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| EFACE

The N Reactor best available technology/all known available reasonable
methods of prevention, control, and treatment evaluation (BAT, KART) is the
current technology evaluation. This BAT/AKART evaluation was ased on the
same water quality data as was used for the N Reactor Stream-Specific Report,
WHC-EP-0342, Addendum 3 (WHC 1990a). Additional sampling and analysis as
scoped in the N Reactor Sampling/Analysis Plan (SAP), WHC-SD- -PLN-008,
Rev. 0, (Hunacek 1991) is planned to be conducted. Followini he completion
of the additional sampling and analyses, the BAT/AKART evaluation will be
reviewed to confirm or revise the treatment technology for the BAT/AKART
implementation plan that will be prepared for not only effluer flows from
routine activities, but also those from draining liquid inventories.

In September 1991, DOE-HQ announced that N Reactor was no longer needed
as a defense materials production contingency and that activities directed at
the preservation of the reactor were to cease. Future activities at N Reactor
were to proceed leading to the ultimate decommissioning of the reactor. This
change in plant status postdates the discussions and agreements in regard to
the 1325-N Liquid Waste Disposal Facility. The liquid effluent stream now and
in the immediate future will consist of two components: (1) that derived from
routine activities and (2) that derived from the draining of liquid
inventories.

The N Reactor Effluent Plan (Appendix A) has been prepared to describe
the process for BAT/AKART selection in order to cease discharge ¢ all
effluents to the 1325-N Liquid Waste Disposal Facility. How BAT/AKART will be
implemented will consider such factors as utilization of existing Hanford
facilities, utilization of future effluent treatment capability, permitting
requirements, schedule and schedule risks, economics, etc. The critical
activity in this plan is obtaining additional water quality analyses.

A plan for rerouting the 1325-N effluent to surface water following
BAT/AKART is contained in Appendix B.
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EXECUTIVE SUMMARY

The U.S. Department of Energy (DOE) plans to cease discharges to the
1325-N Liquid Waste Disposal Facility (LWDF) in the 100-N Area of the Hanford
Site as required to meet the Hanford Federal Facility Agreement and Consent
Order (Tri-Party Agreement) Milestone M-17-15. Several actions are required
to satisfy this milestone, including "Submit the N Reactor effluent Best
Available Technology (BAT)/A11 Known, Available and Reasonable Methods of
Control, Prevention and T itment (AKART) evaluation to the Environmental
Protection Agency (EPA) and Washington State Department of Ecology (Ecology)"
by January 1992.

Two alternative treatment processes were identified that satisfy the
BAT/AKART standard. The two alternatives selected include treatment for
suspended solids using a backflushable microfilter, and remov: of dissolved
solids using a mechanical vapor recompression evaporator followed by ion
exchange treatment of the overhead from the evaporator. The two alternatives
differ in the treatment used to remove organic compounds. If the stream
contains little to no organics, granulated activated carbon (GAC) adsorption
is recommended. If higher levels of organics are encounter 1, ultraviolet
light (UV)-catalyzed oxidation may be needed to achieve required treatment
levels. The treatment system has been sized to treat approximately

3.97 million liters (1.05 million gallons) of effluent per year, at a maximum

1Eco]ogy, EPA, and DOE, 1990, Hanford Federal Facility Agreement and
Consent Order, 2 Vols, as amended, Washington State Department of Ecology,
U.S. Environmental Protection Agency, and U.S. Department of E 'rgy, Olympia,
Washington.
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flow rate of approximately 94.6 liters per minute (25 gallons per minute).
The maximum flow rate has been set based upon the desired treatment rate for

eventual decommissioning and clean-out of the 105-N Spent Fuel Basin.

The selected alternatives were ci sidered the best of four treatment
options based on a set of evaluation criteria. These criteria included the
effectiveness of the treatment system, the cost of treatment, and
implementation constraints. Implementation constraints included schedule for
completion, worker and public exposure to hazardous mateir 1ils, and treatment
system reliability. The selected alternatives meet treatment goals for all
dissolved and suspended solids, and most radionuclides. The UV/Oxidation
alternative met all treatment goals for organic removal v th the assumed
stream composition. No treatment system evaluated was effective in removing
tritium from the wastewater; cost-effective demonstrated wastewater treat nt

technologies for tritium do not exist.

Detailed, current effluent characterization data for discharges to the
1325-N LWDF were not available; data from 1990 samp]es1 may no longer be
representative of the actual stream c/ position, as significant flow
reductions have occurred since these samples were collected. Therefore, a
conservative stream composition was developed using the 1990 data, with key
constituents of concern assumed to be present at concentrations an order of
magnitude above those observed in 1990. This increase was based upon the
relative concentrations of certain radionuclides in samples of the N Reactor
effluent collected in 1990 and 1991.

"WHC, 1990, N Reactor Effluent Stream Specific Report, WHC-EP-0342,
Addendum 3, Westinghouse Hanford Company, Richland, Washington.

iv
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The most cost-effective management strategy for the relatively small
volumes of secondary waste generated by the treatment process appears to be
treatment and disposal by means of the Hanford Site 200 Area double-shell tank
system. Secondary wastes are assume to be mixed (radioactive and dangerous)
wastes based upon the concentration achieved by the treatment train and the

estimated i1 uent concentrations of dangerous waste constituc ts.

Two disposal options for treated effluent were identified. Wastewater
could be discharged to the Columbia River under a National Pollutant Dischargé
Elimination System (NPDES) permit. Treate effluent could also be disposed of
through total onsite evaporation using existing N Reactor fac' ities. Permits
through state and local air pollution control programs would be required for
this option; preliminary screening caTcu1ations indicate that airborne tritium

releases would be within air pollution control regulation guidelines.

The rough order-of-magnitude installed equipment costs for - e selected
treatment alternatives range from $4.35 million (for the alternative that
includes GAC treatment) to $5.76 million (for the alternative that includes
UV/Oxidation). Annual operating costs range from approximately
$544,000 (UV/Oxidation) to about $583,000 (GAC). Equivalent uniform annual
costs (EUAC), which include annual operating costs and capital recovery, range

from $1.2 million (GAC) to $1.36 million (UV/Oxidation).
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N REACTOR EFFLUENT TREATMENT TECHNOLOGY STUDY
1.0 INTRODUCTION

This document presents the results of an engineering stuc that
identified two alternative treatment processes for effluent discharged into
the 1325-N Liquid Waste Disposal Facility (LWDF) at the Hanford Site
N Reactor. These treatment processes represent the best available treatment
economically achievable (BAT) for the N Reactor effluent under the assumed
conditions.

This report is organized into the following eight sections.

Section 1 describes the objectives of this document. A description of
the sources contributing to the N Reactor eff ient is also provided in
Section 1.

Section 2 details the characteristics and chemical compos tion of the
N Reactor effluent.

Section 3 outlines the process used for selecting BAT for the N Reactor
effluent. Section 3 then describes how the process was applied to determine
BAT.

Section 4 develops alternative effluent treatment processes for
evaluation for potential use at the N Reactor. Potential treated effluent and
secondary waste disposal methods are also identified.

Section 5 discusses in detail each of the alternative effluent treatment
processes and treated effluent disposal methods. Predicted effluent quality
and process costs are provided for each effluent treatment alternative.

Section 6 evaluates each alternative effluent treatment process in terms
of effectiveness, implementability, and cost. Two recommended alternatives
are identified.

Section 7 provides further detail on the two recommended alternatives.
Key design assumptions are highlighted, and preliminary equipment design
information discussed.

Section 8 evaluates two secondary waste treatment options based upon
costs. A preferred method is identified.

1.1 OBJECTIVES

For more than 25 years, effluent containing small concentrations of
low-level radionuclides and stable chemical compounds have bee treated and
disposed of at the N Reactor by infiltration into the local soil column.
Recent U.S. Department of Energy (DOE) policy revisions mandate that the use
of soil columns to treat and retain suspended or dissolved radionuclides from
liquid waste streams be discontinued at the earliest practical date and

1-1
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replaced by systems and operatii _ practices designed to treat and minimize
wastewater streams. These policy revisions are being implemented through
DOE Orders that are based on federal environmental regulations and/or
interpretations.

The 1325-N Liquid Waste Disposal Facility (LWDF) is currently configured
to receive effluent from several sources at the Hanford Site N Reactor. ' s
effluent is discharged into a 73 m x 76 m x 0.6 m (240 ft x 250 ft x 2 ft)
basin, which overflows to a 910 m (3,000 ft) long trench.

In May, 1989, an agreement reached between DOE, the U.S. Environmental
Protection Agency (EPA) and the Washington Department of Ecology (Ecology)
prioritized environmental remediation activities at the Hanford Site
(Ecology et al. 1989). This agreement (known as the Tri-Party Agreement) was
amended October 1991 to include Milestnne M-17-15, "Cease discharge to the
1325-N LWDF system,” by June 1995 (Ecc >gy et al. 1990).

Actions regardina the selection, construction, and operation of a
treatment system for 1e N Reactor efi .ient may require regulatory approval
and/or permits. One requirement for gaining the necessary approval/permit for
discharging treated effluent to surface water or groundwater under the Clean
Water Act of 1977 (CWA) or the Washington State Waste Discharge Permit (SWDP)
program is to demonstrate to the regulatory agencies that the best available
technology will be utilized to prevent the degradation of surface water and
groundwater by effluent discharges. The CWA and SWDP program provide guidance
on the regulatory meaning of best technology as it applies to wastewater
treatment systems.

The best technology requirements of the CWA will apply if the treated
waters are discharged to the Columbia River. If so, a National Pollutant
Discharge Elimination System (NPDES) permit would require effluents to be
treated by BAT. If the treated effluent is to be discharged to the soil
column, the action must satisfy the substantive requirements of the SWDP
program. The treatment technology to be employed under the SWDP program
! Juires selectic . based on consideration of all known, available and
reasonable methods of prevention, control and treatment (AKART). Ecology
recently has agreed that, for the purposes of evaluating wastewater discharges
at the Hanford Site, the requirements under BAT and AKART are equivalent
(Ecology 1991a).

For effluent streams with a Tow total flow volume, evaporation rather
than discharge to surface water or groundwater is a potentially viable option
for disposing of treated effluents. Eva] r~atic systems may require
permitting under the provisions of state and federal clean air regulations.

To address these requirements, commitments, and environmental proteci an
policies, this engineering study establi: es the appropriate level of
treatment for the N Reactor effluent stream using the Hanford Site BAT
evaluation process (WHC 1988). As a part of this process, five alternative
treatment systems were developed and eva ated using established criteria; two
a]te;nagive treatment systems were ide .ified that will m L[ the AKART/BAT
standard.

1-2
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1.2 FACILITY DESCRIPTION

The N Reactor is located in the 100-N Area along the Colt »>ia River
approximately 29 miles north of Richland, Washington. From 19~3 to 1987 it
was operated by DOE and its contractors to produce special nuc 2ar materials.
The N Reactor currently is in dry lay-up configuration and shutdown activities
have been started as a prerequisite to decommissioning.

Several liquid effluent streams were produced by the N Reactor during its
operations. A portion of these effluent streams, including effluent from
reactor cooling systems and the spent fuel basin, were routed to the
1325-N LWDF. During reactor operations, as much as 6,050 L/min (1,600 gpm) of
effluent flowed to the 1325-N LWDF from more than 20 major process sources.

When the reactor was placed into dry lay-up status in 1990, the majority
of the discharges to the 1325-N LWDF ceased. Additionally, sc -~ce controls
implemented before the shutdown of the reactor have reduced the volumes of
effluent routed to the 1325-N LWDF. Currently, less than 7.6 L/min (2 gpm) of
wastewater are released to the 1325-N LWDF from the sources described below.

1.2.1 105-N Fuel Basin

Effluent from the 105-N Fuel Basin currently is discharge to the
1325-N LWDF . Effluent overflows from the fuel basin flows to the
1325-N LWDF by means of the 105-N Lift Station and the 1301-N :ir Box
(Figure 1-1). Currently, no fuel is stored in - e 105-N Fuel 1sin; however,
a layer of sludge material remaining at the bottom of the basi 1is a potential
source of radionuclides and other constituents of concern in t : N Reactor
effluent. Demineralized water periodically is added to the 105-N Fuel Basin
to make up for water losses through evaporation. This water provides
shielding from the radioactive sludge and hardware at the bottom of the basin.

It is planned that the 105-N Fuel Basin and all other N Reactor liquid
inventories be drained by 1999. When the fuel basin is drained. approximately
3.79 x 10° L (1 x 10° gal) of radioactive effluent must be tre: 2d and
disposed of. During this phase of reactor shutdown, a target effluent
tv 1tment raif of approxii y + L/min (77 >m) | v atifr L

1.2.2 105-N Floor Drains and Decontamination Stations

Floor drains within the 105-N reactor facility are routed to the
1325-N LWDF by means of the 105-N Lift Station and 1301-N Weir Box. The floor
drains normally are dry; however, small amounts of water from leaks or
decontamination activities periodically may be released from this source.

"Effluent from the 105-N Fuel Basin is generated by the addition of water
during decontamination activities.

1-3
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1.2.3 Emergency Dump Basin

Effluent flows through the 105-N Lift Station can be routed to the
Emergency Dump Basin when process upsets occur. Effluent from the Emergency
Dump Basin eventually is discharged to the 1325 LWDF by means * the
1301-N Weir Box. Sludge material in the Emergency Dump Basin 1s a potential
source of radionuclides an other water pollutants in the N Reactor effluent.
Flow contributions from the Emergency Dump Basin are variable d
intermittent.

1.2.4 109-N Nuclear Service Sumps

Effluent from floor drains and roof leakage in the 109-N Steam Generator
Facility is collected in the 109-N Nuclear Service Sump, and periodically
released to the 1325-N LWDF by means of the 1301-N Weir Box. As with the
105-N floor drains, the effluent flow from this source is both small and
intermittent.

1-5
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2.0 EFFLUENT CHARACTERISTICS

Adequate characterization of the N Reactor effluent is required to
provide a basis for making treatment and disposal decisions and to support the
approval and permitting process. Complete characterization of the effluent
stream, however, is complicated by recent changes to the N Reactor effluent
sources.

As a part of the Hanford Site effort to characterize all major effluent
streams discharged to the soil col' n, - e Reactor effluent was extensively
sampled between October 1989 and March 1990. Twenty-seven samples were
collected and analyzed for volatile and semi-volatile organics, priority
pollutant metals, and radionuclides (WHC 1990a). More recent data are
available on the concentrations of certain radionuclides in the effluent
stream (WHC 1991).

S- :e March 1990, the N Reactor as heen placed into dry lay-up status;
as a result, the flow to the 1325-N LWDF as decreased from approximately
1,135 L/min (300 gpm) to the present flow rate of less than 7.6 L/min (2 gpm).
Routine effluent samples of the N Reactor effluent are currently collected and
analyzed for radionuclides. Recent sample data indicate a 3- to 28-fold
increase in the concentrations of radionuclides in the effluent versus those
reported in 1990 (WHC 1991). It is believed that this increase in
radionuclide concentration is primarily the resi t of decrease total effluent
flow to the 1325-N LWDF. It also is believed that organic constituents
identified in wastewater samples collected in 1990 may have been present
because of contamination of the samples (WHC 1990a). Therefore, while
the 1990 data provide the most comprehensive information available on the
potential constituents present in the N Reactor effluent, they may not be
representative of the characteristics of the current effluent stream.
Additional characterization of the current Reactor effluent is planned
during fiscal year (FY) 1992.

For the purposes of this report, it is assi 2d that the Reactor
effluent has the composition outlined in Table 2-1. These concentrations are
based upon the following assumptions.

e Tritium is present at the averar concentrations reported between
February 26, 1991 and June 26, 1991.

e Kev radionuclides, organic, and inorganic constituents, for which
wre are established human health- or environmental protection-
based water quality standards, may be present in concentrations up
to ten times those reported in 1990. This order of magnitude
concentration adjustment is based upon the relative difference in
concentrations of radionuclides in samples collected in 1990
compared to those collected in 1991.
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e Total suspended solid levels and particle size dist1 outions are
similar to those reported in 1987 (UNC 1987b).

* A1l other constituents are present at the concentral ons reported
in 1990.

The assumed effluent composition provides a conservative basis for
screening candidate wastewater treatment technologies and identifying those
processes that potentially meet the AKART/BAT standard. Furt r design

decisions should be based upon data from the samples to be ct acted in 1992.
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Figure 3-1. Best Available Te: nology (BAT) Determination Process.
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effects even from short-term exposure. Chronic criteria may not be
exceeded except when absolutely necessary for short-term durations,
or in relatively small discharge mixing zones.

Many of the acute and chronic toxicity criteria are ased on lowest
observed effects levels (LOEL) for sensitive aquatic species. In
some cases, the LOEL or the species of interest may ot be pertinent
to a particular surface water body. In addition, si e of the
criteria are temperature, hardness, or pH dependent. The derivation
of particular toxicity criteria may affect their re vance to a
specific discharge scenario.

e Protection of Human Health. Another goal of the surface water
standards is the protection of human health. Criteria are
established for organism consumption only, where the water does not
also serve as a source of drinking water (e.g., mar e or estuarine
waters). Criteria also exist for consumption of organisms and
water, where the surface water is used as a drinking water source.
The latter criteria typically are more restrictive, :cause they
assume an additional route of exposure to chemical compounds.

Human consumption criteria also may reflect certain factors related
to the tendency of some compounds (typically carcinoaens) to
accumulate and/or bioconcentrate in aquatic species =2fore
consumption. Thus, the EPA Gold Book lists a range of criteria
reflecting 1 in 100,000, 1 in 1,000,000, and 1 in 10,000,000
incremental human cancer risk from consuming affected aquatic
organisms, or organisms and water. The standard agi cy practice has
been to strive for the Towest possible risk level, and except in
rare instances, to accept no greater risk than 1 in 1,000,000.
Proposed regulations in WAC 173-203 establish the 1 in 1,000,000
risk threshold as the basis for setting human-health based surface
water quality standards.

In addition to the numeric criteria, WAC 173-203 has general
narrative criteria promoting an "anti-degradation pc¢ icy." In many
cases, it is not sufficient to show that discharges entering a

irface wal - will not excec ar ent quality st di Is. The iti-
degradation policy requires that all available and 1 isonable
efforts be undertaken to avoid degrading the surface water quality.
In order to show that water quality will not be degraded, or that
any degradation will be minimized, current and projected water
conditions may have to be established to determine the highest
potential use classification. Thus, background (i.e., uninfluenced
by anthropogenic activities) water quality may be used by Ecology as
a criterion for limiting effluent discharges.

Ecology and EPA are likely to consider the relevant surface water
standards in setting discharge 1limits for treated effluent frc N Reactor.

3.2.2.6 Groundwater Quality Standards. Ecology recently adoj 2d regulations
pursuant to the state WPCA setting forth standards for proteci in of
groundwater. The purpose of these standards is to establish rriteria that
must not be exceeded in order to protect existing and potentii future uses of
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groundwater. The presumption by Ecology is that groundwater, other than
naturally contaminated or nonusable waters (e.g., perched and seasonal,
brackish), should be reserved and protected for use as drinking water.
Although the current preferred option for disposal of the treated N Reactor
effluent would involve direct discharge to the Columbia River, disi arges »
ground or lined surface impoundments still may be considered. Thus, the
agencies may consider the groundwater standards when setting effluent lim 3
for N Reactor.

Ecology groundwater standards are promulgated in WAC 173-200, "Water
Quality Standards for Ground Waters of the State of Washington." These
standards establish both numeric and narrative criteria. Numeric criteria are
derived from federal and state MCLGs, MCLs, and SMCLs. For carcinogens,
Ecology has adopted a risk-based equation and standard exposure assumptions
for calculating a 1 in 1,000,000 incremental human cancer risk from
consumption of affected water. The numeric criteria are considered by Ecc >gy
to be maximum allowable levels after all other options have been exhausted.

If lower levels can be achieved through more aggressive treatment or
management options, then Ecology will require : ch options. Discharges that
potentially could cause ambient groundwater quality to exceed numeric criteria
generally will not be allowed by Ecology unless some overriding public
interest will be served.

As for surface water, WAC 173-200 contains a narrative anti-degradation
policy for the protection of ambient groundwatt quality. Based upon this
policy, Ecology may use background groundwater quality to establish effluent
discharge Timits.

3.2.2.7 Effluent Guidelines Summary. In summary, none of the effluent
guidelines and water quality standards described above are adequate by
themselves for establishing BAT for the N Reactor effluent. However, the
various standards and criteria do offer guidance in the development and
evaluation of alternatives in the subsequent BAT selection steps by
identifying constituents for which EPA and Ecoli  may require treatment.
wiey also may be used to establish levels for cumparison ¢ treated « ‘luent
quality to potentially relevant regulatory standards.

Table 3-1 presents comparative levels derived for the treated N Reactor
effluent using the following guidelines and criteria:

e Ambient Surface Water Quality Criteria (WQC) for freshwater species
and human consumption of water and organisms from the EPA Gold Book,
and proposed WAC 173-203 and 40 CFR 131 regulations

* Federal MCLs for drinking water

* The human health-based proposed RCRA corrective action levels, or
health-risk based levels calculated using formulas similar to those
for the corrective action level model

e Concentration-based LDR criteria










WHC-SD-NR-ES-013 Rev. 0

e Department of Energy DCGs from DOE Order 5400.5

e Nuclear Regulatory Commission limits for discharge ) uncontrolled
areas, 10 CFR 20, Appendix B, Table II and similar values found
WAC 402-24-220.

In al cases, the comparative levels in Table 3-1 are the most
restrictive values identified. Values also are shown for the stimated
influent concentrations for the N Reactor effluent and the resulting
decontamination factors (DFs) required to meet the comparative levels. The
DF for any given contaminant and treatment unit operation or treatment train
is defined as the ratio of the influent concentration to the ffluent
concentration. Comparison of the most restrictive levels for the effluent
with the influent levels indicates t 1t the N Reactor treatment system likely
will be required to reduce concentrations of the following influent
constituents:

e Organics
* Inorganics (as dissolved and suspended solids)

e Radionuclides (as dissolved and suspended solids).

3.2.3 Step 3: Technology Transfer Method

The technology transfer method for determining BAT requ s the
identification of streams that are nearly Jlentical to the N actor effluent
that are being successfully treated at other sites. If one or more such
treatment applications are identified, it 5 likely that similar treatment
technologies may be used and that the established effluent limitations may be
adapted for N Reactor. Differing state regulations, however, st be
accounted for when utilizing technology transfer to determine \T.

A national consensus standard has been developed by the . erican Nuclear
Society (ANS) and the American National Standards Institute (ANSI) that
addresses the design of wastewater treatment facilities for ni lear reactors.
This stanc ~d, A -~ican National Standard " -~ Liquid | lioact : Waste
Processing System for Light Water Reactor Plants, ANS1/ANS-55.6-1976,
identifies recommended processes for the treatment of several types of reactor
wastes, including decontamination and floor drain wastes. For streams like
the N Reactor effluent, filtration followed by demineralizatii , or
evaporation followed by ion exchange, is recommended. The st. ilard also
provides information on average DFs that can be expected for - 2se unit
operations.

Although useful for identifying potential treatment techi logies for the
N Reactor effluent, this ANSI/ANS standard is not sufficient - establish BAT.
The N Reactor is unique in that, unlike commercial reactor pli ts, reactor
operations sought to maximize the production of special nuclei materials such
as plutonium. Therefore, the relative and absolute concentrations of many
radionuclides in 1e N Reactor effluent may be somewhat differ nt than those
found in wastewater from commercial reactors. Fuel basin wastewater also is
specifically excluded from the sources covered by the standard. In most
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alternatives is then compared on the basis of cost per reduction in overall
effluent toxicity. The process for determining this relationship is described
below.

The WQC for protecting human health and freshwater aquatic species were
discussed in Section 3.2.2.5. The WQC are used to calculate toxic weighting
factors (TWF) shown in Table 3-2. The TWFs are equivalency factors,
standardized to copper, that reflect the relative toxicity of a given
compound. They are used to assess the cost-effectiveness of toxic pollutant
removal by multiplying the mass of a contaminant removed by its TWF. The sum
of these calculations for each contaminant is the total toxic equivalent mass
removed by the treatment process. The TWFs are calculate from the given WQC
using the following equation as identified in the Hanford Site BAT guidance
document (WHC 1988):

5.6 5.6
TWF = + 1
WQChh WQCchr ( )

where WQC, and WQC,_  are the human health WQC and fresh
water species chronic exposure WQC.

The TWFs for the radionuclides are calculated using the lowest value of
the following:

» The MCL for drinking water
e 1/100 of the value reported in WAC 402-24-220

e 1/100 of the value reported in 40 CFR Part 20, Appendix B,
Table II.

The above levels are based upon the Washington State definition of
‘ious concentrations of radiom i¢ ; in : ~f; water found in
proposed Chapter 173-203 WAC regulations. These cot itrations are converted
from uCi/L to pug/L and used in the above equation the same way as the WQC.

The results of applying the generic treatment systems method are provided
in subsequent sections of this report. The procedure begins with a control
survey to determine the necessary types of treatment for the N Reactor
effluent; this survey is described in Section 4.1. The next step, as
described in Sections 4.2 through 4.5, involves identification and screening
of potential management options and treatment technologies. After the
screening process is completed, five candidate treatment systems or management
options are identified. Each of the five candidates consists of a combini ion
of the treatment technologies remaining for consideration. Those candidate
systems are presented in Section 4.6. Detailed evaluations of the candid: @
treatment systems are reported in Section 5. The process continues with a
comparison of the candidates relative to each other, culminating in the
selections of recommended alternatives. The comparison and selection
processes are described in Section 6.
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4.0 TREATMENT ALTERNATIVES

This section documents the screening procedure used to develop integrated
treatment system alternatives for the N Reactor wastewater stream. Each of
the candidate systems has the potential to successfully treat the N Reactor
wastewater and to properly manage associated secondary wastes. The text
discusses essential treatment system criteria, describes an array of potential
treatment technologies, and explains how the BAT procedure was applied to
reduce the matrix of technologies to five candidate treatment systems for
further evaluation and comparison.

4.1 SCREENING OF EFFLUEl.. TREATMENT TECHN( O0GIES

During the initial screening effort, - e generic treatment systems and
technology transfer methods as described in Sections 3.2.3 and 3.2.5
identified a large array of alternatives for treating the subject effluent.
The technologies include source controls as well as treatment processes with
the potential for removing suspended solids, organics, and dissolved solids
from the effluent. In order to qualify for further consideration, these
technologies, individually or in combination within an integrated system, must
satisfy the following general criteria.

e Effectiveness. Treatment technologies must have the potential to
meet comparative effluent levels identified in Table 3-1.

e Implementability. Treatment technologies and treatment systems are
assessed in terms of ALARA; maintainability; reliability and
technological maturity; time required for design, procurement and
construction; the availability of pre-engineered systems; and
manpower requirements for operation.

e Cost. Treatment systems are evaluated based on both installed
equipment and operating costs.

Acceptable wastewater treatment technc »>gies, individually or in
combination within an integrated system, must also be able to effectively
treat the vi_. ous categories of constituents expected in the wastewater.
There are two routes to effective treatment. The first route consists of
physical, chemical, and thermal conversion of harmful substances to a benign
state. The second route consists of capture and concentration f harmful
substances into a waste stream which is disposed of separately from the
wastewater, supplemented with secondary waste treatment as necessary to
achieve the degree of stability required for safe disposal of - =2 secondary
waste. The wastewater is expected to contain the following types of
constituents:

e Inorganics as suspended solids

* Inorganics as dissolved solids
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e Organics
* Radionuclides (as suspended and dissolved solids).

Table 4-1 presents a matrix of the technologies considered, along with
several other alternatives including source control, no action, and zero
discharge. The table indicates which type of target constituents each
technology might be expected to treat. Many of the technologies are also
somewhat effective in treating constituents other than those shown.

For clarity, the technologies are listed individually in Table 4-1.
However, most cases would require a combination of two or more compatible
technologies to effectively treat the full range of constituents in the
wastewater. Each of the technologies in the matrix was evaluated within the
context of the three criteria (effectiveness, implementability, and cost) to
reduce the list to only those suitable for the current application.

Sections 4.2 through 4.4 present generalized descriptions of the
technologies. The descriptions include rationales for retaining or
eliminating those particular technologies from further consideration.

4.2 NO ACTION

The objective of applying BAT is to reduce the quantity of harmful wastes
contained in the N Reactor effluent to levels consistent with guidelines
developed from relevant effluent comparative levels. Examination of the
wastewater characteristics indicate that treatment is necessary to achieve
that objective. Treatment technologies have been identified and are available
to implement the objective. Moreover, it is the stated intent of DOE to cease
discharges of contaminated water to the soil column. Therefore, no action is
not an acceptable alternative.

4.3 .- TRE.........-

The following sections describe actions or alternatives available for
reducing the volume of the wastewater or its constituent concentrations at the
sources.

4.3.1 Source Control

In support of a best management practices (BMP) approach, Westinghouse
Hanford has instituted a program of physical and administrative source
controls and waste minimization to reduce the volume of the N Reactor
effluent. These controls, coupled with the reduced operational status of the
N Reactor, decreased the average wastewater flow from nearly 6,050 L/min
(1,600 gpm) to less than 7.6 L/min (2 gpm). Currently, the major remaining
source of effluent at the N Reactor is water from the fuel storage basin.
Minor contributors remaining include rainwater infiltration from roof leaks,
and intermittent flows from floor drains and building sumps.
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Waste minimization and further source controls remain appropriate for
consideration in relation to the N Reactor wa: 2awater discharge, and should be
considered as a part of any treatment system. However, further source
controls will not be explicitly considered in e evaluation process as
substantial flow reductions already have occurred.

4.3.2 Zero Discharge

Zero discharge (defined as no discharge to the 100-N area soil column or
Columbia River) could be implemented at N Reactor through either onsite
evaporation or offsite disposal.

Untreated effluent could be collected and periodically shipped to an
offsite processing facility. For purposes of this study, the "offsite" option
identified would involve shipping the wastewater to the 200 Area Double-Shell
Tank (DST) system, for subsequent volume reduction and treatment at the
242-A Evaporator, the Liquid Effluent Retention Facility (LERF), the 200 Area
Liquid Effluent Treatment Facility (200 Area LETF), and the Grout Facility.

Zero discharge through shipment of untreated effluer to the DST system
is not an economical option for the N Reactor effluent. The cost of offsite
treatment is approximately two to four times that for the onsite treatment
alternatives presented in Sections 4 and 5. At an average flow rate of
7.6 L/min (2 gpm), an average of more than 3,700,000 L (1,000,000 gal) of
wastewater are generated annually. The cost of treating this effluent,
exclusive of shipping and transportation costs, have been estimated to be
$4.5 million per year (FY 1992 dollars) using the following assumptions and
Westinghouse Hanford cost ‘data (WHC 1990b).

e Untreated effluent would be stored in existing tanks at N Reactor
and loaded into railcars at an existing railcar facility, with no
added capital costs.

e The et _Jent would be transported to the 204-AR railcar facility,
unloaded, and stored in the D¢ system for processing through 1 :
242-A evaporator.

 After processing through the evaporator, 90 percent of the effl :'nt
would be stored and treated in the LERF and LETF and then discharged
to the environment. Ten percent of the effluent would be disposed
of by means of the Grout Faci  ty.

Disposal of secondary wastes from an onsite treatment process through the
DST system may be a cost effective option, and will be considered further.

A second zero-discharge option is onsite treatment followed by total
onsite evaporation. Evaporation could be accomplished in either an enclosed
system, or in an open evaporation pond after removal of a significant fraction
of the radionuclides. Secondary wastes in the form of salts and sludges would
be shipped to offsite locations for disposal. This option is discussed
further in Section 5.7.
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4.4 END-OF-PIPE TREATMENTS

The following sections describe end-of-pipe treatment :c i0logies for
both radionuclides and non-radiocactive contaminants identified during the
screening process. These alternatives are grouped according to the type of
contaminant removed. The contaminant types include inorganics as suspended
solids, organics, inorganics as dissolved solids, and radionuclides.

4.4.1 Suspended Solids Removal

4.4.1.1 Sedimentation/Clarification. Sed entation/clarification is the
application of gravitational force to remove su ended particles from a fluid.
The rate at which solids settle is effected by wne size, shape, particle
density, and fluid density. Types of sedimentation/clarification equipment
include sedimentation basins and inclined-plate separators. Coagulants and
flocculants are often added to the waste stream to increase the particle size
and sedimentation rate. Following sedimentation/clarification, collected
solids can be further dewatered using a drying bed, filtration, or
centrifugation. Sedimentation/clarification was retained for further
consideration because it typically requires little maintenance and is a
standard method for removing suspended solids from wastewater.

4.4.1.2 Bag Filtration. Bag filtration is commonly used to remove particles
as small as 1 pm. Bag filtration units consist of fabric bags supported by
strainer baskets that are, in turn, housed within rigid casings. Fabric bags
can degrade in the presence of certain organics, so materials st be selected
carefully. The strainer basket and rigid housing also must be made of
carefully selected materials. Bag filters were not considered further because
they are more prone to failure than are rigid cartridge filter media and
require a high degree of contact maintenance.

4.4.1.3 Deep Bed Filtration. Deep bed filters may contain one or more sizes
of filter media such as sand and pulverized coal. The media are layered in a
vertical cylinder through which wastewater flows in a downward direction.
Particulates collect on the upper surface of the filter media. The co ected
solids are removed by back flushing. Usually multiple deep bed filters are
provided to allow for continuous operation. Deep bed filters are most
attractive for trc i1 v 1 val containit  Tatively h™ 1 « itrations
of large (1-5 um and iarger) particles. This 4 ‘:rnative was not considered
fur%her because of the low levels of suspended solids in the N Reactor
effluent.

4.4.1.4 Disposable Cartridge Filtration. Cartridge filters are used to
remove particles ranging in size from submicron to 40 gm from fluids
containing 0.01 percent solids or 1less. Disposable cartridge filters can be
constructed of a variety of materi: s including paper, cloth, and
polypropylene. This type of filtration is ypically operated with the feed
pumped through the cartridges until they are loaded with solids and the
pressure differential exceeds operating specifications. The cartridges then
are removed to be cleaned or disposed. This alternative was not considered
further because of the high level of contac -maintenance required for disposal
of cartridge filters.
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4.4.1.5 Microfiltration. Microfiltration is used to remove solid particles
in the size range of 0.1 to 10 um (1, 0 to 100,000&). The technology uses
elevated pressure to drive liquid waste through a membrane matrix containing
extremely fine pores that trap particulates. The pH and organic content of
the liquid stream must be compatible with the membrane material to prevent
plugging or physical damage. Membrane materials typically are polymeric but
also can be ceramic or sintered metal.

Microfiltration is often a semi-continuous operation in which trapped
particles are periodically removed by back-flushing the filter membrane wi
the filtration unit offline. Alternatively, microfilters can be used in
recirculation/cross-flow operation. A recirculation loop is used that
includes a reservoir tank, a recirculation pump, and the filter modules. The
recirculation feature maintains a high velocity across the filter face to
prolong on-stream time by avoiding accumulation of solids at the surface.

A small portion of the recirculation flow is bled off to maintain a constant
solids concentration as feed water is added. Thus, extended filter life is
obtained, but with higher pumping costs.

Microfiltration has proven effective in treating N Reactor effluent
during the LETF pilot study discussed in Section 3.2.4. Microfiltration was
evaluated further because of the low levels of contact maintenance required,
the expected particle size distribution, and the demonstrated effectiveness in
removing radionuclides from the N Reactor effluent.

4.4.1.6 Ultrafiltration. Ultrafiltration is similar to microfiltration
except that it addresses particles in a size range from 0.001 to 0.1 um

(10 to 1,000A). There are similar design constraints on materials of
construction. The membranes consist of a very thin skin supported on a spongy
sublayer of membrane material. Like microfiltration, ultrafilters are usually
operated in a recirculation cross-flow mode. 1e recirct ation feature
maintains velocity across the filter membranes to prolong on-stream time by
avoiding solids accumulation at the membrane surfaces. This technology was
elimina® ~ from {1 °tl ' consideration bec ise tI part’ = s~ " ~ribution
in the N reactor wasi r1ater is expected to range from 1.5 to 4y um.

4.4.2 Organics Removal

4.4.2.1 Activated Carbon Adsorption. Activated carbon is used widely to
adsorb organics contained in aqueous feed streams. Activated carbon is n it
effective when employed to adsorb relatively high-molecular-weight
hydrocarbons that exhibit low solubility in aqueous solution. Activated
carbon is not as effective in adsorbing some organics such as small
halogenated hydrocarbons and acetone. The adsorption process, however, is
relatively non-selective and is commonly used as a broad-spectrum treatment
method. There are two forms of activated carbon, granul: =2d and powdered,
that can be used.

Granulated activated carbon (GAC) typically is used in flow-through
columns, while powdered activated carbon (PAC) is used in well-mixed slurry
reaction vessels. Some organics may exhibit a chromatographic effect afi
adsorption on GAC in which one adsorbed compound is displaced by another.
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Activated carbon adsorption was retained for further consideration because of
its broad-spectrum applicability and standard use in wastewater and hazardous
waste treatment.

4.4.2.2 Biological Treatment. The use of iological processes is becoming
more common in removing undesirable organics from wastewater streams.
Specific organisms can be cultivated to target specific organic compounds.

A given system often requires pH-adjustment, nutrient additions, and tight
temperature control. The low carbon concentrations in the Reactor effluent
would require that substantial carbon sources be added to sust n a viable
microbial population. In addition, biological treatment syste ; normally
require prolonged startup periods until steady state treatment levels are
achieved, and are sensitive to transients in both influent flo and
concentration. These operating characteristics reduce the effectiveness and
reliability of biological treatment units for systems with non-continuous or
highly variable flows. Because of these ci siderations, biological treatment
was eliminated from further consideration.

4.4.2.3 Supercritical Fluid Extraction. ' percritical fluid extraction is an
emerging technology for removing organics from wastewater using fluids that
possess unique physical characteristics. The fluid (typically carbon dioxide)
is obtained by compressing a gas to its critical point where it begins to
behave as a liquid with the capacity for dissolving large quantities of
organics. However, the fluid continues to exhibit some gaseous properties,
including the ability to extract organics at an extremely high rate compared
with the rates normally observed for liquid-liquid extraction. This
alternative was eliminated from further consideration because the technology
is just emerging and cannot be considered to be commercially demonstrated for
wastewater treatment. The high pressures required for this technology present
additional safety concerns.

4.4.2.4 Air Stripping. Air stripping may be used to remove Tow
concentrations of volatile materials from wastewater. Air stripping towers
typically are operated with counter-current flow of the air and water. The
effectiveness of stripping is a function of the Henry's Law constant for a
given constituent. A material with a Henry's Law constant of greater than
0.003 atm m’/mole generally can be treated economically by air stripping.

Some of the organics potentially present in the N Reactor “fluent are
readily treated by air stripping; additioni ly, air stripping is effective
in removing ammonia from wastewaters. The exhaust air may require further
treatment before atmospheric discharge. The usual emission treatment is
thermal oxidation or activated carbon adsorption. Given the low level of
volatile organic constituents expected in the N Reactor effluent, carbon
adsorption would be more efficient than thermal oxidation; however, activated
carbon adsorption is not effective for removing ammonia from process
emissions.

Air stripping with thermal oxidation of the off-gases was retained for

further consideration because it is a generally effective and widely used
technique for ammonia treatment.
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4.4.2.5 Ultraviolet- ght/0zone/Peroxide Oxidation. Ultraviolet
(UV)-catalyzed oxidation is an organic destruction process that utilizes the
tendency of hydrocarbons to absorb light within the UV spectrum. The
hydrocarbons are activated and become more susceptible to oxidation. The
oxidant is typically provided in the form of ozone, hydrc :n peroxide, or a
mixture of the two. This process requires 1 to 30 min ot residence time to
effect near-complete oxidation. Residence time depends on contaminant type
and concentration. Additionally, the energy input in the form of UV light
required to enhance oxidation is strongly dependent upon contaminant type.
Aromatic and other unsaturated hydrocarbons are more easily oxidized by this
process than are saturated or halogenated organics. The equipment operates at
room temperature and nominal pressure under continuous water flow conditions.
UV/0zone/Peroxide oxidation requires only monitoring of 1 ap activity/
cleanliness and oxidant flows. This technology was evaluated further because
it results in the destruction of most organics and oxidizable species (such as
hydrazine).

4.4.2.6 Pervaporation. Pervaporation is a membrane-base process that uses a
vacuum to increase the membrane flux for organic wastewater constituents. The
wastewater is directed across the upstream side of the membrane at ai ient
pressure and a slightly elevated temperature of 50 °C to 90 °C. The vapor-
phase permeate is withdrawn by maintaininqg a slight vacuum on the downstream
side of the membrane. Membranes are use that have a high selectivity for the
organic compounds over water. Pervaporation was eliminated from further
consideration because it cannot be considered a demonstrated process at this
time.

4.4.3 Dissolved Solids Removal

4.4.3.1 Coagulation/Flocculation. Coagulation and flocc |ation can be used
to enhance the removal of metals and particulates from wastewater.

Coagulating agents act to neutralize charges and collapse colloidal particles
causing them to agglomerate or flocculate and <attle. Common coagulants
include aluminum sulfate (alum), ferric chlor- :, and ferric sulfate. In
addition to these inorganic materials, polyelectrolytes can be used to
flocculate colloidal particles. Polyelectrolytes are polymers of large,
water-soluble organic molecules that react with particles to form flocs. This
process is a standard technique for removal of heavy metals from wastewater
and was retained for further analysis.

4.4,.3.2 Evaporation. Either solar evaporatic ponds, sf -ged tanks, or
evaporator/crystallizers may be used as a part of the tre .ment process.

Solar evaporation was not retained as a potential means of untreated
effluent disposal or treatment, as solar evaporation ponds are not considered
to be acceptable treatment for radioactive effluent streams. Because the total
annual volume of the N Reactor effluent is comparatively small, solar
e¥a$oration may be an acceptable means of disposing of treated non-radioactive

effluent.

Solar evaporation ponds would have to be )uble-line and sized to
accommodate the design wastewater flow rate. Based on the observed net
evaporation rate of 94 cm (37 in.) of water per year at the Hanford S 2 and
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an average treated effluent flow of 7.6 L/min, a minimum of 7,250 m°

(42,775 Ft?) of active pond area would be required. The pond wou]d need to be
2m (6.6 ft) deep to ensure adequate capacity during seasonal periods of low
evaporation and to include 0.61 m (2 ft) of freeboard. Providing a
contingency pond to allow draining an active pond for leak repair would
require, as a minimum, thgee ponds, each sized at 50 percent ¢ the total
capacity or about 1,987 m° (21, 3%7 ft?) each As a result, the minimum total
pond area would be about 5,960 m“ (64,160 ft ). Construct1on of double-Tined
evaporation ponds of this size wou]d cost approximately $190,000, assuming a
construction cost of about $32/m® ($3/ft?).

Treated effluent also may be evaporated through contact with dehumidified
air in a sparged tank or a spray humidification system. This evaporation
alternative was retained for consideration because treatment equipment of this
type may currently be avai ible at N Reactor.

Evaporation also may be accomplished by heating the wastewater in a
closed system. This option commonly is used to reduce the volume of
radioactive effluents; it also is effective in removing suspended and
dissolved solids. Evaporators of this type use elevated temperature and/or
reduced pressure to evaporate water. Various methods can be used to provide
the heat. Steam can be used directly or indirectly through heating coils.

The mechanical vapor recompression (MVR) evaporator is a thermally efficient
design in which a compressor is used to compress the evaporated vapor and pass
it through a heat exchanger in order to transfer energy to the incoming water.
The use of the compressor results in a high thermal efficiency and nearly
eliminates the need for any energy input other than the compressor power after
start-up. Mechanical vapor recompression evaporation was retained for primary
wastewater treatment.

4.4.3.3 Vacuum-Freezing Multiple-Phase Transformation. Vacuum-freezing is a
separation technique that utilizes freezing point differences and the unique
properties of ice to remove organics and dissolved solids from water.

Partial freezing of wastewater produces a solid fraction consisting of
pure ice. The remaining liquid contains the original impurities, but in a
concentrated form. The ice crystals are removed and melted into relatively
pure water (plus whail * brine adheres to the ‘fac  of the crystals after
washing the ice) using tne heat of condensation of tI vapors produc | in the
initial vaporization step.

In a primary refrigerant mode, cold wastewater containing contaminants of
low volatility is sprayed into a vacuum chamber at a pressure slightly below
the vapor pressure of water at its freezing point so that simultaneous
vaporization and freezing of the water occurs in an adiabatic (constant total
heat content) mode. A sub-triple-point vapor and a slurry containing ice
(water) crystals and a concentrated brine results. The low pressure flash
freezes the feed water, and the heat of vaporization removed from the water
causes ice crystals to form. About one-half of the feed water is frozen.

The resulting mixture is transferred to the bottom of a separation

column. The ice floats to the top of the column, and the brine is drawn off
the side at selected points. Vapor leaving the freezer is cor ‘'nsed in an
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auxiliary refrigeration system and is admitted to the top of the separation
column to wash brine from the ice crystals.

Vacuum freezing was eliminated from further consideration as both a
primary treatment method and a method )»r secondary waste concentration
because of the complexity of this technology, and lack of demonstrated
experience in concentrating similar waste streams.

4.4.3.4 Chemical Precipitation. Dissolved solids can be removed from
solution by adding a chemical agent that reduces the solubility of the target
constituent and causes a precipitate to form. Chemical precipitation is a
common method for removing metals from wastewaters. Removal of dissolved
metals usually involves adjusting the solution within a range of pH 8 to pH 11
to form insoluble hydroxides. Typical additives include sodium hydroxide,
magnesium hydroxide, and hydrated Time. Many metals also can be precipitated
using sodium sulfide or sodium bisulfide.

The precipitated solids typically are removed by sedimentation and
filtration. Various coagulants and flocculants often are added to assist in
forming large, dense particles that settle rapidly and are easily filterable.

There are many variations of precipitation processes that can be used to
target specific constituents. One variation is a co-precipitation process.
Co-precipitation can be accomplished by adjusting the solution pH between 2
and 4 to make a ferrous sulfate additive soluble. The ferrous sulfate is
added and the mixture is agitated. The pH is readjusted through addition of
hydrated 1ime (Ca(OH),) or sodium hydroxide. Iron then precipitates as an
oxyhydroxide (FeOOH). Some contaminants are adsorbed on the FeOOH, some
co-precipitate with the oxyhydroxide, and some precipitate as hydroxides.
Microfiltration or clarification can be used to separate the resulting solids.
There also are precipitation processes that combine sulfide precipitation in a
basic (pH10) solution with microfiltration using { |ter media with
ion-exchange properties, that may prove effective for this wastewater stream.

Chemical precipitation was re- ined for further consideration because it
is a widely practiced and accepted process for removal of metals from aqueous
waste.

4.4.3.5 Ion Exchange. Ion exchange (IX) removes ions from an aqueous phase
by displacing complementary ions from exchange sites located on the surface of
an insoluble support material. The support materials typically are synthetic
organic resins. The complementary ions are composed of specific functional
groups that are selectively displaced by ions in the solution. In cation
resins, the exchange sites usually contain hydrogen ions but also may e
designed and operated to contain sodium or ammonium ions. In anion resins,
the exchange sites usually contain hydroxide ions, but other ions, sur as
chloride, can be used. Specialized IX resins also can be effective in
removing certain organic compounds.

Upon depletion of the available complementary ions, the resins are either
removed for disposal and replaced with fresh resin or they are regenerated.
Regeneration involves displacing contaminant ions with fresh, complementary
ions to restore the exchange capacity of the resin. In conventional
applications, cation or anion resins typically are regenerated by washing with
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sulfuric acid or sodium hydroxide solutions, respectively. Conventional
regeneration usually generates secondary waste volumes up to 5 percent of the
original flow rate.

Prerequisites for using IX may include pre-treatment to remove suspended
solids and organics. Both of those contaminants can mask the exchange sites,
resulting in Toss of exchange efficiency, and plug the resin bed, resulting in
restricted flow through the unit.

IX was retained for further evaluation because ion exchange is a standard
water treatment technology for both radionuclides and more conventional toxic
pollutants, and may be effective in removing dissolved solids rom the
N Reactor effluent. Additionally, disposal of the resin bed versus
regeneration may be a potential option, reducing the amount of secondary
wastes generated.

4.4.3.6 Reverse Osmosis. Reverse osmosis (RO) is a physical unit process
that removes dissolved constituents from an aqueous solution and concentrates
them. The process involves filtering the contaminated solution through a
semi-permeable membrane at a pressure greater than the osmotic pressure
exerted by the dissolved constituents in the wastewater. Relatively pure
water passes through the membrane while most of the impurities do not.

An RO unit produces two streams from the original feed stream. The first
is permeate that consists of relatively pure water. The second is concentrate
that contains impurities that did not pass through the membrane. To achieve
enhanced concentration of the removed contaminants, applications may employ
two or more RO stages operating in series. In such applications, the permeate
streams are combined for discharge while the feed stream to each of the Tatter
stages consists of concentrate produced in the previous stage. In a given RO
stage, the fraction of the total feed water appearing in the permeate stream
primarily is a function of the operating pressure upstream of the membrane
that, in turn, is established by the design criteria for the desired level of
contaminant removal.

Either several stages of reverse osmosis in series or multiple passes
through a single stage in a semi-batch process could be applied to enhance the
1 10t 1 of ¢ s0lv | H1ids from tt N | .01 Fle t. Colloic | d
organic mati  tend to foul RO membrane surta causing sigr “icant
deterioration in the ral of water throughput. Tfherefore, RO 1y require pre-
treatment steps, including filtration and organic removal. Secondary waste
volumes typically range from 10 to 20 percent of the original flow rate. Even
with the prerequisites for pre-treatment and large volumes of secondary v ;te,
RO appeared to be a viable alternative for removing contaminants from the
N Reactor effluent and was retained for further evaluation.

4.4.3.7 Electrodialysis. Ion exchange membranes in a direct-current
electrical field are used in electrodialysis to separate ionic species in a
fluid. In comparison to RO, electrodialysis can result in reject streams that
are significantly more concentrated. However, leakage to the permeate is
greater with electrodialysis, resulting in a "dirtier" product stream.
Electrodialysis was not evaluated further because it does not offer
significant advantages over RO in this application.
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4.4.3.8 Alumina Adsorption. Activat: alumina is used to adsorb ions from
the wastewater as it passes through a icked column. The alumina can be
regenerated by rinsing with basic and acidic solutions such as sodium
hydroxide and nitric acid, respectively. Anions of arsenic often are adsorbed
using activated alumina. Activated alumina was not considered further because
there are other broader-spectrum separation methods available for treating

N Reactor wastewater.

4.4.3.9 Algae Adsorption. Dried algae can be formed into beads for use as a
chemical sorbent. Sorbed species are removed by adjusting the solution pH.
This medium has been shown to be quite effective for sorbing certain heavy
metals, including uranium. Its applications - rolve concentrating weak
solutions of specific metal ions to facilitate further processing of the
solution. Careful control of pH durii sorption is required. Algae
adsorption was eliminated from further consideration because its treatment
functions are achieved by other, more-proven technologies.

4.4.3.10 Supported Liquid Membrane. Supported liquid membrane (SLM) is an
emerging technology with the potential for removing and concentrating dilute
contaminants from an aqueous feed stream. An SLM consists of an organic
extractant held by capillary forces within the pores of a microporous
membrane. The feed solution is flushed across one side of the membrane. The
organic solvent extracts solute from the feed. Concurrently, a stripping
solution is flushed across the other side of the membrane to remove the solute
from the organic solvent.

Applied to the N Reactor wastewater, a SLM unit would be configured with
multiple types of membranes in series to effectively remove both cations and
anions. The process would be expected to generate a relatively small volume
of secondary waste comprised of a flushing solution carrying the removed
impurities. Filtration and organic removal are necessary pre-treatment steps
to avoid plugging or blinding the membranes. The technology was eliminated
from further consideration because it cannot be considered commercially
¢ onstrated  this time.

4.4.4 Radionuclides

Radionuclides, with the exception of tritium, are present in the
N Reactor effluent primarily as dissolved or s ;pended solids. Therefore,
technologies that effectively remove suspended and dissolved particles are
effective for the treatment of most of t : radionuclides present in the
N Reactor effluent.

No demonstrated, cost effective - chnology currently exists to remove
tritium from the N Reactor effluent. Therefore, source controls or zero-
discharge are the only effective means of reducing tritium levels in the
N Reactor wastewater.

4.5 SCREENING SUMMARY

Table 4-2 identifies the alternative treatment technologies retained for

further evaluation or eliminated from consideration.
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Table 4-2. Results of Screening N Reactor Wastewater
Treatment Technologies.

Treatment technology

Initial screening result

E]iminatéa | Retained

No Action

Source Treatments
Source Control
Zero Discharge

End-of-Pipe Treatments
Suspended solids removal

Sedimentation/clarification
Bag filtration

Deep bed filtration
Cartridge filtration
Microfiltration
Ultrafiltration

Organics removal

Activated carbon adsorption
Biological treatment
Supercritical fluid extraction

Air stripping and thermal oxidation

UV/ozone/peroxide oxidation
Pervaporation

Dissolved solids removal

Coagulation/flocculation
By a1

Vacuum freezing

Chemical precipitation
Ion exchange

Reverse osmosis
Electrodialysis

Alumina adsorption

Algae adsorption
Supported liquid membrane
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4.6 CANDIDATE TREATMENT SYSTEMS

The selected technologies were combined into five candidate treatment
systems for further evaluation and comparison. Each of the candidate systems
addresses the four categories of constituents of concern (suspended solids,
organics, dissolved solids, radionuclides) in the N Reactor effluent. None of
the candidate systems completely satisfies the general criteria for
effectiveness because no effective wastewater treatment is currently available
for tritium.

The five candidate treatment systems are nresented in this section.
Included are diagrams of each process train an a brief description of how he
system removes constituents of concern. In Section 5 of this report, the
candidate systems are examined in more detail. Section 4.7 introduces options
for disposing of treated N Reactor effluent, and Section 4.8 discusses
secondary waste treatment and handling. These options also are examined
further in Section 5.

For each treatment system, a design flow rate of 95 L/min (25 gpm) was
assumed to accommodate the desired flow rate for draining the fuel basins.
Under current conditions, the N Reactor effluent flow rate is less than
7.6 L/min (2 gpm). Therefore, all treatment systems will operate in a
campaign-mode, with wastewater accumulating in a 56,000 L (15,000 gal) head
tank until sufficient volume has been collecte to effectively operate the
treatment system. Each treatment system also incorporates two 56,000 L
holding tanks to allow treated effluents to be collected and sampled prior to
release to the environment.

4.6.1 Alternative 1

Alternative 1 is comprised of four treatment unit operations:
filtration, evaporation, GAC adsorption, and IX. The process train, including
ancillary equipment, is sketched in Figure 4-1.

Each of the major treatment components removes some contaminants of
concern: filtration removes suspended solids; evaporation, using a brine
concentrating mechanical vapor recompression (MVR) evaporator, removes
dissolved solids; the GAC adsorption unit removes organic compounds; and the
IX system removes dissolved ions. Secondary wastes produced by this process
include filtered solids, slurry concentrate from evaporation, spent carbon,
and spent IX resin. All secondary wastes will require proper disposal.

4.6.2 Alternative 2

Alternative 2 is comprised of three treatment unit operations:
flocculation and settling, sodium sulfide precipitation and filtration, and
air stripping. The process sketched in Figure 4-2.

In this alternative, flocculation and settling will be used to remove

suspended and some dissolved solids and radionuclides. Sodium sulfide
precipitation in a basic environment followed by filtration will be used to
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4.7.2 Onsite Evaporation

A second method for disposing of treated N Reactor effluent would involve
discharging the effluent to an exi« g tank at the N Reactor. Dehumidified
air would be used to enhance evaporation from the tank. Since no discharges
to the Columbia River or ground would occur, this treatment 1 d not require
a permit under the NPDES or SWDP programs and would be less . ' to
accommodate fluctuations in effluent discharge volumes. Permits under state
and federal air pollution control re« lations would be require

4.8 SECONDARY WASTE TRE....E.. OPT NS

Two options were identified for the handling of secondary wastes from the
N Reactor effluent treatment process. These options included onsite
stabilization and solidification, - 1lowed by shipment to other Hanford Site
waste management units for disposal, or shipment of unstabilized 1iquid wastes
to the 200 Area for storage and di: osal.

4.8.1 Onsite Stabilization

In this option, secondary was: s from the N Reactor wastewater treatment
process would be stabilized at N Reactor by incorporating them into hydraulic
cement. Solidified wastes would be packaged into 208 L (55 g¢ ) drums and
shipped to the 200 West Area Central Waste Complex for even' & dispo: |I.
Based upon the constituents present in the untreated effluent, the solidified
wastes are assum¢ to be mixed wastes.

.8.2 Liquid Secondary iste Disposal

This option involves collecting secondary waste slurries 1 existing
tanks at the N Reactor. These liquid wastes would then be loaded into rail
cars and shipped to the 200 Area for storage, treatment and disposal through
the DSTs. As in the onsite stabilization option, the liquid wastes are
assumed to be mixed wastes.
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bicarbonates to CO,, which is then stripped from solution by the evaporator
deaerator.

The evaporator is designed for a 95 L/min (25 gpm) flow rate and can
operate at a turndown rate of 50 percent of the designed flow rate. At the
design flow rate, waste slurry will be produced at a rate of | .5 kg/hr
(12.5 1b/hr) with a solids concentration of 5 percent by weight. This
evaporator requires 182 kg/hr (400 1b/hr) steam from an outside source, such
as a steam boiler, for up to 24 hours during startup.

Distillate from the evaporator is pumped through GAC canisters to remove
organic compounds. Two canisters are used in series. For thic< alternative
pressure-flow canisters 1.2 m (3.8 ft) in diameter and 1.7 m _ .5 ft) high
packed with 480 kg (1056 1b) of GAC each were assumed. Water quality is
monitored at the discharge from each vessel to detect "breakthrough" of the
target compounds. When breakthrough occurs in the first vesse , the GAC is
removed hydraulically and replaced with fresh GAC. The flow is then switched
to direct water through the second vessel first and the vessel with the fresh
GAC second. This alternation is continued throughout the operation. Based on
the stream flow, stream constituents, and vendor information, each cani: 2ar
will need to be replaced every 5 months, spending 2.5 months each as the first
and second in the series. Approximately five 480 kg (1056 1b¢ canisters of
GAC will be needed per year. Because of radioactive contamination, the spent
GAC will be disposed of as secondary mixed waste rather than regenerated.

Ion exchange is the final treatment step. Two sets of IX columns are
used in series, each with a cation and an anion exchange bed. Each IX column
holds 0.34 m (12 ft3) of resin. Conductivity and radioactivity typically are
used to measure breakthrough of an operating column. When the resins are
spent they will be disposed of as secondary mixed waste. Based on the design
waste stream flow, stream constituents, and vendor information the usefi Tlife
of the resin should be about 10 years.

The treated water is discharged into one of two 56,775 L (15,000 g: )
stainless steel holding tanks. At this point, the effluent pH is adjusted
using a sodium hydroxide solution. Sampling is conducted to verify the
quality of the effluent water. Once they have been sampled, the tanks will be
drained to the Columbia River or to an o1 te evaporation rs* 1. Averaging
the 3,975,000 L/yr (1,050,000 gal/yr) stream output to 7.6 L/t 1 (2 gpm), the
holding time for the two tanks is 10 days, allowing time for effluent sampling
before discharge. For the maximum design flow of 95 L/min (25 gpm), the two
tanks will fill in 20 hours.

5.1.2 Effectiveness

The predicted effluent quality is tabulated in Table 5-1. The first
column 1ists the specific compound or water quality parameter of intere:
The second column 1ists the influent concentrations for those parameters. The
next series of columns 1ist the DFs associated with the treatment unit
operations. For volatile species removals in the evaporator, the relative
volatility (alpha) assumed is provided in Table 5-1. The relative volatility
is defined as the concentration in the overheads divided by the concentration
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Predicted Effluent Quality for Alternative 1. (sheet 3 of 3)

Table 5-1.

- Influent Removal efficiencies Effluent Comparative levels ::;;f b
Constituents °°"i§:;ﬁﬂf'°" F E GAc | txca) | 1xe) | overall °°"ﬁ§2;ﬁﬂf'°" Chronic Acute removed
&, oh @ | o6 | on (DF) (ug/L) (ug/L) | (lbyyryss
Pb-210 29.7 63 | 1,000 5 100 10 | 2.84E+06 1.01E-05 1 1.45E+00
Pu-238 10.9 90 | 1,000 5 100 10 | 1.05E+07 1.00E-06 1.6 3.33E-01
Pu-239/240 66.6 90 = 1,000 5 100 10 | 1.05e+07 6.00E-06 1.2 2.72E+00
Radium 0.33 90 1,000 5 100 10 1.0SE+07 3.00E-08 0.3 5.39E-02
Ru-106 17,200 41.1 1,000 10 100 10 1.89E+06 9.126-03 100 8.43E400
Sr-90 1,760,000 - 5.8 1,000 5 100 10 | 1.126+06 1.58€+00 3 2.87E+04
| u-23 1.6 90 | 1,000 5 100 10 1.056+07 1.00E-07 3.92€-03
1 7 0.217 90 000 5 100 10 | 1.05e+07 1.00E-07 4.43E-04
II u-238 1.13 90 | 1,000 5 100 10 | 1.05e+07 1.00E-07 2.31E-03
TOTAL TOXIC MASS REMOVED 2.94E+04

Toxic mass removed per year is based on the design stream flow of 3,974,250 L/yr (1,050,000 gal/yr).

organic DFs for Evaporation are based on relative volatility factors (1/alpha).
Comparative Levels are as previously presented in Table 3-1.
Sodium and sulfate concentrations in the treated effluent are effected by chemical additions during processing.

*Constituent does not meet effluent quality criteria in treated effluent.

**Calculated as described in Section 3.2.5.

#R

DF

E

F

GAC
W(A)
1X(B)

% Removal (concentration based).
Decontamination factor.
Evaporation.
Filtration.

GAC adsorption.
1st Series of Cation/Anion Exchange.
2nd Series of Cation/Anion Exchange.
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man-hours per shift. General duties include monitoring operai ins,
housekeeping, and sample chemistry evaluation.

In this alternative, IX operation requires little to no n intenance
activities, other than pump maintenance. This is because of the predicted
10 year 1life of the IX resin in this particular application. Operational
staffing requirements are estimated at 2100 h/yr for the entire process train.

Alternative 1 is a very reliable and technically mature process. Most of
the unit operations provide passive treatment with few moving parts. If
components of the alternative were to fail, the likely result would be the
stopping or reducing of flow throuc the system rather than discharging
contaminated water. The unit operations also are well-established
technologies. They are fairly simple, and capable of treating many types of
wastewater under variable conditions. Pilot testing may be cor icted to modify
and refine the treatment process before full-scale implemental »n. It is
anticipated that shortcomings can be identified and corrected . that stage.

Procurement and construction times are driven by the lead-time for the
evaporator. The evaporator is the largest, most complicated, 1d most
expensive piece of equipment in Alternative 1. Vendor estimates indicate it
will take 44 weeks from order to delivery for the evaporator. All other
process units are deliverable in less than 44 weeks. Installation of support
systems for the process train, such as piping, instrumentation, buildings, and
electrical lines could begin before process equipment delivery but could not
be finished until all equipment was in place.

5.1.4 Cost

The cost estimate for Alternative 1 is summarized in Table 5-2. The
estimate is divided into costs and annual operating costs. The total
estimated purchased equipment cost is $969,000. Process equipment includes
the filter, the evaporator, two GAC canisters, four IX columns, and three
stainless steel holding tanks.

Purchased equipment costs were obtained through contacts with vendors, or
through tI use of pv rious 1 :er 1ol ; for imilar quipt t. Wi
previous quotes were used, equipr costs were scaled using the formuia:

Pur

Costyp,er = Cost, ., (Sizeg,,, / Size,.,,)  , where

Cost; = Purchased equipment costs
Size; = Critical equipment capacity (e.g., volume)
Pwr = Size-Cost relationship factor, generally 0.6.
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Table 5-2. Cost Est ate for Alternative 1.
Process Equipment
A. Sintered metal filter (58.8 sq. ft) $30,000
B. Vapor compression evaporator (25 gpm) $775,000
C. GAC (2 35-cu ft canisters) $10,000
D. lon exchange (4 12-cu ft columns) $64,000
E. Tanks (3 - 15K gallon) $90,000
Purchased Equipment Cost $969,000
Installed Cost Factors
Item Factor Multiplier
A. Installation 0.39 1.39
B. Piping 0.05
C. Instrumentation 0.08
D. Building 0.25
E. Facilities n 15
F. Outside lines A 1.63
G. Engineering/Construction v.27
H. Administration 0.31
1. Contingency 0.4 1.98
Instal | Cost $4.350,810
Annual Operating Costs
A. Waste Disposal
Waste # Units Unit Cost
Filter sludge (gal) 1,663 217.42 $361,570
Stabilized evaporator bottoms (gal) 1,050 13.59 $14,271
Spent carbon (drums) . 24 2,260.274 $54,247
Spent resin {(drums) 0.7 2,260.274 $1,479
B. Electricity
Evaporator (kW*hr) 87,500 0.02 $1,750
C. Materials
Item
GAC ( 5,175 1 75
IX resin 0 --- $0
Precoat/bodyfeed (lbs) 24,486 1 $245
Sulferic acid (lbs) 650 0.128 $83
Sodium hydroxide (lbs) 13 0.2708 $4
Hydrogen peroxide (lbs) 0 0.65 $0
Drums (55 gal) 25 50 $1,250
D. Manpower
Operations (hours)¥ 2,100 45 $94,500
Ann maintenance (% cap.) 5 969,000 $48,450
Total Annual Operating Cost $582,967

*Based on 700 h/yr, 3 persons (2 Process Operators, 1 OHP).
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Purchased equipment costs were converted to installed equipment costs
using a series of factors proposed by Chilton (1979). In this method,
installed equipment costs are obtained from purchased equipment costs using
the following relationship:

Installed Cost = Purchased Cost (F1)(F2)(F3), where

F1 = Installation factor
F2 = 1+f1+f2+f3+f4+f5
F3 = 1+f6+f7+f8

Each factor in the above equation was assigned a value based upon
established factors used for previous Hanford Site wastewater treatment system
evaluations, and the specific characteristics of the proposed N Reactor
wastewater treatment system. These factors are provided in Table 5-2, and are
discussed in further detail below.

The F1 or "installation" factor is used to account for the relative
complexities of various types of processing facilities, wit Fl ranging from
1.39 for mixed fluid/solid handling processes to 1.47 for fluid processing.
For the N Reactor wastewater treatment system alternatives, a factor of 1.39
was chosen.

The f1 "piping” or "auxiliary equipment" factor is used to adjust costs
for piping installation for various types of processes, and ranges from 0.05
to 0.10 for a solids processing plant to 0.3 to 0.6 for a fluid processing
plant. A value of 0.05 was chosen for the alternative effluent treatment
systems, based on factors used in previous Hanford Site effluent treatment
system evaluations using pre-packaged treatment equipment.

The f2 or "instrumentation" factor is used to account for instrumentation
costs for the process. This factor ranges from 0.02 to 0.05 for a process
where few if any automatic controls are used, to 0.10 to 0.15 for a process
where a complex control system is installed. A value of 0.08, was chosen for
the N Reactor treatment alternatives; this factor is consistent with that used
for similar Hanford Site treatment processes.

The f3 or "buildit " factor = u: to Ijust sts ba: | upon wl “her
equipment is to be installed inside or outside, and ranges trom 0.05 to 0.20
for outdoor units to 0.60 to 1.0 for indoor units. A value of 0.25 was used
for the N Reactor alternatives, consistent with that used for similar Hanford
Site treatment process designs.

The f4 or "facilities" factor accounts for cost differences between
modifications to existing facilities and new, stand alone installations, and
includes the cost for new or significantly modified buildings. Suggested
ranges for this factor run from 0.0 to 0.05 for minor additions, up to 0.25
to 1.0 for a new site. For the N Reactor alternatives, f4 was set to 0.15,
consistent with the factor used for similar Hanford Site treatment processes.

The f5 or "outside Tines" factor is used to adjust the costs of providing
utilities to the new process and ranges from 0.0 to 0.05 for a modification to
an existing facility, up to 0.15 to 0.25 for new, widely scattered
installations. A value of 0.1, corresponding to the midpoint for the
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"separated units" range, was chosen to ¢ low for the possibility of performing
some unit operations in existing locations, with other unit operations
performed in different new or existing facilit :s. This actor is consist( t
with that used for similar Hanford Site treatment processes.

The f6 or "engineering/construction" factor ranges from 0.20 to 0.35 for
simple processes, to 0.35 to 0.50 for complex plants. A value of 0.27 was
chosen for the N Reactor alternatives, consistent with that used for other
Hanford Site wastewater treatment systems using pre-packaged treatment
equipment.

The f7 "administration” or "size" factor adds the cn<t of project
management/administration to the total equipment costs. 1is factor ranges
from 0.0 to 0.05 for large (expensive) plants, to 0.15 to 0.35 for .
experimental (pilot production) facilities. For the N Reactor alternatives, a
value of 0.31 was used. This factor is consistent with that used for previous
Hanford Site BAT studies.

The f8 "contingency" factor adjusts the cost estimate for the level of
detail and certainty associated with - e process flowsheet, and ranges from
0.10 to 0.20 for a firm process, to 0.30 to 0.50 for a "tentative" process.
Based upon the relative uncertainties about ultimate process conditions for
the N Reactor wastewater, a value of 0.40 was chosen.

Using this technique, the installed equipment cost for Alternative 1 is
estimated to be approximately $4.35 million, as detailed 1 Table 5-2. The
estimated annual operations and maintenance (0 & M) cost tor Alternative 1
is $582,967. About 74 percent of the annual O & M cost is associated with
secondary waste disposal.

A1l secondary wastes are assumed to require disposal at the Hanford Site.
Spent GAC and spent IX resin are assumed to be placed in the 200 Area Central
Waste Complex for storage and eventual treatment. Costs for these operations
are assumed to be $2,260 per 208 L (55 gal) drum based upon data provided by
Westinghouse Hanford (WHC 1991). The e\ iorator slurry and filter solids were
assumed to be transferred to the DSTs ar either treated further or stabilized
for permanent disposal. Cost for disposal of filter soli ; was assumed to
be $57.44/L ($217.42/gal); cost for the disposal of evaporator slurry are
$3.60/L ($13.59/gal).

The equivalent uniform annualized cost (EUAC) of Alternative 1 was
calculated using a 7 percent time value of money and a project life of
10 years. The EUAC provides the annual operating and maintenance costs for

the treatment system, including costs associated with the capital equipment
investment. The estimated EUAC for Alternative 1 is $1.2 million.

5.2 ALTERNATIVE 2
5.2.1 Process Description
Alternative 2 consists of flocculation and settling, precipitation,

filtration, and air stripping. Ancillary unit operations include a feed batch
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tank preceding the settling tank, intermediate holding tanks = r flow
equalization and system pH adjustment, and holding tanks for sampling treated
effluent before release. The process diagram is shown in Figure 4-2.

The feed batch tank is used to accumulate effluent until 10ough effluent
has been generated to effectively operate the system, allowing for system
startup and equilibration. The tank also equalizes the flow ( tering the
treatment system, providing a more consistent composition and tlow rate to the
treatment equipment. Tank size and construction are as descr ad for
Alternative 1.

The first treatment operation is flocculation and settlii . Wastewater
is pumped to a continuous-flow two-chamber clarifier, sized to provide a
minimum 3 h hydraulic retention time at the design flow rate. The wastewater
is treated with an ionic polymer flocculant, at an assumed do: rate of
20 ppm. Both the flocculant and dose rate have been assumed based upon
N Reactor LETF pilot scale treatment data. The actual polymer and dose should
be selected on the basis of treatment tests with the current N Reactor
effluent. Settled solids from the clarifier are discharged to the secondary
waste handling system in an underflow containing approximately 5 percent by
weight solids. The clarifier is a stainless steel vessel, su; lied as a
modular unit with mixers and sludge removal pump included.

Overflow from the clarifier is fed to a ackage precipitation/filtr: ion
system. For this alternative, a patented, packaged sulfide p1 :ipitation and
filtration system manufactured by Lancy International, Inc. was evaluated.
Wastewater pH is adjusted from 7.36 to about 10, and the wastewater is then
treated with a sodium sulfide solution. A continuous monitor g and
adjustment system maintains the wastewater at pH 10, with a 2 pm excess
sulfide concentration. Dissolved metal ions are precipitated as either
sulfides or hydroxides. The precipitated slurry is fed to a filter, which
utilizes a patented filtration aid with ic exchange properties to remove
precipitated metals and reduce the excess sulfide concentratic in the
effluent stream. The filtration aid is expended at a rate of approximately
2.75 kg solids removed per kg filter media. Filter media and sludge are
discharged from the filter to the secondary waste handling system.

Filtrate from tlI precipitation/filtration system flows * an
equalization tank, where sulfuric acid is added to adjust the wastewater to
about pH 7. This shifts the sulfide-hydrogen sulfide equilibrium towards
hydrogen sulfide, facilitating removal of the sulfide with an air stripping
system.

After pH adjustment, wastewater is pumped to the top of the first of two
air stripping towers operated in series. Each tower is constructed of
stainless steel and is 0.46 m (1.5 ft) in diameter and approximately 9.75 m
(32 ft) tall, with a 7.6 m (25 ft) packed section filled with 0.025 m (1 inch)
polyethylene Jaeger Tri-Packs'. The wastewater flows downward through the
packed section of each tower; air at a flow rate of 14.2 m3/min (500 cfm) is
blown upward through each packed section. Volatile species, including

1Jaeger Tri-Packs is a registered trademark owned by Jaeger Products,
Inc., Houston, Texas.
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organics, hydrogen sulfide, and ammonia, are transferred from the wastewater
to the airstream. The airstream flows through a demister and on to a propane-
fired thermal oxidizer, equipped with a 50% efficient recuperative heat
exchanger and operating at 800 to 1100 °C (1500 to 2000 °F). This oxidizer
removes approximately 98% of the organics, ammonia, and hydrogen sulfide from
the airstream prior to its release to the environment by :ans of the building
high efficiency particulate air (HEPA) filtration system.

Treated wastewater is pumped from the air strippers tn one of two
56,000 L steel batch holding tanks for sampling before ri 2ase to the
environment. The holding tank system is equipped with a recycle line to allow
off-specification effluent to be routed back to the feed head tank for fur er
processing.

5.2.2 Effectiveness

The predicted effluent water quality for Alternative 2 is provided in
Table 5-3. In general, treatment was )t effective in removing many of the
heavy metals (arsenic, cadmium, chromium, lead, se¢ 2nium 1d silver),
radionuclides, low-volatility or highly soluble organics (acetone, 2-butanone,
hexone), or hydrazine from the wastewater. Treated effluent concentrations
less than or equal to the comparative effluent levels were not achieved for
these compounds. A total of 6,981 toxic equivalent kg/yr (15,359 1b/yr) are
removed by Alternative 2.

5.2.3 Implementability

The estimated quantities of secondary wastes produced by Alternative 2
are listed in Table 5-4. Approximately 1,500 L/yr (400 ¢ |/yr) of settled
solids and 212 L/yr (56 gal/yr) of precipitate are generated.

Total radiolr—ical dose rates are anticipated to be s1° "itly lower - 1in
those encountered .n Alternativ 1. This expected reduction in dose rate is
because of the lower radionuclide removal achieved, and therefore lower
concentrations of radionuclides in secondary wastes.

A1l of the unit operations involved in Alternative 2 use proven, mature,
technologies. When properly sized and adjusted for the characteristics of the
waste stream, all unit operations can be anticipated to provide predictable
levels of treatment.

Alternative 2 uses unit operations that involve a minimum of mechanical
equipment and that require low levels of maintenance. Filter element Tife is
anticipated to be similar to that for Alternative 1. Somewhat more
sophisticated control of processing conditions, especially the pH and free
sulfide concentration of feed to and effluent from the precipitation and
filtration processes, is required. Air stripping towers require periodic
maintenance to maintain their effectiveness. Scale and biological growth on
the packing material may eventually inhibit the performance of the towers. In
place cleaning or periodic replacement of the air stripping tower packing will
be necessary.
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Table 5-3. Pre

cted Effluent Quality for Alternative 1.

(sheet 3 of 3)

Influent Removal efficiencies Effluent Comparative levels Toxic mass

Constituents conc(elzt/ rLa)t ion (FZ/R S) (P x/R F) ( ;:) Ov( % rFa)l l conc(el:’tlia)t fon C(hun:lrlm- i)c (A ucgu/tl_e) ] [gr/n;:?:l*
Mn-54 6.04E+03 38 38 0 2.60E+00 2.32E+03* 1,000 1.82€E-01
Pb-210 2.97e+01 I 66 78 0 1.34E+01 2.22E+00* 1 1.35€+00
Pu-238 1.09e+01 45 76 0 7.58E+00 1.44E+00 1.6 2.89E-01
Pu-239/240 6.66E+01 : 45 76 0 7.58€+00 8.79E+00* 1.2 2.36E+00
Radium 3.30E-01 ! 45 76 0 7.58E+00 4.36€E-02 0.3 4 .68E-02
Ru-106 1.72E+04 4 66 0 3.06E+00 5.61E+03* 100 5.68E+00
Sr-90 1.76E+06 4 50 0 2.08E+00 8.45E+05* 3 1.49E+04
u-234 1.60E+00 45 76 0 7.58E+00 2.11E-01 3.40€E-03
u-235 2.17e-01 45 76 0 7.58E+00 2.86E-02 3.84E-04
u-238 1.13e+00 45 76 ] 7.58E+00 1.49€E-01 1.73e-03
TOTAL TOXIC MASS REMOVED 1.54E+04

Toxic mass removed per year is based on the design stream flow of 3,974,250 L/yr (1,050,000 gal/yr).

Comparative Levels are as pre

usly presented in Table 3-1.

Ammonia, sodium, sulfate, and sulfide concentrations in the treated effluent are effected by chemical additions during

processing.

*Compound for which treatment *-~gets are not met in the final treated effluent.

**Calculated as described in Se

*R
A/S
DF
F/S
P/F

% Removal (Concentration based).
Air stripping.

Decontamination factor-
Flocculation and settl .
Precipitation and filtration.

on 3.2.5.

0 "A9Y £10-S3-UN-QS-JHM
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Table 5-4. Cost Estimate for Alternative 2.

A. Clarifier w/Polymer Addn System (25 gpm) $28,500
B. Sodium Sulfide Ppn/Filtration System (25 gpm) $80,000
C. Air Strippers (25 ft x 1.5 ft; 2 ea.) $76,700
D. Fume Incinerator (1,000 cfm, 50% recuperative) $160,000
E. Tanks (3 - 15K gallon) $90,000
Purchased Equipment Cost $435,200
Installed Cost Factors
Item Factor Multiplier
A. Installation 0.39 1.39
B. Piping 0.05
C. Instrumentation 0.08
D. Building 0.25
E. Facilities 0.15
F. Outside lines 0.1 1.63
G. Engineering/Construction 0.27
H. Administration 0.31
1. Contingency 0.4 1.98
Installed Equipment Cost $1,952,345
Annual Operating Costs
A. MWaste Disposal
Waste Units Unit Cost
Liquid flocced solids (gal) 400 217 $86,968
Precipitate (gal) 56 217 $12,152
8. Materials
Item # Units unit cost
Propane (gal) 69,000 0.75 $51 780
Electricity (Kw-Hrs) 3,200 0.02 v
Flocculant polymer (lbs) 175 1 31/5
Sodium Sulfide (lbs) 460 0.83 $382
Sul furic acid 3.762 0.128 ®ra2
Sodium hydrox | 5 ! Q $1 1
Filter media (lbs) 300 3.5 $1,050
C. Manpower
Operations (manhours)¥ 2,100 45 $94,500
Maintenance (X Capital) 5 435,200 $21,760
Total Annual Operating Cost $270,753

*Based on 700 h/yr, 3 persons (2 Process Operators, 1 OHP).
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A1l treatment equipment required for Alternative 2 is avi lable in
pre-engineered packaged systems. Standard delivery times of | to 20 weeks
are anticipated.

5.2.4 Costs

Estimated installed equipment and operating costs for th: alternative
are provided in Table 5-4. The costs were estimated as described in
Section 5.1.4. Installed equipment cost is estimated to be $1.95 million.
Annual O&M costs are approximately $271,000. The EUAC is about $549,000/yr.

5.3 ALTERNATIVE 3

Alternative 3 is similar to Alternative 1, differing in { 1t RO is added
in place of the IX component (Figure 4-3). Section 5.1 incluc ; a discussion
of the filtration, GAC adsorption, and evaporation processes. Only the
differences resulting from the inclusion of RO are discussed i this section.

5.3.1 Process Description

The primary process train of Alternative 3 consists of fc - conventional
water treatment operations: filtration, GAC adsorption, RO, ¢ | evaporation.
Filtration removes suspended solids; GAC adsorption removes or inic compounds;
RO removes large dissolved molecules and ions; = d evaporation removes
dissolved solids. The process, as a whole, relies on the passive removal of
compounds by separating them from the water. The compounds ar captured on
solid materials (filters, GAC, and membranes) which themselves become wastes
requiring treatment or disposal. Evaporation concentrates sec idary
wastewater from the RO unit.

The first step in the process is filtering to remove suspended solids
with a diameter above 1 um. The filtration system used is essentially
identical to that described in Alternative 1. The final GAC ¢ ;orption
process also is essentially the same.

Reverse osmosis follows the filtration step. The RO filt °s remove large
dissolved molecules and ions that cannot pass through the membrane pores.
A single-stage RO system is used, that removes about 90 percent of the ions
and about 70 percent of the organic materials. Two streams are produced from
the RO system: a treated stream and a reject stream. Approxi itely
10 percent of the total wastewater volume is retained in the reject stream
from the RO unit, resulting in an overall reject flow of about 9.5 L/min
(2.5 gpm) and a permeate flow of 85 L/min (22.5 gpm). The reject stream will
be sent to the MVR evaporator. Evaporation and other secondary waste
treatment operations were described in Section 5.1.1.
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5.3.2 Effectivel s

The estimated composition of the treated water exiting the Alternative 3
process train is shown in Table 5-5. The columns of this table are as
described in Section 5.1.2.

Overall, treated effluent concentrations for Altern: ive 3 exceeded
comparative effluent levels for several compounds, including ammonia, some
priority pollutant metals, hydrazine, trichloromethane, and many
radionuclides. In general, RO is not as effective in removing dissolved
solids as evaporation, resulting in significantly reduced overall DFs from
those seen in Alternative 1. Multiple stages of RO may improve system
performance. Adding multiple stages of RO to the treatment train would
significantly increase the overall costs of this alternative. Multiple j ;ses
through a single stage of RO also would increase equipmer costs for this
alternative, as the RO unit also would need to be significantly oversized to
maintain the desired 25 gpm continuous flow rate. A tot: of 12,152 toxic
equivalent kg/yr (26,734 1b/yr) are removed by Alternative 3.

5.3.3 Implementability

A1l of the unit operations comprising Alternative 3 produce radioactive
secondary waste, either directly or indirectly: the filtration systems
produce solids and occasionally used filter elements; the RO system generates
spent RO membranes and produces a waste stream that is evaporated to prod :e
concentrated waste; and the GAC system produces spent carbon. The estimated
quantities of secondary waste are listed in Tahle 5-6. Radiation exposure
will differ from Alternative in that GAC wil not need to be changed as
often because of the RO unit. The RO membranes will need to be changed out
about every three years, which will entail some radiation exposure.

Alternative 3 is a reliable and technica’ y viable option for treat: )
wastewater. Reverse osmosis filtration involves a physical separation ar has
been used in many different applications where high water quality is needed.
Its major mode of failure is fouling of membranes. Nevertheless, there are
ways to reduce the fouling. As with filtration, fouling s reduced by
over-sizing the equipment. Also, pre-filtration removes much of the material
that would foul the membrane. It is ortant to note that if fouling does
occur, it will reduce the capacity of the RO system, but does not result in
poorer water quality. The success of RO depends on selecting the right type
of membrane, sizing the system correctly, providing filtration in advance of
the RO system, and cleaning the RO membranes regularly. Reverse osmosis
success also is dependent on high-pressure pumps that circulate wastewater in
the RO system.

5.3.4 Costs

The cost estimate for Alternative 3 is summarized in Table 5-6. The
estimate is divided into process equipment costs, costs for other equipment
and support, and operations and maintenance (0 & M) costs.
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Table 5-6. Cost Estimate for Alternative 3.
Process Equipment
A. Sintered metal filter (58.8 sq. ft) $30,000
8. Vapor compression evaporator (25 gpm) $775,000
€. GAC (2 35-cu ft canisters) $10,000
D. Reverse osmosis (25 gpm) $100,000
E. Tanks (3 - 15K gallon) $90,000
Purchased Equioment Cost $1,005,000
Installed Cost Factors
Item Factor Multiplier
A. Installation 0.39 1.39
B. Piping 0.05
C. Instrumentation 0.08
D. Building 0.25
E. Facilities 0.15
F. Outside lines 0.1 1.63
G. Eng ering/Construction 0.27
H. Admimistration 0.31
1. Contingency 0.4 1.98
Installed Cost $4,508,516
Annual Operating Costs
A. Waste Disposal
Waste # Units unit Cost
Filter solids (gal) 1,663 217.42 $361,563
Evaporator bottoms (gal) 1,050 13.59 $14,271
Spent carbon (drums) 24 2,260.274 $54,247
B. Electricity
Unit kW*hr uUnit Cost
Evaporator 87,500 0.02 $1,750
C. Materials
Item # Units Unit Cost
GAC ( 5,..- 1 $= 175
Preca f ( 244 .86 1 45
Sulferic acid (lbs) 650 0.128 383
Sodium hydroxide (lbs) 13 0.2708 $4
Hydrogen peroxide (lbs) 0 0.65 $0
RO Membranes 2 1,300 60
Drums (55 gal ea.) b 50 $i,200
D. Manpower
Operations (manhours)* 2,100 45 $94,500
Ann. maintenance (% cap.) 5 1,005,000 $50,250
Total Annual Operating Cost $583,548

*Based on 700 h/yr, 3 persons (2 Process Operators, 1 OHP).
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The estimated purchased equipment cost is $1,005,000. The total installed
equipment cost, estimated as described in Section 5.1.4, is approximately
$4.51 million. The estimated annual O & M cost is about $583,000, nearly 74
percent of which is secondary waste disposal. The estimated EUAC of
Alternative 3 is $1.23 million/yr.

5.4 ALTERNATIVE 4

5.4.1 Process Description

Alternative 4 uses three of the four unit operations previnusly described
in Alternative 1: filtration, evaporation, and IX. The key d° ‘erence in
these alternatives is the organic treatment method used. In this alternative,
organics and oxidizable inorganics such as hydrazine are removed through
UV/Oxidation.

Overheads from the evaporator are pumped to the UV/Oxidi ion treatment
process. The system evaluated for this alternative uses hydrogen peroxide to
oxidize species that have been activated by excitation with UV 1light.
Approximately 270 kW of electrical power are needed to supply he necessary
energy by means of UV lamps. The relatively high energy input (as compared to
similarly sized wastewater treatment systems) is required to ¢ fectively
remove chlorinated species, predominantly chloroform, from the effluent.
Peroxide is used at a dosage of approximately 0.25 kg per 1,000 L (2 1b
per 1,000 gal) of wastewater. Carbonaceous species in the effluent are
completely oxidized to water and carbon dioxide. The carbon dioxide generated
shifts the carbonic acid - bicarbonate equilibrium toward the bicarbonate,
slightly increasing the acidity of the solution fed to the IX columns. This
slight increase in acidity is not anticipated to significantly decrease the
life or efficiency of the IX system.

5.4.2 Effectiveness

The predicted effluent water quality for Alternative 4 is provided in
yle 5-7. Alternative 4 provides the highest =~ rel of treatn 1t of all
options considered. Treated effluent concentrations are below comparative
effluent levels for all compounds with the exception of tritium, which is not
removed by any of the treatment processes considered. A total of 13,461 toxic
equivalent kg (29,615 toxic equivalent 1b) are removed annually by
Alternative 4.

5.4.3 Implementability

The estimated quantities of secondary wastes produced by Iternative 4
are listed in Table 5-8. Approximately 6,294 L/yr (1,663 gal, r) of filter
solids, and 3,974 L/yr (1,050 gal/yr) of evaporator bottoms are generated. As
with Alternative 1, a portion of the ultimate costs for resin disposal has
been included in the annual operating costs. Total radiological dose rates
are anticipated to be the same as those encountered in Altern: ive 1.
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A.
B.
C.
D.
E.

A.
B.
C.
D.
E.
F.
G.

I.

A.

Table 5-8. Cost Estimate for Alternative 4.
Process Equipment
Sintered metal filter (58.8 sq. ft) $30,000
Vapor compression evaporator (25 gpm) $775,000
UV/Oxidation system (270 kW, peroxide based) $325,000
Ion exchange (4-12 cu ft columns) $64,000
Tanks (3 - 15K gallon) $90,000
Purchased Ecuioment Cost $1,284,000
Installed Cost Factors
Item Factor Multiplier
Installation 0.39 1.39
Piping 0.05
Instrumentation 0.08
Building 0.25
Facilities 0.15
Outside lines 0.1 1.63
Engineering/Construction 0.27
Administration 0.31
Contingency 0.4 1.98
Installed C $5,760,134
Annual Operating Costs
Waste Disposal
Waste # Units Unit Cost
Filter solids (gal) 1,663 217.42 $361,563
Evaporator bottoms (gal) 1,050 13.59 $14,271
Spent resin (drums) 0.7 2,260.27 $1,479
Electricity
Unit kW*hr Unit Cost
Uv/Oxidation system 210,000 0 $4,200
Evaporator 87,500 0.ue $1,750
Materials
Item # Units Unit Cost
IX Resin 0 - $0
Precoat/bodyfeed (lbs) 244.86 1 $245
Sulfuric acid (lbs) 650 0.128 $83
Soditm hvdraxide ({bhe) 13 0.27na 84
Hyd oxi (4 100 Q $1 5
Manpower
Operations (manhours)* 2,100 ’e $94,500
Maintenance (% capital) 5 1,284, 1 $64,200
Total Annual Operating Costs $543,660

*Based on 700 h/yr, 3 persons (2 Process Operators, 1 OHP).
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When properly sized and adjusted for the characteristics of the waste
stream, all unit operations in Alternative 4 can be anticipated to provide
predictable levels of treatment. The se of UV/Oxidation for organic removal
is a relatively new, but established, technology.

Alternative 4 is more mechanically complex than Alternative 1. However,
significantly increased maintenance requirements are not ticipated. Vendor
contacts estimated that the UV/Oxidation system would require approximately
$6,000/month for maintenance for a continuously-operating system; maintenance
costs for the UV/Oxidation component of Alternative 4 are axpected to be
significantly less than this amount. Maintenance require for the
UV/Oxidation system include lamp replacement and cleaning.

A1l treatment equipment required in Alternative 4 is available in
pre-engineered packaged systems. Both the evaporator and UV/Oxidation systems
are relatively long lead-time procurements. For the evaporator, delivery is
anticipated to require 44 weeks; UV/Oxidation system delivery will require
approximately 24 weeks.

5.4.4 Costs

Estimated installed equipment and operating costs for this alternative
are provided in Table 5-8. The installed equipment cost is estimated to be
$5.76 million, using the method described in Section 5.1.4. Annual O & M
costs are estimated to be approximately $544,000. The EUAC is about
$1.36 million/yr.

5.5 ALTERNATIVE 5

5.5.1 Process Description

Alternative 5 uses filtration, GAC adsorption, and ion exchange. These
unit operations were described in Al1 -‘native 1. There are two key
differences between Alternatives 1 and 5. In Alternative 5, an evaporator is
not used; thus, the dissolved solids loadings to the IX columns in
Alternative 5 are much higher than in Alternative 1. Also, to facilitate
disposal of secondary wastes without relying upon the 200 Area DSTs, an onsite
grout plant similar to that described in Section 8 of this report has been
incorporated into Alternative 5.

In Alternative 1, the evaporator and IX system combined provided a DF for
dissolved solids of 1,000,000. To provide an equivalent level of dissolved
solids removal, Alternative 5 will require 5 sets of cation/anion exchange
columns operated in series. Cation/anion levels in the wastewater to the
IX columns of Alternative 5 are approximately 2.06 meq/L, while for the
IX columns of Alternative 1 cation/anion loadings are 0.0007 meq/L. Ear set
of ion exchange columns in Alternative 5 will be comprised of one cation and
one anion canister with a volume of 1.3 cum (45 cu ft) per canister. Baced
on the design annual flow of 3,974,250 L/yr (1.050,000 gal/yr), 5.4 sets ¢
canisters or 10.8 total canisters will need to : replaced and disposed of
each year.
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5.5.2 Effectiveness

The predicted effluent water quality for Alternative 5 is provided in
Table 5-9. Alternative 5 provides the same level of treatment as
Alternative 1. Comparative effluent levels were exceeded for tritium and
certain organics such as acetone, hydrazine, and trichloromethane. Tritium is
not removed by any of the processes considered, while the mentioned organics
are only removed by the UV/Oxidation unit of Alternative 4. A total of 13,355
toxic equivalent kg (29,381 1b) are remove annually by Al 1 tive 5.

5.5.3 Implementability

Dose rates are anticipated to be similar to those of Alt¢ native 1;
however, total personnel doses will be much higher for Altern: ive 5 than
Alternative 1, because of more frequent IX resin change outs.

A1l the units of Alternative 5 are very reliable as discussed in previous
sections. Secondary waste volumes generated are provided in Table 5-10; all
secondary wastes are stabilized at N Reactor and shipped to the 200 Area
Central Waste Complex.

A1l treatment equipment used in Alternative 5 comes in pre-engineered
packaged systems. Procurement and construction times for the reatment
equipment of Alternative 5 are less than those for all Altern: ives 1, 3 and
4, as Alternative 5 does not incorporate an evaporator.

5.5.4 Costs

Estimated costs for Alternative 5 are provided in Table 5-10. Installed
equipment costs, including the costs for an onsite secondary waste treatment
plant, are estimated to be $8.14 million, using the method described in
Section 5.1.4. Annual O&M costs, including the cost of secondary waste
management, are approximately $1.13 million. The EUAC is about
$2.29 million/yr.

5.6 COLUMBIA RIVER DISPOSAL

5.6.1 Process Description

In this disposal method, treated effluent will be dischar :d to the
Columbia River under a NPDES permit. Because tritium concenty :.ions in the
effluent exceed state ambient water quality criteria, a mixing zone within the
river would be required as a permit condition.

Wastewater batches held within one of the two 57,000 L (. 000 gal)
discard tanks would be sampled to ensure permit conditions are met. After
sampling, the treated effluent would be pumped or flow by grav .y to the river
through the current N Reactor outfall. A discharge rate of 400 L/min
(100 gal/min) has been assumed to allow each discard tank to be drained within
2 1/2 hours.
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Table 5-10. Cost

Fetimate for Altaypative 5.

A. Sintered Metal Filter (58.8 sq ft) $30,000
B. GAC (2 35-cu ft canisters) $10,000
C. Ion Exchange (10 - 45 cu ft canisters) $400,000
D. Tanks (3 - 15K gallon) $90,000
E. Solids Handling System (Grouting)
Dry Cement Storage (900 cu ft) $50,000
Cement Mixers (2 - 12.75 gph) $50,000
Dry Cement Transfer System $45,000
Drum Filling and Handling System $1,140,000
Purchased Equipment Cost $1,815,000
Installed Cost Factors '
Item Factor Multiplier
A. Installation 0.39 1.39
B. Piping 0.05
C. Instrumentation 0.08
D. Building 0.25
E. Facilities 0.15
F. Outside Lines 0.1 1.63
G. Engineering/Construction 0.27
K. Administration 0.31
1. Contingency 0.4 1.98
Installed Cost $8,142,24¢
Annua. uperating Costs -
A. Waste Disposal
Waste # Units Unit Cost
Stabilized Filter Sludge (Drums) 133 2,260.274 $300,61¢
Spent Carbon 24 2,260.274 $54,247
Spent Resin (Canisters) 10.8 13,832.88 $149,395
C. Materials
Item # Units Unit Cost
GAC (Lbs) 5,175 1 $5,175
IX Resin (Canisters) 10.8 40,000 $432,000
Precoat/Bodyfeed (Lbs) 244 .86 1 $245
Sodium Hydroxide (Lbs) 13 0.2708 $4
Drums (55gal) 157 50 $7,850
D. Manpower
Operations (Manhours hours)¥ 2,100 45 $94,500
Ann Maintenance (% Cap.) 5 1,815,000 $90,750
Total Annual Operating Cost $1,134,781

*sased on 700 h/yr, 3 persons (2 Process Operator, 1 OHP)
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evaporate 3.97 x 10° L/yr (1.05 x 10° gal/yr) of treated effluent are

30,000 standard cubic ft per minute (scfm) at 21 °C (70 °F) and 20 percent
relative humidity. Saturated air will pass through a demister and exit the
tank through a 0.5 m (1.5 ft) manhole 1 the tank roof. Water that does not
evaporate will be collected on the floor of the tank and recirculated to the
spray nozzles.

5.7.2 Effectiveness

This alternative will allow treated effluent disposal w )ut relying
upon a mixing zone within the Columbia River to meet effluent guidelines for
tritium. Ambient concentrations of tritium in the air were evaluated for
various distances from the evaporation tanks using SCREEN, an PA-approved
computer model for preliminary air emission estimates. These calculations
assumed a "stack" 0.5 m in diameter and 13.3 m (40 ft) tall, with a
30,000 scfm air discharge emitting tr- ium at a rate of 5.03 pg/s. This
corresponds to the annual average tritium ission rate from evaporation of
4,000,000 L (1,050,000 gal) of treated N Reactor effluent. Under these
conditionsg the maximum ambient tritium concentration is pre ted to be
2.14 pCi/m’, at a distance of approx ately 800 m from the er )ration tank.
This is below the ambient concentration necessary to exceed 2 federal air
emission 1imit of 10 mRem/year exposure to offsite individuals established in
40 CFR 61, Subpart H. It is also below the 1 mRem/year exposi e level
established under 40 CFR 61, Subpart H for monitoring of airbi ne releases.

5.7.3 Implementability

A1l tanks needed for this disposal option, plus four dehi idifiers, which
together can supply the required air, currently are available at the
N Reactor. Onsite radiation doses associated with this option are anticipated
to be minimal, but slightly higher than for discharge to the 1lumbia River,
as radionuclides other than tritium will be concentrated in - solids at the
bottom of the evaporation tanks. Although this option is more complex than
discharge to the river and less able to accomm¢ ite fluctuatic s in effluent
discharge volumes, spray evaporation and humid- ication are well-known,
reliable, technol( ically simple processes. Becai'c<a no discharge to the river
or ground will occur, the treatment system will nc require a ermit unde the
SWDP or NPDES programs. Permits under state and federal air regulations would
be required.

5.7.4 Cost

Implementation costs for this alternative would be minimal, as all
necessary equipment is currently available at N Reactor. Operating costs are
anticipated to be slightly higher than those for river discharge, but limited
to the energy and maintenance costs for the pumps and dehumidifiers. Based
upon the anticipated dissolved solids concentration in the treated effluent,
less than 1 kg/yr (2.2 1b/yr) of solids wi | be deposited within the
evaporation system.
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6.0 EVALUATION OF THE CANDIDATE TREATMENT SYS' 3

A1t -natives 1 and 4 have been selected as the preferred ontions for
treatment of the N Reactor effluent. Alternative 1 consists ¢ filtration,
evaporation, GAC adsorption, and IX. Alternative 4 is similar to
Alternative 1, but substitutes UV/Oxidation for GAC adsorption for the removal
of organic compounds and hydrazine. Alternative 1 is the preferred option if
little or no organic compounds or hydrazine are present in = e effluent.
Alternative 4 will be the preferred alternative if treatment for organics
and/or hydrazine is required.

The five proposed alternatives described in Section 5 are compared in
this chapter. Effectiveness, implementability, and cost form the basis for
comparison. Specific parameters evaluated under these categor 2s included the
ability to meet treatment targets and total toxic mass removed
(effectiveness); ALARA, implementation schedt 2, and maintenance/reliability
(implementability); and EUAC and cost per toxic pound removed (cost).

Alternatives were ranked on a scale of 1 to 5 for each arameter, with
the "best" alternative receiving a score of 5 for that parameter and the
"worst" a score of 1. These raw scores were then multiplied by the weighting
factor for each parameter to achieve a weighted score. The sum of the
weighted scores for all seven parameters was then used to identify the two
preferred alternatives. The weighting factors . 1 scores for ich of the five
alternatives are provided in Table -1. The results of the ev luation are
discussed in detail in the following sections.

6.1 FFECTIVENESS

The two parameters included under this heading, the ability to meet
treatment targets and the total toxic mass removed, were the most heav vy
weighted. Only Alternative 4 met all trea ent goals except those for
tritium. Alternatives 1 and 5 met all goals except those for tritium and
certain organic compounds. Alternatives 2 and 3 did not meet iny of the
treatment goals. Similarly, Alterpatives 1, 4, and 5 removed the most toxic
mass from the N Reactor effluent; / 'natives 2 and 3 were r : as effective
in terms of total toxic mass removed.

6.2 IMPLE NTABILITY

Alternatives 2 and 3 were judged to result in the lowest overall worker
asxposure to radionuclides and hazardous materials; Alternative 2 was ranked
wwer in this category because of the use of sulfide solutions, which have the
potential for hydrogen sulfide gas releases. Alternatives , 4, and 5 resu
in the highest worker exposure, mainly because of their effectiveness in
removing radionuclides. Alternative 5 was judged to be the most exposure-
intensive, because of the number of required ion exchange resin changeouts.
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calculated for each alternative. The cost/benefit of each alternative is then
evaluated by rationing the incremental increase in cost and the associated
increased toxic removal. An initial - reshold of $200/kg additional
incremental cost has been set as the 1 per T1imit of cost-effectiveness

(WHC 1988).

Table 6-3 shows the cost effectiveness of the five alternatives.
Alternative 1 appears to be a cost-effective improvement over Alternative 2.
The cost of additional toxicity removal obtained by Alternative 4 when
compared to Alternative 1 appears to be excessive; however, not all wastewater
constituents (e.g., acetone and hydrazine) are assigned a toxic weighting
factor and therefore credited in the toxicity removal calculations established
under Westinghouse Hanford guidelines (WHC 1988). This is particularly true
for organic compounds. Therefore, Alternative 4 still may be considered
economically achievable and reasonable treatment by state and federal
regulators.

Table 6-3. N Reactor BAT Study Cost Effect r/eness
of N Reactor Treatment Alternatives.

Incremental increases
EUAC Toxic mass .
(FY 1992) | removed EUAC Toxic | EuAC/mass
(kg) (FY 1992 ($/kg)
(kg)
Alternative 2 $548,767 6,981 - - - - - - - - -
Alternative 1 $1,202,522 13,355 $6R? 755 6,373.6 €103
Mtavngtiva 2 $1,225, k&1 12 189 €22 n2a - - - - - -
Alternative 4 $1,363, |
AT 21 $2,294, B}

*Incremental values and EUAC/mass are in comparison to Alternative 1.
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A1l secondary wastes are assumed to be mixed wastes based upon the
constituents present in the N Reactor effluent and the efficiencies of the
treatment processes.
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8.0 SELECTION OF SECONDARY WASTE 1 :ATMENT AND DISPOS/ OPTIONS

Shipment of unstabilized evaporator bottoms and filter sludges from the
N Reactor treatment process to the 200 Area DSTs has been selected as the most
cost-effective method for management of these secondary wastes. Spent carbon
and IX resins will be shipped to the 200 Area Central Waste Cc¢ plex for
eventual processing and disposal.

Tables 8-1 and 8-2 detail total costs associated with ¢/ tructing and
operating two different variations of Alternati* 4. Table ! is identical
to Table 5-8, and assumes that secondary wastes are shipped to the DSTs.
Approximately 10,300 L (2,700 gal) of secondary waste will be shipped to the
DSTs annually. Based upon the dissolved solids contents of - e secondary
waste slurries, it was assumed that 6,400 L/yr (1,700 gal/yr) of filter solids
would be stored in the DSTs and eventually processed through - : Hanford Waste
Vitrification Plant. Approximatelv 3,900 L (1,000 gal) of evaporator bottoms
would be sent to the Hanford Grout acility. Costs for treatment through
these processes were supplied by Westinghouse Hanford (WHC 1991, 1990b).

Table 8-2 includes costs associated with the construction and operation
of an onsite secondary waste stabilization and packaging system to support the
treatment process. The waste stabilization system would inct rate
evaporator bottoms and filter sludges into a hydraulic cement matrix. This
cement mixture would be loaded into drums for shipment to the 200 Areas. All
operations would occur in an enclosed facility to minimize worker and
environmental exposure. The capital cost for this facility has been estimated
based upon previous estimates for a similar facility; these estimates were
shown to be relatively insensitive to the total number of drums processed
through the facility.

Transportation costs and the costs for shipment loading at N Reactor ave
not been include in Tables 8-1 and 8-2; however, they are assumed to be
roughly the same for both alternatives. The costs in Table 8-1 also assume
that an existing railcar loading facility at N Reactor can be used to handle
secondary wastes.

The EUAC for shipment to the DSTs is $1.36 million. The T'JAC for onsite
stabilization is $2.26 million. Ti major contributor to the increa: | costs
for onsite stabilization is the large c¢i ital e. enditure necessary to
construct a secondary waste treatment facility. Based upon a cot irison of
costs, shipment to the 200 Area DSTs is the referred option for secondary
waste treatment and disposal.
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Table 8-1. Costs - Alternative 4A.
Process Equipment
A. Sintered metal filter (58.8 sq ft) $30,000
B. Vapor compression evaporator (25 gpm) $775,000
C. UV/Oxidation system (270 kW, peroxide based) $325,0
D. lon exchange (4-12 cu ft columns) $64,0
E. Tanks (3-15K gallon) $90,000
Purchased equi Wt cost $1,284,000
Installed Cost Factors
Item Factor Multiplier
A. Installation 0.39 1.39
B. Piping 0.05
c. Instrumentation 0.08
D. Building 0.25
E. Facilities 0.15
F. Outside lines 0.1 1.63
G. Engineering/Construction 0.27
H. Administration 0.31
1. Contingency 0.4 1.98
Installed eauipment costs $5,760,134
Annual operating costs
A. Waste Disposal
Waste #Anits Unit Cost
Filter solids (gal) 1,663 217.42 $361,563
Evap. bottoms (gal) 1,050 13.59 $14,271
Spent resin (drums) 0.7 2,260.27 $1,479
B. Electricity
unit kW* Hr un Cost
UvV/Oxidation sys 210,000 0.02 $4,200
E orator 87,500 0.02 $1,750
C. Materials
Item #nits Unit Cost
IX Resin 4] --- $0
Precoat/bodyfeed (lbs) 244.86 1 $245
Sulfuric acid (lbs) 650 0.128 ¢
Sodium hydroxide (lbs) 13 0.2708 $4
Hydrogen peroxide (lbs 2,100 0.65 $1,365
D. Manpower
Operations (manhours)* 2100 45 $96,
Maintenance (Xcaptal) 5 1,284,000 $64,
Total annual operating costs $543,660

*Based upon 700 h/yr, 3 persons (2 process rrator, 1 OHP)
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Table 2-2, Costs - Alternative 4B.

1 rrocess Equipment

A.
8.
C.
D.
E.
F.

A.
B.

C.
D.
E.

F.
G.

A.

Sintered Metal Filter (58.8 sq ft)
Vapor Compression Evaporator (25 gpm)
UV/Oxidation System (270 kW, peroxide based)
Ion Exchange (4 - 12 cu ft columns)
Tanks (3 - 15K gallon)
Solids Handling System (Grouting)
Dry Cement Storage (900 cu ft)
Cement Mixers (2 - 12.75 gph)
Dry Cement Transfer System
Drum Filling and Handling System
Purchased Equipment Cost

Installed Cost Factors

Item ' Factor Multiplier
Installation 0.39 1.39
Piping 0.05
Instrumentation 0.08
Building 0.25
Facilities 0.15
Outside Lines 0.1 1.63
Engineering/Construction 0.27
Administration 0.31
Contingency . 0.4 1.98

Installed Co

Annual Operating Costs

Waste Disposal

Waste # Drums Unit Cost
Stabilized Filter Sludge 109 2,260
Stabilized Evap Bottoms 53 2,260.27
Spent Resin 0.7 2,260.27
Electricity

Unit kW*Hr Unit Cost
Uv/Oxidation System 210,000 0.02
Evaporator 87,500 0.02
Materials

Item # Uni Unit Cost
IX Resin v —e-
Precoat/Bodyfeed (Lbs) 2464 .86 1
Sulfuric Acid (Lbs) 650 0.128
Sodium Hydroxide (Lbs) - 13 0.2708
Hydrogen Peroxide (Lbs) 2,100 0.65
Portland Cement (Lbs) 77,832 0.1
Drums (55 Gal, Ea) 162 50
Manpower
Operations (Manhours)* 2,100 45
Maintenance (% Capital) : 5 2,569,000

Total Annual Operating Co

$30,000
$775,000
$325,000
$64,000
$90,000

$50,000
$50,000
$45,000
$1,140, 000
$2,569,000

$11,524, 755

$246,37C
$119,794
$1,479

$4,200
$1,750

$0

$245

$83

$4
$1,3

$7,785

$8,100

$94,500
$128,450
$614,123

vastl won 700 h/year, 3 persons (2 Process Operator, 1 OHP).
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9.0 :FEl ICES

CFR 20, "Standards for Protection Against Radiation," Title 10, Code of
Federal Regulations, Part 20, U.S. Nuclear Regu]atory Comm1551on,
Washington, D.C.

CFR 50, "Domestic Licensing of Production and Utilization Facilities,"
Title 10, Code of Federal Regulations, Part 50, as amended, U.S. Nuclear
Regulatory Commission, Washington, D.C.

CFR 61, "EPA Regulations on National Emissic Standards for Hazardous Air
Pollutants," Title 40, Code of Federal Regulations, Part 61, as amended,
U.S. Environmental Protection Agency, Washington, D.C.

CFR 131, "Environmental Protection Agency Procedures for Approving State
Water Quality Standards," Title 40, Code of Federal Regulations, Part
131, as amended, U.S. Environmental Protection Agency, Washington, D.C.

CFR 141, "National Primary Drinking Water Regulations," Ti- 2 40, Code of
Federal Regulations, Part 141, as amended, U.S. Environmental Protection
Agency, Washington, D.C.

CFR 142, "National Primary Drinking Water Regulations Implementation,"
Title 40, Code of Federal Regulations, Part 142, as amended,
U.S. Environmental Protection Agency, Washington, D.C.

CFR 143, "National Secondary Drinking Water Regulations," 1 tle 40, Code of
Federal Regulations, Part 143, as amended, U.S. Environmental Protection
Agency, Washington, D.C.

CFR 190, "Environmental Radiation Protection Standards for iclear Power
Operations," Title 40, Code of Federal Regulations, Part 190, as amended,
U.S. Environmental Protection Agency, Washington, D.C.

CFR 191, "Environmental Radiation Protection Standards for inagement and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive
Wastes,” Title 40, Code of Federal Regulations, Part 191, as amended,
U.S. Environmental Protection Agency, Washington, D.C.

CFR 193 .. -~oposed), "Envirc 1ental Standards for the Manage :nt, Storage
and Land Disposal of Low-Level Radioactive Waste and Naturally Occurring
Accelerator-Produced Radioactive Waste," Title 40, Code ° Federal
Regulations, Part 193 (Proposed), U.S. Env: )nmental Protection Agency,
Washington, D.C.

CFR 261, "Identification and Listing of azardous Waste," Title 40, Code of

Federal Regulations, Part 261, as amended, U.S. Environmental Protection
Agency, Washington, D.C.
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Federal Water Pollution control Act of 1972, 33 USC 125 et seq.

Hazardous and Solid Waste 4mendments of 1984, 42 USC 6912(a), 6921, 6922,
6924, 6925, 6926, 69: 6935, 6937, 6939, 6991, and 6993.

mnacek, G. D., 1991, N Reactor Effluent Sampling and Analysis Plan,
WHC-SD-NR-PLN-008, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

Resource Conservation and Recovery Act of 1976, 42 USC 6901 et seq.
Safe Drinking Water Act of 1974, 42 USC 300f et seq.

State Board of Health, Revised Code of Washington, Chapter 43.20 et seq.,
Olympia, Washington.

State of Washington Hazardous Waste Management Act of 1976, | rised Code of
Wash jton, Chapter 70.105 et seq., Olympia, Washington.

UNC, 1986a, Internal Memorandum, A. P. Larrick to D. A. Wiggins and G. P.
Simon, "Effect of Polyelectrolyte on Radionuclide Removal,"
April 23, 1986.

UNC, 1986b, Internal Memorandum, B. R. Ball to A. P. Larrick, "Project H-682
Pilot Study, Summary Report for Run 2," August 21, 1986.

UNC, 1986c¢c, Internal Memorandum, B. R. Ball to A. P. Larrick, "Project H-682
Pilot Study, Summary Report for Run 3," September 30, 1986.

UNC, 1987a, ternal Memorandum, B. R. Ball to D. J. Watson, "Precoat Filter
Performance," January 20, 1987.

UNC, 1987b, iternal Memorandum, B. R. Ball to R. E. Worthington, "Project
H-682, Influent Properties for FDC Appendix A," April 10, 1987.

UNI, 1983, N Reactor Thermal Plume Characterization Study During Dual Purpose
Mode of Operation, UNI-2620, Pacific Northh st 1. »>ratory,
¢ te ver 1983.

WAC 173-200, "Water Quality Standar : for Ground Waters of the State of
Washington," Washington Administrative Code 173-200, as amended, -
Washington State Department of Ecology, 01: »ia, Washir .on.

WAC 173-201, "Water Quality Standards for Waters of the State of Washington,"
Washington Administrative Code 173-201, as amended, Washington State
Depart ':nt of Ecology, Olympia, Washington.

WAC 173-203, "Water Quality Standar ; for Surface Waters of the ! ate of
Washington," Washington Administrative Code 173-203, propn<ed June 5,
1991, Washington State Department of Ecology, Olympia, Wa: ington.

WAC 173-303, "Dangerous Waste Regulations," Washington Administrative Code

173-303, as amended, Washington State Department of Ecology, O1 pia,
Washington.
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WAC 248-54, "Public Water Supplies," Washington Administrative Code 248-54, as

amended, Washington State Department of Ecology, Olympia, Washington.

WAC 402-24, "Standards for Protection Against Radiation,"Washington

Administrative Code 402-24, as amended, Washington State Department of
Ecology, Olympia, Washington.

Water Pollution Control Act of 1972, 33 USC 1251 et seq.

WHC,

WHC,

WHC,

WHC,

1988, Best Avaii 1le Technology (Economically Achievable) Guidance
Document for the Hanford Site, WHC-EP-0137, Westinghouse Hanford Company
Waste inagement Systems Engineer 1g, Richland, Washington, July 1988.

1990a, N Reactor Effluent Stream Specific Report, WHC-EP-0342,
Addendum 3, Westinghouse Hanford Company N Reactor Environmental Safety,
Richland, Washington, August 1990.

1990b, Cost Analysis for Final Disposal of Double Shell Tank Waste,
WHC-SD-WM-ER-079, Westinghouse Hanford Company, Richland, Washington,
October 1990.

1991, Letter, D. J. Watson (WHC) to R. L. Treat (Ebasco), October 30,
1991.

WPCA, 1971, "Coastal Waters Protection Act," Revised Code of Washington,

Chapter 90.48 et seq., Olympia, Washington.
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APPENDIX A

N REACTOR EFFLUENT BAT IMPLEMENTATION PLAN
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Effluent flow considerations were based on two conditions:

e The 2 gpm effluent flow restriction to the 1325-N Liquid Waste
Disposal Facility that is TPA Milestone M-17-15

e Effluent flows that will e generated during the draining of
N Reactor 1liquid effluent inventories.

The chemical and ra 0logical characterization of these two streams is
believed to be nearly identical and will be substantiated through addition:
sampling and analysis per the SAP referenced above. Due to this assumed
similarity in chemical and radiological makeup, the processes evaluated in - e
BAT/AKART would be applicable to both.

3.0 BAT/AKART IMPLEMENTATION

Based on the technologies evaluated for providing BAT/AKART the most
effective ans of implementing BAT/AKART needs to be examined. This
implementation would consider such fac ors as:

e Costs based on preliminary engineering/conceptt  models
e Schedule and schedule ri: s

e Optimization of existing Hanford Facilities

e Utilization of future effluent treatment capability

e Regulatory,permitting and NEPA consi ‘:rations

o Time phasing of draining liquid inve ories

e Ability to respond to« . it ;

¢ Contracting methods.

The means of implementing BAT/AK/ T will need to be ¢ reloped following a
reassessment of the BAT/AKART evaluation itself, which ic dependant on
obtaining Iditional water quality data.

Implementation will also consider the disposition of these two streams
separately or combined.

The following is a decision tree of ensuing activities required to
finalize the determination of BAT/AKART and its implementation:

e Obtain regulatory concurrence on the Sampling Analysis Plan (SAP)
o Conduct sampling

e Complete sample analysis and ¢ :a validation
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e Confirm the BAT/AKART evaluation or revise as appropriate upon
receipt of SAP characterization data

e Confirm the BAT/AKART implementation site for treatment as the best
alternative in time not to impact the 1995 date for ceasing
discharges to the soil column

e Complete BAT/AKART Implementation Plan
e Implement BAT/AKART.

While not an integral part of this decision tree will be the preparation
of NEPA documentation in support of the proposed action. he data obtained
from this BAT/AKART determination and implementation process will however be
used as technical input into the NEPA doc :ntation.

The critical path in this process is ( taining regulator >ncurrence on
the SAP ard ensuing additional water auality analyses. Should this data not
be availat 2 by March 1992, the next °~ A Milestone M-17-15D, Submit a NPl S
Permit Modification Request for the N Reactor Effluent, June : , 1992, may be
in jeopardy.
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APPENDIX B

PLAN FOR REROUTING 1325-N EFFLUENT TO
SURFACE WATER FOLLOWING BAT/AKART
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PPENDIX B

PLAN FOR RERC 'ING 1325-N EFFLUENT TO
SURFACE WATER FOLLOWING BAT/AKART

If N Reactor is the site chosen for BAT/AKART implementation the
following provides an assessment ¢ existing facilities that would Tikely be
used in the physical rerouting of N Reactor eft ient from the 1325-N Liquid
Waste Disposal Facility to the Columbia River via a NPDES permitted outfall.

Rerouting of the 1325-N effluer (i.e., N Reactor effluent) to an
existing surface water NPDES permitted outfall (009) following BAT/AKART is
feasible as there currently exists the necessary logistical support of
activities, bulk water storage canacity, and existing facilities providing
necessary radiation shielding an ventilation control to preclude any :lease
of ri ioactive contamination. This evaluation was based on implementing
either Alternative 1 or 4 (see Sections 4.6.1 and 4.6.5, respectively). These
alternatives contain the following major | icess components:

Alternative 1 components

e 15,000 gal batch tank
e Filter
e Evaporator
e Solids/bottoms holding tank
e Granular activated carbon filter
e Ion exchange column
e Batch discharge tanks
Al A0 4
e 15,000 gal batch tank
e Filter
e pH control tank
e Evaporator
e Solids/bottoms holding tank
e Equalization tank

e UV/0X treatment
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Figure B-1.
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