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EVALUATION OF ENVIRONMENTAL CONTROL TECHNOLOGIES FOR
COMMERCIAL URANIUM NUCLEAR FUEL FABRICATION FACILITIES

by

B. L. Perkins

ABSTRACT

At present in the United States, there are seven commercial light-water reactor
uranium fuel fabrication facilities. Etlluent wastes from these facilities include uranium,
nitrogen, fluorine, and organic-containing compounds. These etlluents may be either
discharged to the ambient environment, treated and recycled internally, stored or
disposed of on-site, sent off-site for treatment and/or recovery, or sent off-site for
disposal (including disposal in low-level waste burial sites). Quantities of wastes
generated and treatment techniques vary greatly depending on the facility and circuits
used internally at the facility, though in general all the fluorine entering the facility as
UF6 is discharged as waste. Further studies to determine techniques and procedures
that might minimize dose (ALARA) and to give data on possible long-term effects of
etlluent discharge and waste disposal are needed.

CHAPTER I

INTRODUCTION

A. Report Objectives

As part of the evaluation of effluent/wastes relating to
the nuclear fuel cycle, the objectives of this report are to
determine the process discharge streams produced by
uranium fuel fabrication facilities, to determine how
these streams are presently treated, to collect any
publicly available emission and monitoring data, to
identify the final fate of these wastes, and to assess the
adequacy of present waste treatment/dkposal techniques
and available data.

B. Background Information

1. Nuclear Fuel Cycle for Commercial Reactor
Operations

Nuclear fuel fabrication facilities are a necessary

component in the production of uranium fuel for com-
mercial light water reactors.

Steps in the front end of the fuel cycle include

(a) Mining

Recovery of uranium from the host material by
conventional mining, by in situ techniques, or as by-
product recovery.

(b)

(c)

Milling

Concentration
“concentrate”
uranium.

Conversion to

of the uranium in the mined ore to a
containing approximately 70-75V0

UF6

Removal of the uranium from the concentrate and
chemical conversion of the uranium into the com-
pound UF6.

(d) Enrichment



(e)

2

Separation of the 23SUF6and the 23aUF6 gases to
produceaUF6 product stream containing slightly

more 23SUF6than in the original feed stream.

Fuel Fabrication

Chemical conversion of the slightly “enriched” UFb
to U02 powder, production of pellets from the
powder, and assembly of the pellets into fuel rod
bundles.

2. Uranium Fuel Fabrication Facilities

As shown in Table I-1, there are presently seven
commercial light-water reactor fuel fabrication facilities
in the United States. Three of these facilities, Exxon’s
Richland, Washington, facility; General Electric’s Wilm-
ington, North Carolina, facility; and Westinghouse’s
Columbia, South Carolina, facility, complete the UF6
conversion-fuel bundle assembly sequence. Four of the

TABLE I-1

CURRENT LWR FUEL FABRICATION INDUSTRY

IJcensee and Plant Feed
Plant Location Material

Babcock & Wilcox U02 pellets
Lynchburg, Virginia (2)” (UF,)

Babcock & Wilcox UF6
Apollo, Pennsylvania (1)

Combustion Engineering UF~
Hematite, Missouri (3)

Combustion Engineering UOZpowder
Windsor, Connecticut (1)

Exxon Nuclear UF6
Richland, Washington (5)

General Electric UF6
Wilmington, North Carolina (2)

Westinghouse Electric UF~
Columbia, South Carolina (2)

‘NRC Region number.

Plant
Product

Fuel
assemblies

U02

U02

Fuel
assemblies

Fuel
assemblies

Fuel
assemblies

Fuel
assemblies

Plant Capacity
(MtU/yr)

Estimated
Current 1985

230 830 b

c

d

150 150

665 1030 e

1500 1500

750 1600

bBabcock-andWilcox(B&W)plans to expand operations to increasecapacity to 1200 MtU/yr in the early 1990s.
The capacity listedin the table for 1985isan interpolationof presentand future capacity. In addition,a UFbto UOZ
conversion operation willbe added as wellas a U02 pelletizingoperation.
‘Currently, the B&W Apollo plant converts UFCto UOZpowder and ships the UOZto its Lynchburg plant for
fabrication into fuel assemblies.
‘The Combustion Engineering(CE) Hematite plant produces U02 (pelletsor powder),whichis then transferred to
the CE Windsor plant for fabrication into fuel assemblies.
‘Expanded to 1030 MtU/yr in 1980.

Source: NUREG-0782



facilities complete only a portion of the process steps:
Combustion Engineering’s Hematite, Missouri, facility
converts UFC to both UOZ powder and fuel pellets, which
are then processed, in the several different operations
necessary, into the final fuel bundle assemblies at
Combustion Engineering’s Windsor, Connecticut, fa-
cility; and Babcock and Wilcox’s Apollo, Pennsylvania
facility converts UFC to UOZ powder, with the produc-
tion into fuel bundle assemblies being completed at
Babcock and Wilcox’s Lynchburg, Virginia, facility.
These facilities may or may not have associated scrap
recovery operations.

These facilities will be described briefly in the follow-
ing section.

C. Fuel Fabrication Facilities

1. Babcock and Wilcox, Apollo, Pennsylvania

Babcock and Wilcox operate a facility at Apollo,
Pennsylvania, to convert low-enriched (less than 5?’0
23SU) UFd into uranium oxide (UO~ powder. The
ammonium diuranate (ADU) “wet” process is used.

The uranium hexalluoride is received at the plant in
cylinders containing approximately 1535 kg of uranium.
These cylinders are placed in steam chests and heated to
obtain the desired operating pressure. The gaseous UF6
is metered to a hydrolysis column where it is contacted
with water, forming a uranyl fluoride solution. This
solution is metered to precipitation vessels. In these
vessels, the UOZFZ is mixed with NHdOH, forming the
solid ADU. The ADU is separated from the ammoniacal
liquor by filtration. The wet cake is dried, calcined to
U~OB,reduced to UOZ, blended, packaged, and shipped
to the customer.

Associated with the facility is a scrap recovery

operation for recovering the uranium values from the
various scrap forms. The process uses nitric acid as the
primary process chemical, and the purified product is
generally uranyl nitrate solution. The uranium is then
converted to the oxide by the ADU process* (EDASMP,
1975, and EELECRPL, 1976).

The gaseous eflluents are treated by filtration and/or
scrubbing before discharge to the ambient air**
(EDASMP, 1975).

————

Contaminants in the untreated liquid effluent/waste
streams include nitrogen compounds (ammonia), or-
ganics, fluoride compounds, and uranium (EDASMP,
1975).

The barren liquid remaining after ADU filtration and
the liquids from the scrubbers are combined and treated
with 8-hydroxy-quinoline (8-OH) to precipitate the for-
merly soluble uranium remaining in the liquid solutions.
After treatment, the liquids are faltered in a plate-and-
frame filter to remove the uranium.***

The ADU system filter is a slurry filter belt and
requires a vacuum. The vacuum is achieved by condens-
ing steam. The steam condensate joins the 8-OH treated
and filtered liquids, and the ammonia is removed using a
steam strip.? The liquids (which will contain the fluorine
that entered the plant in the UF~ plus organics, including
8-OH, and nitrogen compounds) are then discharged to
the river. In April 1980 a bioassay by EPA of the plant’s
liquid discharge into the Kiskiminetas River showed the
effluent to be very toxic (EPA Memo 1980).

2. Babcock and Wilcox, Lynchburg, Vighda

Feed into the Babcock and Wilcox Commercial
Nuclear Fuel Plant is in the form of low-enriched
uranium (U02) powder from the Apollo facility. The
powder is blended and pressed into fuel pellets, which are
sintered in a reducing atmosphere and ground to the
specified size. The pellets are loaded into fuel rods, which
are then assembled into fuel bundles for delivery to light-
water reactors (LWRS).

The plant occupies 25 acres of a 525-acre site located
in a rural region of Campbell County near Lynchburg,
Virginia. The 525-acre site also houses the Naval
Nuclear Fuel Division and the Lynchburg Research
Center.

All off-gases that might contain uranium particulate
are passed through pretilters and HEPA filtration. Off-
gases from the reduction (sintering) furnaces are flared in
addition to undergoing filtration.

Liquid wastes from cleaning and etching operations
(there are no plating operations) are sent to the Naval
Nuclear Fuel facility for recycling. Zirconium machining
chips are also sent to the Naval facility for recovery. In
addition, sanitary wastes are sent to the Naval facility for
treatment.

*This information providedby M. A. Austin, Babcock and Wilcox,July 1981.
**This information provided by H. W. Crocker, NRC, June 1981.
***~is information provided by Chris Del Signore,Babcock and WficOX, JUIY 1981.

~This informationprovided by H. W. Crocker, NRC, June 1981.



Liquid contaminated with uranium during the pellet
grinding operation is centrifuged to remove the uranium,
and the water is recycled. The recovered uranium is dried
and recycled back into the process. Small acidic waste
streams are neutralized before discharge to the James
River. Mop water and other small effluent streams
containing uranium are treated through pH adjustment
to separate the solids before the decantate is discharged.

Clean (that is, nonchemically contaminated) scrap
may be treated and recycled to the blender. Dried
uranium-containing sludges, along with other chemically
contaminated scrap, prefdters, and contaminated oils,
are sent to Apollo for treatment and recycle or disposal.
(It should be mentioned that HEPA falters are seldom
replaced, as the prefilters are extremely effective in
particulate removal from the off-gas streams.)

Contaminated solid wastes are disposed of by a
licensed contractor. Uncontaminated solid wastes are
sent to the Lynchburg sanitary landfill (EIA,
BWCNFP).

3. Combustion Engineering, Inc., Hematite, Missouri

Combustion Engineering (CE) operates the facility at
Hematite, Missouri, to convert low-enriched UFG into
UOZ powder and fuel pellets for shipment to the CE
Windsor facility. This facility is discussed in detail in
Chapter II.

4. Combustion Engineering, Inc., Windsor, Connecti-
cut

The Combustion Engineering fuel fabrication facility
is located on approximately 38 acres of a 556-acre tract
in a rural region of woods and open fields near Windsor,
Connecticut.

The facility receives U02 powder from the CE
Hematite plant. Process operations in the Windsor plant
include powder blending, pellet pressing, dewaxing, sin-
tering, grinding, stacking and drying, fuel rod loading,
and fuel bundle assembly (EIA, CE, 1974).

All off-gases that might contain uranium pass through
filters.* The off-gases, which contain excess hydrogen,
from the reduction furnaces are oxidized before fdtra-
tion.**
.—— ——— ——
*This informationurovided bv H. W. Crocker. NRC. Julv 1981.

Water containing uranium tines from the grinding
operation is centrifuged to remove the uranium, and the
water is recycled back for reuse.**

The spent HEPA filters are placed in glove boxes, and
the uranium is removed by shaking and brushing. The
uranium is sent to uranium recovery. The cleaned falters
are sent to low-level waste (LLW) commercial burial.*
Contaminated press oil is also sent to LLW commercial
burial.**

Metal machining chips are sold for scrap. The acidic
wastes from pickling the end caps are stored in tanks
until picked up by a commercial spent acid disposal
firm.**

Off-spec material is recycled back into the plant
process.*** No plating or etching operations take place
at the Windsor facility, and there is no wet scrap
recovery.*** Scrap suitable for wet scrap recovery and

combustible contaminated wastes are shipped to
Hematite for processing.

5. Exxon Nuclear Co., Inc., lRichland, Washington

Since 1970, Exxon Nuclear has operated a fuel
fabrication plant located on part of a 160-acre site at
Richland, Washington. Process operations include chem-
ical conversion of UF~ to UOZ using the wet ADU
process, treatment and pressing of the U02 into fuel
pellets, grinding the pellets to the required size specifi-
cation, loading pellets into fuel rods, and final assembly
of fuel rods into the fuel bundles. A wet scrap recovery
operation is also conducted at the plant (ASER 1974).

All off-gases from the chemical conversion processes
(Fig. I-1) are passed through scrubbers, dryers, and
HEPA filters before discharge. Scrubber liquids are
treated as necessary and recycled back into the process.
Any necessary bleed is sent to liquid waste lagoons
(ASER 1974). Spent HEPA fiiters are packed and sent
to LLW burial.***

Spent resins from ion exchange (IX) (Fig. I-1) are
currently being stored on-site.? The treated liquid from
IX, containing most of the fluorine in the UFt received
into the plan~ is discharged to a lagoon (ASER 1974).

In the chemical conversion wet scrap recovery circuit,
scrap for wet scrap reprocessing may fust be oxidized to
U308 if fluorine is present. Scrap is dissolved in a nitric

**This informatio~ provided ty F. Pianki, Combustion E;ginecring, JdY 1981.

***Thisinformationprovided by Don Raheinstein,Exxon Nuclear, July 1981.
~This informationprovided by Charles Malody, Exxon Nuclear, July 1981.
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Fig. I-1. Schematic of UF6-U02 conversion process for Exxon.

Source: ASER 1974.

acid leach, and, after dksolution, the liquor is cen- sembles these into fuel bundles. Process steps include
trifuged. Solids may be recycled or disposed of as solid UOZ powder preparation, pellet pressing, pellet sintering
waste. After recovering the uranium from the pregnant and grinding, fuel rod loading, fuel rod end closure, rod
solution through solvent extraction-stripping-precipita- etch, fuel rod autoclaving, fuel rod testing, fuel element
tion, the spent liquors containing nitrogen compounds, assembly, and storage.
TBP and kerosene (used in solvent extraction), and a Wastes are treated using the following techniques:
small amount of uranium are discharged to a lagoon.
The uranium, precipitated as ADU, is separated from the 1. Process off-gases pass through HEPA filters. Off-
slurry, dried, and calcined to UOZ (ASER 1974). gases from the sintering furnace are flared to oxidize

In addition to chemical conversion processes, the excess hydrogen before these gases pass through
plant manufactures pellets from U02 powder and as- fdtration.* Spent HEPA filters are sent to LLW

burial.
_——. ——
*This informationprovided by Don Raheinstein,Exxon Nuclear, July 1981.
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SAFETY
SHOWERS

The grinding water from pellet grinding is faltered, and 6. Figure I-2 indicates the content and volume of liquid

the sludge is evaporated and calcined to U30* for
recycling. The liquid waste is sent to the lagoons.*

Etching and stop bath solutions are discharged to the
lagoons.**

Spent oils are put in an absorbent material and sent to
LLW burial. Alternative disposal techniques are
undergoing study.*

Cooling water and noncontaminated sanitary water is
discharged to the sewer.**

——————
*This information provided by Don Raheinstein, Exxon Nu-
clear, July 1981.
**This information provided by Charies Malody, Exxon
Nuclear, July 1981.
**VhLsinformationprovidedby BiUCooley,NRC, July 1981.
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wastes discharged to lagoons for a plant throughput
of 1.4 metric tons/day of UO1 fuel. Lagoons presently
in use are lined.*** Various alternatives for per-
manent disposal of the lagoon sludges, including
dewatering and burial at a LLW site, are being
considered.*

7. The plant’s laundry uses a dry cleaning process, with
the vapors being discharged to the atmosphere.

6. General Electric Company, Wilmington, North
Carolina

Since April 1969, the General Electric Company (GE)
has manufactured slightly enriched fuel bundles (up to
4% 235(J) at its fuel fabrication facihty located on about



0.61 kmz of a 6.74-km2 site in a rural area approximately
6 miles (9.65 km) north of Wilmington, North Carolina
(Lyon et al. 1978).

Slightly enriched UFb is received into the plant and
converted to UOZ using both the wet ADU process and
the “dry” direct conversion process. In the wet process,
the UF~, vaporized from the shipping cylinder, is
hydrolyzed to UOZFZand HF in a tank containing water.
Ammonium diuranate is then precipitated from the
solution by the addition of ammonium hydroxide. The
solids are separated from the liquid by two centrifuges in
series. The paste-like solids first enter a defluorinator-
calciner furnace and are then reduced to UOZin a second
furnace operated in a hydrogen atmosphere. The UOZ is
dried and packaged for transport to the UOZ powder
preparation area. Off-gases pass through a hydrogen
oxidizer “flare”, a scrubber, and a HEPA filter. (In
general at GE, each section has its own discharge stack,
resulting in many discharge points.) Liquid wastes are
sent to waste treatment.

In the dry process, UF6 is first oxidized to U308,
which is collected in filter tubes. The off-gases pass
through an absorber tower, where the HF is removed.
(The dilute HF acid is sold.) The U,O, is then formed
into powder, reduced to UOZ, and dried. Hydrogen-
containing off-gases are fwst oxidized to convert the H2
to HzO.* The dry process reduces the need for ammonia
for the facility (EIA, GE 1975).

Besides the chemical conversions of UF6 to UOZ, GE
also operates a “wet” scrap recovery system. Scrap is
dissolved in hot nitric acid to solubilize the uranium as
UOz(NO~)T After fdtration and cooling, the pregnant
solution is reacted with HZOZand NHdOH to precipitate
the uranium as UO~.2Hz0, which is separated by
centrifugation, and calcined to UOV The off-gases from
the dissolution tank have some of the nitrogen com-
pounds recovered as weak nitric acid in an absorber
(which is recycled), and the gases are then caustic
scrubbed.*

Uranium-containing scrap mixed with foreign
materials not meeting standards for processing on-site is
shipped off-site to Nuclear Fuel Services for rework and
recovery of uranium (Elder and Blahnik 1980).**

The liquid wastes from the chemical conversion facili-
ties that contain high concentrations of fluoride com-
pounds undergo further solids removal, and then lime is
added to precipitate the fluorine as CaFz. The freed

—

ammonia is recovered using a proprietary process (Fig.
I-3). At present C aFz is being stored on-site. There are
approximately two acres of stored sludge plus the sludge
in the lagoons. The company is making pilot studies of
techniques for removal of the uranium in the CaFz so
that the CaFz can be sent outside the plant to landffls or
processed to regenerate the fluorine (EIA, GE 1975).

The liquid wastes from the chemical conversion facili-
ties that contain high concentrations of nitrogen com-
pounds (primarily ammonium nitrate) are treated with
Ca(OH)z to remove uranium. The nitrate waste is then
dewatered, and the ammonium nitrate is shipped to the
nearby Federal Paper Board plant for use in their
biological waste treatment lake (EIA, GE 1975) (Fig.
I-3).

Waste streams that contain laundry water or streams
suspected of containing minor amounts of uranium are
passed through high efficiency centrifuges to remove
uranium, and the liquid is sampled to ensure low levels of
uranium before discharge.

Treated liquids are discharged to outfalls that drain
into the northeast Cape Fear River (EIA, GE 1975) (Fig.
I-3).

In addition to chemical conversion processes used to
produce U02, the facility completes the fuel fabrication
process by manufacturing fuel bundles. The U02 powder
is treated (pulverized, compacted, and granulated) and
then pressed into fuel pellets, which are sintered in a
hydrogen-reducing atmosphere, ground to a standard
diameter, loaded into Zircaloy tubes, and further dried.

After filling with helium and welding the final end cap,
the tubes are assembled into fuel bundle assemblies that
meet 23su enrichment requirements. Fuel bundle as-

semblies are leak tested and inspected before shipment
(EIA, GE 1975).

The liquid wastes from the UOZ to fuel bundle
manufacturing operations are handled as follows:

(1)

(2)

(3)

(4)

After precipitation with Ca(OH)z, plating waste
sludge goes to a waste vendor.

Used caustic is sold off-site.

The liquid discharge from the chrome plate line
undergoes ion exchange to remove the chrome.

Waste coolants and used cutting oils undergo ultra-
filtration. The concentrate goes to an off-site in-

*This informationprovided by Gene Coryell, NRC, July 1981.
**This information provided by John Kahle, NRC, September 1981.
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Source: Elder, Blahnik 1980.

cinerator, and the liquid is discharged to the liquid
treatment facility.

(5) The zirconium fines from machining, grinding, etc.,
are currently being stored on-site awaiting some
suitable scheme of disposal.

Off-gases from pretreatment, pelletizing, sintering,
grinding, and rod loading and welding pass through
roughing and HEPA filters (EIA, GE 1975).

General Electric has previously incinerated uranium-
containing combustible wastes. However, the feed was
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shredded before introduction into the furnace, The
shredding arrangement proved unsatisfactory. (For more
details on this incinerator and its problems, see Perkins
1976). At present, this incinerator has been removed,
and a new batch-feed, two-stage combustion incinerator
is being installed. This incinerator will also burn con-
taminated oils. Off-gases will be scrubbed. The scrubber
liquid will be filtered, undergo pH adjustment, and
reused, and any necessary bleed will go to the liquid
waste treatment system. Combustible wastes, including



falters, are currently being stored until the new in-
cinerator begins operation.

Solid, noncombustible contaminated wastes in general
are sent to a LLW burial site if the waste does not
contain sufficient uranium to warrant recovery.

7. Westinghouse Electric Corporation, Columbia,
South Carolina

Westinghouse Electric Corporation’s Nuclear Fuel
Columbia site receives low enriched UF~ and converts
this material into pressurized water reactor (PWR)
commercial reactor fuel assemblies. The facility also
includes scrap recovery operations. Uranium con-
taminated combustible materials are incinerated, This
facility is discussed in detail in Chapter 111.

D. Framework of Study

Each fuel fabrication facility is unique, and
wastesleflluents are treated differently, depending not
only on the processes used but also on the facility itself.
However, to complete this study in the time frame
required, only two facilities were chosen for indepth
analysis from the seven facilities described in the
previous section. One facility was chosen that uses a dry
conversion process from UF6 to UOZ, and in addition
does some pellet production, whereas the other facility
chosen uses a wet conversion process from UFC to U02
and completes the process of fuel pellet fabrication,
loading, and fuel bundle assembly.

For the two facilities chosen for in-depth study, a
complete block flow diagram for each facility was
constructed using material published in environmental
reports and similar sources of information. These flow
diagrams were then used to try to identify inputs and
outputs and thus the origin and composition of each type
of waste stream. Next, the treatment techniques for each
stream were identified, and data on waste types, quan-
tities, and types of disposal collected. Once a draft report
of the description and waste data for each facility was
complete, the report was sent to the company operating
the facility for corrections. Each study was used as the
basis for specific recommendations.

The two in-depth studies are covered in Chapters II
and III. These studies and the brief material given in
Section C of this chapter were then used to make the
general conclusions and recommendations included in
Chapter IV.
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CHAPTER 11

NUCLEAR FUEL MANUFACTURING
HEMATITE, COMBUSTION ENGINEERING

A. Background Information

1. Plant Operation

Combustion Engineering’s (CE) Nuclear Fuel Manu-
fracturing—Hematite (NFM-H), Hematite, Missouri,
plant converts low enriched (less than 4.1 LYO‘35U)UFb to
UOZpowder using a dry conversion process. The powder
is either shipped to CE’S Windsor Plant for further
processing or it can be fabricated into ceramic fuel
pellets on-site and then shipped to Connecticut for fuel
element fabrication (EII 1975, EIA 1977).

3. Site

The NFM-H plant is located in T40NR5E Sec. 9 of
Jefferson County, near Hematite, Missouri, about 35
miles south of St. Louis (Authorization to Discharge,
1979). Jefferson County is predominantly rural, contain-
ing many sizeable woodland tracts (EII 1975).

The total plant acreage is 152 acres, containing a 16-
acre grassy center tract. Approximately 5 acres of this
center tract contain the major buildings, storage areas,
parking lots, etc., associated with the Hematite facility.
Figures II- 1 and II-2 show the general location of the
plant site, whereas Fig. II-3 indicates the layout of
buildings in the 5-acre tract (EH 1975 and EIA 1977).
Table II- 1 identifies the buildings shown in the preceding
figure (EII 1975).

Further information on land use, geology, hydrology,
meteorology, etc., can be obtained from either the
Environmental Impact Appraisal or the Environmental
Impact Information document. These documents also
discuss possibilities for floods, earthquakes, and man-
caused accidents.

4. Resource Usage

Approximately 70 people are employed at the site.
Approximately 25600 gpd (11.2 x 10-4 m3/s) for

process water, 45000 gpd (19.7 x 10-4 m3/s) for cooling

2. History

The Hematite facility (the first plant built in the US for
commercial production of nuclear reactor fuel) was
constructed in 1956 by Mallinckrodt Chemical Works to
produce both high- and low-enriched uranium com-
pounds from UFb. In 1958, the plant was expanded to
provide production capacity for low-enriched U02 fuel
pellets and high-enriched uranium metal.

In 1961, plant ownership was transferred to United
Nuclear Corporation, which in 1963 added naval reactor
fuel production capability. In 1971, the plant was sold to
Gulf Oil, and in 1973 Gulf Nuclear Fuel Corporation
assumed ownership. In 1974, the facility was sold to
Combustion Engineering Corporation, which decom-
missioned the operations involving highly enriched
uranium. Start-up for the processing of low-enriched
reactor fuel began in 1974 (EII 1975).

Fig. H-1. Hematite plant site location within the state of
Missouri.
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water, and 1400 gpa (0.61 x 10–4 m3/s) ror sanitary use
are required. This water is supplied by an artesian well
located on the property (EI1 1975 and EIA 1977).

Table II-2 indicates chemical usage. Natural gas is
used to fire the boilers and some process vessels. In
addition, electricity is required for pumps, various proc-
ess equipment, etc. (EII 1975).

B. Processing, Eflluent Treatment, and Waste Genera-
tion

1. Oxide Plant

The major chemical process at NFM-H is the con-
version of UFC to UO~ Solid UF6, enriched to the

desired level of 23SU, is received in

diameter cylinders. Each cylinder is

2.5-ton, 30-inch
placed within a

SITE#%(% \,\, Sl,,ouls
— SAN FRANCISCO

Fig. II-2. Hematite plant site location within Jefferson County and major transportation Iinks.

steam chamber and heated to vaporize the UF6, which
initially under its own vapor pressure flows to the first
fluidized bed reactor. When the cylinder has been
drained, a vacuum condensation system is used to
recover the remaining heel. In the initial reactor, the UF6
reacts with the steam to form uranyl fluoride and
hydrofluoric acid.

UF6 (gas) + 3HZ0 (gas) -
U0,F2 (solid) + 4HF (gas)+ HZO (gas).

The gaseous HF and HZO exit the reactor through two
sets of porous metal filters, where any entrained UOZFZ

If
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Fig. II-3. Location and identification of buildings and facilities
on Combustion Engineering Hematite plant site.

Source: EIA 1977.

is removed, and are then routed to the central HF
removal system. The UOZFZ particles pass to a second
and third reactor in series, where the UOZFZreacts with
hydrogen (obtained from cracked ammonia) to form
U02.

UOZFZ(solid)+ H, (gas)+ UOZ (solid)+ 2HF (gas).

The off-gases from the second and third reactor are also
filtered through porous metal filters, after which the
gases pass to the central HF removal system. The central
HF removal system, reported to be 90-98% effective in
removing fluorides, consists of a series of towers packed
with pebbles of limestone in which the HF is removed by
the reaction of F with Ca to form CaFz (EIA 1977).
Excess Hz in the off-gas stream is burned in an in-stack
burner located after the limestone fluorine removal
packed towers (EII 1975).

Product UOZ is withdrawn from the reactors, cooled,
and pneumatically transferred to storage silos. Figure
II-4 indicates the process flow diagram for the oxide
plant.

The particluate, containing uranium, obtained through
cleaning of the porous metal filters, is sent to oxidation-
reduction (dry scrap recovery), hence recycling this
uranium back into the UOZproduction process.

TABLE II-1

BUILDING AND FACILITIES ON THE
CE HEMATITE SITE

Building
Number Buitding Name Present Use

101

110

120

235

240

250

252

255

Tile Barn

PumpHouse

NewOfficeBuilding

Wood Barn

Oxide Building and Dock

West Vault

240-1
240-2 and 3
240-4

Boiler Room/Warehouse

South Vault

Pellet Plant

Emergency Center and
Equipment Storage

Site Water Supply

Guard Station and ORices

Equipment Storage

UF6 to U02 Conversion

Natural and Depleted
Uranium Storage

OtXce and Cafeteria
Recycle and Recovery Areas,
Laboratory and Maintenance
Shop, and Laundry

Steam Supply and Storage

Radioactive Waste Storage

Fuel Pellet Fabrication,
UOZ Storage

Source: EIA 1977.

The spent limestone (the CaF2 chemical reaction
progress through the bed is monitored by noting the bed
temperature) is removed from the tower, and after
monitoring for uranium, is sent to disposal. The max-
imum activity of this spent material is reported not to
exceed 50 dpm/g of activity, and usually, because of the
effectiveness of the porous metal filter, the activity does
not exceed background* (EIA 1977). If the limestone has
no above-background surface contamination, it is gener-
ally disposed of outside the fenced area at the plant site.*

Current operations are reported to produce approx-
imately 100 cubic yards (76.4 m3) of spent limestone-
CaFz per year. Approximately 35-50 drums of spent
limestone containing levels of uranium too high for
acceptable use as landfill have been shipped to a LLW
burial site.***—————.——
*This information provided by H. E. Eskridge, Combustion
Engineering,July 1981.
**This information provided by Charles Peck, NRC, May
1981.
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TABLE II-2

CHEMICAL USAGE FOR THE HEMATITE FACILITY PER YEARa

Chemical Pounds

Ammonia 420 000

Nitrogen 500000

Hydrogen 5500

UF, 750000

Potassium hydroxide 3500

Trichloroet bane 9500

Cranko (organic compound) 9000

Sodium hydroxide 4s00

Salt (NaCl) 7500

Sulfuric acid 5000

Hydrophobic starch 1500

Hydrochloric acid 850

Boiler treatment chemicals 2600

Detergent 400

Limestone NA

Kilograms Use Fate

190 680

227000

2497

340000

1589

4313

4086

2043

3405

2270

681

386

1180

182

NA

Reducing and
producing ADU

Processing

As a reductarrt in
various operations

To convert U to U02

Scrubber

Powder preparation

Powder preparation

Regeneration
demineralize resins

Regeneration
demineralize resins

Regeneration
demineralize resins

Lubrication–
pellet pressing

Clean heat exchanger
tubes

Boiler water treatment

Laundry

Remove fluorine

Excess hydrogen burned in stack
burner HZO and Nz to air; NH,

from ADU section discharged

Discharged to ambient air

Excess burned to HZO

F- at least 90% into limestone
solid waste discharge

Forms KF2 and KOH, which goes to
regeneration and then burial

Volatilized to ambient air

Volatihzed during pellet dewaxing

Discharged to creek after neutralization

Discharged to creek after neutralization

Discharged to creek after neutralization

Volatilized during pellet dewaxing

Discharged to creek

Discharged to creek

Discharged to creek

CaFz and excess limestone
to landfti (on-site)

‘Does not includewet scrap recoveryin whichnitric acid, ammoniumhydroxide,hydrogen peroxide,and potassium
hydroxide are used, but includesoperation when some pelletproduction is occurring.

Source: EII 1975
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All UOZ contaminated mop and cleaning water from
the Oxide Building and other process buildings is
evaporated in the boil-down tanks, and the residue is
recycled back into the plant processing (EIA 1977).

2. Powder Preparation and Blending

To prepare the U02 for fuel pellet fabrication, the
powder is withdrawn from the storage silos and milled to

14



a specific particle size range in a fluid energy mill (Fig.
II-5). Recycle material, after meeting quality standards,
is included in the milling process. The milled material is
pneumatically transferred to the blenders (EIA 1975).
From the blenders, the powder may either go for
packaging and shipping or to pellet fabrication.

The off-gases from the powder preparation section will
contain UOZ frees and CIi ~CCIJ vapor, These process
off-gases pass through single absolute filters before being
vented to the ambient air. Filters are cleaned, and the
residue is processed in the dry scrap recovery (EIA
1975).

3. Fuel Pellet Fabrication

For fuel pellet fabrication, the UOZ powder is trans-
ferred from the blender to the agglomeration circuit.
Here an organic binder and a solvent are mixed with the
powder. The mixture is dried, granulated, a lubricant
added, the mixture again blended, and then pressed to
the desired shape (EIA 1977).

Off-gases from these operations contain organic
vapors and UOZ particulate. These off-gases are routed
to the main pellet plant process ventilation air system
where the gases pass through one of two manifold
systems, each containing two banks of prefilters and two
banks of absolute falters. These final filters are equipped
with pressure differential measuring devices. If a signYl-
cant increase in pressure differential occurs, the filters
are replaced (EIA 1977).

The newly formed pellets discharged from the mechan-
ical presses are sent to the dewaxing furnace where the
binding and lubricating material is removed in a reducing
atmosphere. Finally, the dewaxed pellets are introduced
into a sintering furnace where, again in a reducing
atmosphere, the desired final pellet density is obtained.
Off-gases from these operations contain U02 fines, Hz,
Nz, COZ, HZO, and hydrocarbons, These off-gases are
also routed into the main Pellet Plant process ventilation
air system for removal of the UOZ tines (EH 1975).

The sintered pellets are ground to the required diame-
ter (using a centerless grinder), dried, purity tested, and
inspected. Pellets meeting requirements are packaged for
shipment. Off-gases from pellet grinding will contain
UOZ tines and are also routed to the main Pellet Plant
process ventilation air system (EII 1975). The water used
in grinding is contaminated with finely divided UOZ.This
water is centrifuged to remove UOZ, and the recovered
material is recycled. The liquid is further treated by
evaporation to recover any remaining uranium.

The reject pellets are recycled back into the system.
This process is described in a later section.

4. UFb Cylinder Cleaning

Infrequently, to recover any UFd remaining in the
shipping cylinder before the cylinders are pressure tested,
a small amount of water is introduced into the cylinder to
hydrolyze the UF6

UF6 (liquid)+ HZO (liquid) ~
UOZFZ(solid) + 4HF (liquid)+ HZO.

The UOZFZparticles suspended in the dilute hydrofluoric
acid are drained from the cylinders, and NHJ is added to
precipitate the uranium as ammonium diuranate (ADU).
The slurry is pumped through a filter press to remove the
particles of ADU. The ADU filter cake is sent to the
oxidation circuit (dry scrap recovery).

The liquid filtrate contains ammonium fluoride, excess
ammonia, and uranium daughter products from uranium
decay in the cylinder.

The liquid is evaporated, solidified by adding cement,
and shipped to licensed burial.*

The off-gases from the ADU precipitation section
contain ADU particulate and NH~ vapor. These gases
are exhausted through a single absolute filter (EII 1975).

5. Dry Scrap Recovery

Reject pellets and other UOZ scrap not contaminated
with chemicals and the small amounts of ADU from
cylinder heels recovery are prepared for recycle by
heating in an air atmosphere to form U308, which is then
heated in a reducing atmosphere to convert the UJO~ to
UO, (EII 1975).

The off-gases from these operations containing UO1

fines, HF, NH3, Nz, hydrocarbons, H2, and HZO vapor
pass through a KOH scrubber before discharge to the
ambient air (EH CE 1976).* The scrubber liquor con-
tains ammonium fluoride, potassium fluoride, potassium
hydroxide, and ammonium nitrate. This spent liquor is
treated to regenerate the KOH and precipitate the
impurities.** The solids are filtered from the liquor, and
the KOH is reused. The solids are solidified and sent to
off-site burial.
—
*This information was provided by H. E. Eskridge, Combus-
tion Engineering,July 1981.
**Thisinformation was providedby Charles Peck, NRC, May
1981.
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6. Wet Scrap Recovery

A wet scrap recovery operation was begun in 1977.
About I?40of the total production (including materials
returned from the Windsor Facility) requires wet re-
covery. However, because scrap had been stored before
1977, the following operations rates were proposed.

Year MtU*

1977 2.4
1978 4.6
1979 2.1

*Metric tons of uranium

The maximum capacity of the wet recovery process
under conditions of continuous operation could be as
great as 255 lb uranium/day(l15.8 kg/day); however,
the operation has never been used continuously (SEII
1977).

The wet scrap recovery operation recovers uranium
contained in chemically contaminated scrap materials
and residues. Most of the scrap is first oxidized in the
reaction boxes used for oxidation in the dry scrap
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recovery circuit. After any necessary preparation, a
batch of approximately 9.6 kg uranium is mixed with
water and introduced into the leach tank for 172
minutes, where nitric acid is added to solubilize the
uranium as UOZ (N03)Z

2U308 + 14HN03 +
6UOZ(N03)2 + 7H,0 + NOZ + NO.

As indicated in the preceding equation, the off-gases
during dissolution contain N02 and NO. These gases
pass through a packed tower with a countercurrent flow
of recirculating water as the absorption liquid. The
scrubber liquid is recycled back to the system. The
scrubber was designed to operate for maximum absorp-
tion efficiency by compression of gases using a water-
sealed compressor. Scrubber efficiency is reported to be
approximately 75?io. During a pilot test with a dissolu-
tion batch of 9.6 kg of uranium, the total amount of NOX
released was approximately 102.5 g (ERALA 1977).

The solution from dissolution undergoes pH adjust-

ment [N Hg(OH) and HZOZare added] to precipitate U as
U04 and is sent to a hold tank. From the hold tank, the
liquid moves into a mixer-settler/precipitation tank. The



solution from this tank then undergoes further
solid/liquid separation in a centrifuge. Additional solids
removal occurs by treating the liquid from centrifuging in
a filter press.

The barren solution from the final tilter press (com-
posed of an aqueous solution of ammonium nitrate plus
acid-soluble impurities, mainly iron and nickel) is sent to
a hold tank. The liquid is sampled, and if less than a
gram per liter of uranium is present, the liquid is batch-
processed in one of the three boil-down tanks described
elsewhere in this report. The final sludge from boil-down
is mixed with cement for solidification and sent to a
commercial low-level waste burial site.*

During three pilot tests, the average concentration of
uranium in the process liquors from the final filter was
about 0.064 g/~. Thus, about 0.25°10 of the uranium
processed in the wet recovery operation is found in the
discharge liquid waste evaporated in the boil-down tanks
(SEII 1977 and EII, CE 1976).

The solid UOq separated during the solid/liquid
separation steps is sent to a dryer and then converted
back to UOZ in the oxidation-reduction boxes also used
for dry scrap recovery.

The off-gases from the U04 dryer are scrubbed in a
spray tower type scrubber. The recirculating liquid is
continuously filtered. Bleed is sent to the boil-down tanks
for evaporation.

As mentioned previously in discussing the use of the
oxidation-reduction boxes in the dry scrap recovery
operation, off-gases from these boxes pass through a
KO H scrubber where the scrubber solution is reused
after treatment.

The off-gases from the various dry operations pass to
the central dry gas treatment system (refilters and
double HEPA filters) before release.

Off-gases from the filter press, precipitation, and other
wet operations pass to the wet side central gas treatment
system where the gases pass through double HEPA
filters before release (EII, CE 1976).

The complex flow diagram for the wet scrap recovery
is given in Fig. II-6. It should be noted that this figure
also indicates the dry recovery process, as the recy-
cle/recovery furnaces (oxidation-reduction) are also used
for the dry process.

7. Incineration

A small quantity of combustible waste. principally
polyethylene bags. rags. and paper. becomes con-
taminated during plant operations. Recently. an in-
cinerator having a capacity of 25 lb/h (11.3 kg/h) has
been installed to incinerate these wastes.

The material is fed. packaged in plastic or paper bags.
into the incinerator until 860 g of 23SU have been
introduced into the system. The incinerator is designed
with a primary combustion chamber and a secondary
chamber with auxiliary natural gas burners in both
chambers. The off-gases are first cooled by a heat
exchanger and then pass through an ejector-venturi
scrubber and then a packed tower scrubber before
discharging to the ambient air.

The scrubber liquors include uranium-containing
particulate and HC1 and are recycled during each burn.
After a burn, the complete scrubber and liquor sump
system is drained and refilled with deionized water. The
spent scrubber liquor is evaporated in one of the
boil-down tanks.

Ash, removed from the incinerator by the vacuum
collection hood, is analyzed for uranium and, depending

on uranium content, is either packaged for burial at a
commercial waste burial site or is sent to wet recovery.
Off-gases from the ash vacuum system pass through a
HEPA filter before discharge (C-EHI/SS).

8. Other Operations

a. Boil-Down Tanks. There are three boil-down
tanks located outside that evaporate spent scrubber
residue, contaminated mop and cleaning water, and
other liquid residues. The sludge remaining after boil-
down is either recycled or drummed for burial, depend-
ing on the uranium content.* The vapors from boil-down
discharge directly to the air.

b. Laundry. An on-site laundry is operated to wash
worker clothing. This discharge water and glassware
cleaning water is discharged to the drains, which dis-
charge to the site pond (EII 1975).

.—
*This information provided by Charles Peck, NRC, June
1981.
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c. Cooling. Cooling water is also discharged to the
site pond. Overflow from the site pond discharges to
Joachim Creek, which flows into the Mississippi (EII
1975).

d. Satdtaiy Facilities. The sanitary waste water is
discharged to a Sanitaire Mark I-R-4 extended aeration
sewage treatment plant and an aerated sludge holding
tank. After chlorine treatment, the water discharges to
Joachim Creek (EII 1975).

1975-1980. The pond well samples refer to monitoring
wells placed around the now unused evaporation ponds.
Further information on sampling sites is given in Figs.
H-7 and II-8. For further information on sampling, the
reader is referred to the Environmental Impact Informa-
tion and the Environmental Impact Appraisal docu-
ments. The increase in beta counts on limited occasions
was at least in part caused by contamination of UFCwith
99Tc at the enrichment facilities and the movement of this

beta emitter through the plant into the sampled dis-
charges.**

e. Evaporation Pond Sludge

2. Other Data
Until several years ago, approximately 100 gpd (4,38

x 10-6 m3/s) of radiological waste water was discharged
to retention ponds. This practice has been discontinued,
Most of the pond sludges containing fluoride com-
pounds, nitrogen compounds, potassium compounds,
and smaU quantities of uranium have been removed and
packaged in 55-gallon drums for burial.*

J Solid Wastes Sent Of-Site. Solid wastes contain-
ing uranium compounds are generated at all process
steps. Wastes are assayed, and wastes not suitable for
recovery of uranium or for incineration are placed in 55-
gallon steel drums and shipped to a low-level waste
burial site. Bulky items having only low levels of surface
contamination may be placed in plastic-lined wooden
boxes for delivery to the burial site.

From September 1974 to May 1975, 1350 ft3 (38,20
m3) of solid wastes containing 15760 g of uranium with
475 g of 23SU were shipped for disposal. (Depleted
uranium wastes from start-up testing, which is not
expected to occur again, were also shipped.) The amount
of contaminated waste shipped to off-site burial has
recently declined because of increased reprocessing.**

Wastes not contaminated with uranium are collected
and disposed of by a commercial waste burial firm (EII
1975).

C. Discharge Data

1. Monitoring Summary 1975-1980

The tables included in the Appendix comprise a
summary of the environmental monitoring data from

.—. ..— —.
*This information provided by H. E. Eskridge,July 1981.
**Thi5 ~formation provided by Charles Peck, NRC, May
1981.

Table II-3 indicates recent data (excluding sewer
outfall) submitted by CE to the Environmental Protec-
tion Agency (EPA) for the National Pollutant Discharge
Elimination System (NPDES), whereas Table II-4 sum-
marizes recent radiological data (EMR 1980), including
the sewer outfall.

In addition, it has been indicated that releases to the
air are approximately 2.1 lb/day for NH3 and 0.042
lb/day of NOX (omitting NOX discharges from combus-
tion equipment) (EII, CE 1976).

3. Calculations

There appear to be no published data on the amount
of CaF2 going into the solid wastes. However, the
monitoring data indicate that little fluorine is being
discharged as a liquid effluent. In the impact information
document, CE indicated that plant capacity was about
750000 pounds of UF6 per year. Using the monitoring

data given for fluorine emissions, it appears that the
scrubbers must remove about 95V0of the fluorine if the
plant has been running at the stated capacity. If it is
assumed that (1) plant throughput is 750000 pounds
UF6 per year, and that (2) 95% of the fluorine coming
into the plant is converted to CaFz, the total amount of
CaF1 waste each year is 213799 kg. (This waste will be
mixed with the unreacted limestone.) If the plant has
been operating in this mode since 1958, then approx-
imately 4922 metric tons of CaFz have been produced.

D. Conclusions

1, Monitoring

It would be helpful to have more data on the
monitoring of the boil-down tank vapors and the de-
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termination of the efficiency of the limestone scrubbers.
The effect of nitrates in the liquid discharge should be
investigated. Splitting of samples and an independent
monitoring program should be undertaken, with the data
from all monitoring given in a publicly available yearly
report. Data should include, at several locations, ambient
air concentrations of uranium (including size fraction
and volubility) and concentrations of uranium in nearby
surface soils.

2. Solid Waste Disposal

A study of the disposal of the limestone containing
CaFz wastes is needed to ensure that current disposal
techniques will not result in mobilization of fluorine or
uranium.

The quantity of uranium and the matrix composition
of the waste going to LLW burial should be identified in

detail and a determination made of the adequacy of this
type of disposal.

3. Past Practices

No data were obtained on the decommissioning efforts
made in 1974 for the highly enriched uranium processing
circuits. It may be that further monitoring and investiga-
tions (such as looking for buried waste lines, sumps,
contaminated soils, etc.) are needed to ensure that
previous operations at the plant have been adequately
decommissioned.

4. Inadvertent Discharges

No information was obtained as to quantity and types
of inadvertent discharges as a result of clean-up equip-
ment malfunction, line breaks, loss of power, etc. More
data are needed on occasional inadvertent releases.
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5. Fugitive Emissions

No information was obtained on fugitive emissions.
Complete mass balances for all chemicals used in the
plant should be obtained to indicate possible fugitive
emissions.
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Date

Jan 1977
Feb
March
April
May

June
July
Aug
Sept
Ott
Nov
Dec

Jan 1978
Feb
March
April
May
June
July
Aug
Sept
Ott
Nov
Dec

Jan 1979
Feb
March
April
May
June
July
Aug
Sept
Ott
Nov
Dec

Jarr 1980
Feb
March
April
May
June
Jrdy
Aug
Sept
Ott
Nov
Dec

TABLE II-3

NPDES MONITORING DATA (002 OUTFALL)

Flow’ Flow’ TSS

(MGD) (m’/a x 10-2) (mg/1)

0.05 0.22 15
0.13 0.57 1
0.81 3.55 10
0.5 2.19 6
0.3 1.31 10

0.6 2.63 9
Pond down for repairs to site dam

0.05
0.08
0.20
0.41
0.88

0.28
0.23
1.362
0.56
0.33
0.63
0.39
0.44
0.36
0.10
0.13
0.60

NA
NA
NA
1.8
2.1
2.0
0.05
0.38
0.06
0.24
0.33
0.37

0.17
0.42
1.3
0.63
0.20
0.15
0.04
0.22
0.15
0.12
0.08
0.02

0.22
0.35
0.88
1.80
3.85

1.23
1.01
5.97
2.45
1.45
2.76
1.71
1.93
1.58
0.44
0.57
2.63

7.88
9.20
8.75
0.22
1.66
0.26
1.05
1.45
1.67

0.74
1.84
5.69
2.76
0.88
0.66
0.18
0.96
0.66
0.53
0.35
0.09

1.2
<1.0
<1.0

3.0
0.3

1.5
<1.0
NA
3.6
2.1
3.6

15.7
16.0
7.0
7.0
6.0
4.5

2.8
7.5

<1.0
6.0
2.1
4.8
3.6
1.2

NA

5.7
4.5

18.0b

1.8
<0.1
<0.1
<1.0

3.6
1.8
2.1
2.4
2.1

pH
Temperature

“c
Fluoride
(mg/1)

Gil & Grease

(mg/,8)
Gross a
(pcti,#)

7.8
7.0
6.7
6.9
7.0

6.9

6.9
6.8
6.9
7.1
6.9

7.0
6.9
6.9
6.8
6.8
6.9
6.8
7.0
7.7
7.7
8.5
7.2

6.8
6.9
7.3
8.1
7.3
7.5
7.3
7.4

NA

8.0
7.9
6.9
7.3
7.2
7.8
7.1
7.59
7.8
7.23
7.2
7.6

5
12.2
16.0
20.0
24.0

24.0

30.0
24.5
17.7
17.5
14.7

13.6
13.8
12.3
15.0
18.0
20.0
26.0
24.0
17.0
17.0
12.0
9.0

16
23
25
28
24
18
17
4

NA

3
11
16
18
22
28
32
25
23
17
5
5

2.5
<1.0
<1.0
<1.0
<1.0

<1.0

1.6
<1.0
<1.0
<1.0
<1.0

<1.0
<1.0
NA

<1.0
<1.0
<1.0

1.6
1.9
0.58

<1.0
2.o1’

<1.0

<1.0
<1.0
<1.0
<1.0
<1.0
<1.0

9b
<1.0
NA

5’
1

<1
2b
8b
17“

<1
<1
<1
<1
<1
<1

3.7
1.0
6.7
7.0
8.0

13.0

5.4
4.6
1.7
2.7

<1.0

<1.0
1.7

NA
1.5
1.6
2.5
6.9
2.33

<1.0
<1.0
23.0b

2.3

7.4
7.7
5.4
7.4
6.9

13.1
4.8
5.4
NA

1.7
4.9
6.9
8.9
0.6
0
5.4
2.6
1.4

<0.01
<0.01
<0.01

59
34
14
27
28

78

158
173
76
31
16

74
61
16
10
10
65
45

128
93

220
138
63

16
16
60
63
38
37.5
71.0
48
NA

c
c
c
c
c
c
c
c

c
c
c
c

GrOssp
(pci/~)

50
17
14
15
25

30

56
114
59
16
18

14
122

13
17
13
67

628
2374 b

654
429
276

84

11
20
66
78.7
36.0
28.5
96
77

NA

c
c
c
c
c

c
c
c

c
c
c
c

—
‘Includes spring flow of 60 gpm.
bNon-compliance,
‘SeeTable 11.4.
Source: Reports to EPA 23



TABLE II-4

SEMIANNUAL SUMMARY OF RADIOLOGICAL MONITORING
Combustion Engineering, Inc., Hematite, Missouri

Monthly Average’ Highest Sample’

1979 Alpha Beta Alpha Beta—— —.
Discharge WI (Sewer)

July
Aug
Sept
Ott
Nov
Dec

Discharge 002 (Pond)

July
Aug
Sept
Ott
Nov
Dec

July
Aug
Sept
Ott
Nov
Dec

Joachim Creek
Downstream

July
Aug
Sept
Ott
Nov
Dec

Contluensx

July-Sept
Ott-Dec

Hematite Well

July-Sept
Ott-Dec

Plant Well
July-Sept
Ott–Dec

66.0
76.2
39.7
53.0
78.0
50.0

63.0
38.0
37.5
71.0
48.0
29.0

2.0
8.0
2.0
4.0
1.0
2.0

2.0
5.0
2.0
9.0
5.0
1.0

3.0
6.0

7.0
8.0

3.0
3.0

33.0 66 32
75.2 113 132
29.0 59 31
35.0 92 61
84.0 114 148
33.0 58 49

78.7 77 113
36.0 56 65
28.5 55 50
96.0 101 148
77.0 62 95
16.0 56 26

2.0
9.0
7.0
8.0
3.0
5.0

2.0
3.0
6.0
4.0
5.0
6.0

3.0
5.0

3.0
3.0

3.0
3.0

‘All values are picocuries per liter.
USNRC limits are alpha -30000

beta -20000

Source: EMR 1980.
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TABLE H-4 (cent)

1980
Discharge WI (Sewer)

Jan
Feb
Mar
Apr
May
June

Discharge 002 (Pond)

Jan
Feb
Mar
Apr
May
June

Joachim Creek
Unatrearn

Jan
Feb
Mar
Apr
May
June

Jan
Feb
Mar

Apr

May

June

Confluence

Jan-Mar
Apr-June

Hematite Well

Jan-Mar
Apr-June

Plant WeU
Jan
Feb
Mar
Apr
May

Monthly Average
Alvha Beta

Highest Sample
AIoha Beta

83
301
126
34
35

7

26
20
17
21
29
47

4
3

<2
4
7
3

5
<2
<2

7
3
3

<2
5

5
8

4
2

32
4

<2
-1

38
78

150
42
47
67

16
27
10
49
26
40

5
<3

6
<3

3
3

3
<3

4
5
4
4

3
7

5
29

4
<3

8
3

<3
3

164
864
222

83
84
15

52
30
29
47
59
55

79
133
263

80
64

164

24
65
15

157
39
52
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TABLE II-4 (cent)

1980

Discharge 001 (Sewer)
JuIy
Aug

Sept
Ott
Nov
Dec

Discharge 002 (Pond)
July
Aug
Sept
Ott
Nov
Dec

Joachim Creek
Umtream

July
Aug
Sept
Ott
Nov
Dec

Juty
Aug
Sept
Ott
Nov
Dec

Confluence
July-Scpt
Ott-Dcc

Hematite Well
July-Sept
Ott-Dec

Plant well

Monthly Average Highest Sample
Alpha Beta Alpha Beta—— .—

54 361 148 820
62 367 132 817
72 226 202 433

209 119 359 195
170 45 191 66

19 37 23 63

67 84 81 167
39 45 88 146
23 14 26 17
82 26 275 93
26 17 29 20
16 8 19 11

<2 <3
3 3

<2 <3
<2 <3
<2 <3
<2 <3

<2 <3
6 3

<2 <3
<2 <3

4 3
<2 <3

<2 <3
<2 <3

<2 <3
<2 <3

July
Aug
Sept
Ott
Nov
Dec

<2 <3
<2 <3
<2 <3
<2 <3
<2 <3
<2 <3
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APPENDIX

ENVIRONMENTAL MONITORING SUMMARY

1975-1980 (1981)

Combustion Engineering, Inc.

TABLE A-1

STACK MONITORING—RADIOACTIVITY’

(Microcuries released)

1975 1976 1977 1978 1979 1980

January
February
March
April
May
June
July
August
September
October
November
December

Total

Site Boundaryb
Cone – ~Ci/ml

‘\o MPC
———————-

94.9

27.7

2.9

5.8

17.5

7.3

4.4

2.9
1.5

62.8

16.1

16.1

39.4

100.7
43.8

102.7
27.4
80.0

140.2
2.9

43.8
33.6
24.8
36.5

26.9

23.7

9.3

6.2

20.6

7.4

6.3

6.3

4.7

20.5

14.2

4.6

5.9

28.4

22.0

17.6

63.2

10.3
16.7
16.7
8.8
5.6
2.2
1.1

2.0
2.2
0.8
0.7
0.8
0.1
0.3
0.1
0.1
2.0
8.4
2.3

259.9 675.8 150.7 198.5 19.8

0.8 X 10-ls 2.1 x 10-1s 0.5 x 10-1s 0.6 X 10-15 0.06 X 10-ls

0.020 0.052 0.012 0.015 0.002
—

12.9

3.2

4.9

1.6

3.4

2.3

7.6

3.7
1.7

6.1

2.4

3.9

53.7

0.2 x 10-15

0.005

“Determined by gross alpha counting after allowing at least 8 h for decay of radon daughters.
bCslculated - does not take credit for site boundary expansion in 1979.
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TABLE A-2

ENVIRONMENTAL AIR MONITORING-RADIOACTIVITY1

(10-” microeuries per milliliter)

1978 1979

North

Station

Southwest

Station

North

Station

Southwest

Station

January
February
March
April
May
June
July
August
September
October
November
December

5

<2
<2

6
4
2
2
6
4
5
6
2

Average
Concentration 3.8
——————.——

<2
<2
<2

3
3

<2
3
4
2
7
6

<2

2.8

<2
<2

3
<2

3
4

10
6
5
2
3
3

<2
2
9
4

<2
<2

2
3
3

<2
3
4

3.2 2.5

1980

North Southwest

Station Station

5

5

4

7

3

3

5

3

3

4

7

3

7

<2
4

<2
6

2

<2
3

<2

<2
4

6

3.9 2.7

‘Determined by gross alpha counting after allowing a 72-h period for decay of radon and thoron
daughters.
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TABLE A-3

January
Febmary
March
April
May
June
July
August
September
October
November
December

Average
Concentration

% MPC

—— ___

SITE DAM OVERFLOW MONITORING-RADIOACTIVITY

(picocuries per liter)

1975 1976 1977 197s 1979 1980

Alpha Beta

85
18
34
12
22

111
103
65
28
89

102
a

53
10
21
15
32
90

180
22
16
36
32
a

Alpha

52
107
160
228

73
81
83

235
187
153
82

144

Beta

18
60
50
65
26
56
25
47
45
45
39
74

Alpha Beta
— _

59 50
34 17
14 14
27 15
28 25
78 30
a a

158 56
173 114
76 59
31 16
16 18

Alpha Beta
— _

74 14

61 122
16 13
10 17
10 13
65 67
45 628

128 2374
93 654

220 429
138 276
63 84

Alpha Beta
— _
231 124

12 18
8 8

16 11
16 36
61 66
63 79
38 31
38 29
71 96
48 77
29 17

61 46 132

0.2 0.2 0.4

——

46

0.2

Alpha Beta

26
20
17
21
29
47
67
39
23
82
26
16

63 38 77 391

0.2 0.1 0.3 2.0

53 49 34

0.2 0.2 0.1

16
27
10
49
26
40
84
45
14
26
17
8

30

0.2

‘Data not available.

99TC havingMpcof 3 x 105pCi/m~. Per cent MPC, however, isNOTE: Beta activity for Augut 1978 identified as ,
based on an MPC of 20000 pCi/j.
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TABLE A-4

January
February
March
April
May
June
July
August

September
October
November
December

January
February
March
April
May
June
July
August
September
October
November
December

————

JOACHIM CREEK MONITORING—RADIOACTIVITY

(picocuries per liter)

1975

Upstream Downstream

Alpha Beta Alpha Beta

<2 8 <2 <1
a a a a
a a a a

<2 <1 28 <1
a a a a

<2 <1 <2 5
6 12 <2 5
a a a a

<2 <1 <2 <1
<2 21 4 10
<2 <1 <2 <1

a a a a

1978

1976

Upstrcnsn Downstream

Alpha Beta

<2 4
<2 <1

<2 <1
6 <1

<2 5
<2 <1
<2 <1

4 4

<2 2

<2 4
7 5

<2 5

Alpha Beta

8 4
6 <1

<2 5
8 <1

<2 <1
<2 5

<2 <1
5 4
6 3
5 8

10 9
13 6

1979

1977

Upstream Downstream

Alpha Beta Alpha Beta
—— ——

b b b b
5 3 3 <3
4 6 2 5
2 3 3 9
2 3 3 2

<2 5 4 4
2 9 5 5
2 12 18 12
6 11 7 7
2 60 2 5

<2 3 <2 3
<2 4 2 4

.a.,,.

Upstrcnrrs Downstiearn Upstream Downstream Upstream Downstream

Alpha Beta
——

b b
2 3
3 7
2 2
2 4
2 3
3 4

<2 3
<3 4
<2 4

6 <3
2 9

Alpha Beta
—.

b b
3 3

<2 2
3 3

<2 3
5 5

14 17
<2 23

4 9
4 7

<2 <3
2 5

Alpha Beta

b b
<2 3
<2 <3
<2 3
<2 4
<2 <3
<2 4

8 9
<2 7

4 8
1 3

<2 5

Alpha Beta

b b

<2 6

<2 4
<2 3

3 5
<2 4

2 3
5 3
2 6
9 4
5 5
1 6

Alpha Beta
——

4 5
3 <3

<2 6
4 <3
7 3
3 3

<2 <3
3 3

<2 <3
<2 3
<2 <3

<2 <3

Alpha Beta
——

5 3

<2 <3
<2 4

7 5
3 4
3 4

<2 <3
6 3

<2 <3
<2 <3

4 3
<2 <3

‘Data not available.
bStrearn frozen over - no sample collected.
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TABLE A-5

QUARTERLY LIQUID ENVIRONMENTAL MONITORING-RADIOACTIVITY

(picocuries per liter)

April 1975
September
November

February 1976
May
August
November

February 1977
May
September
October

March 1978
June
September
November

February 1979
May
August
November

March 1980
June
September
November

Site Well
. ..-

A1plIa

Creek
Confluence

. ..-
Alpha Beta

Hematite Well

Alpha –

<2
<2
<2

11

<2
4

7

3

5

6

<2

6

3

<3
10

16

6

3

4

32

7

<2
<2

<1

<1

<1

10
6
3
5

3

<3
3
4

18
4
4

16

56
6
3
2

8
3

<3
<3

29

a

a

<2

<2

8

9

11

6

48

<2

4

2

42

4

<2
8
3
6

<2
5

<2
<2

<1
a

a

<1

<1
6
5

15
6

29
234

5
6

491
8

4
8
3
5

3
7

<3
<3

<2
<2
<2

<2
<2

a

18

5

<2

2

7

4

7

7

4

<2
3
7
8

5
8

<2
<2

<1
<1

<1

<1
3

a
8

<3

<3
4

4

<3

4

3

3

<3
3

<3

3

5

29

<3

<3

‘Data not available.



TABLE A-6

RETENTION POND SAMPLE WELL MONITORING-RADIOACTIVITY
(picocuries per liter)

1977 1978

January

February

March

April

May

June

July

August

September

October

November

Dccembex

January

February

March

April

May

June

July

August

September

October

November

December

———.

North

Alpha Beta
——

a a

33 105
12 13

<2 58
8 134
5 596
6 460
8 1510

28 937
3 8
2 107
3 76

East

Alpha Beta
——

a a

41 24

6 5

<2 <3

6 3

2 4

12 9

5 18

5 4

2 5

<2 <3

<2 3

1979

west
Alpha Beta

——

a a

b b

b b

b b

b b

b b

b b

b b

b h

b b

b b

b b

North

Alpha Beta
——

a a

17 432

25 566

12 363

26 316

8 270

23 452

22 520

30 317
40 27
42 1125
25 447

East

Alpha Beta
——

a a

2 5

<2 <3

2 <3

<2 5

7 10
8 18

5 5

8 9

3 4

<2 16

<2 7

west

Alpha Beta
——

a a

5 7

5 10
5 .5

4 12

<2 3

23 22

9 9

3 7

11 7

5 2

1 9

*No sample because of heavy ice and snow cover.
bWell dry at this time.

North

Alpha Beta
——

a a

3 65

2 217

5 120

7 611

9 447

4 1550

54 4820

86 1030

57 581

69 1490

8 337

East

Alpha Beta
——

a a

2 212

<2 3

3 6

<2 <3

9 9

<2 4

10 12

6 9

4 4

17 13

4 7

1980

west

Alpha Beta
—

a a

b b

b b

b b

b b

b b

b b

b b

b b

13 12

16 14

13 14

North

Alpha Beta
——

48 3

36 546

13 386

17 385

<2 <3

7 12

31 1696

<2 <3

<2 98

<2 992

<2 377

<2 6

east west

Alpha Beta
——

2 5

3 2

<2 7

6 <3

3 7

5 4

2 <3

6 3

<2 <3

<2 <3
18 6

2 3

Alpha Beta
——

2 3

16 8

2 2

6 4

4 4

3 <3

<2 5

7 9

<2 3

7 10
4 3

<2 5

Note: Beta activity in July 1978 north well sample identified as 99Tc.
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TABLE A-7

SITE WATER SUPPLY WELL MONITORING—RADIOACTIVITY

(picocuries per liter)

1975 1976 1977

January

February

March

April

May

June

July

August

September

October

November

December

Alpha Beta

a a

a a

a a

<2 <1
a a
a a
a a
a a

<2 <1

a a

<2 <1
a a

Alpha Beta
——

a a
11 10
a a
a a

<2 6
a a
a a
4 3

a a

a a
7 5

a a

Alpha Beta

a a
3 3
3 <3
4 <3
5 <3
6 3
a a
6 3
a a

<2 4
a a
3 17

1978

Alpha Beta

3 10
12 66
6 18
2 3
2 7
3 4
2 5

<2 3
<3 4

2 4
10 16
4 2

1979

Aloha Beta
-

4

16

<2

<2

6

<2

<2

3

7

—
3

56

3

<3

6

<3

<3

3

-1

a a
4 2

6 7
———. —..
‘Data not available.

TABLE A-8

SEWAGE OUTFALL MONITORING-RADIOACTIVITY

(picocuries per liter)

January
February
March
April
May
June
July
August
September
October
November
December

1977” 1978b 1979
. ..— . . . — . . —

Alpha Beta Alpha 13eta Alpha—. —. _

261 75

40 16 669 166

105 36

80 57

c c 116 354

95 120

89 191

385 133 149 114

51 121

70 67

44 22 90 174

147 89

493

133

118

53

53

47

66

69

40
53
78
50

Beta

139

68

95

138

61

70
33
66
29
35
84
33

1980

Ahsba Beta——
4 4

2 <3

32 8

4 3

<2 <3

7 3

<2 <3

<2 <3

<2 <3

<2 <3

<2 <3

<2 <3

1980

Alpha -

83

301

126

34

35

8

54

62

72

209

170

19

Beta

38

78

150
42
47
67

361
367
226
119
45
37

————
‘Quarterly sampling was conducted during 1977.
bNew sewage treatment plant installed May 1978.
‘No sample because of intermittent trickle discharge.

33



O
ouno

*O
w

O
--

O
o

c
uo

*--
(-4

O
o

w

So
o

$

-w
-o

F-i--
.-.

$w
q

t--o

.rw
N

-t-4

O
o

m
o

-t
C

4u
iw

oo~o
r4

-0-

O
o

c
o

o
Im

r
JN

v-1

O
m

q
m

G
-l

00
-

c
o

o
l-o

.Intw
vl

0-
0-0

C
o

rn
+ci

w
yw

N
I-w

c.icn
--

I-I-N
O

+00-”
---

TO

D
no

o

.a
‘

8
2-?00
_nfm

*r-

<-

W
o

q
m

C
O

N
W

C
A

l-y~N
.

r+
00

-
O

o
w

o
~-or.i

-.~cq
u

W
--O

O
o

o
w

.W
w

t.i
---

O
o

q
m

O
t-

t-g
--

34



TABLE A-10

STACK MONITORING—FLUORIDE

(103 pounds F- released)

January
February
March
April
May
June
July
August
September
October
November
December

Total

1977 1978

—
—

—

0.5
0.9
1.1
0.3
1.1
0.2
0.8
0.7
0.3

1.0
0.6
0.5
1.2
1.1
1.1
0.9
0.7
1.5
1.0
0.4
0.6

1979

0.6

1.5

0.7
1.2
1.6
0.1
1.0
1.7
1.5
2.0
0.9
1.3

10.6 14.1
(9:;

1980

1.2
2.4
1.4
1.1
2.6
2.1
0.3
1.2
0.7
0.4
1.7
0.1

15.2

TABLE A-1 1

SITE DAM OVERFLOW MONITORING—FLUORIDE

(milligrams per liter)

1975

January a

February a

March a

April <1.0

May a

June a

July a
August a

September <1.0
October
November :.0
December a
.—— —__
‘Not analyzed.

1976 1977
— —

a 2.5

<1.0 <1.0

a <1.0
<1.0 <1.0
<1.0 <1.0
<1.0 <1.0
<1.0 a

<1.0 1.6
<1.0 <1.0
<1.0 <1.0

2.4 <1.0
2.5 <1.0

1978

a

<1.0

<1.0
<1.0
<1.0
<1.0

1.6

1.9

<1.0
<1.0

2.0
<1.0

1979 1980——
<1.0 5.0

<1.0 1.0
<1.0 <1.0
<1.0 2.0
<1.0 <8.0
<1.0 17.0
<1.0 <1.0
<1.0 <1.0
<1.0 <1.0

9.0 <1.0
<1.0 <1.0
<1.0 <1.0
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TABLE A-12

VEGETATION MONITORING-FLUORIDE’

(parts per million)

Station 12

July 1976
November

March 1977
June
September
October

March 1978
June
September
November

March 1979
May
August
November

March 1980
June
September
November
——————.

<2.0
b

12.4
3.2
4.2
3.8

92.0
28.4

4.6
4.0

66.0
21.0

9.0
11.0

6.0

4.6

26.0

<2.0
.——

Station 13 Station 14

<2.0 <2.0
b b

12.4 22.8
2.4 <2.0

<2.0 3.4
2.1 2.0

22.0 17.0
16.0 11.7
6.4 3.0
8.2 <2.0

23.0 16.0

8.0 7.0

8.0 9.0
56.0 10.0

18.0 9.0
24.0 <4.0

8.6 9.2
<2.0 <2.0

Station 15

2.0
b

29.0
<2.0
<2.0

1.5

15.0
25.2

7.4
2.6

25.0
19.0
9.0

18.0

19.0
7.6

15.2
12.0

‘Total fluoride in sample as collected.
bData not available.
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CHAPTER 111

WESTINGHOUSE ELECTRIC CORPORATION
COMMERCIAL NUCLEAR FUEL

FABRICATION PLANT
COLUMBIA, SOUTH CAROLINA

A. Background Information

1. Plant Operation

Westinghouse Electric Corporation’s Nuclear Fuel
Columbia Site (NFCS) receives low-enriched UF6 (less
than 4. 15?40‘SU) from the enrichment facilities and
converts this material into PWR commercial reactor fuel
assemblies. Plant processes include (1) converting UFCto
UO,, (2) processing the U02 powder into pellets, (3)

encapsulating the pellets into fuel rods, (4) fabricating
fuel rods into final assemblies, and (5) packaging for
shipment to the reactor site (EIA 1977).

2. History

The facility began operation in September 1969.
Through 1974, plant capacity was approximately 400
MtU/yr (metric ton uranium throughput per year). Since
that time, capacity has been increasing. Currently, the
plant capacity is somewhat less than 1200 MtU/yr (RA,
NRC).

3. Site

The facility is located in Richland County, South
Carolina, approximately 8 miles southeast of Columbia
(Fig, III- 1). Westinghouse controls approximately 1158
acres, of which 60 acres are used for the plant and its
associated facilities (Fig. III-2). The remaining acreage is
composed of lake, woodland, swamp, and field (EIA
1977).

Further data on nearby population density, land use,
geology, hydrology, meteorology, etc., may be obtained
from the Environmental Impact Appraisal.

4. Resource Usage

In 1977, approximately 700 people were employed.
Since that time, the employment has gradually increased
as plant capacity has increased. It has been projected
that 1850 people would be employed if the plant
expanded to a capacity of 1600 MtU/yr (EIA 1977).

Chemicals used in the plant include ammonium
hydroxide, nitrogen, nitric acid, sulfuric acid,
hydrofluoric acid, sodium hydroxide, hydrochloric acid,
nickel sulfate, sodium carbonate, organics (used in
cleaning and in pellet production), anhydrous ammonia,
hydrogen, argon, helium, and lime (EIA 1977).

Water is obtained from the Columbia Municipal
Water System. Approximately 10.6 x 106 gal./month
(37.8 x 103 m3/month are estimated to be required for
the plant for processing 1600 MtU. About 4570 of the
water coming into the plant is lost by evaporation.
Approximately 2.85 x 10s gal./month (10.8 x 103

m3/month) are estimated to be discharged as process
wastes, and 2.85 x 106gal./month (10.8 x 103m3/month)
are estimated to be discharged as sanitary wastes at a
throughput of 1600 MtU. At present, while operating at
less than 1600 MtU, the water requirements and dis-
charges are somewhat less*. The liquid wastes are
transferred by pipeline to the Congaree River about 3.5
mi south of the facility, where they are discharged (EIA
1977).

Energy is required for processing operations, com-
pressors, pumps, etc. Natural gas is used as the fuel in
most of the equipment (EIA 1977).

B. Process Operations

1. Conversion—ADU Process

a. VF6 Vaporization and Hydrolysis. The UF6 is
received into the facility in standard 2.5-ton cylinders
and is placed in storage. When required, a cylinder is
removed from storage and placed in a steam chamber
(Fig. HI-3). The UF6 is vaporized in the steam chamber
and moves into the desired ADU line. There are several
ADU conversion lines so that different isotopic enrich-
ments may be converted simultaneously. Each con-
version line uses the same basic operation (EIA 1977).

Water is added to the gaseous UF6, and the UF6 is
converted to an aqueous solution of uranyl fluoride and
hydrofluoric acid:

UF6 + 2HZ0 + UOZFZ+ 4HF.

Any off-gases from vaporization and hydrolysis pass
through a common scrubber and then through an
absolute filter (EE 1975).

*See Table III-5.
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Fig. III- 1. Westinghouse nuclear fuel site, Columbia, South Carolina.

Source: EIA 1977.

Off-gases pass through a scrubber and filter (EEThe solution of uranyl fluoride undergoes a pH
adjustment and then moves into the precipitation circuit
(EE 1975).

b. Prec@itation. Ammonium hydroxide is added to
the uranyl fluoride (Fig. III-3) to cause formation of solid
precipitated particles of (NH4)ZUZ07,often referred to as
ADU:

2UOZFZ+ 6NH40H 4 (NH4)#207 + 4NH4F i- 3H20.

1975).

c. Dewatering, Drying, Calcinatt”on. After formation
of the ADU particles in the liquid, the particles are
dewatered in a centrifuge and processed through a rotary
dryer (Fig. III-3). The dewatered solids and some recycle
material are loaded into a rotary calciner. In a reducing
atmosphere, the ADU is reduced to uranium dioxide:

(NH4),U,07 + 2H, + 2U0, + 2NH, + 3H,0.
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The calciner off-gases pass through a scrubber, where
the ammonia is absorbed. The scrubbed gases then pass
to the central filter system. The dilute liquid ammonia
coming from the scrubber is either reused in the first
stage of dewatering or is sent to the waste treatment
facility (EIA 1977).

The liquid discharge from the ADU ciewatering is sent
to a second stage of dewatering from which the “solids
slurry” goes back to recycle and the liquids are sent to
the uranium recovery waste liquid treatment facility
(RAAOAWTP 1980 and EE 1975).

d. Liquid Treatment. In the advanced uranium re-
covery waste treatment facility (Fig. III-4), uranium-
containing liquid waste streams from ADU precipitation,
scrubber liquids, and uranium recovery operations are
mixed together and treated with a flocculating agent and
other chemicals to precipitate uranium compounds. (The
complete process is proprietary.) The slurry, after chemi-
cal treatment, undergoes solid/liquid separation. The
solid residues that contain uranium have the uranium
recovered in the wet scrap recovery circuit.

In previous years, an ion exchange system was used to
recover uranium. This new system is designed for better
recovery. Although some start-up problems have been
encountered for this treatment system, it is estimated that
if the system works as designed, the liquid efiluent will
contain S0.5 ppm of uranium.*

The barren solution from the uranium recovery waste
treatment contains NHQF and other ammonia com-
pounds. The liquid stream is first treated with slaked
lime:

2NH,F + Ca(OH)z ~ 2NH,0H + CaFz,

and then pumped through a heat exchanger. Before
distillation, further lime is added to adjust pH, and in
addition, NaOH is added to convert most of the bound
ammonia into free ammonia:

The treated [iquid is then run through a still (Fig.
III-4). The stripped ammonium hydroxide (30%) is
stored for reuse in the ADU conversion process. Liquid
(containing CaF~ bottoms are dewatered by settling in
lagoons. In most cases, the decant liquid is low enough in
fluorides that it is discharged (Fig. HI-4) (EIA 1977).

The solid CaFz sludge is solidified and shipped in bulk
to Chem Nuclear’s commercial burial site at Barnwell,

*This information provided by Gene Coryell, NRC, June
1981.

South Carolina. The sludge is sent to a commercial site
because it is diflicult to determine the special nuclear
material (SNM) content of these sludges, and it is
possible that some sludges may contain sutlcient quan-
tities of SNM to require commercial burial.*

2. Direct-Conversion Fluidized-Bed (Dry) Process

The company has applied to the NRC for a license to
use a direct dry conversion process. This is a proprietary
process developed and used in England.* The process is
not now in operation and hence is not included in Fig.
III-3. When it is installed, it will be used in parallel with
the ADU process.

3. Powder Preparation, Blending, and Packaging

a. Milling. To prepare the UOZ for fuel pellet fabrica-
tion, the UOZ produced in the conversion process is
milled to a specific particle size range (Fig. III-3). Off-
gases, which contain particles of UOZ, first pass through
an absolute filter before discharge to the in-plant exhaust
(EIA 1977).

b. Blending and Packaging. After milling, the ma-
terial is transferred to blenders (Fig. III-3). Off-gases
pass through an absolute filter.

After blending, the material is packaged and stored
until needed in the pellet preparation circuit (EE 1975).

4. Pellet Production

a. Blending, Granulation, and Pressing. The UOZ
powder from chemical conversion or scrap recovery is
removed from storage as necessary. The UOZ is weighed,
and the required amount is discharged into a blender
(Fig. HI-5). The blended powder is densified in a roll
compaction operation and then processed in the granula-
tion circuit. There, an organic binder and solvent are
mixed with the powder, which is then dried, granulated, a
lubricant added, and the mixture blended and pressed
into the desired shape (EIA 1977).

The off-gases from these operations contain organic
vapors and small particles of UOZ. The gases pass
through absolute filters before discharge to the in-plant
exhaust system (EE 1975).

Some contaminated oil will result from the pellet
presses. If the oil is free of metal contaminants, it may be
burned in the incinerator.
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Reject material from the operations, including vacuum
cleaner cleanup material, undergoes granulation (crush,
size, and granulate) and reenters the main process stream
during powder preparation (EE 1975).

b. Sinw”ng. The pellets are loaded into molybdenum
“boats” that pass through a sintering furnace (Fig. III-5).
Here, under a reducing atmosphere of hydrogen, the
pellets achieve the desired density. Off-gases pass
through a dropout pot, heater, and HEPA filter (EIA
1977).

When a furnace is cleaned or otherwise opened,
nitrogen is first bled through the system to ensure that all
hydrogen is out of the system before oxygen is allowed
into the furnace. These nitrogen off-gases receive similar
cleanup treatment.*

Reject pellets are sent to oxidation-reduction treat-
men~ Here the pellets are heated in an air atmosphere to
form UJOa and then heated in a reducing atmosphere to
convert the material to UOZ (EIA 1977).

The off-gases from these operations contain UOZ
fines, NHj, Nz, H2, and HZO. The gases are treated
similarly to those from sintering.

The treated U02 from oxidation-reduction reenters the
main process line at the powder preparation section (EE
1975).

c. Grinding. Trays of sintered pellets are loaded onto
the rotary feed table of a centerless grinder (Fig. III-5). A
diamond wheel is used on the grinder together with a
water lubricant. Air discharge contains small particles of
UOZ and is passed through a falter before discharge (EE
1975).

The water from the grinding operation is passed
through a high efllciency centrifuge to remove particles
of UOZ, and the water is recycled. When the amount of
very fine suspended UOZ has built up in the grinding
liquid, the liquid is withdrawn and allowed to stand to
settle the tine particles of UOZ. This recovered UOZ is re-
fed back into the circuit. The reject liquids and residues
are processed through wet scrap recovery.*

The ground pellets are inspected for dimensions and
density. Rejects are sent to the oxidation-reduction
section (EE 1975).

————.—.
*This information provided by Gene Coryell, NRC, June
1981.

d. Stacking and Drying. The pellets that meet the
desired specifications are loaded onto corrugated
fiberglass trays, processed through a drying oven, and
then placed in storage before processing in the fuel rod
leading circuit (Fig, III-5).

5. Rod Loading

a. Loading. The trays of dried pellets are transferred
to the area of rod loading. Each linear array of pellets is
weighed, and the array is then loaded into a cleaned
Zircaloy fuel tube that has one end cap already in place
(EIA 1977).

b. Final Cap Weld. The fuel tube then has both the
final cap welds made, and the fuel rod is passed to rod
inspection (EIA 1977).

c. Inspection. Inspection operations include dimen-
sional inspection, radiography, gamma scanning, and
leak testing (EIA 1977).

6, Fuel Bundle Assembly

a. Assembly. The inspected fuel rods and the

cleaned fuel bundle hardware (end fittings and fuel rod

holding cage) are brought together in the assembly area

The fuel rods are inserted into the rod holding cage, and
the end fitting is attached to the end of the fuel bundle
assembly (EIA 1977).

b. Inspection The fuel assembly is cleaned, in-
spected, and packaged for shipping (EIA 1977).

7. Auxiliary Process Operations

a. Wet Scrap Recovety. In addition to the dry scrap
recovery processes discussed previously in each ap-
propriate section, two wet scrap recovery operations also
occur in the plant. The wastes are treated in batch
operations and are typically “dirty” wastes, that is,

chemically contaminated, compared to “clean” wastes
processed by dry reprocessing techniques. These dirty
wastes include system cleanout residue, maintenance
cleanup materials, incinerator ash, and analytical labora-
tory wastes. The contaminants include uranium, am-
monia, nitrates, fluoride, organics, soap, and other
secondary contaminants (EIA 1977).

The basic processes in the scrap recovery operations
consist of dissolution of solids in nitric acid to produce
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