 s. The L ce 11 is adjacent to the PR room. On the rare 
occasions when contact maintenance in L cell is necessary, entry 

_ is made through a door , n the wa 11 that separates L cell from the 
PR room. Normally, this door is, closed and its periphery is 
sealed to prevent the spread of airborne contamination from L cell 
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to the working areas in· the PR room •. In· addition, the pressure in . 
. . the PR room is maintained about O .:5 in. WG higher than that in 
L eel 1, so that any possible ~ir leakage or flow (e.g., when the 
'.·door is opened for .L ce 11 entry) wi 11 always be from the PR room 
to L cell. The DP between the PR room and L cell is recorded in 

. the central control room (P&O gallery level) and indicated in the 
· PR room. 

• · .Branch 3 

Branch 3 ventilation air flows, in parallel, to the PR corridor 
· ana N eel 1, both· of which are located in the west end of· the 

···PUREX bu i-1 ding at the storag_e. ga 11 ery l eve 1. · 

The PUREX plutonium oxide production 'facility has been installed 
in N cell, which has been expanded to include the entire .regulated 

-shop. Air.ts supplied to the .. N cell control_rooms • 

. A portion of room air is'·supp.lied to all gloveboxes,: except the . 
· second-stage calciner glovebox, -the primary canning ·glovebox,. and 
. the maintenance glovebox. · These lldry11 gloveboxes are supplied -
with dry air from compressors located in a new building {2711-A) 
1 ocated on _the south ·.side of· the -.canyon bu i 1 ding. -. The room air is 
exhausted through a HEPA filter into p.lenum 2. · The ·gloveboxes are 
.exhausted through plenum 4 tothe_PR stack. A DP is maintained 
·between N cell rooms and gloveboxes to allow supply air ·to flow 
from the rooms to the gfoveboxes, and to prevent the spread of 

· · airborne contamination from ·the. glovebo>.<es · to the control -rooms. 
. . . . -· 

The potential for airborne radioactive contamination in the 
PR corridor is significantly less than in the adjacent rooms. 
Therefore, the PR corridor is maintained at a higher pressure, •so 
that air leakage .will always be from the PR corridor to .the ·adja
cent rooms. A manual damper in the PR corridor inlet air duct and 
two PR corridor DP ind'icators are used to estab'l ish and monitor 

. the PR corridor airflow and pressure level. One DP indicator 
shows the difference in pressure between the PR corridor and the 
PR room; the other DP indicator shows the difference in pressure 
between.the PR corridor and R cell. 

The temp~rature of branch 3.ventilation air is thermostatically 
controlled from N cell • 

. • Branch 4 

Branch 4 ventilation air flows through the canyon lobby to· 
plenum 2~ Exhaust airflow rate is established with a manual 
damper located in the lobby exhaust air duct. Inlet airflow is 
controlled by a remotely operated, open-or-closed, louvered damper -
in the inlet duct, and the temperature of the air is 
thermostatically controlled from the canyon lobby. 
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The canyon lobby,' located at the west end of the PUREX building at 
the P&O gallery level~ can· be entered either from the P&O gallery, 
the stairway or elevator at the west end of the building, or through 
a door to the outside of the building. There is an entry from the 
lobby through an airlock onto the deck of the PUREX upper canyon 
(above the process cell cover blocks). 

The Rand U cells are located at the storage gallery level of .the 
PUREX building: R cell in the west end and U cell in the east. 
end. The R·cell is used for regenerating and storing the organic 
solvent used in the uranium extraction cycle·. The. U cen is used. 
to concentrate and store nitric.acid and to store.liquid laboratory. 
waste. · 

Both R cell and U cell ventilation air i's exhausted by ventilation 
system 2 exhaust fans through HEPA filters: R cell by fan EF-2-2 
through plenum 2 and U cell by fan EF-2-1 through plenum 3. The· 

·exhaust air leaves each cell through dust filters and manual damper~ 
that are set to provide the desired airflow and vacuum levels in 
each cell. The inlet air .to both of these cells flows sequentially 

. through a preheater, a dust filters spray washers, and· a water . 
demister. In the case of U cell, the inlet air flows through and 
ventilates the 2O6-A building before entering U cell. There are 
no supply air fans- for either R or U cells; the inlet air motive 
power in each case is provided by exhaust fan and the vacuum in 
the cell. · 

5.4~1.2~2 Control Objectives and Operating Characteristics. Ventila
tion system 2 is designed to prevent airborne contamination in those worker
occupied operating areas where personnel become more closely associated with 
radioactive materialsthan is the case with the totally isolated and remote 
process operations occurring within the canyon process cells. These are the 
areas where process samples are obtained, process operati~ns are conducted . 
in gloveboxes, maintenance is performed on slightly contaminated equipment, 
entries are made to the upper canyon, etc • 

. In these areas, the equipment and operations have been designed so that 
there always is a barrier between the radioactive material and both the per
sonnel and work area. The flow of air is controlled to move the air from 
zones with low radionuclide concentrations to-zones with higher radionuclide 
.concentrations. 

The air within these areas is -normally free of airborne contamination. 
However, because mish!IPS resulting in the release of radioactivity are not 
completely ruled out, these areas are regarded as zone II areas. T~e hazard 
represented by this classification is much lower than the zone I{ll) classi
fication assigned to the nearby canyon itself (ventilation system 1). Thus, 
the pressure i.n. ventilation system 2 area-sis lower than atmospheric pres
sure, but higher than the canyon pressure. Therefore, air leakage will 
always be from the atmosphere either to ventilation system 1 or to 
ventilation_ system 2 areas, and from venti 1 ation system 2 to ventilation 
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system 1. The pressure in ventilation system 2 decreases progressively 
through the system from the high point at the discharge of the supply fans 
to the low points at the inlets to the exhaust fans. 

Should a mishap occur in which radioactivity is released in any ventila
tion system 2 areas, the system is designed to localize the released radio
activity as much as possible and to prevent release to the atmosphere. For 
this reason, each work area receives ventilation air from the supply fans 
and discharges (through a plenum} to the exhaust systema Thus, should a 
radioactive release occur in any ventilation system 2 work area, there is no 
downstream work area to which it can be transmitted. Air flowing through 
the contaminated locality is channeled (through a plenum} to the exhaust 
system where the radioactive particles are removed by HEPA filtration and 
the air is. then released to the atmosphere. 

With the exception of the small amount of air flowing through the proc
ess sampler hoods (in the sample gallery}, ventilation system 2 air is dis-. 
charged through plenums 2, 39 or 4. Those work areas with the greatest 
potential for radioactivity release hazard (e.g., the PR room, Q cell, etca}. 
are discharged through plenum 4. Air leaving this plenum passes through two 
HEPA filters before release to the atmosphere; •air leaving plenums 2 and 3 •·· 
passes through one HEPA filter before release to the atmosphere. 

It is particularly important to prevent loss of vacuum in the poten
tially highly contaminated process sampler hoods (in the sample gallery), 
the PR room, Q cell, and the neptuniu!ll load-out room. · 

When necessary, the alternate exhaust duct between the sample exhaust 
header and the outlet from plenum 4 can be opened so that the PR room, Q cells 
and the· neptunium load-out room can be temporarily exhausted by fans EF-2-3 
and -4 should fans EF-2-5 and -SA stop. Conversely, the duct can be used 
temporarily to exhaust the process samplers using fans EF-2-5 and -SA should 
fans EF-2-3 and/or -4 stop. 

Approximate airflow rates and vacuum levels for the PUREX building areas 
ventilated by system 2 are given in Table 5-7. The table also contains ven
tilation fan throughputs and thermostatic temperatures. These order-of
magnitude flow rates and vacuum levels are presented here only to charac
terize the system. 

5.4.1.2.3 Ventilation System 2 Controla Ventilation system 2 prevents 
radioactive particles from escaping either to the environs or to the ~orker- I 
occupied areas that it Tsehrvi~es by adhering to_thde dbestigh~ printciples ide~t- _ 
ified in Chapter 4.0. at is, the areas service y is sys em are main-
tained under slight vacuums and air flows toward areas of increasing radio-
active contamination or potential for such contamination. In addition: 

• Radi.oactive particles are remov.ed by HEPA filtration from all air 
released from ventilation system 2 to the atmosphere 

5-112 



1-

~ .. 
f.,,n . 

. ·_;;g ... 
.· ·I(!; 

QT",,·· -N 
k~ 

· •.rnur.:;i· 

~: 

I I .• 

,,,t:. 
' 

SD-HS~SAR.:.oo 1. 
REV 3 

.:~; 1 

: ~ ~' ., ' f 

. ' . ' 

TABLE 5-7. Ventilat.iori System 2 Typical Operating Characteristics., 

Service Airflow Vacuum level Temperature 
(ft3/min) (in. WG) (OF) 

Supply flow (one fan operating) 36,500 - -
.To sample gallery 25,200· Oo20 70, 
To Q ce_ll 1,350 - -
To PR room 3,300 Oo20' · 70 
.To neptunium load-out room 250 Oo20 -
To PR. corridor· · · · . ' 

800 0;10· -
To N cell. 2,500 0.10 · 70 
To canyon lobby 2;660 0.10 · 70 
To R eel l ,, . 6,350 0.35 · -
To u·cell · 7,300 · 0.35 -
Exhaust·fan EF-2-1 15,000 - -
Exhaust fan EF-2~2 20,000 - - . 

Exhaust fan EF-2-3 4,400 ·- -
Exhaust-fan EF-2-4 4,400 - -
Exhaust fan EF-2-5 · 5,000 - -
Exhaust fan EF-2-SA · 5,000· - -

·'' 

•. To prevent the contamination of normally clean.areas serviced by 
this system by reverse airflows or airflow eddy currents, transi
tions from the nornially clean areas to contaminated·areas · 
(e.g., gloveboxes) or to areas of significantly greater potential· 
for contamination (e~g., sample hoods and Q cell) are.through 
HEPA _fi.lters or at high air. velocities · 

• Leakage of air from c~ntaminated PUREX areas into adjacent venti
lation system 2 worker-occupied .areas is prevented by maintaining 
slightly higher pressures in the worker-occupied areas 

. (e.g., PR room pressure is about Oe5 in. WG higher than L cell 
pressure) · · 

• Air is not allowed to flow from areas with potential for.radio
active contamination into areas where personnel .are allowed. 

·.· '• . Fundamentally, venti 1 at ion. system 2 is automatically controll,ed as des-
. cri_bed below: .. · · · · 

. . . . . : . . . . 
. . . . . . .. 

. • Equipment component -interlocks which ensureorily those operating 
modes (including failure and abnormal event modes) which prevent 
contamination· spread or release · 

•· Air .supply to areas modulated oased on static .. pressures 

• Pl enums 2, 3. and 4 exhaust a-i rfl ow rate contra 1 s ( constant exhaust 
.· flow rate)· 
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• Inlet air temperature controls for each parallel branch of the 
system (see Fig. 5-28). · 

A description of the basic concept in establishing and maintaining the 
normal operating pressure levels and airflow rates throughout the system 
follows. · 

The desired flow rates are set on plenums 2 and 3 exhaust airflow con
trollers. These flow rates are determined from the necessary flows through 
those parts of ventilation system 2, including Rand U cells that exhaust 
through plenums 2 and 3. 

The total capacity of each supply fan (SF-2 and -2A) is large enough to 
provide the total ventilation system 2 air requirement. The supply airflow 
rate is manually controlled by adjusting the opening of the isolation dis
charge damper of the operating supply fan, SF-2 or -2A (see Fig. 5-28), as 
needed, to maintain the required DP between the sample gallery_and the atmo
sphere (i.e., sample gallery vacuum). The isolation dampers are opened 
and closed by pneumatically (instrument air) operated actuators. The posi
tion of the movable element in these dampers (i.e.i the degree to which the 
dampers are open or closed) depends upon the instrument air pressure (range 
0 to 15 lb/in.2) applied to the actuators. Two small manual instrument air 
valves (one for each isolation discharge damper) are mounted on the graphic. 
panel board for controlling the actuator air pressure. The percentage of 
the full-open position of each isolation damper is displayed on the graphic 
panel board, just above each manual instrument air control valve. ·-The DP 
between the sample gallery and the atmosphere is also displayed on the 
graphic panel board, so that the power operator can (for the operating air . 
supply fan) set the isolation damper opening that maintains the desired 
sample gallery vacuum, about 0.20 in. WG. 

If either sample hood exhaust header fan (EF-2-3 or -4) stops, the 
suction damper of the nonoperating fan will close and the damper in the 
center of the sample hood ·exhaust header will open. The operating fan will 
service all of the sample hoods (at a reduced capacity per hood) until the 
nonoperating fan is back in service. Reverse flow through the nonoperating 
fan will be prevented by the closed suction damper and the full capacity of 
the operating fan will be available for the sample hoods. 

If all exhaust fans stop operating, the suction dampers for fans EF-2-3 
and -4 (the sample hood exhaust header) will open and the main sample 
gallery exhaust dampers will close. The PR room exhaust fan (EF-2-5 and 
-5A) suction damper will open and the supply fan (SF-2 or -2A) is shut down 
by an electrical interlock. The arrangement provides the following: 

• Continues airflow from the sample gallery through the sample hoods 

• Continues airflow through Q cell, the PR room, and the neptunium 
load-out room in the normal direction [i.e., through plenum 4 
exhaust system (including HEPA filters) to the atmosphere]. 
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If exhaust fan EF-2-2 (the west main sampl.,e gallery exhaust) stops, the 
damper in the canyon lobby supply duct will close~ The PR corridor exhaust 
duct, is blanked off. This damper arrangement prevents the east main samp 1 e 
gallery exhaust fan (EF-2-1) from drawing exhaust ventilation air from these 
locations through plenum 2 .into the sample gallery. 

The east and west main sample gallery exhaust dampers open and close 
automatically whenever exhaust fans EF-2-1 and -2 start and stop 9 respec-. 
tively. 

. Electrical interlocks··preverit the main sample gallery exhaust fans· . 
(EF-2-1 -and-2) from.operating unless.one of the sampler hood: exhaust'fans 
(EF-2-3 or. -4) and· one. of the plenum 4 exhaust fans. (EF.::.z: .. s:- or-SA) are 
operating. This operatin~ restriction prevents the main sample gallery 
exhaust fans· frQm drawing air from higher potentiany contaminated areas · 
(the sample hoods, PR room, neptunium load-out ·room, and Q cell) into the 
sample gallery, .a·worker-occupied area of lower contamination potential. 

. . ·An electrical interlock prevents simultaneous operation of more than 
one supply fan (SF-2 or -2A). The combined capacity of both supply fans is 
greater than the total exhaust fan capacity. With both supply fans operat- · 
_ing, it would not be possible to maintain ventilation system 2 under slight 
vacuum. This interlock can be manually bypassed if special circumstances 
require operation of both supply fans •. 

Electrical interlocks prevent the supply fans (SF-2 and -2A) from oper
ating unless one main sample_ gallery exhaust fan {EF-2-1 or -2) is operatinge 
When a supply fan is operating, the exhaust.fan capacity will not maintain 
ventilation system 2 under slight vacuum unless one of the main· sample gallery 
exhaust fans is operating. · 

Electrical interlocks prevent the R cell spray-water pump (SP-6) from 
operating unless the main sample gallery exhaust fan (EF-2-2) is operating;.· 
electrical inte·r1ocks also prevent the U cell spray-water pump (SP-5) from 
operating unless exhaust fan EF-2-1 is-operating. 

5.4.1.2.4 Abnormal Event or Upset Condition Operation. 

• Electrical Power Failure 

.Exhaust fans EF-2-3; -4, -5, and EF_.;2-5A are provided with standby 
· electrical power> Exhaust fan EF-2-5 may be manually switched to · 
standby power if necessary. Should the PUREX primary power system 
fail, the standby electrical system will automatically .power· 
fans EF-2-3 ahd -4. All other ~entilation system 2 fans will stop. 
The supply fan·(SF-2 and -2A) isolation dampers will _open, and the 
inlet dampers to the regulated shop and canyon lobby will close. · 
In ~ddition, when plenum 4 vacuu~ becomes low enough· (about· 
3.0 in. WG), exhaust.fans EF-2-5 and -SA will also operate auto-· 
matically on the standby electrical power system. This arrange- · 

. ment continues airflow through the contaminated· areas (e.g., 
gloveboxes) and areas of highest potential. for such contamination 
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. (e.g.,· Q eel l, the process samplers, etc.) through the use of 
standby electrical power. until the primary electrical system is 

. returned to service. · 

• .. Instrument Air Failure ... 

. Should instrument air become unavailable, ventilation air will 
.. flow through the same ventilation system 2 pathways as it would if 

·the pr.imary electrical power system failed and standby electrical 
· · power remained operationa,. The supply fans (SF-2 and .:.2A) will 

not operate and the isolation dampers will open. Exhaust 
· fans EF-2-3 and -4 and either EF-2-5 or -SA (whichever is operat
·. ing when the instrument air fai.lure occurs) will .continue to 
operate. The suction dampers for exhaust fans .EF-2-3 and "".'4 will 
remain open •. The inlet dampers to the regulated shop and the 
canyon lobby will close, and.the main.sample gallery exhaust 
dampers (east and west) wi 11 close o · 

5~4.1.3 Ventilation System 3--Service Area~ ·This system ventilates 'those. 
areas within PUREX assigned to activities where personnel must,be free to 
move about without concern for exposure to radiation or airborne radio
activity. These areas* (zones III and IV) are sufficiently isolated from 

. the rad i onuc l i de processing and hand l i ng areas- . so that, under normal con"".' 
. d:itions,: there•·is .no radiological.hazard. The -areas ventilated by this •· .. 

system include the admi.nistrative and supervisory offices, lunchrooms, main-
. tenance shops, control rooms., change- rooms, restrooms 9 etc. Most of these · 
areas are ·1 ocated in. the PUREX annex. : However, the storage and . · · 

. P&O galleries ·;n·the main concrete canyon structure are also included in 
this ventilation system. · · 

Thissystem·supplies air to seven separate service areas from a common 
· supply plenum •. One or more exhaust fans discharge unfiltered ventilation 
air into the .atmosphere from each of the areas. 

The·zones III and IV service areas are maintained at slightly higher 
pressures than .the surroundings, so that air leakage will always be from the 
service areas.either to the atmosphere or to the.PUREX areas serviced by the 
other ventilation. systems. Access to these areas is not normally through 
air locks. Personnel entering ventilation system 3 areas from those PUREX. 
areas where the potential for radiological .hazard has been judged to be sig
nificant are surveyed for freedom from radioactive contamination prior to· 
entry. 

Supply air entering this system .. is -heated,· cleansed. (by filtration and 
washing), and humidified for human health and comfort. · Low-pressure, steam
to-air heaters are located in the supply ducts for temperature control. 
o·uri ng the cold seasons, a low-pressure steam heater, ahead of t:he .inlet 
filter, ·prevents ice formation in the water-spray unit. During the hot and· 
dry seasons, the inlet air is cooled and humidified for personnel comfort in 

*The contamination control zones are defined in Section 4.3.2.2 • 
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ventilation system 3 work areas by the evaporation of water in the water- .. 
spray unit •. Grilles an.d diffusers* have been· installed in the ductwork to 

. properly· balance and distribute the flow of ·air.: · · · 

Figure 5-29 is a flow diagram of ventilation system 3, and Table 5-8 
provides a summary description of the system fans~ the fan characteristics, 

. and the areas se~vicede Figure 5-29 is arranged to give some concept of the 
service area-floor plans and air distribution ductwork. 

5;.4.1.3.l Airflow. There· are two ventilation.· system.3 air supply fans 
(SF:..3 and -3A) in t_he service-:blower room~ Eachfanis,capable of·de1ivering 
71,000 ft3/min of air at· a DP of· 3'3/4 in. WG.- .. Thesejfans .. are· turned on and 

· off manually and can operate-either sing:ly or' simultaneously, according. to 
the airflow requirements of _the areas serviced by ventilation system 3. Lou

-vered dampers on the inlet and discharge sides of each supply fan automatically -
open when a fan is operating and close when the fan is not operating to prevent.· 
backflow of air. ·· · · · · 

The supply fans discharge into a supply air plenum (also located in the . 
service blower room). that has four 9 splitter-type, outlet dampers set to· 
proportion the supp..ly air among five air ducts., These ducts, three of which · 
subdivide into three additional ducts (making a total of eight), distribute· 
the air to seven independently ventilated areas (two ducts supply air to.the 
P&O gallery). The-PUREX areas tcf which these ducts conduct ventilation air· 
are identified as follows (see Fig. 5-29'for distribution duct numbers): 

·Duct. 

1 

· Area 

East.switchgear roo,!11, headend control room, 
. battery room, restroom · 

2,3 P&O_gallery, whi.te room, and-pressure reduc
ing valve (PRV)- room 

4 .Service.and process -blower.rooms 
5 Supervisors' offices, main control room, 

maintenance shops, locker rooms, etc. 
6 . Administrative offices~ lunch and 

. . conference . rooms 
7 Storage gallery and· PIV Room 

· 8 AMU rooms· 

Location 

First floor annex~ 
east end of PUREX 
First floor annex 

First floor annex. 
First floor annex 

Second floor annex 

Lowest level PUREX 
· building 

Basement and 
levels 1, 2, and 3 
in PUREX annex 

*Diffusers are small, °radial-type dampers .with circular louvers down
stream of the -damper vanes, and are usuatly installed as discharge devices 

· in overhead ducts to control the flow rate at which air is released from th·e 
.. ducts. The desired opening is obtained )Jy manually adjusting the diffuser 

radial vanes. The circular lbuvers reduce the velocity of the air as it 
leaves the ~ir duct~ and diffus~s it over a wider area~• 
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TABLE 5-8. Ventilation Sy t.em 3 Fans. (Sheet_. I .of 5) 

Locatlonil Rating · 
' Service TDHb Fan Drive. control ft3/min rpm 

Vent~Jation syst~~ 3 ~~pply Service blower. 'room 1. Power control room 71.060 3.75 . .•· ·. 2. Service blower ·' 6fio 
room 

Ventilation system 3 supply Service blower room 1. Power control room 71.060 3.75 
2. Service blower 686 

' 
. . 

room 

Storage gallery exhaust Extreme east end of· 1. North wall of 13,160 0.75 
storage gallery storage gallery b86 

2. Power control room 

AMU room exhaust AMU roof · Power control room 17,080 0.625 
I 853 

' 
White room exhaust. Outside, north of west 1. Power control room 22~500 6.25 

end of PUREX building 2. Next to fan ,I;15ii 
,•. 'r 

•· 

P&O gallery exhaust P&O gallery near cell- North wall of 6,730 0;25 
Ing, between columns 10 P&O gallery be low fan · 690 
and 11 

P&O gallery exhaust. P&O gallery near cell- North wall of 6,730 0.25 
Ing, between columns 20 P&O gallery below fan 690 
and 21 

P&O gallery exhaust North ·wall of P&O gallery North wall of 6,730 0.25 
near .ceiling, between P&O gallery below fan 590· 
columns 27 and 28 

P&O gallery exhaust Nor.th walJ of P&O gallery North wall of 6,730 0.25 
near ceiling, between P&O gallery below fan .690 
columns 37 and 38 

Drive description 

Electric, 75 hp, 460 V, 
·93 A, 3 phase, 60 cycle. 
1,.730 rpm. belt drive 

Electric, 75 hp. 220/ 
440 1/ 0 182/91 A. 
3 phase, 60 cyc1e 
1,750' rpm, belt_ drive 

Electric. 5 hp. 440 ·V.~ . 
3 phase. 60 cycle, 
11 800 rpm. belt drive 

Electric. 7-1/2 hp. 
220/44fi V1 20/10 A, 
3 phase, 60 cycle, 
1,750 rpm, belt drive· 

Electric~ belt drive, 
30 hp, 480 V, 3 phase, 
60 cycle, 1,750· rpm 

Elec.trlc, 3/4 hp, 440 V, 
3 phase, l.750 rpm, 
belt drfve 
: 

Electric, 3/4 hp, 440 V, 
3· phas·e, 1,750 rpm, 
be 1t drive 

Electric, 3/4 hp, 440 V, 
3 phase,· 60 cycle, 
1,750 rpm, belt drive 

Electric, 3/4 hp, 440 V, 
·3 phase, 60 cycle, · 
1,750 rpm, belt drive 

VI 
CJ 
I 
:c 

::0 VI•· 
"1 I;' 
< Vil· ):,,. 
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Oesig-
natton· 

EF3-9 

EF3-10 · 

EF3-ll 

EF3-12 

EF3-13. 

EF3-14 

EF~-15 · 

EF3-16 
. ' 

EF3-17 

TABLE 5-8, Vent1 lat ion System 3. Fan.s. (Sheet 2 of. 5) 

Locatton1 'Rating 
Service _ TDHb Fan Drive control ft3/mfn 

' 
rpm 

P&O gallery exhaust North wall of P&O gallery· North wa 11 ·of 6,730 0.25 
near ceiling, between P&O gallery below fan . 690 
columns 40 and 41 

East steam PRY room exhaust East steam P·Rv room East wall of.east 3,420 0.25 
steam PRV room e7o 
near door 

· Compressor room exhaust North wall of com- North wall of com- 8,160 0.25 
· pressor room pressor room below ·. ~ 

' 
fan 

Maintenance shpp welding area Above welding table· ·North wall fn norih- 630 2.5 
·. (hood) exh_aust, exhaust through near ceiling east corner of. .. .·, .r.no 
welding area· roof•· · - · weldi.ng area - -

· Maintenance shop (tool crib) Tool crib room inside North wall tn north- 2,790 0.25 
exhaust exhaust duct near north ,east corner of r.m 

wall and near ceiling . ' welding area 

West switchgear room, hood fume Instrument shop,_north~ North wall of tnstru-. 630 1.0 
exhaust east corner near:ceil- ment shop, northeast r.m 

ing, exhausts through corner 
roof 

SWP change room exhaust North wall of SWP room North wall of SWP 2,390 0.25 .. '.room below fan r.ns 

Exhaust from men's shower, Men's locker room, North wall of men'.s 3,540 0.500 
women's locker room, first northwest corner near locker room below fan T;M2 
floor corridor·· · cetl ing 

Men's locker room exhaust North wall of men's North. wall of men's 2,050 0.25 
locker room locker room below fan r.m 

Drive description .. 

Electric, 3/4 hp, 440 V, 
3 phase, 60 cycle, 
1,750 rpm, belt drive 

Electric, belt drive, 
1/2 hp, 440 V, 3 phase, 

. 60 cycle, 1,750 rpm· 

Elec.tric, 1/2 hp, 440 V, 
3 phase, 60 cycle, 
1,725 rpm, belt drive 

Electric, 3/4 hp, 440 V, 
3 phase, 60 cycle,· 
1 ;BOO rpm be 1t drive 

, ... 

Electric, J/2 hp,. 440 V, 
3 phase, 60 cycle, 
1~750 rpm, belt drive 

Electric, 1/3 hp, 440 V, 
3 phase, 60 cycle,· 
1,800 rpm, belt' drive 

Electric; 1/3 hp, 440 V, 
3 phas·e, 60 cycle, · 
1,725 rpm, direct drive 

Electric, 1 hp, 440 V, 
3 phase, 60 cycle, 
1,750 rpm, b.elt drive 

Electric, 1/3 hp, .440 v; 
3 ·phase, 60 cycle, 
1,725 rpm, direct drive 
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TABLE 5-8. Ventilation System 3 Fans. (Sheet 3 of~) 

Location• Rating 
Serv_ke· 

.. Fan Drtve control ft3/mtn 

West switchgear cable room Inside exhaust duct North wall of west 1,400 
exhaust near north wall of switchgear room below 

west switchgear roo_m fan · 

Process control room _exhaust Roof 1. South WI 11 of · 3,620 
roOlll 110-B · 

2. Circuit breaker 
box on second floor 
outside room 108 

Process blower room exhaust Process blower room North wall of process 3,850 
roof blower roOlll 

. . 

North wall of process Process blower room· ex.haust Process blower room 3,850 
\ roof blower room 

Service blower room exhaust Service blower room East w11n of service 2,440 
roof· blower room 

.. 
Service blower room exhaust Service.blower room East wall of service 2,440 

roof blower room 

Headend control rooll) exhaust Headenil control room On wall in east 2,140 
roof switchgear room next 

to west door to 
headend control room 

Headend control room toilet South wall of toilet West wall of battery 600 
and battery room exhaust room roOrA next door 

._} ··--: 

TDHb 
rpm 

0.50 
r.m 

0.25 
l,140 

.0.125 
850 

0.125 
·735o 

0.125 
850 

0.125 
850 

0.100 
850 

0.125 
U40 

Drive descrtptton 

Electric, 1/2 hp, 440 V, 
3 phase, 60 cycle, 
1,725 rpm, direct drive 

Electrtc. 1/2 hp, 440 V, 
3 phase. 60 cycle, -
10 140 rpm, direct drive· 

Electric, 1/3 hp, 440 V, 
3 phase, .60 cycle, · 
850 rpm, direct drive 

Electric, 1/3 hp, 440 V, 
3 phase, 60 cycle, 
850 rpm. direct drive, 

Electr1c 0 1/4 hp. 115 V, 
i phase. 60 cycle, ,, ... 
850 rpm, dfrect drtve ., 

Electric, 1/4 hp, 115 V, 
l phase, 60 cy~le,· 
850 rpm, direct drive '• 

Electric, 1/6 hp, 115 V~ 
1 phase. 60 cycle, 
850 rpm, direct drive 

Electric. 1/20 hp, 
. 115 V, i phase,· 
60 cyc~e, 1,140 rpm. 
dfrect drive 
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TA~LE 5-ll. Ventilation System 3 Fans. (Sheet 4 of 5) 

Locattona Rating 
Service TOHb Fan .'ortve control ft3/min 

·, rpm 

Second floor corridor exhaust Corridor ceiling'over Corridor wall below· .3,510 0.125 
.reproduction room fari · 850 

Second floor corridor exhaust Corridor ceiling out-· 1. Corridor wall near 3,510 0.125 
side lunchroom door lunchroom door 7!"SO .. 2 • Circuit breaker 

box on second floor 
· -outside room 108 ,. 

Lunchroom Lunchroom ceiling North lunchroom wall 2,625 -0.125 
~ 

Second.floor men's and women's ·Hen's restroom ·ceiling -North restroom wall 660 : 0.125 
restroom exhaust r,m 

Main lobby stairwell exhaust In cetl t'ng above main ,North wall of PUREX 2,590 0.125 
lobby stairwell annex, second floor 850 
(stairwell 3,) : service area corridor: 

Room 113 exhaust, second floor Above false ceiling in Northeast corner of 655 0.25. 
service area. room 113 room 113 1,605 

Decontamination hood exhaust, Northwest corner SWP Northwest corner of 1,000 0.75 
SWP survey room, first floor survey room near SWP room below fan 700 
service area cetl ing .. 

PIV room exhaust East wall PIV room 1. Power control room 6,800 . 0.25 . 
near ceiling 2. On PIV room west ,ffij 

wall near door. 

,Drive description 

Electric,· 1/3 hp, 115 v. 
1 phase, 60 cycle, 
850 rpm, direct drive 

Electrtc, 1/3 hp, 115 V~ 
1 phase, 60 cycle, 
850 rpm, direct drive 

Electric, l/4·hp, 115 V, 
·1 phase,·60 cycle, 
850 rpm, direct drive 

Electric,. 1/20 hp, · 
115 V, 1 phase, 
60 cycle, 1,140 rpm,· 

· direct drive 

Electric, 1/4 hp, 115.V, 
1 phase, 60 cycle, 

, 850 rpm, direct drive · · 

Electric, 1/20 hp, 
115 V, 1 phase, 
60 cycle, 1,605 rpm, 
direct drive 

Electric, 3/4 hp, 440 V, 
3 phase, 60 cycle, 
1,750 _rpm, belt drive 

Electric, belt drtve 
3/4 hp, 440 V, 3 phase, 
60 cycle, 830 rpm 

V, 
c· 
I. 
:c 

. :;0 V, 
. l'T1 I. 
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TABLE 5-8, Ventilation System 3 Fans. (Sheet 5 of 5) 

Locat1ona 
'Oesig- Service nation Fan 

BSF-7 PIV room exhaust East wall of PIV room 
near ce i 1t ng 

BSF-8 PIV room booster West end PIV room on 
' top emergency control 

' room 

BSf-g PIV room booster West end PIV room on 
top emergency control 
room 

asee Figure 5-25 for room locations. 
bJDlt ,; total dynamic head, (inches· of water) 
Crpm = revolutions per minut_e. 

1. 
2. 

1. 
2. 

-

1. 
2. 

Rating 

Drive control ft3/m1n 

Power control room 6,800 
On PIV room west 
wa 11 near door 

Power control room 4,050 
North PIV room 
wall 1/4 distance 
from west end 

" 

Power control room 4,050 
North PIV room 
wall 1/4 distance 
from west end 

TDHb 
rpmc 

0.25 
,00 

0.25 
1,080 

0.25 -r,oao 

Drive description 

--

Electric. belt drive ' 

3/4 hp. 440 v. 3 phase, 
60 cycle. 830 rpm 

Electric. belt drive 
2 hp, 440 v. 3 phase, 
60 cycle, 1,750 rpm 

< 
- . 

Electric, belt drive 
2 hp, 440 v. 3·phase, 
60 cycle, 1,750 rpm 

~ 
C 
I 
:c 

:::0 V, 
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A network of ducts in each of the seven areas serviced by ventilation 
system 3 distribute the ventilation air throughout each area. These networks 
contain manual dampers, grilles, and diffusers that are set to achieve proper 
ventilation by controlling the rates at which the air is released through 
the grilles and diffusers. The approximate locations of these distribution 
networks, the manual flow control dampers, and the air release points are 
indicated in Figure 5-29. 

Several exhaust fans that discharge the ventilation air to the atmosphere 
a~e located on the roofs and outside walls of the ventilated areas. In addi
tion, louvered grilles are on the outside walls of the west switchgear rooms 
maintenance shop instrument room, welding area, and PUREX conference room, 
through which ventilation air also exhausts to the atmosphere. The approxi
mate locations of these exhaust fans and exhaust grilles are indicated in 
Figure 5-29. Wjth the exception of the white room and the air supplied to 
the ECMP area from the east end of the P&O gallery, ventilation system 3 air 
is released to the atmosphere unfiltered and in the immediate vicinity of 
the exhaust fan and exhaust grille outlets. 

During hot, dry seasonss the compressor room is cooled by a small evapo
rative cooler located on the roof of the compressor room. After passing 
through the compressor room, this evaporatively cooled air is exhausted, 
along with the ventilation air that flows to the compressor room from the 
supply plenum, by a fan mounted on the north wall of the compressor room. 

Ventilation air .flows from the supply plenum.to the PIV room and is 
exhausted into the west end of the storage gallery by two wall fans in the 
partition between the two rooms. The ventilation air is then exhausted 
unfiltered from the east end of the storage gallery by an exhaust fan which 
discharges above the PUREX roof. 

The cable room, which is located below the east switchgear room, is 
vented to the east switchgear room through a ceiling duct. 

The P&O gallery and white room have a slightly higher possibility of 
contamination than the other ventilation system 3 areas and are classified 
as zone Ill areas (0.10 ~ 0.05 in. WG va~uum). The other ventilation 
system 3 areas are classified as zone 1vtll) areas (0.10 ~ 0.05 in. WG 
positive pressure). About lljOOO ft3/min of air from the east end of the 
P&O gallery is routed to the ECMP as described in Section 5.4.1.1.1. The 
remaining P&O gallery air is exhausted by fans EF-3-5, -6, -7, -8, -9, and 
-10 via gravity dampers to atmosphere. The white room has been partitioned 
from the remainder of the P&O gallery and the direction of.airflow is always 
from the P&O gallery into the white room. The white room ventilation air is 
exhausted via EF-3-3 or -3a through a HEPA filter and a stack (296-A-8) 
extending above the building roof. The P&O gallery exhaust fans and EF-3-10 
(east steam PRV room) automatically shut off if radiation is detected by a 
unit CAM monitoring gallery exhaust. Air, is then pulled through the white 
room by EF-3-3 or the east crane maintenance service areas by EF-1B (EF-18 
exhausts to the canyon). 
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' . . 
5.4.1.3.2 Control Objectives. The primary control objectives for ven

tilation system 3 are those that. are usually controlled for the health and . 
comfort of personnel (i.e., temperature, airflow, humidity, and dust) .. ·Since 
this system is associated with a radionuclide processing facility, however, 
and the areas serviced are normally occupied by personnel, the very small 
potential for radiological hazard within these areas cannot be ignored. The 
pressure levels maintained in the areas serviced by ventilation system 3 are 
slightly higher (except the P&O gallery'and white room) than those in the 
areas ventilated by the other PUREX ventilation systems., Thus, any airflow 
between areas is toward the areas serviced by ventilation systems having 
higher radiological ·risk. · · 

.- ' . . ' 

-5 .. 4.1.3.3 Operating·Characteristics (Approximate) .. The ventilation 
system 3 operating capacity and the distribution of air through the eight 
separate circuits are occasionally changed to account for the influences of 
the.seasons of the year and· the operating status and activity within the· 
building. Table 5-9 shows a comparatively high flow rate material balance 
and the approximate pressure level which is maintained in each distribution 
circuit.:. This material balance, representing somewhat more than 90% of the 
capacity of both supply fans, indicates t~e amount of flow that can be 
obtained through each distribution circuit. The heaters in this system are 
thermostatically set to maintain comfortable (65°F to 70°F) temperatures 
during the cooler seasons. Sumer temperatures are limited to those that 
can be achieved by the evaporative effect of the inlet air spray units. 

. 5.4.1.3.4 System Control. Airflow rates, distribution, and pressure 
levels in the areas servi~ed by ventilation system 3 are established and 
controlled manually. 

The airflow from each supply fan (SF-3 and -3A) is established by 
setting its discharge damper manually. Both fans are operated simulta
neously when the total required airflow is greater than the capacity of one 
fan. The total airflow requirement must be known, within reasonable limits, 
before the operating mode of the fans is decided. Each· supply fan must be 
set for the same discharge flowwhenever both are operated simultaneously. 

The PUREX process operating status is a major factor affecting the air
flow requirements from ventilation system 3. When the plant is operating, 
the process steam pipes located. in the P&O gallery radiate substantial heat 
and correspondingly more ventilation air is required to remove it. When the·. 
plant is not operating~· the flow of ventilation air through the P&O gallery · 
can be reduced. · 

The distribution of air among the seven service areas is accomplished ·1 
by manually setting the splitter dampers that are at the supply plenum out-
lets and in the supply distribution ducts~ The diffusers and outlet grille 

_ louvers~ through which ventil~tion air is released into each service area, 
are also .set manually so that all parts of each service area are adequately 
ventilated. Once a properly balanced flow of air through all service areas 
is obtained, these devices should not have to be reset, unless a major rebal
ancing of a.ir distribution become·s necessary. 
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TABLE 5-9 •.. Ventilation System 3--Typica-l 
Operatin~'Characteri~tics. · ' 

-·- -- ----- --- -

Service Airflow Pressure level 
: (ft /min) ( in. WG) 

Total supply 131,300 
; •' 

. Duct l (east switchgear room) '' 
5,485 0.10 

Jast switchgear room 2~880 -
Headend control room 340 
Headend instr1111ent maintenance room~-north 1,675 .. -
Headend instrlJ!IH!nt maintenance room--south 200 
Battery room 390 

Duct 2 (P&O gallery--east) ,22,550 -0.10 · 

. Duct 3 (P&O ~allery--west) · 22.·550 -0.10 

Duct 4 (power control and equi_pment rooms) 19,740 · 0.10 
Power control room 500 
Service blower room 4,640 
Process blower room 6,830 · 
Compressor room 7,770 

Duct 5 (first floor service area) 20,580 0.10 
Offke (12 il 300 ft3/min average) 3,600' 
Central control room . _ 2,150_ 
Central control ·room instrument 550 ;. 

maintenance· room--north . 
Centra 1 contra 1 room instr1111ent . . 750 

maintenance room--south 
Main lobby 600 
Corridor 570·· ---.,-
Instr1111ent shop 1,820 
Welding shop 600 

·Tool crib 1,040 
Maintenance shop 3,380 
West switchgear·room 1,340 _ 
SWP lobby 590 
SWP change room 1,150 
SWP supply room 180. 
SWP laundry r:oom 180 
Women's locker room 180 
Men's locker room 1,040 
Men's ·shower 760 

Duct 6 (second floor area) 11,170 0.10 
Conference room 1,360 
Lunchroom 2,500 

. · Restroom--men' s 345 
Restroom--women's 365 
Offices (24 1\1 275 ft3/min _average) 6,600 

Duct 7 (Storage gallery and· PIV room) 12,960 0.10 

Duct 8 (AHLI rooms) 16,265 0.10 
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Two DP gauges are located i_li the power control room on the ventilation 
system 3 graphic panel board. One gauge displays the pressure difference 
between the atmosphere and the P&Ogallery; the .other dfsplays the-pressure 
difference between the first floor· service.area and the atmosphere. The 

· service area sensor is located in the central control roomc The P&O gallery 
pressure is maintained at about 0.10 in~ WG below atmospheric by turning 
individual P&O gallery exhaust fans on or off as requiredo These fans 
(EF-3-5, -6, -7, -8, -95) and =10) are operated from the power control room, 
and the change in DP can be observed whenever one. -of the fans is turned on. 
or off. The first.floor service area is maintained at about 0 .. 10 in. WG 
above atmospheric by turning exhaust fanEF=3-l6 on or off _as required. 
This fan, which also has,a pushbutton on the ventilation.system 3 graphic 
panel board, exhausts.air from the locker rooms, shower, and. first floor· 
service area corridor.· The capacity of this fan is about 3,500 ft3 min, but 
the operating flow can be reduced by partially closing the inlet damper. 
The second floor service area is always open to the first floor service area· 
through the stairwell, so that this pressure control services both areas • 
All accesses to the P&O gallery and storage galleries from the PUREX annex 
are through air locks or through normally·closed, small (single) doors so 
that the. slight vacuum in the galleries is always maintained. 

. . . 

·rn the winter, ventilation system 3. service areas are heated for 
comfort by 17· thermostatically controlled steam-to-air heaters. These 
heaters· are _installed in the air distribution ducts •. 

The temperature and humidity of the supply air can be varied by .. _( · 
changing the setting on the recording temperature controller that modulates 
the flow of steam to the humidifier-washer water heater. ·· 

·• Interlocks 

Each supply fan (SF-3 and -3A) is electricaily interiocked with 
its suction and discharge dampers,. so that the dampers are open . 
when the fan fs·operatjng ·and closed when it·is idle. 

• Electrical Power Failure 

Should el_ectrical power_ fai 1, al 1 ventilation system 3. fans stop 
· · operating and the supply fan suction and discharge dampers close. 

A 22,500-ft3/min exhauster fan located at the west end of the · 
white room, operating on: standby electrical power, provides backup 

· ventilation for _the P&O gallery. · 

• Instrument Air Failur~ · 

Instrument air failure do~s not affect. operation of ventilation 
system 3 fans. 

5.4. L4 Ventilation System 4..:.-Laboratory. Venti 1 at ion system 4 services 
that portion of the east annex which houses the PUREX analytical laboratory~ 

_The design prevents airborne particulate radioactivity from escap,ng to the 
--laboratory work areas or to the environment. 
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The laboratories are located in the PUREX annex, toward the east end of 
the building at the P&O gallery level. There are four accesses to the labo
ratory, all of which are through airlocks: one is from the P&O gallery~ one 
from a storage area at the west end of the laboratory, and two on the north 
side of the laboratory from the outside (one from loading dock 6 and one is 
the main laboratory entrance). The ventilation system 4 operating equipment 
is located in a large room (the ventilation equipment room) just above the 
laboratory. · 

The PUREX process samples contain a relatively small quantity of radio
nuclides. The primary potential mechanisms for release of airborne radio
activity within the laboratory are sample spills· during transport and air 
releases from the open-faced hoods. The PUREX samples are well confined in 
rugged containers whenever transported, and are only transported under 
approved procedures. The ventilation system is designed to provide a con
tinuous, high-velocity, inward flow of air through all open-faced hood 
openings. All air leaving the hoods passes through HEPA filters to -remove 
radioactive particulates before the air is released to the environment. 

Figure 5-30 is a general schematic of ventilation system 4 (see 
Fig. 5-17 for a plan view of the laboratory) and Table 5-10 provides a sum- · 
mary description of the system fans and characteristics. 

Each area or room within the PUREX laboratory is classified as either a 
regulated or nonregulated area. Typical nonregulated areas are offices!) 
lunchrooms, lavatories, etc •. The regulated areas are those in which activi
ties involving radioactive materials are conducted, but are normally free of 
airborne radioactive contamination and· in which radioactivity exposure levels 
are typically less than 1 mr/h. The regulated areas in the PUREX laboratory f 
include the laboratory rooms in which radioactive materials are analyzed, 
the decontamination laboratory, the counting room, and the sample receiving 
room. The presence of radioactive materials in these rooms slightly 
increases the possibility of airborne radioactivity. Personnel entering the 
regulated areas may be required to observe special precautions. 

5.4.1.4.1 Airflow. There are two ventilation system 4 air supply fans 
(SF-4 and -4A) located in the laboratory ventilation equipment room. This 
room is one of the nonregulated laboratory rooms and is above the laboratory 
rooms shown in Figure 5-17. 

The hood openings are reduced in size so that the capacity of one supply 
fan is sufficient to ensure at least 125 ft/min air velocity through the 
openings of all of the hoods in service when the PUREX Plant is in operation. 

Inlet air to each supply fan is preheated, filtered, and washed. The 
filtration and washing operations remove airborne dust that would otherwise 
deposit on the hood-exhaust HEPA filters, thereby increasing replacement 
frequency. The inlet steam preheaters as.sure that the inlet air is warm 
enough in the winter to avoid freezing the water in the washers. 
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TABLE s.;.10. - · Venti 1a·tfon ·s-ysferii 4. rans;: 
location 

Oestg- Service nation Fan Or Ive contro 1 

SF-4 Ven.ti lat ion system 4 supply Ventilation equipment 1:-Power control room 
room 2. Ventilation equip- .. 

ment room 

SF-4A Vent llatiori system 4 supply V~nttlation equipment 1. Power control room 
room 2. Jentllatton equip-

ment room 

BSF-2 Ventilation equipment room Ventilation equipment 1. Power control room 
·supply booster room (near celling) 2. :ventilation ·equip-

. ment room 

BSF-3 · -Ventilation equipment room Ventilation equipment 1. Power contro 1 room 
supply booster room (near celling) 2. Ventilation equip-

ment room 

EF4-l Regulated area exhaust Ventilation equipment 1. Power control room. 
\ room 2.·ventllatton equip~ 

ment room 

EF4-2 Regulated area exhaust ·ventilation equipment 1. Power control room .. 

Ef4-3 

EF4-4 

EF4-5 

EF4-6 

lavatory and lunchroom exhaust. 

Ventilation· equipment room 
exhaust 

Ventilation equipment room 
exhaust 

Ventilation equipment room 
exhaust 

b
aTotal dynamic head; ( hlches In water).· 
Rev.olutions per minute. 

room 

Women's lavatory 

Roof of ventilation 
equipment room 

Roof of ventilation 
equipment room 

Roof of ventilation· 
equipment room 

2. Ventilation equip-. 
ment room· 

·Women's lavatory 

l. Power control room 
2. Ventilation equip-

ment room 

1. Power control room, ~- ve·nt 11at ton equip-
ment ·room 

1. Power· control room 
2. Ventllatlon equip~ 

ment room 

Rating 

ft3/mtn 

31,060 

31,060 

3,585 

3_,585 

21,600 

21,600 

1,870 . 

2,420 

2,420 _ 

. 2,420 

TOHa -
·rpmb 

.3.25 
--:-rn; ' 

3.25 
650 

0.5 
T;4a8 

0.5 
r,mr 

6.0 
r.m 

. 6.0 . 
r,oI7 

0.25. 
r.ru; 

0.125 
7JSO 

· 0.125 
850 

0.125 
850' 

Drive descrlpt ton ' 

Electrical, belt, 30 hp, · 
1,750 rpm, 3 phase, 
60 cycle, 220/440 V. 
74/37 A 

Electrical, belt, 30 hp, 
1,750 rpm, 3 phase, 
60 cycle, 220/440 V. -
74/37 A 

Electrical, belt, 1/2 hp, 
1 1/2 hp; 1,725 rpmi 
3 phase, 60 eye le, 4_40 V 

Electrical, belt, 
1 1/2 hp, 1,725 rpm, 
3 phase, 60 cycle, 440 V 

. Electrical, _belt, 40 hp, 
l, 750 rpm, 3 phase, . · 

.. 60 cycle, 440 V,. 40 A . 

°Electrical, belt, 40 hp, 
1,750 rpm, 3 phase,• 
60 cycle, 400 V, 40 A 

Electrical, direct drive, 
1/2 hp, 1,140 rpm, 
3_ phase, 60 cycle, 114 V 

Electrlcal 1 direct drive, 
1/4 hp 1 850 rpm, J phase, 
60 cycle, 115 V 

Electrlcal 1 direct drive~ 
1/4 hp 1 850 rpm, 3 phase, 
60 cycle, 115 V 

Electrical, direct d,:lve, 
1/4 hp, 850 rpm, 3 phase, 
60 cycle, 115 V · 

·• I 

V, 
C . ·, 
::c 

;;a V, 
-r,,1 
<V> 

):, 
w;;a 

I 
0 
0 .... 
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The SF-4 and -4A supply f~~s dis~~~~;~:
1

\nt~· 
1a ·supply air plenum from . 

which the air is distributed.to the ventilation ducts. 

The distribution duct from the air supply plenums divides into two pri
mary branches: one distributes air to only regulated areas and the other 
distributes air to regulated and nonregulated areas, as showfl in Figure 5-30. 
The regulated rooms supplied by the regulated supply duct are·hot laboratory 
rooms 1, 4, 5, 6, and 7. · The other duct. supplies air to,hot laboratory 
rooms 2 and 3, the personnel decontamination room, the sample receiving room, 
the laboratory corridor, off ices, instrument shop, lobby, and to the f o 11 ow-

. ing · nonregulated areas:· · · 

• Air locks 

• Stairwells 

• Restrooms 

• · Lunchroom 

• Old change rooms 

· • Ventilation equipment room.· 

. Ventilation air is not filtered as it. leaves the nonregulated areas. 
Laboratory air locks, unlike those in the rema-inder of the plant, are 
supplied with air to minimize dust infiltration. The.air locks and 
stairwell 6 discharge directly to the outside. The lavatories, lunchroom, 
and laboratory lobby are also exhausted to the outside by fan EF:..4-3. 

. . . . - . . . . 

The ventilation air from stairwell 7,· the offices,· the women• s ,lounge,· 
a.nd the instrument shop flows into the laboratory corridor. ·, The exhaust air 

· from the c.orridor is ·distributed among the ~at laboratories. 
. . . 

The exhaust air from the change rooms plus some additional air from the· 
regulated area inlet distribution duct is used to ventilate the ventilation 
equipment room. Booster fans BSF-2 and ~3 assist delivery of ventilation 
air to the equipment room, and fans·EF-4-4, -5, and ..;6 exhaust t~e room. air 

. directly to the atmosphere~ · · · 

Air from the sample receiving room is exhausted into the nonregulated 
cor-ridor and decontami.nation room. The counting room air ·is recirculated 
through refrigeration air conditioners. The only air·leaving the room is a 
small amount of leakage when the· door-is opened. 

Constant airflows are maintained through the decontamination laboratory 
and thro~gh hot laboratories 1, 2, 3, and 5. Ventilation air leaves these· 
laboratories through room exhaust ducts and through open hoods. Louvered 
dampers in the room exhaust ducts automatically control the exhaust airflow 
through these ducts whenever the laboratory's hoods are opened or closed. 
Whenever hood openings are reduced, the damper openings increase, a 11 owing . 
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more air to flow through the room.exhaust ·ducts.· In hot laboratories 4 and 6,. 
all air leaves through open hoods. The rate of airflow through these two 
laboratories is not kept constant. Air from .the personnel decontaminati"on 
room is'exhausted via the hot laboratory 6hood. exhaust duct. All regulated· 

-area ducts discharge into the ex.haust plenum. Exhaust fans Ef..;4.;..1 and -2 
discharge the exhaust plenum above_ the-PUREX roof through exhaust 
-stacks 296-A-SA and -5B. · 

5.4.1.tl.2 · Control Objectives •. Ventilation system 4 is comprehensively _ 
designed to provide all of the PUREX.laboratory ventilation needsindependent 
of the other PUREX building ventilation. systems.· · · 

_ Ventilation· system 4 is designed, first, to ensure control of airborne·.· 
contami_nation and, second, to provide .for the health and comfort of personnel 

·working•in the laboratory. Within the laboratories, a cascade· of static 
press·ures maintains airflow toward areas of higher contamination potential : 

- (i.e., nonregulated to. regulated areas) •. The· zone rv(ll) nonregulated areas 
are_ maintained at s:l ightly positive static .pressu_res (0.05 to 0.15 in~ WG) · 
with respect to the·atmosphere, so that contamination-free air always flows . 
out of these areaso. The zone rrr(ll) nonregulated change room area pressures 
are maintained at a slightly negative pressure (-0.05 to 0.15 in. WG) with 

- respect to the atmQsphere~ The regulated areas are maintained at- slightly 
more-negative pressures (0.15 to 0.25 in. WG) with respect to the atmosphere 11 • 

_ so thc1-t any air exchange with nonregulated _areas will alwcJ.Ys be toward the 
· regulated areas. - Regulated ~reas are regarded as zone II l .L3) areas. The -

exhaust air.plenum, which .is downstream of the laboratory hoods 11 .is maintained 
at a significantly lower pressure (about 3.0 in. :wG vacuum) than the regulated . 

-- areas, so that air wi 11 · always flow from the laboratory rooms into any open 
·laboratory hoods at velocities high enough to prevent escape of radioactive 
-particulates.from the hoods into the rooms. The.pressure differences across· 
the HEPA filters downstream of the laboratory-hoods must be·monitored fre-

. . _ quent ly so that the f i l ters . can be replaced pef ore fl ow resistance increases 
enough to prevent adequate air velocities through the hood openings._ There 
are DP indicators across each HEPA filter for this purpose~ 

. . . ,· - ' . . . . . . -

The system capacity is large and the airflow patterns are.designed to 
prevent the laboratory air from becoming stagnant. During warm weather, the 
washer-humidifiers not only remove dust from the hot, dry, inlet air, but 

-also evaporatively cool and humidify it. Nine thermostatically controlled 
• steam heaters maintain comfortably warm temperatures throughout the labora- · 
tory during cool weather. -

Since ventilation air is supplied to both· the regulated and nonregulated 
areas from a common supply plenum and, in some cases, from common supply -
ducts, it is important to prevent. air from flowing from the regulated areas _ 
(high potential contamination) to the nonregulated areas (lower potential 

- contamination) through the common plenum· and ducts. This is done by maintain
ing, at all times, -a higher. pressure in the plenum and ducts than in the 
regulated and nonregulated areas (i.e., 1.0 in. WG positive in the plenum, 
0.05 to 0.1 in.-WG positive in ·the nonregulated areas, and 0.05 to 0.15 in. WG 
negative in the regulated areas} •. 
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Ventilation system 4 is instrumented so'that it can fulfill these four 
requirements under normal, abnormal, standby, and shutdown labora~ory or · 
PUREX operating modes. · · 

5.4.1.4.3 Operating Characteristics (Approximate). The operating charac-
teristics for ventilation system 4 are given in.Table 5=11. . · · 

5.4 .. 1 .. 4.4 System Control. Ventilation system 4 maintains pressure 
levels, airflow rates, and airflow patterns that prevent escape or release· 
of.airborne radioactive contamination from the contaminated areas .. (laboratory 
hoods) to the worker-occupied areas or to the:.environment. Both.· manual and 
automatic control devices ·are·u~ed .to acMeve, this objective. Ven.tilation. 
in those nonregul ated• areas that exhau·st. directly. to the:. PUREX 1 aboratory 
environs is controlled independently of the regulated areas. 

Cd;·· 
·f'~;·' 
. c::r· 

' . 

Airlocks at each PUREX laboratory access prevent excessive interchange 
of air between the laboratory and the surroundings, and prevent excessive 
disturbance of ·the laboratory pressure l~vel whenever a laboratory entrance 
or exit is made. Air·lock 3·is at the west end of the laboratory corridor 
{the access from .the storage area); air lock 4 is at the access from loading . 

' ' ,,, 
t:.'i\'.",, 
~:" 

.',(;,~ 
'~~ 

~n~.: 
• ....,...-i111r-,·. 

~< . dock 6; air lock 7 is at the access from the. P&O ga.l lery; air lock 8 is the 
".;-. :main laboratory entrance (see Fig. 5-17).. These. laboratory accesses inter- . 

face with nonregulated laboratory areas, so that the potential for escape of 
airborne radiqactivity through the air· locks is negligible. In addition, 
access to the main laboratory corridor from each change room is through air 
lock 6. · This air lock maintains the pressure differential ·between the main 
laboratory corridor and· the rooms cm the high-pressure side· of the air lock 
(i.e., the change rooms, lunchroom, and lavatories), and further reduces the 

< · already low risk of airborne contamination in the rooms on the high-pressure 
side of the airlocks. 

The primary ventilation system 4 airflow circuit is from the supply 
fans (SF-4 and SF-4A) through the supply air plenum to the nonregulated areas, 
most of which exhaust through doorways into the laboratory corridor. From. 
the corridor, the air flows through· doorways to the regulated areas (hot · 
laboratories) and from there via air ducts through HEPA filters, the exhaust 
air plenum, the exhaust fans (EF4-l and -2) and the ~xhaust -stacks (296-A-SA. 
and -5B) to the atmosphere •. In addition, some air flows directly to each 
regulated area from the supply air plenum through- air ducts. There are manual 
dampers in all inlet air ducts to the regulated areas, except for those through 
.which air flows to hot laboratori.es 4 and 6. This circuit is control led as 

· 'follows~ · · · · 

• . The driving force formaintaining a comparatively constant airflow, 
through the laboratory is a DP between the -supply .and exhaust air 
plenums of about 4.0 in. WG. Two pneumatic, recording pressure 
controllers lOfated on the graphic panel board in the power ~antral 
room are used to maintain this ~ressure difference. One of these 
controllers automatically maintains constant air pressure in the 
inlet air plenum. It does so by varying the openings·of dampers 
located at the.inlets to the.supply air fans in response to varia
ti_ons _in the. output from the supply air plenum pressure sensor. 
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TABLE 5-11. Ventilation System 4--Typical ~ 
Operating Characteristics. 

Pressure levels 

Service 

Supply plenum (positive) 
Nonregulated areas (positive) 
Regulated areas (vacuum) 

Exhaust plenum (vacuum) 
Counting room 

DP across HEPA filters: 
Normal 
Maxinim 

Service 

Nonregulated area supply 
Hot laboratory 2 
Hot laboratory 3 
Personnel decontamination 

room 
Sample storage 
Change rooms · 
Lunchroom, restrooms. and 

lobbies 
Afr locks 

Ventilation equipment r00111 
Regulated area supply 

Hot laboratory 1 
Hot laboratory 4 
Hot 1 aboratory 5 
Hot laboratory 6 
Decontuifnat1on room 
Counting room makeup · 
Sample receiving 
Stairwells 

Total system flow 

Inches of water 

.0.7 
0.1 to 0.2 
0.l + 0.05 Zone 3 
0.2 + 0.05 Zone 2 
1.8 iiiin 
Ambient atmosphere pressure 

1.5 to 3.5 
4.0 

150 
100 

3,100 

1.400 
300 

2,900 
14,450 
3.750 
2,500 
2.000 
2,500 
2,500 

100 
700 
400 

27,700 

Tl!IIIJ)erature levels 

Winter 
Sumer 

Time period 

Minimum preheater air outlet 
temperature 

Temperature 

65"F to 70"F 
As obtainable by evaporative 

cooling 

· 45°F :!: 2"F 

ilOne supply fan and one regulated area exhaust fan 
operating. · 

bThe minimum inl~t velocity for open-faced hoods is 
125 ft/min. 
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Similarly, the other pressure controller automatically maintains· 
the exhaust air plenum pressure by varying the openings in th~ · 
exhaust air from inlet dampers in response to variations in the 
output from.the exhaust plenum pressure sensorc Normally, the 
inlet plenum pressure controller is set for a.positive 1.0 in. WG 
pressure and the exhaust plenum pressure controller for·3o0 in. 
vacuumo These controls are designed to maintain the set point 

- pressures· plus or minus 0 .. 3 in. WG. · 

•· Airflow distribution through thi,s circuit ensures that all areas 
are adequately ventilated and ·maintenance · of correct pressures for ·· 
contamination control are -achieved by setting manual dampers in · 
the inlet air ducts to both regulated and· nonregulated areas. The· . 
functional locations of these dampers are shown in Figure 5-30. · 

• Airflow control through the regulated areas is discussed briefly 
. in Section 5.4.1.4.1. Reasonably constant airflows are maintained . 
through the decontamination laboratory and hot laboratories 1, ·29 
3, and 5 (see Section 5.4.1.4 .. l) 0 · 

Some ventilation air leaves each of these laboratory areas through the 
· "room exhaust ducts" {Fig. 5-31). The balance of the air flows through 
laboratory hoods {there are several hoods in•each laboratory) and leaves 
through individu.al ~•hood exhaust ducts. 11 All of the exhaust ducts (room 
exhaust plus hood exhaust) from each area discharge into a "common duct" 
(one common duct for each .regulated area). All'of the ventilation exhaust· 
air from these regulated areas flows through HEPA filters installed in the 
connnon ducts. Constant flow rates are automatically maintained in the 
common ducts, and consequently through the regulated areas. - Flow-indicating 
controllers cause openings in pneumatically operated, louvered dampers 
(located in the room exhaust ducts) to increase or decrease whenever flow 

·_ sensors detect changes in the airflow through the-common ducts. Thus, 
changes in the hood exhaust airflow resulting from the opening or closing of· 
hoods is automatically compensated by changes in the flow through the room . · 
exhaust ducts •. The set points on the flow-indicating controllers represent · 
the desired flow through each of these regulated areas. Approximate flows · 

· through these areas are given .in Table 5-11. · 

The flow-indicating controllers are monitored to assure there is always. 
adequate airflow through each laboratory. Low-flow alarms are located in. 

·. the normally occupied power control room. 

There are: mariual dampers in each hood exhaust duct and atso downstream · 
of each .HEPA filter (in the.common.ducts). The hood e-xhaust dampers are set 
to make_ .sure that inlet air velocity through all hood openings is at least 
125 ft/min, the minimum velocity for avoiding airborne contamination of the·. 
laboratory rooms by preventing eddy current or reverse airflows through the 
hood openings. The manual dampers in series with the HEPA filters are used 

·_ to ·maintain constant airflow resistance in the common ducts. The openings 
of these dampers.mustbe increased from time to time to compensate for 
increases in.filter resistances caused by deposition of particulate matter 
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on the filters. There are OP indicators around each.filter so that the 
filter resistances can be-monitored·periodicallyo These filters are . 
replaced before the resistances become large enough to restrict airflow·: 
through the comon ducts when the dampers are wide openo 

In ventilation system 4s the laboratory hoods are the primary source 
from which airborne radioactivity can escape into the worker-occupied areas 
of the laboratorieso Since these hoods are open faced and because the room 
and hood exhaust ducts· join together without intervening HEPA filtration,· 
the. exhaust p 1 enum. vacuum is maintained at· a, l l times. · 

There· .. are three" unfilte·red· ventilatio'n system- 4 air ·re-leases.· These 
releases-are from·nonregulatecl:areas that are physically isolated from the 
regulated areas. Except for theventflation equipment room~ the potential 

'for environmental contamination via.these releases is negligible. · The 
precautions.for containing contamination.are developed in the ·following 
paragraphs .. The areas exhausting ventilation air via these .three · 
nonfiltered release systems follow: 

• Air ·locks 3, 7, and· 8 

• The lunchroom and both lavatories· 

• Both change rooms and the ventilation equipment room. 

Air locks 3, 7, and 8 are supplied, via air ducts, from the supply air 
plenum. ·rhe air pressure in these air locks·is somewhat higher.than it is 
just outside· of each door. When the doors are closed, a small ~mount of air 
continuously leaks out around each door. Although a significantly larger· · 
amount of air flows out of these air locks for the short time when a door 
is opened, the amount of air flowing though each air lock is very small (see 
Table 5-11) and limited. The amount of air available to each of these air 
locks is established by setting manual da11Jpers in the inlet ducts~· These 
dampers are reset, if necessary, whenever the ventilation system is 
balanced. Air is not ducted from the supply air plenum directly to air· 
lock 4, the access to and from loading dock 6. A very small amount of air 
can flow from the atmosphere into the air lock when the outer door is opened 
and from the air lock to the nonregulated corridor when the inner door is 
opened. · · 

·. Fan EF-4-3 exhausts unfiltered ventilation air to the atmosphere from 
the lunchroom and lavatories. · Physi-cal isolation of these rooms from the 
regu 1 ated 1 aboratory areas makes the potent i a 1 for airborne contamination in . 
these areas so low that HEPA filtration of the exhaust ventilation air is 
unnecessary. Access to the regulated areas from the lunchroom and 

. lavatories· is through the change room and air locks. Fan EF-4-3 is .located 
in the women's lavatory. The supply air plenum pressure is always 
maintained high enough to make sure that-air does not reverse from the·. 

· regulated areas to the lunchroom and lavatories through this plenum and the 
supply air distribution ducts. 
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The ventilation equipment room, in which ventilation system 4 equipment 
is installed, is· a large room above the PUREX -laboratory. Its entrance is 
at the top of the stairs in the men's change room (see Fig~ 5-17). 
Equipment located in this .room -includes: -_ seven hot laboratory exhaust 
HEPA filters; an exhaust plenum, exhaust fans _EF.:..4-1, -2, -4,-5, and .:.6; _ 

·booster fans BSF-2 and -3, counting room air conditioners,and supply• 
· fans SF-4 and -4Ao· The room is supplied with ventilation air from two 

sources: the exhaust from both change rooms and ·the supply air plenum. 
A remotely controlled, pneumatically operated, louvered damper in the change 
room exhaust duct is set to maintain slightly positive change room pressures 
for airborne contamination prevention while allowing an·adequate flow of air . 
through the change rooms forproper ventilatibnc A similar damper in the · 

· duct from· the supply air plenum restricts airflow from this source to the -
incrementalamount needed to satisfy tt,e ventilation requirements of the 
equipment room. Downstream of ,these dampers,booster fans BSF~2 and -3 
elevate the supply air pressure sufficiently to ensure that the ventilation 

_ room pressure can be maintained slightly higher than the pressure·within the 
. HEPA filter enclosures. 'The HEPA filters and inlet ducts are the only 
· sources·of significant -potential for airborne contamination in the 

ventilation equipment room. These filters are installed in sealed 
· enclosures, and. the contaminated interiors are ma i nta_i ned under s 1 i gtit 
·vacuum by exbaust fans EF-4-1 and -2. The ventilation room pressures must 
always be slightly higher than the pressure within the HEPA filter 
enclosures to ensure that air leakage will always be from the room into the 
filters. Three roof fans {EF-4-4, -59 and -6') exhaust the ventilation air -
unfiltered from the equipment room to the -atmosphere. These fans are not 
capable of creating as much suction vacuum as the regulated ,area exhaust· 
fans -(EF-4-1 and -2). · · 

I. 

-5.4.h4.5 Ventilation System 4 Interlocks. Similar to ventilation 
systems 1 and 2, the ventilation system 4 operating.equipment, control 
devices, and· instrumentation are also interlocked, permitting only those •I 
operating modes.that effectively ventilate the PUREX laboratory and that· 
prevent release or escape of ventilation air contaminated with particulate 
radioactivity. The following sections provide an understanding of the pos-
sible operating modes, the interlo~k systems, and the status of the venti-
lation equipment and components in each mode. 
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1.· If neither supply fan (SF-4 or SF-4A) is operating: 

a. The isolation dampers for both f~ns are open 

b •. The control dampers for each fan respond to signals from 
the supply air plenum pressure controller, finally 
moving to·the open position as the plenum pressure. 
dissipates · 

• c. Steam flows to-the inlet air preheaters, but not to the-
spray-water heaters · · 

d •. The spray-water pumps·. (SP-4 and SP-4A) operate ·to 
provide additional cleansing of any- inlet air· or 
airborne dust that would necessarily deposit on the 
HEPA filters downstream of the laboratory hoods 

e. At least one main exhaust fan (EF-4-1 or EF-4-2) will be· 
_operating. · 

2. . One supply fan (SF-4 or SF-4A) is operating:· · 

·a •. The nonoper,ating fan isolation dampers are closed to 
prevent the .operating fan from discharging air to the· 

.atmosphere through the nonoperating· ranG Normally, this 
. is the only time that supply fan isolat,on dampers are 
. closed 

b~ .The operating supply fan.control damper responds.to sig
nals from· the supply air plenum pressure controller, 
maintaining LO :!: 0.3 in~ WG pressure in the plenum 

· c.· Steam.flows to the inlet air preheater and spray-water 
heater_ on the operating fan 

.d. The spray.;..water pump onthe operating fan will operate 

e. At least .one main exhaust fan (EF-4-1 o~ -2) will be· 
·operating •.. · 
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3o Both supply fans (SF-4 and SF-4A) are operating. (Normallys 
electrical interlocks prevent both supply fans from operating 
simultaneously. There is, however, a manual bypass switch on 
the graphic panel board for avoiding this restriction. 
Administrative.ly, simultaneous operation of both supply .fans 
requires proper authorization and approved special proce- · 
dures): 

a. The isolation dampers to both fans are open 

b. The control dampers respond to signals from the supply 
air plenum pressure controller9 maintaining 1.0 1 
0.03 in. WG pressure in the plenum 

c. Steam flows to the·· inlet air preheaters and spray-water· 
heaters on both fans 

do The_spray-water pumps on both fans·will be operating 

e. Both exhaust fans (EF~4-l and -2} will be operating. 

• Exhaust Air System 

There are six ventilation system 4 exhaust fans. Most of the ven
tilation system 4 air flows through the regulated areas and is 
exhausted by fans EF-4-1.and -2 .. _These two fans are regarded as 
the main or primary exhaust fans for this system with capacities 
(about 21,.500 ft3/min each) much larger than those of the other 
four exhaust fans. Fan EF-4-3 is a small fan {about 
1,900 ft3/min) that exhausts clean, unfiltered air from the 
laboratories and lunchroomo Fans EF-4-4, -5, and -6 are small 
roof fans (about 2,400 ft3/min each) that exhaust clean, 
unfiltered air from the equipment ventilation room. 

A 3.0 + 0.3 in. WG vacuum is automatically maintained in the 
exhaust plenum. This vacuum, developed by the suction action of 
the main exhaust fans, is the vacuum source for controlling 
airflow and airborne contamination in the ventilation system 4 
regulated areas. Therefore, at least one main exhaust fan is in 
operation at all times •. 

1. If neither main exhaust fan is operating: 

a. Ventilation system 4 will be shut down 

b. The supply fans (SF-4 and -4A) will be idle. Electrical 
interlocks prevent the supply fans from operating unless 
at least one main .exhaust fan is in operation 
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c. The isolation and flow-contra,- dampers .for both supply 
fans and for both main exhaust fans.will be open 

d. The supply air and exhaust air plenums will both be at 
atmospheric pressure 

e. The booster fans (BSF-2 and -3) and"the lavatory exhaust 
fan (EF-4~3) will be idle. The booster fan suction dampers 
will be closedo -

2.-. - If. one main exhaust fan is operating:, · 

a. The isolation dampers of the operating exhaust fan will -
be open and the.cor1trol damper (suction side of the fan) 
will seek (in response to signals from the exhaust plenum 
pressure controller) to maintain 3.0 in. WG vacuum in 
the exhaust plenum 

b-. The idle fan isolation dampers will be closed. Otherwise, 
the flow of air into the exhaust plenum through the idle 
exhaust fan and its exhaust stack (296-A-SA or .296-A-SB) 
may prevent the operating fan from maintaining the exhaust 
plenum vacuum · 

· c. The standby-electrical power system will automatically-_ 
supply the operating exhaust fan, should the primary 
power system fail. Return to the primary electrical 
system for power is automatic, once it is restored to 
service. 

3. If both exhaust fans are operating: -

a. An electrical -switch on the graphic panel -board must be 
positioned for overr1ding the electrical interlock, which -
prevents simultaneous operation of the main exhaust fans 

b. The isolation·dampers for both exhaust fans will be open 
and both control dampers wi 11 be responding to the exhaust · 
plenum pressure-controller signals 

. . 

c. - The standby electrical power system automatically supplies 
both of the main exhaust fans should the primary eiectrical 
power system fail. The fans automatically return to the 
primary power source once it is re-turned to service. 

4. · Booster fans (BSF-2 and -'3): 

. a. Th~·bo6ster fans will not operate unles~ the supply air 
. _ plenum pressure is at least 0.6 in. WG 
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b. The booster -fans wi 11 stop if t_he instrument air_ sys-tem 
fails · 

c. The automatic booster-fan suction dampers are closed 
when the.booster fans are not operating. 

5. Lavatory exhaust fan (EF-4-3): 

The lavatory exhaust.fan will not operate unless at least one 
· booster fan is operating.-- This prevents_ the lavatory fan 
from causing airflow·from the change room to t~e lunchroom 
and lavatories. - · 

• Abnormal Event or Upset Condition Operation--Electrical Power
Failure 

L The suppJy fans wi 11 not operate. 

2~ The supply isolation dampers will be open~ 

3. The supp 1y' contra l dampers wi 11 become wide open when the 
supply air plenum pressure becomes low enough~ 

4. Steam will flow to the preheaters. 

5. The washer-humidifiers (water pump and heater) will not be 
operating. 

6. The main exhaust fans (EF-4~1 and -2) will automatitally·oper
ate on standby power and continue in the same mode as before 
the power failure.· · 

7. · Exhaust controls and isolation dampers will continue.as before 
the failure. - · 

8. All other exhaust fans and bQoster supply fans will not operate. 

9. If the standby electrical power system also fails, the venti
lation system will assume the same status as described below. 

• Abnormal Event or Upset Condition Operation--Instrument Air Failure_ 

1. No fans (supply or exhaust) will be operating. 

2. The isolation and control dampers for the.supply fans and the 
main exhaust fans (EF-4-1 and -2) will be open; the booster-
fan suction dampers will be closed. · 

3. _The supply air and the exhaust plenums will be at atmospheric 
pressure. 
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4 •. The fan motor and freon compressor for the counting room air 
conditioning units will be off; the automatic dampers in the 
makeup duct, return air duct, and fan discharge of the air 
conditioning units will be closed. 1 

· 

5.4.2 Electrical 

5.4.2~1 Major Components and Operating Characteristics. Normal elec~rical 
power to the PUREX Plant .is obtained from the Northwest Power Pool at-the 
251-W substation that is· located-about 4 mi to the northwest of the PUREX 
Plant area. The 251-W substation is- supplied by the Midway Substation:at .·. 
Vernita, Washington··and by the White Bluffs Substat.ion- near Horn Rapids by 
230-kV overhead lines equipped with static·wire protection. Power is, thus, 
provided from two sources, with. e.ither line capable of providing the neces
sary power demand. The 230-kV power is reduced to 13.8 kV by two separate 
transformers, rated at 18.75 and 15 MVA with either -transformer capable of 
carrying the entire 200 Areas• demand load (20 MVA) for a limited period of 

. time (2 to 3 d)'. 

Electr.ic power from the 251-W substation to the PUREX Plant switching 
station is transmitted by two independent 13-kV overhead lines. If one line 
is inoperative, the load is switched in the PUREX Plant by the 2~400-V switch
gear. Other 13.8-kV lines can be switched to carry the PUREX .load, should 
the need arise. The 2,400-V.standby power supply is described irt 
S~ction 5.4.2.2. · · 

. . 

The distribution of electrical lines at the PUREX Plant is shown in 
Figure 5-32. Power from the switching station is supplied via two, 13.8-kV 
lines which run underground to two, 3~75-MVA, 13.8/2.4-kV transformers at 
the northeast end of the 202-A building. One of these transformers is capa
ble of carrying the total load for PUREX. Each transformer supplies power 
at 2,400 V to one of the. main buses. The two systems are inter 1 ocked so . 
that a failure of one of the supplies will activate cfrcuit breakers connect
ing the two systems. The number 2 bus is normally tied to the standby 
{emergency) bus·and provides power to a fl:lw key loads through it. The 
standby bus is energized by the diesel generators if the normal power supply 
is lost. The standby generator programmable controller starts the generators 
and switches to standby power only after the normal power has had time- to 
isolate one feeder and close.the bus tie, a delay of 3. s. Figure 5-33 is a 
typi_cal,. one-line, electrical distribution system diagram for the PUREX Plant; 

•. details of the system are available in Drawing H-2-54350. 

Some equipment, such as the exhaust fans for ventilation system 1, are 
powered directly from the 2.4-kV buses~ Generally, lower voltage loads in · 
the west half of the building are powered through the west switchgear room 
and in the east half through the· east switchgear room. Each 2.4-kV bus sup~· 

· plies power to a 2,400/480-V transformer,at each switchgear room, which, in 
turn, energizes a 480-V bus. Each switchgear room has two 480-V buses, ener
gized by separate transformers, that can be interconnected if the power supply 
to one fails. Key electrical loads in either half of the .building are con
nected to a common bus, the west (or east) 480-V backup bus, which.is 
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routinely energized by the corresponding number ·2 480'-V bus~ If the normal 
power supply is lost, the two ·480-V backup buses are energized by the 
2.4-kV/backup/bus through 0.5-MVA, 2.,400/480-V transformers in each switch
gear room. 

·. Distribution to electrical apparatus from. the 4aO-V system is through· --
MCC located throughout the building as .close to loads as possible. · 

5.4.2.2 ·Safety Considerations and Controls. Standbypower is avaiiable 
from diesel generators at·PuR~X. 

If the- ~ormal power supply to the 284~E 2.4-kV bus fails-, an electrical 
outage .of about 15 s wi 11 occur until the d.iesel generators reach full load · 
speed, at which time the backup circuits are.automaticallyreenergized. 
Batteries~ located in the battery room_, supply power for_ transferring the · 

· switchgear to the backup supply-during the 15-s outage. 
. . 

Three 375-kW generators,provide backup power to PUREX. Two generators 
will supply the necessary power to maintain the plant in a safe status if 
normal power is lost. The third generator will be in standby.,· The generators I 

. supply electric power at 480 V to a bus that distributes _power to the· security· · ·. 
and safeguards systems and 5 through a.480/2~400~V step~up transformer to the 
2.4-kV backup bus. -

· About 20% of the building lighting~ all the perimeter lighting, and the 
. instrument power panels are connected ·to the backup power .. system. In addi.:.. 
tion to this load; motors in ventilation and agitation service;totalling a 
connected load of 435 hp, are supplied.from the backup electrical system. 

The-backup circuits are listed as below. 

• From the backup generator 480-V bus: 

· ·· - Security and safeguards system 
- Step-up transformer Tl, 480/2,400 V. 

• From the 2.4.:..kV backup bus-bar: 

- Fence and lighting 
Plant air compressors (one of two) 

- East 480-V backup bus (via 2,400/480~V transformer) 
West 480-V backup bus (via 2,400/480-V-transformer). 

• From the east 480,..V backup bus: 

- East sample gallery hood exhaust fan 
Laboratory exhaust fans (one of two) 
Breathing air compressor 

- Lighting -
Instrument power 
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- Agitator A-Fl6, A-US, A-U7 .. 
216-A-42 diversion facility MOV . · 

- . Pumps P-US-1, P-US-2, p..:ua-1, and P-U8-2e 

• From the west 480-V backup bus: 

- West sample gallery hood exhaust fan 
• - · PR room, exhaust fan (one of two) · 
- Air sampling vacuum pumps (one of two) 
- Lighting 

Instrument power. 
· - .. Pump -P-RS-1 . 

- White.room exhaust fan. 

5.4.3 Compressed Air· . 

The compressed air requirements of the PUREX facility·are supplied by 
three separate compressed air systems. Descriptions of the compressed air 
systems follow (Fig. 5~34). · 

• Process/Instrument Air System 

This system supplies compressed•air. for two functions. Process 
compressed air requirements are for air jets, the jet air blow 
·system, process .. coil purging!i air sparger systems!,) air-operated . 
tools, etc. Instrument air requirements are for pneumatic signal 

.transmission, purge air in instrumentation, air motor controls on 
ventilation equipment and for specialized calibration · 

· requirements. · 

•. Breathing Air System 

·.·This is· a special system for the distribution of clean air. for 
· regulation and use in breathing air masks. The areas of service 
are the sample gallery, laboratory, N cell, railroad tunnel, 
decontamination ce 11 ~ hot shop, PR room·, 276-A building, crane 

· maintenance platform, acid storage vault, canyon area, and 
· laboratory ventilation equipment room • 

• ·. Oxide Line Comp,ressed' Air System (Dry) C 

. This system supplies compressed air to N cell for use as forced 
ventilation of the gloveboxeso A. separate system was dedicated to 
the oxide line due to the low moisture requirements of the 

. materials handled in the .gloveboxes. 

5.4.3.1 Major- Components and Operating eharacteristics • 

. • Process/Instrument Air System 

· Compressed air is supplied by three oil-lubricated, water-cooled, 
single-stage enclosed-package rotary-screw compressors.· The com:..· 

·. pressers have a rated capacity of 1240 ACFM. 
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The compressors are operated in a lead-lag-:standby mode. The three 
compressors are interlocked so that each compressor operates or 
modulates on.plant demand. One of the three compressors is desig
nated as the lead compressor, one is designated as the lag compres~ 
sor and one is in standbyo The lag compressor is idling, but does 
not compress air until the lead compressor is operating at 100%0 
Pressure switches··in the .receiving tanks load and unload the .com-· 
pressers as plant demand requires. 

Three 10-in.· lines supply: filtered outside .. air to the process/ 
instrument air compressors. Filtration is accomplished _by drawing·. 
the .outside air through an:oil filter/silencer. In addition to 

· the oil filter/silencer, each compressor filters intake· air with a 
dry filter capable of removi11g 99.91 of all particles greater than. 

· 10 µm in diameter~_ 

Air flows from the process/instr~ment air ·compressor to an after
·. cooler and into a receiving tank. From the air receiving t~riks 
. compressed air flows to two oil separator tanks to remove entrained 

and vaporized oil •. Process air is supplied at 100 lb/in.2 g to. a 
6-in. line that serves the P&O gallery and a 4-in. line that serves 
the sample gallery. These headers run the· length of the respective 
galleries with numerous subheaders and feeders. 

Compressed air to be used .as instrument air flows from the oil 
separator tanks to a PRV station. At the PRV station 100 lb/ine2 g 
air is reduced to .85 lb/in.2 g. From the PRV station, the air · 
passes through an oil filter and into the instrument air receiving 
tank. A pressure ~ensing .dev.ice on the instrument air receiving 
·tank is interlocked with a diaphragm-operated valve (DOV) to control 
the downstream pressure~ ·Pressure indicators and low pressure · 
alarms: are located_ in the power, central, and headend control rooms. 

From the receiving tank~ the air goes to a refrigerated liquid-to
air, water-cooled air dryer. The maximum inlet temperature is . 
ll0°F and the air is •dried to a maximum of 35°F dew· point. After · 
leaving the dryer, the air goes into a 4-in. header that branches -~. 
into two 3-in. headers in the P&O gallery.· Several 1/2-in. lines. 
drop off these main headers to service the instrument racks_ in th~ 

·. P&O gallery •. Several subheaders furnish instrument air to heating 
and-ventilating controls; 291-A control house; headend, power, and 
central control rooms; instrument shop; test benches; PR room instru
mentation; N cell; sampi'e gallery; storage gallery; AMU; 203-A; 
and 211-A. · · 

•·Breathing Air System 

Breathing-air is supplied by an oil lubricated single stage, 
enclosed package rotary screw air compressor. The breathing air 
compressor is rated at 190 actual ft3/min at 125 lb/in.2. 
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• . Air supply to the breathing -air compressor is drawn from inside. 
the compressor room. The air intake filter is a dry type with 
99.9% removal of particles 10 µm or greater in diameter. Eacli 
breathing air-compressor has a filter package capable of delivE;ri~g 
Compressed Gas Association ·-Bulletin-7 .1 -Grade. E_ breathing. a.ir--1J4J 
The filter package consists of a prefilter and two·activated char~ 
coal filters. The prefilter removes particles greater than 5 µm 
in diameter. The activated charcoal filters remove odors and con-
verts carbon monoxide to carbon dioxide. . . 

Breathing air is monitored for-carbon monoxide greater than 5 ppm. 
Concentrations greater than 10 ppm.activate alarms in.the power· 
control room and dispatcher'·s office. · 

. Breathi ~g air passes from the compressors -throug~ a· wateT separator--
. and. :into the breathing air receiver tank. A pressure-sensing device · 

on the tank operates • the corripre_ssor motor if the motor is in the · 
·automatic mode~ The pressure signal.also regulates a DOV ~n the 
compressor air recyc:le;·sothat the downstream pressure is 
controllede If the pressure in the receiving tank falls below a 
set point, an audio-visual alarm activates.in the dispatcher's 

· office and power _control room. · · · 

After leav_irig the tank, the air passes through another filter and F 
. into a 3-in. header that .branches into two other-headers in the . . . 

P&O gallery. One 'branch is a 2-ino· header that .s·upplies the labora-
. tory areas. The other branch is a ·2-in~ header that supplies the· 

P&O gallery. The main header continues to the sample gallery, 
where it ·branches to two other headers:· the west branch is ·2 in.· 
and.the_east branc:h is_J_l/2 in. 

The header that goes to the. hot laboratories also has service 
drops in the ventilation equipment room and decontamination and 
storage cell, as well as each hot laboratory.• The P&O gallery 
header has manifolds with' quick-disconnect fittings throughout the 
gallery. One line serves ~he east craneway. The sample gallery 
header also services U cell,-~ cell, N cell, Q cell, L cell~ the. 
PR room, and the hot shop • 

. • Oxide Line Compressed Air System 

Compressed air is supplied by two electric~powered, oil..;1L1bricated, 
water-cooled, enclosed-package, rotary-screw compressors·manufac
tured ·by Sull Air-Co. The-compressors and associated equipment 
are located in building 2711-A on the southwest end of the 
202-A building. Each compressor is rated at 285 ft3/min at 
100 lb/in.2. · · 
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The compressors are operated in an "on standby;' modeo During normal 
operation one compressor is operating and the second is in a ·standby 
mode. Low header air pressure automatically starts the standby 
compressor. The compressors do not have standby electrjcal powere 

Supply air to the compressors is modulated with compressed air 
demando Prefilters remove oil and moisture from the supply air •. 
Once compressed~ the·air passes through an after-filter into one 
of two air dryers. Each dryer consists of two parallel columns _ · 
packed _with alumina.for moisture removal. One column of alumina 
drys the ·air and the other co 1 umn regenerates dry a]umi na. every . 
10 .min. The columns are alternated between_ drying, and regeneration. · 
The-dryers supply ~ir at·-40°F dew point. From the dryers the·air 
fills the compressed air receiver and passes into the main supply· 
header. · ·· · 

Most of the compressed -air is supplied at 100 ·lb/in.2 for use. as 
forced ventilation of the N cell gfoveboxes. A PRV station sup~· 
plies a header wi,th 20 lb/in.2 air for use as instrument air to· 

, ~~ 

a;..,, 
. piston-operated valves (POV). These POV.fail in the safe position 
in response to an instrument air loss •. 

.5.4.3.2 Safety Consideration and Controls. $tandby~ electrical power for 
. one of the air compressors is automatically supplied by three.300-kW diesel 
generators located at 202-A building. 

. The breathing air system requires assurance that it can provide clean 
·. ,,,, breatt:,ing air.with good reliability. The air.is monitored for carbon monox

. ide concentrations greater than S· ppm~- Alarms sound in the power control 
room and dispatcher's office for concentrations greater than 10 ppm carbon -
monoxide. 

5.4.4 Steam Supply and Distribution 

Steam used in the 200 East Area _is produced in the 284-E powerhouse by 
· . three 80,000-lb/h and two 90,000...;lb/h automatic stoker-fired boilers at 

· 250 lb/in.2~·· Each facility anticipating a significant increase in steam. 
usage must notify powerhouse personnel 4 h in advance to enable the necessary 
boilers to be placed in operation. to· meet the demand. Linder maximum steam · 
demand conditions, one boiler is available on a standby basis. 'The coal 
feeder drive is equipped with both electric and steam dri_ves. The boiler 
feed water is monitored and sounds an alarm in the event of low water·· 
pressure. A manually operated emergency water supply -is available to·• 
prevent boil_er tube damage. Steam produced in this building is also 
available to operate an automatic starting~ steam turbine-driven, 750-kW. 
generator located in the 284-E powerhouse. This generator provides standby 

. electrical to -200 East Area facilities other than PUREX.· · 
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5.4.4.1 Ma ·or Com onents _The 
284-E powerhouse supplies 225 lb/in. g steam superheated to 450°F) to an 
18-in. overground line. Steam enters the PUREX building at three points via 
an aboveground header system. The north loop is an 8-in. line that enters 
the building at the service blower room to supply steam service for. building 
ventilation and heating requirements. This loop· also supplies the 203-A, 
211-A, and AR vault areas prior to entering the building. 

The south loop is a 16-in. line that branches into two 14-in. lines 
near the west end of the building. One branch enters the building at the 
west PRV station. The other branch supplies steam service to the 291-A, 
212~A, and 201-A storage tank areas prior to entering the building at the 
east PRV station. 

A 2-.in. line connects the east PRV .station to the service blower room 
station, which supplies 225-lb/in.2 g steam service for the silver reactors 
and heate~s in the dissolver (A, B, C cells) and F cells. · 

With the exception of the 2-in. high-pressure line supplying steam to 
the canyon silver reactors~ all distribution of steam within the process 
building is at 100 or 25 lb/in.2 g. The PRV stations are located at each 
end of the P&O gallery (Fig. 5-35). These stations are sized so that either 
can supply the entire demand load. The two PRV stations are connected by a 
16-in. header in 100-lb/in.2 g service and a 2-in. header in 25-lb/in.2 g 
service, which supply steam to the cells and service areas. 

Steam at 100 lb/in.2 g is used for process transfer jets. Steam to 
concentrators passes through local PRV and is used in the canyon at 
29 lb/in.2 g (39 lb/in.2 g on acid concentrators and fractionators). 

The 25.:..1b steam service header supplies low-pressure steam to 
ventilation zone reheaters, canyon spargers, and canyon and gallery service 
"drops" for steam cleaner service. 

Isolation valves are installed throughout the steam distribution header 
system for system isolation~ with -minimum process shutdown, during periods 
of header maintenance. 

5.4.4.2 Safety Considerations and Controls. High-pressure (225 lb/in.2 g) 
steam to the _291-A exhaust turbine is supplied by the mentioned 14-in. 1 ine 
to the 291-A area. 

The 291-A exhaust turbine and the DOG heaters have first priority on 
high-pressure steam. This priority is accomplished by controllers in the 
east and west PRV stations, which maintain a minimum pressure of 
185 lb/ino2 gin the north and south loops outside the building at the 
expense of the process requirements. This system is used to maintain the 
turbine at maximum speed and to maintain-continuity of the silver reactor 
offgas treatment during emergency periods without unduly overloading the. 
powerhouse facilities. 
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The main steam supply for.the PUREX Plant buildings (in.side) is 
controlled.by two steam stations: one at the east end of the .P&o·gallery 
and the other located over R cell. Both stations have automatic, controllers 
that regulate DOVs to maintain desired pressure. in the medium steam header. 

· It is necessary that one• of. the steam stations be placed ·on manual control . 
-so the steam load can be· distributed between the-two stations. The east end 
steam station controls (f'ig. ·5-36) permit manual control yet, at the same 

• time, have the advantage of automatically switching to the controller~ if 
· necessary. In case of bu'ilding shutdown, this station would be placed on 

automatic control. This allows the- controller to control header. pressure • 

. 5.4.5 Water Systems 

. ··The PUREX Plant.water deniands,· as well as most of the Hanford Site's 
· · water needs, are met by pumping water from the Columbia River.' Character-
. istics of this water source .are discussed in detail· in Section 3Q4. The 

facilities in the 200 East Area~ including PUREX, require about 10,000 to 
· 11,000 gal/min, :with peak demands in the 12~000 to 13,000 gal/min range • 
These water needs are met by pumping river water through an underground, 
export water piping network and into the 200 East Area.reservoir at the 
282-E building~ From here, the water is-filtered, treated, processed, 
and/or pumped .to the various·areas that have an established water 

· · . requ f rement. · · · · 

. 5~4.'5~1 River Pumpi.ng Stations •. River water is pumped ·at both the 100~8 ... 
·and 100-D reactor sites. At 100-B (the primary .water source), eight pumps, 

· · with a total pumping capacity of 84~000 gal/min, deliver rivE!r water from 
the 181-B pumphouse into a 25 million-gal reservoir •. The 182-B pumphouse 

·_contains five pumps, with a total capacity of 30,000 gal/min that deliver 
water from the reservior into the underground, export water pipeline. 
At 100-D (the backup or reserve water source), five puinps, with a total 

.capacity of.65,200 gal/min, deliver river water fromthe 181-D pumphouse 
. -into a 15 million-gal reservoir. - From this reservoir,. two pumps, with. a 
· total capacity of 12,000 ga·l /min, deliver water from the 182-D pumphouse to 
the export water system.. · · 

. The dual-pumping feature offers the backup necessary to assure an 
uninterrupted water supply as long as the export water pipeline is. intact. 

5.4.5.1.1, Emergency Water Supply. The safety..;related charact~ristics 
and/or controls come from the backup units of the 181-D_and 
182-D pumphouses. These twopumphouses are on standby in case _of electrical 
failure of the primary 181-B and 182-B pumphouses. In case of electrical 
failure·in both areas, there are two diesel pumps rated at 3,000 gal/min in 
the 182-8 pumphouse, and one diesel pump rated at 7 ,·500 gal/min in the 
181-8 pumphouse. The one dfesel pump in 181-B pumps raw water to the · 
reservoir to the PUREX (202-A) building._ As·stated earlier, this dual 
backup system·assures a water supply as long as the export water pipelines· 
are intact. 
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5.4.5.2 Export Water Pipelines •. Water enters a 42-in. underground concrete 
pipeline at the 182-8 pumphouse. This line proceeds generally eastward to 
the 1901-Y area where it joins with a similar pipeline proceeding southward 
from the 182-0 pumphouse. Both of these lines contain valves on each end 
that are capable of shutting off the flow and isolating the pumphouses/ 
reservoirs and/or the pipelines. This ensures a source of water to the 
1901-Y area. Water flows through two 30-in. lines, one concrete and one 
steel, to the 2901-Y-area.· -Both of these lines also have shutoff valves on 
each end to provide a loop and facilitate isolation in the event of line 
failuree 

Water is divided at the 2901-Y area to provide the 200 Areas with the 
necessary quantities. Two 24-in. waterlines run to the 282-E reservoir and 
one 24-in. line runs to the 282-W reservoir. · · 

5.4.5.3 Water Distribution within the 200 East Area. The primary water 
storage facility in the 200 East Area is the 3-million-gal 282-E reservoir. 
From this reservoir, water is pumped as 11 raw water 11 by four electric pumps 
and one standby steam pump. Each of the five pumps has a 6,000-gal/min-capa~
ity at 250-ft head pressure. 

5.4.5.4 Sanitary Water System. Sanitary water is produced in the 
283-E filter plant, where raw water is filtered and chlorinated and a 
400,000-gal supply is maintained in an underground, clear-well system con
taining two 200,000-gal concrete tanks. The water is then pumped by four 
electric pumps of 3,200-gal/min total capacity, and two.steam turbine pumps 
(standby status) with a 1,200-gal/min total capacity. The water travels 
through a 12-in. pipe to supply the PUREX Plant. 

A schematic of the PUREX sanitary water header system is shown in 
Figure 5-37. The 12-in. supply line from 283-E divides northwest of the 
PUREX (202-A) building into two 8-in. lines forming a loop that parallels 
the raw water loop around the building. The north loop serves facilities 
within the PUREX exclusion area north of the 202-A building and then enters 
.it at the northeast corner near the raw waterline. 

Filtered (sanitary) water is used to supply some fire hydrants and in 
the 202-A building for safety showers, drinking, toilet facilities, for 
making demineralized water for process use, and as an emergency backup for 
fire fighting. Included in the system is a 50,000-gal, high tank, located 
just northwest of the PUREX building. PUREX Plant sanitary water 
requirements typically average about 250 gal/min, but occasionally reach 
1,000 gal/min. Approximately 90% is used for process and operational 
purposes and 10% for nonoperational (fountain, toilet, etc.) purposes. 

Backflow preventers are installed at connections of the sanitary and 
raw water systems at the locations listed on Figure 5-37. The backflow pre
venters are tested upon installation or ~ompletion of maintenance work and, 
as a minimum,· annually. Every 5 yr the units are opened for inspection and 
overhauled. Although the PUREX sanitary water supply is sampled and 
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· analyzed monthly to assure receipt .of acceptable quality drinking water, the : 
backfl ow preventer testing program is rel i ed upon to ensure su_bsequent c;on-

. tantination does not occur. · · 
. . 

5.4.5.4.1. · Oemineralized Water System. As received, the sanitary water 
.'.contains relatively large quantities of dissolved ionic impurities. To be 
suitable for process use, water niustbe purified before it is suitable for 
process use in the PUREX Plant. Water is purified in the demineralizers 

. located in. the 211-A chemical tank farmo · · 

· Demineralization, or deionization, is a chemical exc;hange arid adsorption 
. process in which undesirable dissolved salts are removed from water. Adsor
pents are selective with respect to either cations or anions; hence, a com
plete demineralization process includes contacting the water with both cation

. and anion-exchange materials. In both cases,_removal of salts is effected 
· by exchange of an ion in the adsorbent structure for another in the solution 
being treated. In the PUREX Plant 9 an acidic adsorbent (Dowex Cation EX*) 

· removes cations, and a basic adsorbent· (Amberl ite JRA-93**) removes anions. 

Three cation and three anion co·lumns are used to meet the demand for 
PUREX process water. Sanitary water_ that has been filtered enters the top 
of the·cation columns and is routed. from the bottom of the cation columns to 
the top of the anion. columns. After contacting the resin.bed o~ the anion 
exchanger, the water flows out the bottom of the column to the deniineralizer 
water header and to the demineralized water storage tank (TK~30)~ -

With use, the resin beds gradually become. less .. effective. for deionizing 
.water» and must be regenerated. _Sulfuric acid is used to regenerate the 
cation units and sodium hydroxide is used to regenerate the anion units.· 
Routine demineralizer operation consists of regenerating-one cation unit and 

. one anion unit after.each has processed approximately 200,000 gal of sanitary 
water. A special regeneration manifold permits the isolation of the columns 
to be regenerated while the other columns remain ori-line and continue to 
produce demineral ized water.· · · · 

Table 5-12 summarizes the. demineralizer operat-ing parameters and time 
cycles~. -

·. 5.4.5.4.2 _ Distilled Water.· High-purity water required for plutonium 
product purification is provided by a 100-gal/h distillation system consist-_ 
ing of the tin,;,,lined still (having three parts: evaporator, condenser, and 
aftercooler), the distilled water storage tank, the distilled water pump, 

· and associated piping. - This equipment is located in the service blower room 
just.east of the first floor AMU area.· 

*Dow Chemical Co., Midland, Michigan. 
**Rohm and Haas Co., Philadelphia, Pennsylvania • 
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TABLE 5-12. Demineralizer Operating Parametersc 

Cation Time Anion 
Operating mo.de flow rate cycle flow rate 

(gal/min) (gal/min) 
·, 

Maximum desired flow 150 -- 110. 
rate of demi nera 1 i zed · 
.water 

Normal service flow· 125 48- h· 85 

Back wash 100 15 min 25 

Regeneration . 75 ·40.min 25 

S.low rinse · 25 10 min ·20 

Fast rinse 100 · 50 min 75 

Time 
cycle 

--

72 h 

15 min 

30· min· 

10 min 

50 min 

Feed to the still is demineralized water. Raw water is used to first· 
cool the distilled water in the after-cooler and then condense the distilled 
water vapor in the condenser. Steam in the evaporator coils converts the 
demineralized water into pure dry steam, which goes through deentrainment 
baffles to the condenser. ·rhe condensed distilled water flows by gravity · 
through the after-cooler to the storage tank. The water _may be pumped to 

. one of five AMU tan~s (150, 211, 212, 213, and. 214), _but it is used only in 
TK-150 for chemical makeup of the 3BX pr~cess stream. . . . · . . · 

The still is automatic in operation once initial adjustments to feed 
. streams and contra ls are·· performed. As the 1. i quid 1 eve 1 1 owers in the stor

age tank, the storage tank Vaporstat* controller closes the electric circuit 
to the still. The closed circuit opens the cooling water solenoid valve and 
also closes (activates) the still feed-water circuit~ .With the feed-water 
circuit closed, the liquid level in the still .regulates.the flow of feed 
water into the still~ -The cooling-water line pressure downstream of the 
solenoid regulates the operation of the steam DOV and the still drain DOV. 
As the 1 i ne pressure increases · (cooling· water.· flowing to the . condenser) , · the · 

· steam DOV.opens and _the still drain DOV closes. 

When the storage tank fills, the tank Vaporstat opens the electric cir-· 
cuit and the sti.11 shuts down. The cooling water flow ceases, which in turn 
stops the steam flow and opens the still drain. The open electric circuit 
also stop~ the f~ed water flow.· 

After every 4 h of operation, the still electric circuit is opened by a 
timer and the sti 11 is shut down,· independent of consumption.· This occurs 

·to prevent scaling conditions from being created by overconcentration of the 
feed water. in the evaporator. · · 

* ' Honeywell Co., Fort Washington, Pennsylvania •. 
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5.4.S.5_ Raw Water System. Raw water is Lised at PUREX for condenser and .· 
tank coil cooling water, for all sprays, for operating area washdowns, for 
coolant for the air compressors, for fire protection, and in the fue.l 
storage basin. A schematic of the PUREX raw-water header system is shown in 

, Figure 5-37. ·. ~ · · · 

· 5~4.5.5.1 · Major Components and Operating Characteristics •. _Raw water. 
- is pumped from the reservoir via a 24-in. 1 ine to the PUREX Plant. The · 

.· · 24-in. 1 ine branches just west of the. 202-A building. A 20-in. •. 1 ine forms 
. a north loop· around the building, serving the north service area, and enters 
the 202-A building on the northeast end 9f the railroad. tunnel. .A second 
20~in. line proceeds. southward and branches into an 18-in. line ·that enters . 

. -the southwest corner of the PUREX building and a 6-in. line that serves the 
· south service area and eventually enters the east end of the buildingo · 

· An 18-i n. 1 i ne in the P&O ga 11 ery comp 1 etes the 1 oop by connecting the 
20-ino north service loop entering near the railroad tunnel with the 18-ino 
line entering at the southwest corner of the building. 

Normal raw water usage is about 811 000 gal/min during plant operation .. 
and about 1;000 gal/min during shutdown periods. As an operability feature, 
all raw-water lines are adequately supplied with sectionalizing valves for 

_ segment isolation during periods of ·maintenance. -. 

5.4.5~5.2 Safety Considerations and Controls. Fai1ure of raw-water -
s1.1pply would_requir~ an immediate 9 orderly shutdown of all processing opera
tions. The chemical reactions in the dissolvers can be quenched~ and the 

· solutions cooled as necessary, by the addition-of demineralized·water from 
the dissolver drown tanks. The sanitary water, including the high-tank · 
inventory, can be connected to the building sprinkler headers to provide 
-fire protection. The high tank water supply system is activated when the
sanitary water ljne pressure-decreases to 75 .lb/in.2 g. Cooling for those 
vessels containing large inventor.ies of radionuclides would be provided by 
adding·deinineralized water directly to the vessel contents to prevent 
boiling to dryness. · Calculations based upon heat content of 180 d cooled 
fuel. show that no vessel would boil to dryness for at least 3 d. if no· water· 

. were added. · · 

. 5.4.6. Sewer Systems 

See Figure 5-38. 

5.4.6.1 · Sanitary Sewage. The PUREX Plant uses sanitary water at an esti-• 
mated rate of about L3 x 108 gal/yr •. Approximately 10% of this amount 
serves fountains, toilets, showers, sinks, lunchroom, and other 
nonradiation-zone outlets. This is discharged via the sanitary sewer system 

·. to a septic tank-tile field disposal area. about 1,500 ft north of the 
202-A building. 
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5.4.6.2 Chemical Sewage •. The Ghemical·sewer system includes floor drainage 
from nonradioactive areas in the service side of 202-A building and from 

·.chemical makeup tank overflows. This material is collected in a header -at 
·the north.side of.the building and disposed of to the 216-B-3 pond. ·untreated 

: waste released via the chemical sewer to the 216-B-3 pond contains small 
· amounts of process chemicals from spills, floor flushes,discharges in. chemi
cal preparations, etc., .and from regeneration of .the water .demineralizers. 
Should the chemical sewer stream·become contaminated, it would be automati
caHy diverted _to the retention basin (216-A-42). 

5.4.7 Communications Systems 

The PUREX Plant communications system consists of (1)' plant.or "outside" · 
telephone system, (2) internal PAX dial-type telephone system, (3}.internal · 

. paging system and secondary 11 teletalk 11 system, (4) call bell system,· . · 
.(5) emergency.evacuation or air-raid warning audible alarm system, (6).fire 
,alarm system, and· (7.). criticality alarm system. The drawings for these sys-
tems are .listed in Table 5-13. · · ·· · 

TABLE 5-13 •. PUREX Connnunication and 
Emergency Systems. · 

· Syste~ communication drawing 

Plant and PAX phone 

· ... -·· 

Secondary "teletalk" 

Call and emergency 

Paging 

Call .bell, emergency siren 

Fire alarm. 

Criticality 

·s-166 

H-2-54539 . 
·H-2-54542 
H-2-54543 

H-2-65287 
H-2-65288 

H-2-74909 

H-2-54540 
H-2-54544 
H-2-54545 

H-2-75817 

H-2-65129 
H-2-65130 

l 
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5.4.7.1 Major Components and Operating ·characteristics. 
. . . ' 

5.4.7.1.1 Plant or 11 0utside11 Telephone System. The PUREX facility is 
served by a telephone cable that provides outside communication for all 
primary control locations, as well as offices allocated to operating and 
utility personnel within. the PUREX facility., 

·5.4.7cL2 . Internal Dial-Type Telephone System., A PAX telephcme system:: 
provides communication within the facility. This system is·sized to accom.;., 
modate 120 stations. For most efficient utilization and plant coverage, two 
types of installation. are used~- Dial-type phones equipped with jacks are · · 
located in strategic positio11s where.maintenance will be routinely accom~. 
plished. Phone_jacks are located throughout the·processing areas. at points 
where personnel entrance-is infrequent. Portable, hand telephone.sets with 
50-ft extension cables are available for "plug in11 service to the jacks.· 

-5.4.7 ol.3 Paging System. A paging system that utilizes the speaker 
system installed for the criticality-alarm SY$tem is available for use from . 
selected phones in-the PAX telephone system. This system is designed not to: 
interfere with a criticality alarm in the event th.at alarm system was 
activated. · 

Secondary·teletalk systems are available between the dispatcher's desk 
and other areas in the plant. · 

. . 5.:4.7.1.;4- Call Bell System. A call bell system is installed in the 
202-A Building, providing audible code.signal transmission for use in locat
ing key personnel throughout-the facility. The 27 bells used in this system 
are located throughout the facility and have a characteristic tone in order 
to be distinguished from other. building signals. Signals are initiated from. 
the dispatcher's off1ce. · · 

5~4.7.1.5 Emergency Evacuation or Air-Raid.Warning Audible Alarm 
System. -Evacuation, 11 siren, 11 audiblealarms are located in 58 places inside 
and outside the 202-A building for complete facility coverage during-periods 
of emergency. This.alarm system is controlled by a switch at the 
dispatcher's control desk. · 

The evacuation sirens produce a steady sound of constant pitch·. The 
required response to this alarm is to proceed immed1ately to the main lobby· 
of the building for further instructions. 

5.4.7.1.6 _Fire Alarm System.· Fire alarm boxes for the building fire _ 
alarm system are located as follows: 

• Master alarm box, with an auxiliary, located outside the main 
·- entrance to the 202-A bu i 1 ding . 

1 ·Master alarm box outside the main entrance to the laboratory, with 
auxiliary boxes located in the corridor and lobby 
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• Master alarm box located on.the south side·of the buiiding between 
291-A-and 151-A diversion box 

-• Standard coding alarm box ;located at the east end of 211-A. 

Each- of the 18 fire zones described in the Building Pre-Fire Plans has. 
a local alarm, .an alarm to the dispatcher's off.ice and/or main entrance lobby 

- in PUREX, and, with the exception of the Halon systems located in the crane 
cabs, .an _alarm to the Hanford Fire Department 200 Areas station., "Local" 
fire alarms for process cells F, G, H, J, K, L, ·and R are in the central 

· _ control room. · · · · 

- · · 5.4.7.;l.7 Criticality Alarm System. A criticality .alarm system, which 
· adheres-to DOE requirements,(15) is installed in.the building. Although the 
criticality alarm system does not meet the single~channel failure alarm state 
specified by DOE, an exemption •to this requirement has been obtained from 

__ DOE. Areas requiring criticality detector coverage· are listed belowJ16,17} 
·Detector locations are c;ov~red by three-detectors to allow the use of a 11 two
out_-of-n11 logic system. (18J _ _ 

__ Area 

M ceil 
N cell 
Q cell 
PR room 
Corridor 1 
Corridor lA 

· West canyon lobby 
Hot shop 
Sample gallery 
Elevator shaft 

Number of Locations 

1 
2 
2 

-5 
1 
1 
1 
1 
1 

. 1 

A total of 48 ; ndi vi dual criticality al arm dete~t ion monit,ors ( CADM) - i--
and 9 criticality alarm logic modules (C~LM) are installed. The locations· 
of these detectors are shown in Figures 8-14 and 8-15 and discussed in 
Section 8.3.4.2. · 

5.4.7.2 Safety Considerations and Controlsa The PUREX facility is served 
· · by three two-way commun.ication systems and by five additional cal_l or emer

gency alarm systems (see Table 5-12). These systems are designed to.allow 
internal and external communications at all normal operating stations, and 
to _allow maximum coverage in infrequently used stations by the judicious 
installation -of jacks for portable phone service. Emergency .audible alarms 

. are strategically located inside and outside the building for complete area 
coverage. The electrical circuitry is backed up by the standby electrical 
system, as described in Section 5.4.2.2. · 
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The· fire protection system's ·of the PUREX Plant are described in the; 
following sections. Systems provided i.nclude standard wet and dry automatic 
sprinkler systems, a'light water aqueous-film forming sprinkler system, Halon 
suppression systems, and a carbon dioxide system. Smoke detectors~ heat 

· detectors, and manual pull boxes are·. located in appropriate areas of the 
facility •. · A proper number of portable fire extinguishers and fire-hose sta
tions are located strategically throughout the facility •. Fire hydrants are 
located both north and south of the 202=A building at a distance of 60 to 
150 ft. The Hanford Fire ,Department,· which is specifically trained for 
fighting fires in nuclear• processing facilities, responds to. a· building· 
alarm with Engine 2 ·from the 200 Area, Engine 1 ftont·the 100 Area; and, lf · 
warranted, with Engine 1 from. the .100 Area. 

5.4.a•.i Fire Types. Types of fires that couid indirectly or directly· affect 
safety-related structures,·systemsi) and components are as follows: 

. • Electrical failures involving equipment and/or wiring· 

• Thermally hot surfaces, such as heaters!) rotating equipment 
(friction}, open flames,·etc. 

• Pyl"ophoric metals 

·•·Spontaneous· ignition of oil-soaked ragsi resins~ etc. 

• Use or generation of and handling of highly flammable materials, 
such as hydrogen, solvents, flanunable gases, etc. 

. - ' ... 

• Maintenance operations .that produce·heat (such as welding and 
burning} · 

• Use and handling of strong, oxidizing agents, such as nitric acid 
and sodium nltrate. 

A discussion of the potential for these types of fires and the preven-
tive measures included 1n the plant design fol lows.· . · 

5.4.8.1.1 Electrical. All electrical equipmen~ is·de~ign~d and · 
installed 1n· conformance with the National Electrical Code requ.irements for 

. handling class III solvents •. Sparking devices (e.g., switches, relays, and 
fuses} are installed in .zones where solvent vapors are essentially absent · 
(e.g., outside the solvent-containing cells} • 

. ·. In-cell lighting fixtures are guarded to prevent accidental breakage 
and the resultant possibility of short circuiting. Fire barriers are 
installed between the transformers in both the east and west transformer 
banks •. · 

5-169 

. I 

i 



I 

~-· 
~•.· 

l(\c. 

~ ...... 
~-· 

-~-
~· -~1•1'1' 

~-

· .· SD-HS-SAR-OOI° 
· REV 3 

' > t. ' ' 

.·.· . Fire detectors of the photoelectric..:type are installed- in the canyon 
.crane·s •. The ·detectors sound an alarm in the· dispatcher• s office. The ·crane 
electrical panels are enclosed and provided with a Halon-1301 extinguishing 
system connected to the fire .alarm system~ : The. e·lect_rical switchgear and 
cable ro_oms are provided with fire (smoke), detectors •. 

. . . 5.4.8.L2- Thermally Hot Surfaces •. Enclosures are provided for heating 
·elements of furnaces, ovens, hotplates~ or.other heating devices, and high
temperature cutoff safety circuits are provided .independently of normal con
trols. By administrative. control and safety· rules,· ·heat-producing devices · 
(e.g., motors, ovens, hotp 1 ates, so 1 deri ng . i rans, and direct-flame devices) 
must be used and :located ·away from combustibie materials •. · · 

5.4.8.L3 . Pyrophoric Metals. Zirconium alloy (a _reactor fuel cladding 
material) and uranium metal are pyrophori_c under certain conditions. Fines 
produced during processing-could. ignite spontaneously.in air. Fuel elements 
·are continuously covered with aqueous solutions, except for short periods 
while decladding. wastes, ri.nses, .or uranium salt solut_ions are jetted from 
the dissolver • .The dissolvers are equipped with temperature alarms. Drown 

· tanks are available to provide water in the event of fire. 

___ . 5.4 •. 8.1.4 Spontaneous Ignition. Fires arising from ·spontarieoos combus
tion:·of class A materials are not expected to be •a significant problem due. 
to the limited quantities of stored fuel or packaged waste~ .Fire protection 
.systems provided :are described .in Section 5 .. 4.8~6~ · 

- . . . 

. ·5.4.8.1.5. Use and Handling of Highly Flammable Materials. 

•• Hydrogen 

Hydrogen is generated during the Zircaloy deicladding process, but 
the quantity produced is drastically reduced by the addition of 
ammonium nitrate to the decladding solution. The hydrogen and 
ammonium nitrate react to produce ammonia and water, the reaction 

· proceeding to about -94% completion~ The· remaining hydrogen is 
diluted below flammable limits in the DOG. The hydrogen concentra
tion is monitored by an in-line analyzer and additional dilution. 
air may be added manually. -Hydrogen may also be. formed by the 

·. radiolytic decomposition-of water in some systems. Hydrogen is 
diluted with air to less than 2 vol% (lower flammable limit is 4%) 
and removed via the process vent system. 

• Ammonia 

Ammonia is formed in the dissolvers during· the Zircaloy decladding 
process and during the metathesis process. ·Ammonia is also evolved 
in_ large quantities when the decladding waste solution is reacted 
with caustic solution in E celr, using the reverse strike procedure 
in which waste is slowly added to the caustic. Ammonia vapors are 
not flammable- in processing vessels due to the high moisture con
tent of the offgas. To :minimize downstream hazards; such as silver 
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azide formation in the silver reactors, the dissolver and E cell 
off gas ammonia scrubbers. are operated ·at·. a 1 ow temperature.with a 
saturated water-air mixture·for effective and safe removal of 
ammonia. A separate offgas system, including condenser, steam 
heater, prefilters, final filters, blower, and stack,. is provided 
for the exhaust frqm E cell decladding waste tanks and the concen
trator,-•which_ is used to reduce the volume of spent ammonia scrub
ber solutions. Ammonia offgas streams are equipped with ammonia · 

· analyzers and temperature control is provided for tanks containing 
ammoniacal solutions. · 

• Organic Solvents. 

The TBP/NPH mixture used in the solvent extraction columns is pre- . 
pared batchwise in TK-RlA, which is located in the white room of 
the P&O ga 11 ery. · The so 1 vent is then· added to G or R ce 11 • The G 
and R solvent systems supply organic solvent to the extraction 
columns located in H, J, K, and L cells. Fire protection systems 
for these cells are also describe.d in S~ction 5e4.8.6; · 

• Compressed gases 

. Flarmnable and oxidizing compressed gases used by the analytical 
laboratc;,ry or .the shops are stored in small quantities outside the 
main building. Gases are piped into areas where needed from the 
outside area. These storage areas are protected by standard dry
pipe automatic sprinkler systems •. 

5.4.8.1.6 Maintenance Operations. Maintenance operations can introduce 
unusual heat sources and cause the·accumulation of·quantities of flammable 
material in. an otherwise controlled area. Operational procedures aredevel

. oped to he 1 p prevent these circumstances. 

, 5.4~8.l.7. Use and Handlin . of Stron Oxidizin A ents.. Bulk storage 
of strong oxidizers. liquids such as nitric acid is outside in aboveground 
tanks that are diked to control any spillage •. These materials are pumped 
into tanks in the AMU room for usage •. These oxidizers are handled in closed. 
piping systems from receipt through the entire process. In the process. 

· special controls are effected to limit temperatures and concentratrations in 
contact with hydrazine and organic materials. Solid, oxidizing, and reduc
ing agents are physically separated during. storage at a nearby warehouse. 

5.4.8.2 Fire Characteristics •. ·· The characteristics of fires in. plant areas 
that have combustible materials and are associated with safety-related struc
tures, systems, and components are discussed in the following sections. None 
of the types of fires described could initiate and develop to peak burning 
without activating automatic .or manual fire-fighting measures. However. 
discussions of. these potential events are- presented to indicate potential 
fire intensities andthe possible effectson adjacent areas. 
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. 5.4.8.2.1 Electrical. A fire originating in the conventional~ flame
retardant, heat-resistant, thermoplastic insulation of electric cable could 
produce a fire of .sufficient intensity to extend to adjacent cables. Conven
tional types of flame-retardant, heat-resistant, thermoplastic insulation 
will burn (once ignited) and become self-sustaining and accelerating under 
maximum fire conditions, producing smoke and toxic contaminants. Products 
of combustion may include carbon monoxide, carbon dioxi~e, hydrogen. chloride, 
and water. 

The electrical switchgear rooms are of reinforced-concrete construction 
that would limit fire spread to the immediate area. Certain types of malfunc
tions in electrical cables in the switchgear room might result in a fire of 
sufficient intensity to involve some of the powers instrumentation11 and c.on-

~ trol wiring in this area. 
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A fire originating in the electrical insulation in the control room 
should be of limited intensity, with little or no flames and of short dura
tion due to the limited amount of fuel. Cabinets are of all-metal construc
tion with both vertical and horizontal separations or fire barriers. 
Although the fire might spread to other circuits in the same rack, it would 
most likely be limited to the cabinet of origin. The potential quantity of 
smoke and toxic contaminants would be minimized by subdivision of components, 
fire. compartmentalization, and electrical protection of circuits. The physi
cal separation of cabinets will help minimize spreading of a fire. Smoke 
generation would be high, hampering extinguishments but there would be no 
extension of fire to adjoining areas due to constructjon safety features. 

5.4.8.2.2 Solvent. A fire involving solvent is considered to be the · J 
fire of greatest significance that can occur in the facility. Solvent fires 
can reach major burning rates (if initial temperature is high) in a minimum 
of time and will liberate on the order of 20,000 Btu/lb of fuel consumed. 
At the same time, dense clouds of heavy, black smoke will be emitted. 

The net effect is a fire of intense radiant heat, fast flame spread 
over a spill, and rapid involvement of any combustibles in the area. The 
fire offgases include toxic contaminants (carbon monoxide) that will vary 
with ventilation rate and completeness of combustion. 

The use of reinforced-concrete construction in galleries and process 
cells prevents structural fnv6lvement and limits fire spread. Exhaust 
ventilation throughout all areas of the facility provides for removal of 
toxic gases and smoke without recirculation and prevents the spread of heat 
and fire gases to other parts of the facility. The ventilation tunnel is 
provided with an automatically actuated spray system. 

5.4.8.2.3 Pyrophoric Metals. Zirconium fragments from the hulls and 
uranium fragments from the fuel could be generated in the fuel handling and 
dissolver cell during processing of fuel -elements. Although these materials 
could ignite simultaneously in air if the zirconium and uranium were suffi
ciently fine, the extent would be severely restricted by the amount of 
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available metals. With limited fuel available, any.fire would be of short 
duration and its intensity of no s.ignificance insofar as spread to. other 
areas is concerned. The operations involving the dissolving of zirconium. 
and uranium are confined to A9 B, and C cells. Heavy, reinforced shielding 
walls would act as fire barriers.and confinement. 

5.,4.8.2.4 Miscellaneous Combustible Materials. Potential fires involv
ing miscellaneous combustible materials would be small because of the ccn1-
trols that limit the quantity of. such materials outside-:metal containers. 
Manual fire-fighting measures would be: adequate even with delayed detection., .. 
The fire should not extend beyond the room 'or· area of origin because of the· 
fire-resistant nature •Of the· .structure, sprinklers·, and ·the 1 imited amount · 
of fuel available at any si'ngle location. · 

5.4.8.3 -Building Features. The facility arrangement. and the structural . • 
design elements include the following features to provide for fire preven-

. _tion, fire extinguishment, fire control, and control of hazards created by 
fire. 

• Buildings and support facilities.are separated to limit fire spread 
and to aid in contro 1 and ext i ngu i shment. · 

• Fire-resistant or noncombustible materials·are used. 

• Potentia·l fire areas are isolated by using fire dampers, fire walls, 
and fire doors 'to contain and isolate hazardous materials and opera
tions. For examp-le, fire dampers are installed-between the_ two 
sections of R cell. Fire doors are installed from the PR corridor 
to R cell and between the two sections of R.cell. Fire dampers 
and fire doors are-also installed between the pulse generator elec~ 
trical supply room and the remainder of the· storage gallery.· · 

. . 

• Vertical· openings (e.g.;, stairways, elevator shafts, pipe ways,· 
etc.) are enclosed to prevent fire spread to upper floors. 

• Exhaust ventilation syst~ms are design.ed with high fire integrity 
and the canyon exhaust is equipped with a.water spray system. 

•· E.lectric ·service and-distribution systems ut.ilize approved compo
nents and are designed and installed to minimize any contribution 
to ignition of flammables where speci~l fire hazards are present. 

· • . Adequate means of exit··are provided for. personnel so that safe 
egress is assured for all anticipated fire events. 

• Fire extinguishers are located throughout the occupied areas of . 
the plant. 
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• F)re alarm pull boxes are located throughout high-occupancy areas;. 
Telephones· may be used to.summon the Hanford Fire Department, which 

·can reach the area in 6- min. Automatfc or.manual actuation of any 
sprinkler system also automatically summons the-HanfordFire 
Department. · · · · 

5.4.8 •. 4 Seismic Desian. The constrl,lctionof the original pla_nt was based 
_on the 1952 Uniform Building Code. (3J A discussion of the seismic design· 
requirements is given in Section 4.2.5. · · 

. ' ', . . ' : 

5.-4.8.5 Water Supply~ · The_re are .t~o fire protection-:.related water supply· 
systems at the PUREX Plant. The san_itary water _system supplies some yard. 
hydrants, and the raw water system supplies ·an sprinklers, eel l fire .fog 
nozzles, and some yard hydrants. The general layout of these .water lines 

_ with respect to PUREX is shown in Figure 5-37 ~ 

_ The wat~r supply systems are described .in detail in Sections 5.4.5. _ 
· A 50,000-ga'l tank 100 ft above grade is connected to the sanitary water sys
tem and· ·located within the fenced area of the· PUREX Plant for emergency 
backupc Provision is also made to cross:...connect the raw and sanitary water·· 
systems in the PUREX Planto Backflow preventersare installed at the cross
connection points. The Hanford Fire Department pump trucks can also be used 
to provide_ water to the systems. · · · 

5~.4.8.6 · Fire Protection Systems. The ·fire protection ·systems. in the _ 
- , 202-A building are shown in Figure 5:..39_ Automatic sprinkler protection on 

standard, wet and dry pipe systems have· been i_nstalled in essentially all .of -
the normally_,·ot:cupied or hazardous -areas of the PUREX Plant in_ accordance 

·with· Factory Mutual Research Corporation recommendat,ons. All sprinkler·· 
· installations are low-activation temperature, -closed-head systems, utilizing 
-standard spaci'ng and pipe sizes. Control is mostly by readily accessib.le 
valves, post-indicator valves, or outside screw and yoke valves in safe 
areas. Activation of a sprinkler system results in both local and 200 Areas 
central fire station alarms. · · 

Areascovered by sprinkler protection include the hot shop,-east and 
central storage gallery, N eel 1,· Q eel 19 the PR room, extreme east end of 
.sample gallery and the 202-A annex, including the· laboratories, laboratory 
storage area, AMU area (two floors), offices~ shops, and change rooms. 
Additional sprinklers are·being installed throughout the sample _gallery.* 

J 

l 

A standard dry pipe automatic sprinkler system is provided for the loading 
dock, laundry storage room, gas cylinder storage area, and power transforme
rs, which are located on the exterior of the facility along the north wall.· 
A carbon dioxide system is provided for the in-1 ine monitor equipment room _ --1 

that contains a great deal of sensitive electronic gear. A fire suppression . 
system using bott.led Halon 1301 is provided in each crane cab. 

*work may not be complete at startup. 

5-174 



CANYON 
LOliiY 

ORGANIC 
IICILl' 

HOJ iHOP 

ITG 

ORGAHIC 
A CELL 

L. 

. tJlf fl '1£2' Hf OU?.; ~ 
I . ,, ~; •'l'l ~ 1 * ..... H,,,, ll 

L-,_, 

.... ' . 
~ DnlCT01 

PIVND. I 
"'.'~''"°' 

K. H CW:P . .. . . : 
' • • •• O ~ O • • • O O • O O O O • O O O • • • • O O I O O O O O O o o • 0 • 0 0 O • o • I lo O O O O O O O O I 

...... . . . . 

K 

IWGIAII 
• CAILI 

PLAN PIPE AND OPERATING GALLEl!Y LEVEL 

PIPITlllNCH 

U.MPI.IGAUJAY 

u caua 

PLAN SAMPLE GALLERY 

~ A"1'0MATIC.......UU 

Ilia fOAli IYITIII 

aGXmilLUMIA. 

IWl1CH 
GIA.ft 

•CA•LI 

"""" 

D 

CUNICAIQAU.HY~• • 
r•oOAUIJIY~ • • 

IAMPLI QAUIIIIY ~ 

ITOAAGI G.AIURY 

u.aWA111 
UCILL 

IIDG JUHlaL 

i 
-N· 

~ 

~ WATIA·FOCI ~Y~III 
I.AIWAlfll. ·rnnn UQUAL~U 

PLAN STORAGE GALLERY LEVEL 

~_.,. _______ -.-•--------- - . -.----..--... .•• , 
FIGURE 5-39. 202-A Fire Protection Systems. . -, ~ . . . . 

,: .. _,. 
IRff. H·:1•117211 

~ 

,--, 



_,,,_ ,· ..... ,·., . 

SD-HS-SAR-001 
. REV 3 

Fire. screens (stainless steel mesh w.ith 1/8-in .openings) are installed 
in the exhaust duct manifolds in each analytical laboratory room and glovebox 
and the main manifolds of the PR room and Q cell ·gloveboxes to:prevent ·t>urn
·ing material from reaching the HEPA filters. The prefilters in the N cell_. -
glovebox exhausts also act as combination fire screens and mist.eliminators~ 

Automatic wet-pipe sprinkler protection is_provided rn·a11 normally 
inhabited room areas of N cell: the control rooms and air locks, load-out 

- room, and room areas surrounding gloveboxes. The storage tank area in _ 
M cell is not provided with sprinkler protection, as no .combustibles are in.·
the. _area. -The sprinkler system was designed and installed il'J accordance . 

, with the extra hazard occupancy classffic~tion requirements. ll9) The system ._ 
. ¢,....g · ·.· is supported and braced for earthquake. ,protection. The spri nk 1 er heads are 
-~•• .... · · temperature-rated(l9) and have nominal l/2-in. orifices. The heads are 
~ located judiciously in rooms containing gloveboxes· to minimize direct 
· ~· · · impingement of water spray on glove ports or other "soft" openings into the 
~ glovebox. Sprinkler piping is sized in·accordance with extra-hazard pipe 
~. schedulesU9J .and is routed to minimize interference with removable walls -
"'""".;;; and decks~ · Sprinkler heads located under the removable deck in the glovebox · 
-~,::· ·. · . area are designed to accommodate deck removal without impairing the normal 

operation of the remainder of the sprinkler. system. If the sprinkler system 
is activated, the movable shielding is automatically rolled away from the 
gloveboxes _to eliminate a potential chimney· effect. · · 

All process, powder handling~·and maintenance gloveboxes in.the pluto.:. 
·. nfom oxide production facility are provided with· Halon· 1301, full~flooding, 
.·.· fire-suppression systems. Each glovebox has an individual, automatic, fire

suppression system designed to provide a minimum agent concentration in ·the_ 
· glovebox atmosphere of 6% by· volume, at 70°F, for a minimum period of , .... 

10 min. - Th~ systems were designed and installed in accordance wit~ _ 
_ Reference 20. Activation of a system· is by a thermally activated fire 

detector mounted in a stainless-steel well affixed to the glovebox. Fire 
detectors ·have an adjustable temperature set point with the initial setting 
at 140°F. Detectors are located in relation to glovebox and equipment 
arrangement to provide reliable fire detection and to minimize inadvertent 
activation·from operational·heat sources. Activation of a detector will 

-_ automatically ·shut off incoming air supply to the affected glov_ebox and 
activate both local and remote fire department alarms. Halon discharge will I 

· begin after a 3-s delay to allow d~mper_ closure and airflow coast-down~ . 

Fire protection in the nonsolvent-containing canyon process cells 
(A through E) is provided by a system of peripherally mounted spray nozzles 
controlled by manual gate valves. The nozzles were installed at the time of 
construction and-are mounted at. 9- and 12-ft spacing in the cells. 

Manual actuation of the systems is dependent upon the detection of 
abnormal conditions by cell temperature heat detectors, set about every _ 
50 ft throughout the cells. The headend ~etection units activate alarms in 
the headend control room. The F and L cell heat detectors activate alarms 
in the central control room and in the dispatcher's office. 
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Criticality considerations restrict the amount of water that may be 
added to L cell and PR room gloveboxesc Therefores L cell is protected by 
manually controlled spray nozzles, and use of this system is administratively 
controlled to limit the amount of fire-fighting water that may be added. 
The PR room gloveboxes have criticality drains thats together with limited 
water addition 9 restrict the depth of solutiono 

Cells Gs H, J, K, and Rand TK-RlA are protected by the light-water 
foam system described below, which automatically sprays foam into the alarmc 
ing cell and the adjoining ventilati,on tunnel. 

To.provic:je backup.protection-to the. canyon exhaust filter· in the·event 
of an in-cell solvent fire and the concurrent. failure· of the 1 ight-water. 
foam system, the ventilation tunnels are equipped with automatically 
.actuated water sprays for removal of heat from the air stream. Actuation is 
by.heat detectors in the east, west, and south tunnels. The system may also 
be actuated manually from its control panel in the central control room. 

The light:--water foam system protects cells G, Hs J, K~ and Rand TK-RlA
in the white room, and is designed to include the following features: 

• Dual heat detectors in the processing cells that contain signifi
cant quantities of organic solvent 

• Automatic relay ofa fire alarm to the Hanford Fire Department 

• Automatic or manual operation of the fire foam spray- to the pro
cess cells and air tunnel 

• Fire foam flow. for 1 min after the system is reset by cooling of 
the detectors · 

• Wh.ile the foam system is operating due to an alarm condition, the 
foam spray may-be-manually stopped by placing the manual operation 
switch in the "Spray Stop" position momentarily_. If after a 
preset delay {0.5 to 5 min) the heat detectors have not cooled,· 
the foam discharge will automatically resume 

• Water will discharge from the foam nozzles after the foam is. 
depleted. Foam will flow for about 5 min. 

The light-water foam system is activated either automatically by heat
detection devices -in the process cells or manually from the central control · 
room by switches located on panel B-12. {The TK-RlA system is activated 
manually from the white room.) Automatic activation of the system will 
result.if both heat detectors on a jumper in G, H-J, K, and R cells are . 

. energized or if one detector near TK-RlA is energized. If the heat detec
tors in the air tunnel are energized, or-if only one of the dual heat 
detectors. in the canyon is energized, an alarm will annunciate on the con
trol panel and at the 200 Areas central fire station~ but foam will not .be 
. sprayed into the ce 11 • · 
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Electrical alarm systems for both the sprinkler and ligh:t water systems 
are provided with battery backup.· The automatically actuated valves on· the 
.light· water system also are provided with battery backup. Jhe schematic of.· 

· the system, which is located in· the P&O gallery is shown _in Figure 5.:..400 · 

A seismically qualified and fail-safe light;..water 'foam system is located 
.in the storage gallery just ·east of the PIV room to serve as a backup for · 

·fire. suppression. in H and J cells. The system is activated only when the . 
· .primary system fails to respond. The backup system and piping are structur

·ally hardened to withstand the safe shutdown earthquake. Operation and· 
arrangement of the backup system are similar to that of the primary system 
as:discussed in the .preceding paragraph arid displayed in Figure 5-40. 

5.4~8.6.l System Evaluation. 

• .·General 

There are two main entrances and·multiple. other entrances to 
the first.floor on the north side of the 202-A building •. There 
-is one entry on the west end of .-the building. There is one 
entry on the east end, giving access to the ECMP and the · 
P&O gallery~ . 

Electrical Service and Hazards 

The east and west switchgear room·s have 2,400-V services and 
· are essential to mainta·in the proper airflow. Entrance to these 
·areas is restricted·~ue to the possibility of an accidental 
shutdown.. · 

Toxic Gases and Hazardous Chemicals 

Heavy concentrations of contained chemicals are distributed 
throughout the building proper. Several areas of. contained, 
concentrated acids and volatile liquids also are present. 

Protective Clothing · 

"Turnouts," as worn for fire fighting, are required.· Pre
scribed breathing apparatus will be worn. 

- · Rescue 

·The main entrances, laboratory entrance, and any door in the· 
sevice area may be used. Victims in the office area on the 
second floor could be taken -out of the door at the west end .of 
the hall onto the roof and from there lowered to ground level. 

5-178 

I 



. 01 . 
I .. · 

tS:<;· 
u),'·:. 

' 

EXISTING \8-in. RAW WATER HEADER 

r-,.----------, 
s-----~1 . 

EXISTING TO R CELL SYSTEM S,. _ 7 . PROPORTIONING 

FIRE DEPARTMENT 

. ~COHNeCTION 

EXISTING 4 in. HEADER I I CONTROLLER 

;------/.....+w:r------...-~--+--.---..___ .... __ ~c~:::/:-1--~-----f 
I 
I 
I 
I 

EXISTING TO G CELL - -

SYSTEM - • : .• T\ . 
~ METERING 

ORIFICE 

L .... 

.FOAM 
CONCENTRATE 
TANK 

BLADDER TYPE 

~FOAM/WATER SPRINKLER 
SYSTEM IS ·EXISTING . 
WITHIN THIS LINE 

LEGEND 

- - - ELECTRICAL 

---WATER 

--- FOAM 

RCP8008-192 

FIGURE 5-40. Typica 1 lfre Foam Sprhikl i nifSfstem'.": 

V> 

.-l' 
: Vi ~. 

<~ 
w,a 

'. J 
10 
.O· ..... 

' .,,. 



lf~D 
r:~J.· -,....=&; 

r:::t 
,$:. 

Cl~,, 
~~-

t::-~~..l 
~ 

""'~ 
~\;,IIT-

!'I:,1""-,, 

- ' Combustibles 

SD-HS-SAR-001 
REV 3 

Most all types and mixtures of combustible materials can be 
expected in the PUREX Plant area. 

- Ventilation 

The office area would have to be ventilated through the door at 
the west end of the ha 11 with smoke ejectors. The other zones , 
of the building can be ventilated with the building ventilation 
system. 

- Salvage operations 

Normal salvage operations should be sufficient, with the excep-, 
tion of areas where electrical and other equipment damage might 
be done with application of dry 'chemical powders. 

• Fire Protection Zones. For fire control, detection, and alarm 
purposes, the 202-A building complex is divided into 18 admini
strative fire protection zones. The location and discussion of 
each of these building zones with respect to specific hazards and 
methods to be used for fire control is found in the 202-A building 
prefire plans. Outside buildings are included in these zones. 

- , • Alarm and·Annunciator Systems. Fire protection zones 1 through 6 
have sprinkler systems, heat detectors, and smoke detectors con
nected to alarm box 2211 located at the 202-A building main 
entrance. The annunciator panel at this location is the only 
annunciator panel for alarm box 2211. 

Alarm box 2213 monitors the laboratory area, ventilation fan room, 
main and upper floors 9 and supply room. Thisbox has a supervisory 
bell at the hallway entrance. The zone indicator and trouble audi
ble alarm are just inside the main entrance. 

• System Inspections. Fire protection engineers are on the plant 
staff. Fire protection systems are periodically inspected. Cer
tain critical systems are also periodically tested. Minimum 
inspection and testing frequencies are given in standard 6 of 
Reference 21. 

• Fire Fighting--Criticality Accident,Prevention Considerations. 
Water is the most efficient, general-purpose, agent for fighting 
fire in the PUREX facilities. In some of the areas where pluto
nium is processed, however, the use of water should be carefully 
controlled because of the potential for a criticality accident. 
A criticality during a fire wo~ld endanger personnel and would 
greatly complicate the fire fighting. The probability that a 
criticality accident could be caused by adding water to PUREX 
Plant facilities depends on the quantities and nature of the 
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fissile materials present. There are four Hanford criticality _ 
accident probability categories (As 8, C, and D). The PUREX Plant 
has categories A,. B, and C, .but not D. 

Category 

A 

Probability of criticality due to water addition 

Zero. The addition of water to the facility cannot cause a 
criticality accident because fissile materials present a~e 
less than a minimum critical mass. 

B 

C 

Minimal. The.likeli.hood of a .. criticality accident resulting 
from fighting this fire with water-is very small. Although 
fissile materials are normally present in quantities exceed
ing a minimum critical mass,·the fissile materials are in 

· very dilute solutions or are distributed in space such that · 
a·criticality accident cannot occur. 

Finite. - Under credible conditions, the addition of water 
could cause a criticality accidento This category embraces 
two types of areaso "The first type includes those process 
areas in which fissile materials are normally present in 
quantities exceeding a minimum critical mass. As in 
category B, the fissile materials are normally held in such 
a manner that the addition of water would not cause a cri-· 
ticality accidento Under reasonably foreseeable 
conditions, however, the fissile materials could be· 
rearranged so that the addition of water could cause a 
criticality accident. For example, equipment failure could 
allow an accumulation of process materials on a floor; a 
collapsing structure could distort a vessel or reduce the 
spacing between plutonium inventories •. The addition of 
water to any of these rearranged systems could cause a 
criticality accident.. · In addition, a forceful, direct 
stream of water could move fissile materials into a 
critical configuration. The second type includes the 
personnel-working areas immediately surrounding category D 
facilities. Although the amounts of fissile materials in 
these working areas are normally small, such areas are of 
concern during a fire because of the probability that the 
barriers confining a category D area ma,Y be breached •. 

High. Fissile materials are normally present in a configu
ration that could be made critical by the addition of 
water, or the configuration is very likely to be changed by 
fire such that the addition of water could cause a 
cri-t i ca 1 i ty accident. 

5-181 



d~ 
e··..J . . 
•=jr,''" -c, 

11,. 

cr,, _, 
e-.J 
&2 
n;;,.i,:;;;;-

~~cy, 

SO~HS-SAR-001 
··REV 3 · 

- For-fire fighting in the PUREX Plant, ·each plant .area has been classi
fied .into one of the preceding criticality probability categories. The 
assignments of plant areas to these categories are listed as follows (all 

·plant areas not specifically mentioned are in category A}: 

Category B 

• All process cells, except those listed in category C 

• Analytical laboratory' 

•·PR can storage areas 

. • · M eel l (except plutonium nitrate storage area) 

·• Hot shop 

• _ Rail.road tunnelG -

-Category C 

• L cell 

• . PR room· 

• ·HEPA filters in plutonium service 

-__ ._ • -N cell plutonium oxide production facility 

• M cell_ plutonium nitrate storage area. 

Category D 

None of the PUREX facilities are classified as category D. 
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