
! 

.• 

WHC-SD-N R-ES-014 
Revision O 

N Reactor 
Wastewater Treatment 
System Summary 
Engineering Report 

Prepared for the U.S. Department of Energy 
Office of Environmental Restoration and Waste Management 

~ Westiniflouse 
\!:::) Hanford Company Richland, Washington 

Hanford Operations and Engineering Contractor for the 
U.S. Department of Energy under Contract OE-AC06-87RL 10930 

Approved for Public Release 



~ .. I 

LEGAL DISCLAIMER 
This report was prepared as an account of work sponsored by 
an agency of the United States Government. Neither the 
United States Government nor any agency thereof, nor any of 
their employees, nor any of their contractors, subcontractors 
or their employees, makes any warranty, express or implied, 
or assumes any legal liability or responsibility for the 
accuracy, completeness, or any third party 's use or the results 
of such use of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe 
privately owned rights . Reference herein to any specific 
commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation , or 
favoring by the United States Government or any agency 
thereof or its contractors or subcontractors. The views and 
opinions of authors expressed herein do not necessarily state 
or reflect those of the United States Government or any 
agency thereof. 

This report has been reproduced from the best available copy . 
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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 . This action is required to meet Milestone M-17- 15 of the 

Hanford Federal Facility Agreement and Consent Order (the Tri-Party Agreement) 

(Ecology et al. 1989), and convnitments under a related agreement with the 

Washington Department of Ecology (Ecology) for the management of liquid 

effluents at the Hanford Site. 

This summary engineering report has been prepared to establish the best 

available technology (BAT) economically achievable for the N Reactor 

wastewater . This report will also support the detailed design and 

_construction of a system to treat the N Reactor wastewater before discharging 

i t to the Columbia River under a National Pollutant Discharge Elimination 

System (NPDES) permit . The treatment system was chosen from among three 

alternatives following the process outlined in the Westinghouse Hanford 

Company (Westinghouse Hanford) guidance document Best Available Technology 

(Economically Achievable) Guidance Document for the Hanford Site {WHC 1988). 

A· treatment process was selected using a disciplined assessment 

methodology (WHC 1988). This assessment selected a process that satisfies the 

federal BAT standard using the generic treatment system method (WHC 1988) . 

The selected process includes treatment for suspended solids using a 

backflushable microfilter and removal of dissolved solids using ion-exchange 

treatment. Organic compounds are removed using granulated activated carbon 

{GAC) adsorption. 
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As a part of the overall management of wastewater at the N Reactor, 

approximately one-half of the wastewater {an average of 428,000 gal /yr) that 

will be generated during fiscal years {FY) 1994 to 1999 will be treated and 

recycled back to the 105-N Fuel Basin area for reuse in N Reactor shutdown 

activities. 

The treatment system has been sized to treat the remainder of the 

wastewater, an average of approximately 480,000 gal per year, at a flow rate 

of 10 gal/min. Portions of the treatment system will be used to treat 

wastewater for recycle to the 105-N Fuel Basin area when wastewater is not 

being treated for discharge to the 009 Outfall . Using this approach, 81% to 

91% of the treatment system capacity will be used in the peak flow years 

{FY 1997 and FY 1998), assuming a 5-day-per-week, 8-hour-per-day operation . 

Three alternative treatment processes were considere~ for this 

application, and the best alternative was selected based on a set of 

evaluation criteria. These criteria included the effectiveness of the 

treatment system, the cost of treatment, and implementation considerations . 

Implementation considerations included schedule constraints, worker and public 

exposure to hazardous materials, treatment system flexibility, process 

development status, secondary waste, and treatment system reliability. 

The selected alternative meets treatment goals for all dissolved and 

suspended solids and organics, and most radionuclides in the treated effluent . 

Effluent comparative levels are not met for tritium . Cost-effective 

technologies for the removal of tritium do not currently exist for wastewater 

similar to that generated by N Reactor. 
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Effluent comparative levels are developed in this report for the purpose 

of evaluating treatment alternatives for the N Reactor wastewater. The 

effluent comparative levels for chemical constituents are based on ambient 

water quality limits published in state and federal regulations and guidance 

documents. These ambient limits are meant to apply to the receiving water 

body, and not necessarily to the effluent at the point of discharge. 

Similarly, the effluent comparative levels for radionuclides are based upon 

the derived concentration guidelines {DCGs} established in DOE Order 5400.5 

for the purpose of determining if wastewater should be treated before 

discharge into the environment {DOE 1990) . Therefore, the effluent 

comparative levels are not meant to be discharge limits. 

Detailed, current wastewater characterization data for discharges· to the 

1325-N LWDF were not yet available; however, recent data indicate that the 

chemical composition of the current discharge to the 1325-N LWDF is similar to 

that observed during an extensive sampling effort in 1990 {WHC 1990a) . 

Therefore, data · from the 1990 samples were used to develop an anticipated 

stream composition as a design basis for evaluating systems for treatment of 

the N Reactor wastewater before discharge to the Columbia River. Recent 

samples of the N Reactor wastewater indicated that key beta-emitting 

radionucl ides {tritium, 60Co, 90Sr, 134Cs, and 137Cs} had increased in 

concentration over those observed in 1990 by factors ranging from 3 to 28 . 

Therefore, the design basis assumes an order of magnitude increase in 

concentration for radionuclides over those observed in 1990 in the wastewater . 

A similar method was used to develop a design basis for treatment of 

wastewater for recycle. 
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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 via the Hanford Grout Treatment Facility {GTF) and 

Central Waste Complex. Most secondary wastes are assumed to be mixed 

{radioactive and dangerous) wastes based upon the removal efficiencies 

achieved by the treatment train and the estimated influent concentrations of 

toxic characteristic metals. 

The rough order of magnitude installed equipment cost for the selected 

treatment alternative is approximately $1.3 million. Annual operating costs 

are approximately $592,000. Based on a design life of 6 years, the installed 

equipment cost and annual operating costs represent a present worth of about 

$4.1 million. 
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Metric Conversion Chart 

INTO METRIC 
If you know: Multiply by: To get: 

Mass 
pounds 0.4536 kilograms 

Length 
inches 2.54 centimeters 
feet 30.48 centimeters 

Volume 
gallons 3.785 liters 
cubic feet 0.02832 cubic meters 

Temperature 
Fahrenheit Subtract 32 then Celsius 

multiply by {5/9) 
Pressure 

inches water 1.87 millimeters Hg 

inches water 249 Pascal {Pa) . 

OUT OF METRIC 
Mass 

kilograms 2.205 pounds 
Length 

centimeters 0.3937 inches 
meters 3.28 feet 

Volume 
milliliters 1. 247 X 10"3 cubic feet 
liters 0.264 gallons 
cubic meters 35.31 cubic feet 

Temperature 
Celsius Multiply by (9/5} Fahrenheit 

then add 32 
Pressure 

millimeters Hg 0.5353 inches water 
Pascal {Pa} 4.02 X 10·3 inches water 

xii 



WHC-SD-NR-ES-014, REV. 0 

N REACTOR WASTEWATER TREATMENT SYSTEM 

1.0 INTRODUCTION 

The Hanford Site N Reactor is located in the 100 N Area along the 
Columbia River, approximately 29 mi north of Richland, Washington. From 1963 
to 1987 it was operated by the U.S. Department of Energy (DOE) to produce 
special nuclear materials. The N Reactor is not currently operating to 
produce special nuclear materials, and special nuclear material production 
will not occur at the N Reactor in the future. The N Reactor is currently in 
dry layup configuration; shutdown activities have started as a prerequisite to 
deconvnissioning. Current and future activities include decontaminating and 
stabilizing radiologically contaminated areas of the N Reactor facilities, and 
removing radiologically contaminated equipment for disposal. Shutdown of 
N Reactor is scheduled to be complete in fiscal year (FY) 1999 . 

Two major facilities at the 100 N Area currently discharge wastewater to 
the 1325-N Liquid Waste Disposal Facility (LWDF), a soil-column infiltration 
unit that is used to dispose of liquid effluents from radiologically 
contaminated areas. These include the 105-N Reactor Facility and its 
associated spent fuel storage basins, and the 109-N Steam Generator Facility. 

Nonradiologically contaminated wastewater from the 100 N Area is 
currently discharged to the Columbia River through a series of outfalls that 
are permitted under the National Pollutant Discharge Elimination System 
{NPDES) . Each of the N Reactor wastewater sources are described in further 
detail in Section 2 of this document. 

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

The DOE is seeking an NPDES permit to discharge the treated effluent to 
the Columbia River through the existing 009 Outfall. 

Actions regarding the selection, construction, and operation of a 
treatment system for the N Reactor wastewater will require permits, including 
an NPDES permit under the Clean Water Act of 1977 {aka Water Po11ution Control 
Act) (CWA) for discharge to the Columbia River. One requirement for gaining 
an NPDES permit is to demonstrate to the regulatory agencies that the best 
available technology economically achievable (BAT) will be used to prevent the 
degradation of surface water by effluent discharges. The CWA provides 
guidance on the regulatory meaning of BAT as it applies to wastewater 
treatment systems. This engineering study was performed to establish the 
appropriate level of treatment for the N Reactor wastewater stream to meet 
these requirements and commitments. 

1 
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2.0 WATER USE AND WASTEWATER CHARACTERIZATION 

This section discusses water use at the N Reactor, including wastewater 
sources that currently discharge to the 1325-N LWDF and sources that discharge 
to the Columbia River via the 009 Outfall . Future sources of wastewater that 
wil l be generated during N Reactor shutdown activities are also discussed. 
The chemical composition and physical characteristics of each wastewater 
discharge are summarized. 

2. 1 WATER USE AND WASTEWATER SOURCES 

Figure 2-1 depicts the current water distribution and wastewater 
collection and disposal systems at the N Reactor. Currently, only two sources 
of water exist at the N Reactor. These sources are potable water generated by 
an onsite filter plant which receives makeup water from Hanford Site export 
(raw) water system, and storm water runoff. The Hanford Site export (raw) 
water system is supplied from the Columbia River at intake structures located 
at the 100-8 and 100-0 areas . Potable water is normally supplied to the 
N Reactor facility at a rate of approximately 200 gal/min. Flow rates of up 
to 1300 gal/min may occur if fire systems are activated. 

The wastewater that is currently discharged to the 1325-N LWDF is the 
focus of this report. These discharges will be discussed first, followed by a 
brief discussion of N Reactor wastewater sources that discharge to the 
Columbia River via the 009 Outfall . 

2. 1. 1 Current Sources for Discharges to 1325-N Liquid 
Waste Disposal Facility 

Currently, five miscellaneous sources of wastewater discharge to the 
1325-N LWOF . Most of these wastewater sources discharge intermittently, and 
the actual volumes contributed by individual sources cannot be readily 
measured or estimated. Together these sources contribute on the order of 
100,000 to 150,000 gal/yr of wastewater to the 1325-N LWOF discharge based 
upon wastewater accumulations measured in the 105-N Lift Station and 
109-N Sumps. 

2.1.1.1 Floor Drain Discharges, Potable Water System Leaks, and Fire System 
Leaks . Wastewater from leaks in those portions of the potable and fire water 
systems that service areas of the 105-N and 109-N Buildings is collected in 
floor drains in these buildings. Floor drains in the 105-N Building are 
routed to the 105-N Lift Station and from there flow to the 1325-N LWDF. The 
floor dra ins in the 109-N Facility discharge to the 1325-N LWDF via the 
1301-N Wei r Box . The actual volume of the discharge from all of these sources 
has not been measured, but is estimated to be up to 95 ,000 gal/yr. 

2. 1. 1.2 Fire System Runoff. If a fire occurs in the radiologically 
contaminated areas of either the 109-N or 105-N Buildings, runoff water from 
fire- fighting activities will be discharged to the 1325-N LWDF via the floor 
drains described above. The potential wastewater flow rate from this source 
i s up to 1,300 gal/min for approximately 4 h. 

3 
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2.1.1.3 Storm Water Intrusion. Storm water from leaks in the D Reactor 
facility is collected in a· sump at the D Reactor and periodically shipped by 
tanker to the N Reactor for disposal. The D Reactor contributes approximately 
5,000 gal/yr of wastewater. Similarly, storm water runoff from leaks in the 
roof of the 109-N Building collects in sumps within the building and is routed 
to the 1325-N LWDF via the 1301-N Weir Box, bypassing the 105-N Lift Station . 
The contribution of this stream to the total vol ume of wastewater has not been 
measured, but is assumed to be on the order of 5,000 gal/yr based upon 
D Reactor storm water volumes. 

2.1.1.4 105-N Fuel Basin Activities. Water currently used for radiation 
shielding and hardware decontamination in the 105-N Fuel Basin overflows into 
the 105-N Lift Station and eventually discharges to the 1325-N LWDF. 
Wastewater from equipment and area decontamination activities within the fuel 
basin building is also collected in the 105-N Lift Station and discharged to 
the 1325-N LWDF. The total volume of wastewater contributed to the 
1325-N discharge by 105-N Fuel Basin activities is variable; daily average 
flow rates during 105-N Fuel Basin decontaminat ion activities in April 1991 
were on the order of 0.75 to 1.0 gal/min. 

2.1. 1.5 105-N Decontamination Stations . Wastewater from personnel and 
equipment decontamination within the 105-N Building drains to the 105-N Lift 
Station before discharge to the 1325-N LWDF. The volume of wastewater 
generated by personnel and equipment decontamination is unknown. Activities 
within the 105-N Building have been substantially reduced and occur 
infrequently; therefore, the contribution of this source to the total 
1325-N LWDF wastewater discharge is believed to be extremely small . 

2. 1.2 Future Sources of N Reactor Wastewater 

Many of the activities that must occur before FY 1999 to support shutdown 
of the N Reactor will generate significant quantities of wastewater . Five of 
these activities will produce wastewater in areas that currently drain to the 
1325-N LWDF. These activities and their associated wastewater volumes are 
summarized in Table 2-1 and Sections 2.1.2.1 through 2.1.2.5. These 
activities are described in greater detail in the N Reactor Shutdown Program 
Plan (WHC 1991a). A more detailed explanation of the wastewater volume 
projections discussed below is provided in Appendix E. 

2. 1.2.1 Radiation Zone Reduction. Radiologically contaminated areas within 
the 105-N and 109-N Buildings will be decontaminated to the extent possible 
during N Reactor shutdown. During this decontamination, substantial 
quantities of water will be used to flush and scrub contaminated areas. 
Approximately 400,000 gal of wastewater are anticipated to be generated by 
radiation zone reduction activities each year during FY 1994, 1995, and 1996 . 

2. 1.2.2 105-N Fuel Basin Hardware Decontamination. Approximately 
1,000,000 lb of underwater equipment and hardware that remains in the 
105-N Fuel Basin must be removed from the 105-N Fuel Basin and undergo minimal 
decontamination before disposal (WHC 1991a). These decontamination activities 
are anticipated to generate approximately 150,000 gal/yr of wastewater in 
FY 1994 and 1995, and 1.1 Mgal of wastewater in FY 1997. 
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Table 2-1. Estimated 1325-N Liquid Waste Disposal Facility 
Wastewater Volumes by Source in 1,000 Gallons . 

Sources 
Voliae (1000 pl) 

1992* 1993 1994 1995 1996 1997 1998 

Future Wastewater Sources 

Candidates for recycle 

Draining and decont1111iN1tion 150 120 120 60 
of piping, pits, and•....-

Draining and decontamination 150 600 
of 105-N Fuel Basin 

105-N Fuel Basin hardware 150 150 1100 
decontMli l'llt ion 

Candidates for dispoaal 

Radiation zone reduction 400 400 400 

Draining and decontamination 1000 
of 105-N Fuel Basin , 

Draining of D Reactor Test 45 
Loop 

Current Wastewater Sources 

Candidates for disposal 

Floor drain discharges, 95 95 95 95 95 95 
potable water syst• leaks, 
and fire system leaks 

Stol'lllater intrusion 5 10 10 10 10 10 10 

105-N Decontamination 
Stations (negligible) 

Fire system r'610ff 
(1300 gal/min potential 
ca,ring fire) 

Total 155 105 azo 655 655 1925 1165 

C1.1a1lative 155 260 1080 1735 2390 4315 5480 

Note: Years refer to fiscal years. 

1999 

120 

95 

10 

225 

5705 . 

2.1.2.3 Draining and Decontamination of Piping, Pits, and Sumps. Pits within 
the 105-N Fuel Basin area and wastewater sumps throughout the 105-N and 
109-N Buildings will be drained and decontaminated. These activities are 
anticipated to generate a total of 570,000 gal of water during FY 1992 
to 1999. 

2.1.2.4 Draining and Decontamination of 105-N Fuel Basin. Shielding water 
will be drained from the 105-N Fuel Basin after all equipment is removed and 
the 105-N Fuel Basin has been decontaminated. This activity is anticipated to 
generate approximately 150,000 gal of wastewater in FY 1996; 600,000 gal of 
wastewater in FY 1997; and 1,000,000 gal of wastewater in FY 1998. · 

2.1.2.5 Draining of D Reactor Test Loop. The D Reactor Test Loop was used to 
simulate cooling water flows for materials handling tests performed at the 
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D Reactor. Approximately 45,000 gal of water is scheduled to be drained from 
the D Reactor Test Loop in FY 1994; one potential means of disposal of this 
wastewater involves processing at N Reactor. 

2.1.3 Wastewater Sources Discharged to the 009 Outfall 

Leaks that occur in nonradiologically contaminated areas from the potable 
water and fire systems are collected in floor drains and discharged to the 
Columbia River at the 009 Outfall. As discussed in Section 2.1.1, this flow 
is intermittent and of variable rate and volume. 

Between 60 and 120 gal/min of cooling water from equipment and air 
conditioning units at the N Reactor are discharged to the Columbia River at 
the 009 Outfall. 

Storm water runoff from roof drains from the 105-N, 109-N, and 
184-N Buildings is currently discharged to the Columbia River at the 
009 Outfall. The volume and rate of this discharge is both intermittent and 
variable. Based upon the normal rainfall at the Hanford Site and the 
intercepted area, an average of up to 1,600 gal/day {1.1 gal/min) of storm 
water is discharged via the 009 Outfall. 

2.2 WASTEWATER CHARACTERIZATION 

Characterization of wastewater discharges from the N Reactor is required 
to provide a basis for selecting treatment and disposal alternatives. Recent 
water quality analyses are available for the N Reactor wastewater, as 
described later in this section. The composition of future N Reactor 
wastewater discharges has been estimated using best professional judgement 
from data currently available, after accounting for the effects of the 
proposed changes. 

2.2.1 Characterization Data Su11111ary for Current 
Discharges to 1325-N Liquid Waste 
Disposal Facility 

As a part of the Hanford Site-wide effort to characterize all major 
wastewater streams discharged to the soil column, the wastewater discharged to 
the 1325-N LWDF 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). 
As a part of the 1990 sampling effort, sample data from the export (raw) water 
supply system were also reviewed and compared to the constituent 
concentrations observed in the N Reactor wastewater. 

Hore recent data are available on the radionuclide content of the 
wastewater (WHC 1991b). Chemical data are also available from samples 
collected in February 1992 from the 105-N Lift Station, the 105-N Fuel Basin, 
the 109-N Sumps, and the 105-N Emergency Dump Basin. The 1992 chemical data 
indicate that, for most wastewater sources, constituent concentrations are 
similar to those reported in 1990. The recent radiochemical sample data 
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indicate a 3- to 28-fold increase in the concentrations of beta-emitting 
radionuclides in the wastewater versus those reported in 1990 . 

Recent data for ambient (background) Columbia River water quality are 
also available. During March and September 1991, samples of Columbia River 
water were collected near the Vernita Bridge, approximately 9 miles upstream 
from the N Reactor; these samples were analyzed for various water quality 
parameters (WHC 1992). 

These data are summarized for chemical constituents and radionuclides in 
Tables 2-2 and 2-3, respectively. 

2.2.2 Wastewater Characterization for Future 
Discharges 

The anticipated discharges can be broken into two major categories; those 
associated with decontaminating and draining the 105-N Fuel Basin, and those 
associated with general radiation zone decontamination/reduction. 

2.2.2.1 Fuel Basin Decontamination and Draining. A comparison of 
concentration data for key radionuclides in water samples collected from the 
105-N Fuel Basin in 1991 and data from the 1990 1325-N LWDF characterization 
samples indicates that the 105-N Fuel Basin water contains radionuclide 
concentrations approximately an order of magnitude higher {and two orders of 
magnitude higher for tritium) than were present in the combined discharge to 
the 1325-N LWDF. Hardware removal and decontamination activities within the 
105-N Fuel Basin area are anticipated to resuspend solids that have settled to 
the bottom of the basin, increasing the total suspended solids concentration. 

2.2.2.2 Radiation Zone Reduction and Decontamination Wastewater Sources. 
Decontamination activities at the N Reactor are generally accomplished by 
washing down contaminated surfaces with water. The wastewater from this 
activity will be radiologically contaminated. 

2.2.3 Constituent Sources 

Specific sources for all constituents listed in Tables 2-2 and 2-3 are 
described in the following pGragraphs. 

Barium, calcium, chloride, fluoride, magnesium, potassium, silicon, 
sodium, (nonradioactive) strontium, and sulfate are all present in Columbia 
River water upstream of the N Reactor at concentrations on the order of those 
noted in 1325-N LWDF samples collected in 1990 (WHC 1990a, WHC 1992). Average 
concentrations of cadmium and nitrate for samples of the raw water system 
collected during the period from 1986 to 1989 are also very similar to those 
noted in the N Reactor effluent {WHC 1990a). Because the water used to supply 
the N Reactor potable water system treatment plant is essentially untreated 
Columbia River water, these constituents are likely to be present in the 
1325-N LWDF wastewater due to their presence in the Columbia River . 
Additional aluminum, sulfate, and chloride may be contributed to the 
wastewater by the treatment process carried out at the filtration plant; here , 
the water is treated with alum (aluminum sulfate) and chlorinated to produce 
potable water. 
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Table 2-2. Summary of N Reactor Effluent 
Sources Characterization Data. 

10/81110 11/111 Ambient Februa,y 111112 Sample Data (e) 

3/90 1325-N Columbia River 

Average Characterization (d) 105-N Ult 105-N Fuel 1~ 1300-N 

a,90~ Cl (c) Avg Mu 91atlon S..lft Sumps OumpBMln 

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) 

INOAGANICS 

Ammonia (Total N) 223 90 120 <50 <SO <SO 110.00 
Ammonia 
Ammonium 

Aluminum 25.58(&) 38.115 37.l(a) 551.5 ND ND 
Antl..-y 14.1{&) 
Arsenic 13 1.2(&) 2.1 3.l(a) 3.S(a) 
Barium 41 28.S(a) 28.1 104(&) 1720 17.S(a) 31(&) 
Boron 13 
Cadmium 2 2.IS(a) 
Calclum 18700 18410 18550 18750 19700 18850 22750 
Chloride 1250 IMO 2800 
Chromium • ND 
Coban 3.3(&) 
eoi,per 3.85(&) 12.7(&) 28.111 
Fluoride 204 100 100 
Iron 2118 50.73{&) 61.86 121 343 ND 171.50 
Lead 311 ND ND ND ND 
Magnnlum 4330 3852(&) 3815 3000(a) 628(a) 24IO a05 
Manganne II.II 8.71(&) 7.2 10.2(a) 5.4{&) NO 7(a) 
Mercury ND 
Nickel l .11(a) 1.9 ND 
Nhrate 438 
Phosphorous 20 20 
Potu1lum m 840.l(a) 717 1590{&) 7811{a) 3530(a) 2315(a) 
Selenium 42 
Silicon 2040 1142 1175 
Silver 0.5 ND 
Sodium 2030 1830 1710 19700 2175 115750 8200 
Strontium 17.3 12.N 13.5 
Sulfate 12100 11780 10000 
Thallium ND 
Uranium 2.14 O.IOl(b) 
Vanadium 1.82(a) 2.SO(a) 8.1{a) 
Zinc 12.1 5.75 10.115 ND 21 .ao NO NO 

Carbonate aoo 2000 
Bicarbonate 84400 87000 
Alkalinhy (u CaC03) 34500 64000 55000 

0RBANICS 

Acetone 17 ND ND ND 
1-butanol 38 
2-butanone 211 
8HT 14 
Hydrazine 31 
Hexone (MIBK) 10 
Toluene 5 2 
TrlchlOromethane 5 2 
Methylene Chloride 3.l(a) 4.0(a) ND ND ND NO 
Tetrachloroethene 1 
Total Organic Carbon 110 1880 1700 
Total Carbon 111100 14800 15000 
Total Organic Halrdn 24 101 150 

OTHER 

TDS 47100 1111400 78000 
TSS 3000 3000 
Temperature (deg C) 11.5 11.8 11.1 
Conductlvt1y (uS) 151 13 13 
pH {DhMn1lonle11) 7.38 1.3 1.5 

Hardnn, (mg/I.) 55 57.2 

L Con•thuent detected In laboratory or field blank; effect unknown 
b. S..ad upon uranium radloany and 1pecllic actlvl1y for natural uranium 
c. Conosntratlon1 _,. taken from the N ~ator-Elfluent Stream-Specific ~pon. (INHC-EP~2 Addendum 3) 

1N81o1N7 

Raw Water 

Average 

(ug/L) (c) 

21.00 

2.40 
11400 

171 

10.0 

83.80 

41110 
11.10 

10.4 -
7115 

2280 

10800 

0.73 

20.00 

11 .ao 

1380 

7.41 

d. Concentration, -re taken from the Columbia River Characierlzation Data ~pon In Suppon of Hanford PToject L-045. (INHC-SD-l045H-DP-002, ~v. 0). 
e. Unpublllhed data 

ND Constituent wa nor p-1 at oonoentratlon 5x blank ooncentrallon 
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Table 2-3. Characterization Data Sunvnary for N Reactor 
Effluent Radiochemical Constituents . 

1325-N LWDF Average Average 
90% Cl Columbia River 105-N Lift Station 

10/89-3/90 (b) 9/91 (c) 3/91-6/91 (d) 
(pCi/L) (pCi/L) (pCi/L) 

Total Alpha 4.99E+01 7.60E-01 2.86E+01 
Total Beta 1.65E+05 7.2E-01 2.07E+06 

Am-241 7.03E+01 
Cm-242 4.93E-01 
Cm-244 8.92E-01 
Co-60 7.00E+02 6.06E+03 
Cs-134 1 .67E+02 7.23E+02 
Cs-137 4.71E+04 1.83E+05 
C-14 4.24E+00 
H-3 1.98E+05 3.74E+02 5.59E+06 
Mn-54 6.04E+02 
Pb-210 2.97E+00 
Pu-238 1.09E+01 1.48E-01 
Pu-239/240 6.66E+01 6.6E-02 8.68E-01 
Radium 3.30E-01 1.14E-01 
Ru-106 1.72E+03 
Sr-90 1.76E+05 3.84E-01 6.55E+05 
U-234 1.60E+00 
U-235 2.17E-01 
U-238 1.13E+00 
Total Uranium (a) 2.95E+O0 5.S0E-01 

a. Concentration for 1325-N LWDF based upon sum of isotopics 
b. Concentrations were taken from the N-Reactor Effluent 

Stream-Specific Report (WHC-EP-9342, Addendum 3) 
c. Concentrations were taken from the Columbia River Characterization 

Average 
105-N Basin 

2/91-12/91 (d) 
(pCi/L) 

3.37E+02 
4.68E+06 

1.02E+04 

5.58E+05 

2.01E+07 
9.54E+02 

9.57E+00 
6.19E+01 

1.96E+06 

Data Report in Support of Hanford Project L-045H (WHC-SD-L045H-DP-002, Rev.0). 
d. Unpublished Data 
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Trichloromethane concentrations found in the wastewater are consistent 
with those present in raw water, and may also be present in potable water due 
to chlQrination (WHC 1990a). Facility personnel believe that the remaining 
organic constituents identified in the wastewater in 1990 are due to 
contamination of the samples, because many of the blank samples analyzed with 
the N Reactor wastewater were observed to be contaminated with common 
laboratory chemicals (WHC 1990a). 

Iron, chromium, cobalt, manganese, uranium, nickel, vanadium, and zinc 
are likely to be present in the wastewater discharged to the 1325-N LWDF as 
residual materials from past operations or due to corrosion of steel piping 
and metal components in contact with the water supply and wastewater 
collection systems. 

Hydrazine and anvnonia were used at N Reactor as corrosion inhibitors for 
reactor coolant systems, and may be present in the samples collected during 
1990 from this use . Anvnonia is present in Columbia River water at 
approximately one-fourth the concentration noted in the 1990 samples of the 
1325-N LWDF wastewater, and is still likely to be present in the wastewater 
due to its presence in the Columbia River. Hydrazine is highly reactive, and 
is not likely to be present in current discharges. 

Radionuclides are present in the discharge due to residual contamination 
from past reactor operations. Recent increases in the concentrations of 
radionuclides in the waste.water from those reported in 1990 are believed to be 
primarily due to the decreased total wastewater flow to the 1325-N LWDF, 
resulting in reduced dilution of the contaminated wastewater from the 
remaining sources. 

Specific sources have not been identified for antimony, arsenic, boron, 
copper, mercury, selenium, silver, and thallium. These compounds were not 
detected consistently in N Reactor wastewater samples, were detected at 
concentrations approaching instrument detection limits, or were also detected 
in laboratory or field blanks associated with the samples in question. 
Therefore, the actual presence of these constituents in the N Reactor 
wastewater is questionable. For the purpose of developing a conservative 
design basis for evaluating treatment systems for the N Reactor wastewater, 
these constituents have been retained in the assumed wastewater composition. 

2.3 DESIGN BASIS WASTEWATER COMPOSITION 

The design basis wastewater composition (or •design source term") 
developed for evaluating treatment alternatives for the N Reactor wastewater 
is described in the following sections . Two design bases are developed, one 
for wastewater sources that will be treated and discharged to the Columbia 
River, and one for wastewater sources that will be recycled. This distinction 
is discussed further in Section 4. 

The design source term radionuclide concentrations have not been 
corrected for radioactive decay. Therefore, the assumed concentrations for 
short-lived radioisotopes (e.g., 242cm, 10Pb, 106Ru) are generally higher than 
those anticipated in the later years of the wastewater treatment facility 
operating period. 
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Based upon the reactivity of hydrazine, and because no sources of new 
hydrazine additions currently exist at N Reactor, the design source term 
assumes that no hydrazine will be present in the wastewater . 

2.3.1 Sources to be Treated and Discharged via 
the 009 Outfall 

The design source term developed for wastewater sources that will be 
treated and discharged to the 009 Outfall assumes that the chemical 
constituent concentrations for discharges to the 1325-N LWDF are equal to the 
90% confidence interval concentrations reported in the 1990 samples, or the 
values reported for the appropriate 1992 samples, whichever is highest . 
Radionuclide constituent concentrations are based upon recent sample data that 
suggest that most beta-emitting radionuclides are generally present at 
concentrations up to an order of magnitude greater than those measured in the 
1990 samples. Tritium is present at concentrations nearly 28 times those 
measured in 1990. Assumed tritium concentrations are based upon average 
105-N Lift Station sample data for the period between March and June 1991. 
Total suspended solids (TSS) concentrations and particle size distributions 
were assumed to be the same as those measured during 1986 pilot studies on the 
1325-N LWDF discharge; these are the most recent data available for TSS. 

In FY 1998, the majority of the wastewater discharged will be from the 
105-N Fuel Basin. It has been assumed that the 105-N Fuel Basin will be 
drained in a manner that will minimize carryover of solids from the basin to 
the treatment system. Some carryover of solids is anticipated, however, 
resulting in increased concentrations of inorganics. In this one operating 
year, the average treated effluent composition is anticipated to be higher in 
aluminum, barium, boron, chromium, {nonradioactive) cobalt, copper, iron, 
nickel, selenium, silicon, uranium, zinc, ·{nonradioactive) strontium, and most 
radionuclides than that estimated using the design source term described 
above. The impact of this variation will be discussed in detail in 
Section 5.1.1.6 . 

It has been assumed that future decontamination water from areas outside 
the 105-N Fuel Basin will have the composition of the current 1325-N LWDF 
wastewater as described in Section 2.3.1. 

The wastewater from the D Reactor test loop has been assumed to have the 
same composition as the current 1325-N LWDF wastewater for the purposes of 
this study; samples should be collected from the test loop and analyzed before 
determining the final disposition of this wastewater to ensure that this 
wastewater is compatible with any N Reactor wastewater management system . . 

The design source term for wastewater that will be treated and discharged 
to the Columbia River i s sunvnarized for chemical and physical characteristics 
in Table 2-4 and for radionuclides in Table 2-5 . 

2.3.2 Sources to be Recycled 

The 105-N Fuel Basin decontamination wastewater constituent 
concentrations are assumed to be two orders of magnitude higher for tr i tium, 
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Table 2-4. Design Basis Concentrations for Chemical 
Constituents in N Reactor Wastewater. 

Chemical 

INORGANICS 

Ammonia {Total N) 
Ammonia 
Ammonium 

Aluminum 
Antimony 
ArNnic 
Barium 
Boron 
Cadmium 
Calcium 
Chloride 
Chromium 
Cobalt 
Copper 
Fluoride 
Iron 
I.Nd 
Magnellum 
ManganeN 
Nickel 
Nitrate 
Pho1phor0111 
Potaalium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulfate 
Uranium 
Vanadium 
Zinc 

Total Cation, (me~/L) 
Total Anion, (meq L)" 

OTHER 

Alkalinity (H CaCO3) 
pH g>imen1ionle11) 
Car onate 
Bicarbonate 

TDS 
TSS 
Temperature (deg C) 

ORGANICS 

Acetone 
1-butanol 
2-butanone 
BHT 
Hydrazine 
Hexone (MIBK) 
Toluene 
Trichloromethane 
Tetrachloroethene 
Total Organic Carbon 
Total Carbon 
Total Organic Halide• 

For Calculation, 

K INH4•>NH3) 
K HCO3a>CO3) 

8.30E- 10 
5.eoE-11 

Walt-ater for Treatment and Diecharge 
Conltltuent Concentration, 

(ug/L) (Mol/L) Basia 

223.00 1.24E-05 SSA 
3.00 1.78E--07 Calc 'd 

211U3 1.22E-05 Calc'd 

38.00 1.41E-oe L 
14.00 1.15E--07 s 
13.00 1.74E-07 SSA 

104.00 7.57E--07 L 
83.40 7.72E-08 SSR 

3.00 2.87E-08 D 
22750.00 5.87E--04 D 

2800.00 7.32E--05 CR 
8.00 1.15E-07 SSR 
0.00 0.00E+O0 L,S,D 

30.00 4.72E--07 s 
204.00 7.28E--08 SSR 
179.00 3.21E-08 D 

39.00 1.88E--07 SSR 
8805.00 2.80E--04 D 

88.90 1.58E--06 SSR 
9.00 1.53E--07 CR 

438.00 7.06E--Oa SSR 
20.00 8.48E--07 CR 

3530.00 9.03E--05 s 
42.00 5.32E--07 SSR 

2040.00 7.26E--05 SSA 
0.50 4.63E--09 SSR 

10700.00 8.57E-04 L 
87.30 9.97E--07 SSR 

12100.00 1.28E--04 SSA 
2.84 1.19E-oa SSA 
8.10 1.20E--07 s 

12.10 1.85E--07 SSR 

2.70 Calc'd 
-0.49 Calc'd 

110850.78 1.11E-03 Est. 
7.38 SSA 

189.96 2.83E-08 Calc'd 
134888.52 2.21 E--03 Calc'd 

-3000.00 Calc 'd 
3000.00 CR 

18.50 SSA 

17.30 SSA 
38.20 SSA 
29.10 SSA 
13.50 SSA 
31 .20 SSR 
10.30 SSA 

5.38 SSA 
5.19 SSA 
1.00 s 

880.00 SSR 
11900.00 SSR 

24.20 SSR 

• Doe, not Include contribution from carbonate or bicarbonate. 

Wastewater for Recycle 
Constituent Concentration, 

(ug/L) (Mol/L) 

223.00 1.24E-05 
3.00 1.78E-07 

219.83 1.22E-05 

5800.00 I 2.07E--05 
0.00 0.00E+O0 
0.00 0.00E+O0 

1720.00 1.25E-05 
834.00 I 7.72E-08 

3.00 2.87E--08 
19700.00 4.91E-04 

1250.00 3.52E--05 
80.00 I 1.15E-07 
33.00 * 5.59E-08 

130.00 II 2.05E--07 
204.00 7.28E-08 

35000.00 * 8.27E-05 
39.00 1.88E-07 

5280.00 II 2.16E-05 
54.00 * 9.84E-08 
90.00 * 1.53E-07 

438.00 7.08E-08 
20.00 8.48E-07 

789.00 1.97E-05 
420.00 * 5.32E--07 

20400.00 * 7.26E-05 
0.50 4.63E-09 

2175.00 0.48E--05 
873.00 9.07E-08 

12100.00 1.28E-04 
28.40 * 1.19E-08 

0.00 0.00E+OO 
218.00 I ·3.33E-07 

1.41 
-0.45 

48155.20 4.81E-04 
7.36 

73.95 1.23E-08 
58802.47 0.81E-04 

-81314.88 
81314.88 

18.50 

17.30 
38.20 
20.10 
13.50 
31 .20 
10.30 

5.38 
5.19 

880.00 SSA 
11900.00 SSA 

24.20 SSR 

I A1•ume that 90% of thi1 material i1 preNnt in 10lid11ooum and larger: molar concentration, are for di110lved fraction 
SSR Stream Specific Report (1090) 90% confidence interval concentration, (WHC 1990a) 
CR Columbia River ambient concentration, 
L 105-N Ult Station Sample concentration, 
S 109-N Sump •ample concentration, 
D Emergency Dump Balin •ample concentration, 
B 105-N Fuel Balin •ample concentration, . · 
Calc'd Calculated baeed upon other parameter, 
E•t Eltlmated from the aa•umption that the lolution charge i1 balanced by the carbonate and bicarbonate concentration, 
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Basis 

SSA 
Calc'd 
Calc'd 

10xB 
B 
B 
B 

10xSSR 
D 
B 

SSA 
10xSSR 

10xB 
10xB 
SSR 
10xB 
SSA 
10xB 
10xB 

10xCR 
SSR 
CR 
B 

10xSSR 
10xSSR 

SSA 
B 

10xSSR 
SSA 

10xSSR 
B 

10xB 

Calc'd 
Calc'd 

Est. 
SSA 

Calc'd 
Calc'd 

Calc 'd 
Est. 
SSA 

SSA 
SSA 
SSA 
SSA 
SSA 
SSA 
SSR 
SSA 
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Table 2-5. Design Basis Concentrations for Radiochemical 
Constituents in N Reactor Wastewater. 

Wastewater for Treatment 
and Discharge Wastewater for Recycle 

Radionuclide Content Radionuclide Content* 
Radionuclides (pCi/L) Basis (pCi/L) Basis 

Total Alpha 4.99E+01 SSR 4.99E+02 10xSSR 
Total Beta 1.65E+06 10xSSR 1.65E+07 100xSSR 

Am-241 7.03E+01 SSR 7.03E+02 10xSSR 
Cm-242 4.93E-01 SSR 4.93E+00 10xSSR 
Cm-244 8.92E-01 SSR 8.92E+00 10xSSR 
Co-60 7.00E+03 10xSSR 7.00E+04 100xSSR 
Cs-134 1.67E+03 10xSSR 1.67E+04 100xSSR 
Cs-137 4.71E+05 10xSSR 4.71E+06 100xSSR 
C-14 4.24E+01 10xSSR 4.24E+02 100xSSR 
H-3 5.54E+06 EnvSmpl 2.00E+07 Basin Sample 
Mn-54 6.04E+03 10xSSR 6.04E+04 100xSSR 
Pb-210 2.97E+01 10xSSR 2.97E+02 100xSSR 
Pu-238 1.09E+01 SSR 1.09E+02 10xSSR 
Pu-239/240 6.66E+01 SSR 6.66E+02 10xSSR 
Radium 3.30E-01 SSR 3.30E+00 10xSSA 
Au-106 1.72E+04 10xSSR 1.72E+05 100xSSA 
Sr-90 . 1.76E+06 10xSSA 1.76E+07 100xSSA 
U-234 1.60E+00 SSA 1.60E+01 10xSSR 
U-235 2.17E-01 SSA 2.17E+00 10xSSA 
U-238 1.13E+0O SSA 1.13E+01 10xSSA 

• Assume increased concentration over that of wastewater for treatment and discharge 

is present in solids for all but H-3 

SSR Stream Specific Report (1990) 90% confidence interval concentrations (WHC 1990a) 

EnvSmpl Average concentration reported in unpublished results 

from routine samples of discharge to 1325-N LWDF during 1991 

Basin Sample Average concentration reported in unpublished results from 

routine samples collected from 105-N Fuel Basin in 1991 
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and one order of magnitude higher for all other radionuclides, than those 
assumed for the current discharge to the 1325-N LWDF {Section 2.3.1). Most 
species are assumed to be present at concentrations equal to those assumed for 
the current 1325-N LWDF discharge, using the data described in Section 2.3.1. 
For antimony, arsenic, barium, calcium, .potassium, sodium, and vanadium, data 
from 1992 samples of the 105-N Fuel Basin have been used instead . Key 
insoluble constituents {aluminum, boron, chromium, cobalt , copper, iron, 
magnesium, manganese, nickel, selenium, silicon, uranium, and zinc) were 
assumed to be present at concentrations an order of magnitude above those 
present in the aqueous fraction of the wastewater, to account for increased 
solids loading. The TSS concentrations in basin decontamination wastewater 
are assumed to be approximately 20 times those for the 1325-N LWDF discharge. 
It has been further assumed based upon previous operating experience that all 
of the increased contamination load over that in the 1325-N LWDF discharge 
will be present in suspended solids that are amenable to filtration, with the 
exception of tritium. No increase in organic species concentration was 
assumed. 

These compositions are summarized in Table 2-4 for chemical and physical 
characteristics and Table 2-5 for radionuclides . 
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3.0 WATER QUALITY STANDARDS 

This section describes the receiving water for the proposed discharge, 
and presents the water quality standards that will apply at the discharge 
poi nt. 

3. 1 OUTFALL LOCATION 

Treated N Reactor effluent will be discharged through the existing 
009 Outfall, located near river mile 379.5 at 46°40'32" North latitude by 
119°34'12" West longitude, at a point approximately 350 ft west of the east 
bank of the river. This point of discharge is approximately 18 mi downstream 
from the Priest Rapids Dam; river conditions at this location are determined · 
largely by operation of the Priest Rapids Dam. Releases from the dam are 
controlled by the Columbia River Regulation Section of the U.S. Army Corps of 
Engineers. 

3.2 RIVER CHARACTERISTICS 

3.2.1 River Flow 

The river flow at the 009 Outfall varies seasonally in response to water 
runoff and daily in response to Corps of Engineers operating controls . The 
naturally occurring seasonal flow extremes are moderated by tye Priest Rapids 
Dam. The high-flow extremes are a 100-yr flood of 440,000 ft/sand a 10-yr 
flood of 330,000 ft3/s. Seasonal high flows occur iq winter and late spring 
(usually May), rangjng between 50,000 and 250,000 ft /s wi}h an average flow 
of about 150,000 ft /s . The low- flow extreme is 36,000 ft /s, a minimum level 
established as part of the Lower Columbia River operating agreement for 
fishery protect ion . Seasonal low flows occur jn late sunvner and fall (usually 
August), rangin~ between 36,000 and 150,000 ft /s, with an average flow of 
about 80,000 ft /s. 

A daily flow variation is superimposed upon the seasonal flows. In the 
fall, the daytime flow is controlled to be as low as possible to minimize 
disturbances to fish spawning. The minimum flow is usually about 50,000 ft3/s 
but can drop to the tar~et minimum low of 36,000 ft3/s . At night, the flow 
increases to 14i,OOO ft /s. During the winter, the low f]ow is controlled at 
about 65,000 ft/sin the day and increased to 140,000 ft /s maximum at night . 
During the spring and early su11111er, the daily flow variations are not 
significant due to the high baseline flow rate caused by runoff. 

17 



WHC-SD-NR-ES-014, REV . 0 

3.2.2 River Topography 

_The river channel at the discharge point has a bottom elevation of 
approximately 355 ft National Geodetic Vertical Datum (NGVD). The river is 
approximately 1560 ft wide at this point at an elevation of 380 ft NGVD . 
River bottom contours in the vicinity of the 009 Outfall are depicted in 
Figures 3-1 and 3-2. 

3.2.3 Ambient River Water Quality 

The Columbia River is designated as a Class A River by Ecology under 
state water quality regulations, Chapter 173-201 of the Washington 
Administrative Code (WAC). Water quality in Class A rivers must meet or 
exceed all requirements for use as a drinking water supply, fish and wildlife 
habitat, recreation, stock watering, commerce, and navigation . 

Samples of Columbia River water were collected in September 1991 at river 
mile 388, approximately 9 mi upstream from the 009 Outfall, and analyzed for 
constituents which may impact river water quality. The results of these 
samples are provided in Table 3-1; see Section 3.3.6 for further explanation 
of Table 3-1. 

3.3 WATER QUALITY STANDARDS APPLICABLE TO THE 
TREATED N REACTOR EFFLUENT 

Water quality standards, criteria, and guidance that may be applied to 
treated N Reactor effluent discharged to the Columbia River are discussed 
below. Effluent comparative levels for various constituents of concern 
present in the treated N Reactor effluent are developed based upon these 
standards . 

3.3.1 Clean Water Act 

Effluent limits have been set under the CWA for 50 industrial source 
categories and eight key priority pollutants, including polychlorinated 
biphenyls (PCB) and certain herbicides and pesticides. Part 423 of Title 40 
of the Code of Federal Regulations (40 CFR 423) establishes effluent 
guidelines and standards for facilities" ... primarily engaged in the 
generation of electricity for distribution and sale, which results primarily 
from a process utilizing ••• nuclear fuel in conjunction with a thermal cycle 
employing the steam water system as the thermodynamic medium." Standards are 
established for "low-volume waste streams," including floor drains, and for 
"chemical metal cleaning wastes" and "metal cleaning wastes," which could 
include decontamination wastes. 

Some of the source streams contributing to the N Reactor wastewater are 
simi~ar to those covered by the 40 CFR 423 standard (e.g., those described in 
Sections 2.1.1.1 and 2.1.1.5). However, as the N Reactor was operated 
primarily for the production of special nuclear material, not electricity, 
this standard may not be wholly applicable . The standard may be considered 

18 



N,6289.90 

w.sozs.60 

1' 
NORTH 

/5• 

N,6653 

W 78 08 . 

N,5803.4 1 

W, 7725 88 

N 6576.1 5 
' 

w. 7518.32 

N 6269 .07 
' 

W, 7700.61 "END LOCATION) 
(APPROX PIP~ 

LIMITS OF SURVEY 

l 

XIMATE 
APPRO N OF PIPELINE LOCATIO 

N, 6308.89 

W, 6974.26 \ 

4 REV . 0 WHC-SD- NR-ES-01 , 

Colum ,a Figure 3-1. b . River Topography . 

(TRIA,'-"GULA TION POIN1) 
N 6232.00 

· v/ 7125.oo 
' 

Af'PROXIMAIE 
· NOF 1908-N LOCATIO 

~ . 
w• 7! 14.78 olNT) 

• ULATIONP (TIUANG 

19/ 20 



N ..... 

8tt~~=====!======~=====~=====~-r----r....:· ______ --===~r-~LA~---bd 2:# I t1 Tl~ 
-JM 

l•M ltN J•N l•N UN l•N ••· l • N ··- ··~ 
PROfJLE "A" !LOOKING DOWNSTREAM! 

.... .... .... J•N .... .... .... , ... . ... 
PROfJLE "B" !LOOKING WESTI 

.... .... .... ....... 
PROfJLE "C" !LOOKING DOWNSTREAM! 

.... , ... . ... F Ill ... ....... 
PROFILE "D" !LOOKING DOWNSTREAM! 

. ... , ... . ... ... , ... 
PROfJLE "E" !LOOKING DOWNSTREAM! 

.... .... . ... . .. , ... 
PROfJLE ''F" !LOOKING DOWNSTREAM! 

"Tl .... 
IQ 
C ., 
(D 

w E I 
N ~ 

n . 
I 

V, 

n CJ 
0 I 
__, z 
C :;ICI 

3 I 
rrl O" V, .... 
I Al 0 

:;ICI 
..... .... .,. 

< 
(D 

:;ICI ., 
rrl 

--4 < 
0 

. 
~ 0 0 
IQ ., 
Al 
~ 
-::z-
'< . 



WHC-SD-NR-ES-014, REV. 0 

Table 3-1. Comparative Effluent Levels and 
Ambient Columbia River Concentrations. 

Effluent Comparative Level• 

Initial Columbia River Chronic Acute 

lnlluant Concentrations Cone. Source Cone. 
Chemical (ug/L) (ug/L) (ug/L) (ug/L) 

INORGANIC$ 

Ammonia (Total N) 2.23E+c2 6.00E+01 2.00E+03 a.I 1.65E+04 
Aluminum 3.80E+c1 2.58E+c1 5.00E+o1 d 
Antimony 1.40E+o1 1.60E+c3 b 9.00E+03 
ArHnic 1.30E+o1 1.20E+o0 1.90E+o2 b 3.60E+02 
Barium 1.04E+o2 2.115E+o1 1.00E+03 b 
Boron 8.34E+o1 
Cadmium 3.00E+OO 7.59E-01 a.I 2.20E+OO 
Calcium 2.28E+04 1.114E+04 
Chloride 2.IIOE+03 1.NE+o3 2.50E+05 d 
Chromium 11.00E+OO 1.10E+o1 a.I 1.80E+01 
Cobell 0.00E+O0 
Copper 3.00E+01 7.84E+O0 a.I 1.10E+01 
Fluoride 2.04E+o2 1.00E+02 4.00E+o3 C 
Iron 1.711E+02 5.07E+01 1.00E+o3 b 
Lead 3.IIOE+01 1.IIIIE+O0 a,I 4.211E+01 
Magnesium 11.81E+03 3.115E+03 
Manganeae 8.89E+01 8.78E+o0 5.00E+01 b 
Nickel 11.00E+O0 8.18E+O0 1.02E+02 a 9.21E+02 
Nitrate 4.38E+o2 1.00E+04 b 
Phosphorous 2.00E+01 2.00E+01 
Potanium 3.53E+03 8.41E+o2 
Selenium 4.20E+01 3.50E+o1 a,i 2.80E+o2 
Silicon 2.04E+03 1.84E+o3 
Silver 5.00E--01 1.20E--01 b 1.119E+O0 
Sodium 1.117E+04 1.83E+03 
Strontium 8.73E+01 8.30E+o1 
Sulfate 1.2JE+04 11.76E+o3 2.SOE+OS d 
Uranium 2.84E+O0 8.0IE-01 
Vanadium 8.10E+OO 1.82E+O0 
Zinc 1.21E+01 5.75E+O0 ll.88E+01 a,i 7.511E+o1 

ORGANICS 
Acetone 1.73E+01 
1-butanol 3.82E+01 
2-butanone 2.111E+01 
BHT 1.35E+01 
Hydrazine 3.12E+o1 
Hexone (MIBK) 1.03E+o1 
Toluene 5.38E+O0 1.43E+04 b 1.75E+04 
Trichloromethane 5.19E+oo 1.24E+o3 b 2.89E+o4 
Tetrachloroethene 1.00E+O0 8.40E+o2 b 5.28E+o3 

RADIONUCUDES (pCI/L) (pCi/L) (pCi/L) 
Tote! Alpha 4.99E+o1 7.IIOE-01 
Total Beta 1.65E+08 8.IIOE-01 
Am-241 7.03E+o1 3.00E+01 
Cm-242 4.113E-01 1.00E+03 
Cm-244 8.112E--01 6.00E+o1 
Co-80 7.00E+03 1.00E+o4 
Ct-134 U17E+o3 2.00E+o3 
Ct-137 4.71E+05 3.00E+o3 
C-14 4.24E+01 7.00E+04 
H-3 5.54E+06 3.74E+02 2.00E+06 
Mn-54 ll.04E+c3 5.00E+04 
Pb-210 2.117E+01 3.00E+01 
Pu-238 1.09E+01 1.32E-01 4.00E+o1 
Pu-239/240 6.IIIIE+01 7.00E-02 3.00E+01 
Radium 3.30E-01 1.42E-01 1.00E+o2 e 
Ru-108 1.72E+04 8.00E+o3 e 
Sr-110 1.78E+06 3.84E-01 1.00E+o3 e 
U-234 1.IIOE+O0 5.00E+o2 e 
U-235 2.17E--01 8.00E+o2 e 
U-238 1.13E+O0 II.OOE+o2 e 

a. Values reported are specifically lilted in WAC 173-201-047 or were calculated 
u1ing equation, as defined in WAC 173-201-047. Equation Inputs for the Columbia River 
were: pH•7.41, Temperature•111.4 C, Hardne11•80 mg/Las CaCO3, and Salmonid1 preNnt. 

b. EPA Gold Book 
c . 40 CFR 141 Primary Drinking Water Standards 
d. 40 CFR 143 Secondary Drinl<ing Water Standards 
e. DOE Order 5400.5 Radiation Protection of the Public and the Environment 
f. An instantaneous concentreation not to be excNded any time. 
g. A 24 hour average not to be exceeded. 
h. A 1-hour average concentration not to be exceeded more than once every three years. 
i. A 4-day average concentration not to be exceeded more than once every three years. 
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along with other water quality guidelines and standards in establishing 
effluent comparative levels for evaluating potential treatment systems for the 
N Reactor wastewater . 

3.3 .2 Radiation Exposure Limits 

For DOE defense production facilities, DOE Order 5400.5 establishes a 
public exposure limit of 100 millirem per year (mrem/yr) from all facility 
sources via all exposure pathways, with limits of 10 mrem/yr for exposure to 
airborne releases and 4 mrem/yr for exposure through consumption of drinking 
water (DOE 1990). To implement these exposure-based limits, the order 
establishes ambient derived concentration guidelines (DCG) for releases to 
surface water and groundwater, with 1 DCG being the annual average 
concentration needed to exceed the 100 mrem/yr limit, assuming that the only 
exposure pathway is through drinking water, and assuming that 730 l/yr of 
contaminated dr inking water is consumed . 

The order sets DOE policy with respect to the treatment of wastewater 
discharges, establishing 1 DCG as the screening level that triggers evaluation 
of potential treatment technologies for the wastewater discharge via the BAT 
process . The order also requires that treatment be consistent wi th DOE As Low 
As Reasonably Achievable (ALARA) policy. As such, the application of the 
DOE BAT process to wastewater streams may result in an additional level of 
control, as well as contribute to the overall ALARA program at the 
Hanford Site. 

3.3.3 Drinking Water Standards 

Both Ecology and EPA use drinking water standards to determine the 
potential for adverse impacts that could be caused by wastewater discharges to 
surface water. The Washington State Department of Health has promulgated 
drinking water standards in Chapter 248-54 WAC, "Public Water Supplies." 
Federal drinking water standards appear in 40 CFR 141 and 143. Drinking water 
standards considered in this report include the following. 

• Maximum contaminant levels (MCL) established for toxics and 
carcinogens are to be set at nontoxic levels, and as close as 
possible to MCLGs, with some allowance for economic and technical 
factors . 

• Secondary maximum contaminant levels (SMCL) established primarily on 
the basis of secondary water effects such as color, odor, and taste 
are generally set for compounds that are not considered to be toxic 
or carcinogenic to humans. 

3.3.4 Ambient Surface Water Quality Standards 

Ecology and EPA have developed ambient surface water quality criteria 
(WQC) designed to prevent adverse effects to aquatic organisms and to humans 
who may be consuming aquatic organisms or surface water. Ecology has 
promulgated surface water regulations pursuant to Chapter 90.48 of the Revised 
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Code of Washington (RCW), Water Pollution Control Act (WPCA) . The EPA has 
established WQC (although not yet promulgated in regulations) pursuant to its 
authority under the CWA. The focus of these standards and criteria is to 
define ambient levels of chemical concentrations that are not expected to pose 
adverse effects if present in the aquatic environment. 

Federal surface water criteria are established in EPA program guidance 
documents, principally Quality Criteria for Water, commonly known as the Gold 
Book (EPA 1986). Ecology has generally adopted the Gold Book criteria into 
its regulations, either directly or by reference. Ecology regulations are 
currently found in Chapter 173-201 WAC, "Water Quality Standards for Surface 
Waters of the State of Washington . " 

3.3.4.1 Protection of Aquatic Life. One goal of the ambient surface water 
standards is the protection of aquatic species from direct toxic effects. 
Toxicity is addressed in terms of acute (short-term) and chronic (long-term) 
effects . 

Many of the acute and chronic toxicity criteria are based on lowest 
observed effects levels (LOEL) for sensitive aquatic species . In some cases, 
the LOEL or the species of interest may not be pertinent to a particular 
surface water body. In addition, some of the criteria depend on temperature, 
hardness, or pH. The derivation of particular toxicity criteria may affect 
their relevance to a specific discharge scenario . 

3.3.4.2 Protection of Human Health. A second 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., marine 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 are typically more restrictive, 
because it assumes an additional route of exposure to chemical compounds . 

Human consumption criteria may also reflect certain factors related to 
the tendency of some compounds (typically carcinogens) to accumulate and/or 
bioconcentrate in aquatic species before 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 1 in 1,000,000 risk criteria have been 
used where appropriate to establish effluent comparative levels for this 
report. 

3.3.5 Effluent Guidelines SUJ1111ary 

Table 3-1 presents effluent comparative levels that were derived for the 
treated N Reactor effluent. All effluent comparative levels for radionuclides 
are based upon DCGs published in DOE Order 5400 . 5. For chemical constituents, 
effluent comparative levels were developed using the following guidelines and 
criteria : 

• Chronic ambient surface WQC for freshwater species and human 
consumption of water and organisms from the EPA Gold Book and 
Chapter 173-201 WAC 
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• Federal MCLs for drinking water 

• Federal SMCLs for drinking water. 

In all cases, the WQC from the Gold Book and Chapter 173- 201 WAC were 
consulted first to determine the appropriate effluent comparative level . If 
no WQC had been establ i shed, MCLs and SMCLs were used to establish the 
appropriate effluent comparative level. If no WQC, MCL, or SMCL has been 
established, then no effluent comparative level has been listed for the 
compound. Acute WQC are provided in Table 3-1 for comparison to treated 
effluent concentrations . 

Values are also shown in Table 3-1 for the estimated influent 
concentrations for the N Reactor wastewater and the resulting decontamination 
factors (OF) required to meet the effluent 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 effluent concentration. 

Based upon the effluent comparative levels presented in Table 3-1 and the 
estimated wastewater constituent concentrations developed in Section 2, 
treatment will likely be required to reduce concentrations of the following 
influent constituents before discharge to the Columbia River : 

• Organics 

• Inorganics (as dissolved and suspended solids) 

• Radionuclides (as dissolved and suspended solids) . 
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4.0 WASTEWATER TREATMENT ALTERNATIVES ANALYSIS 

Federal regulations require that BAT be applied to all surface water 
discharges permitted under the NPDES. The DOE has established a procedure for 
determining the BAT to be used in managing wastewater streams at the 
Hanford Site {WHC 1988). As applied to any specific stream or combination of 
streams, the procedure incorporates the flexibility necessary to support 
determination of BAT without limitation as to the variety or concentrations of 
individual contaminant species. 

4.1 THE BEST AVAILABLE TECHNOLOGY PROCESS 

The BAT evaluation process employs a five-step, hierarchical approach . 
Figure 4-1 outlines that approach. 

The first step in the BAT evaluation process involves wastewater 
characterization. It begins with assembling all relevant liquid effluent 
data. The second step in the BAT evaluation process involves the 
identification of applicable effluent guidelines {e .g. , 40 CFR 423}. 
Sections I through 3 of this report describe how these steps were completed 
for the N Reactor wastewater. 

If a BAT determination is not possible from the effluent guidelines 
method, then it may be possible to establish BAT us ing the technology transfer 
method. Technology transfer requires full-scale technology applications to be 
in place and effectively treating wastewater similar to the subject 
wastewater . Such technologies may be suitable for transfer to the 
Hanford Site application . 

If transferable technologies do not exist, treatability studies conducted 
on similar wastes may provide a sufficient basis for selecting the technology 
as BAT. 

For most Hanford Site wastewater streams, BAT is determined by the final 
step, which involves developing and comparing generic source control and 
treatment alternatives. Source controls include both administrative and 
equipment changes that reduce waste stream flows and/or contaminant loadings 
without treating the waste stream; examples include substituting nontoxic 
chemicals for toxic chemicals, capping drains, and installing new equipment 
that reduces or eliminates stream flows . 

The DOE process has been used to evaluate treatment technologies which 
might be applied to the N Reactor wastewater. The results of this evaluation 
are documented in Appendix F. It has been determined that, while federal 
effluent guidelines and treatment systems for similar wastewater discharges 
provide supporting data that will aid in the selection of BAT for the 
N Reactor wastewater, they are not by themselves sufficient to establish BAT. 
Therefore, the generic treatment system method has been used to select BAT for 
this wastewater. 
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Figure 4-1. Best Available Technology Determination Process . 
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4.2 TECHNOLOGY SCREENING 

During the evaluation described in Appendix F, a large array of 
alternatives for treating the subject wastewater were identified. The 
technologies include source controls as well as treatment processes with the 
potential for removing suspended solids, organics, and dissolved solids from 
the wastewater. To qualify for further consideration, these technologies, 
individually or in combination within an integrated system, must satisfy the 
following general criteria. 

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

• Imp1ementabi11ty--Treatment technologies and treatment systems are 
assessed in terms of maintenance and reliability constraints, safety 
and ALARA considerations, and process development status. 

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

Acceptable wastewater treatment technologies, individually or in 
combination within an integrated system, must also be able to effectively 
treat the various 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 the capture and concentration of harmful 
substances into a waste stream that 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 the secondary 
waste. The wastewater is expected to contain the following types of 
constituents: 

• lnorganics and radionuclides as suspended solids 

• Inorganics and radionuclides as dissolved solids 

e Organics. 

Table 4-1 presents a matrix of the technologies considered, along with 
other alternatives including source control and no action. The table 
indicates the 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 4.2.1 through 4.2.3 present generalized descriptions of the 
technologies. The descriptions include rationales for retaining or 
eliminating particular technologies from further consideration. 
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Table 4-1. Potential Wastewater Treatment Technologies. 
Target contaminant category 

Treatment technology Suspended Dissolved 
solids Organics solids 

No action 
Source treatment • • • 
source control 

End-of-pipe treatments 
suspended solids removal 
Coagulation/flocculation • 
Sedimentation/Clarification • 
Bag filtration • 
Deep bed filtration • 
Cartridge filtration • 
Microfiltration • 
Ul trafil trat ion • 

Organics removal 
Activated carbon adsorption • 
Biological treatment • 
Supercritical fluid extraction • 
Air stripping • 
UV/Oxidation • 
Pervaporation • 

Dissolved sofids removal 
Evaporation • 
Vacuum-freezing • • 
Chemical precipitation • 
Ion exchange • 
Reverse osmosis • 
Electrodialysis • 
Alumina adsorption • 
Algae adsorption • 
Supported liquid membrane • 

••Effectively removed by the treatment technology. 

4.2.1 No Action 

The objective of applying BAT is to reduce constituent concentrations 
contained in the N Reactor wastewater to levels consistent with guidelines 
developed from relevant effluent comparative levels. Examinatton 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. Therefore, no action is an unacceptable 
alternative. 

30 



WHC-SD-NR-ES-014, REV. 0 

4.2.2 Source Control 

In support of a best management practices (BMP} approach, Westinghouse 
Hanford Company (Westinghouse Hanford} has instituted a program of physical 
and administrative source controls and waste minimization to reduce the volume 
of the N Reactor wastewater . These controls, coupled with the reduced 
operational status of the N Reactor, decreased the average wastewater flow to 
the 1325-N LWDF from nearly 1,600 gal/min in 1987 to approximately 
100,000 gal/yr (0.02 gal/min} currently. At current flow rates, water is not 
being routinely discharged to the 1325-N LWDF, but is accumulated in the 
105-N Lift Station and 109-N Sumps until sufficient volumes are reached to 
warrant pumping the wastewater to the 1325-N LWDF. Waste minimization and 
further source controls remain appropriate for consideration in relation to 
the N Reactor wastewater discharge, particularly for projected future sources 
of wastewater, and should be considered as a part of any treatment system. 

4.2.2.1 Source Control by Wastewater Recycle. Decontamination operations in 
and around the 105-N Fuel Basin area are the source of approximately one-half 
of the wastewater that is anticipated to be generated during N Reactor 
shutdown between FY 1994 and 1999. The 105-N Fuel Basin area currently has a 
water treatment and recycle system that was previously used to maintain water 
clarity in the fuel basin. Portions of this system may be modified to support 
the recycle of decontamination water. The objective of decontamination in the 
105-N Fuel Basin area is to reduce contamination on hardware and equipment 
through hydraulic action before packaging for disposal. High-purity water 
supplies are not required for this activity. Therefore, recycling 
decontamination wastewater back to the 105-N Fuel Basin area for reuse, 
following some minimal level of treatment to reduce radiation exposures to the 
workers performing decontamination activities, appears to be a feasible 
source-control option. The recycle of 105-N Fuel Basin decontamination 
wastewater has been incorporated into each of the alternatives. examined for 
this report. 

Assuming that 105-N Fuel Basin decontamination water is recycled, an 
average of approximately 480,000 gal/yr of wastewater will still be generated. 
This wastewater will be generated through decontamination activities in other 
areas of the 105-N and 109-N Buildings, and from miscellaneous sources 
including piping leaks and rainwater intrusion. 

Distribution systems for recycling radiologically contaminated water to 
various locations within the 105-N and 109-N Buildings do not exist and would 
be difficult and expensive to install. Therefore, recycling wastewater 
generated by general building decontamination activities is not a feasible 
alternative . 

4.2.2.2 Source Control by Maintenance Activities. The total amount of 
wastewater that could be eliminated through maintenance activities such as 
repairing facility roofs and miscellaneous leaks within the 105-N and 
109-N Buildings could range up to 100,000 gal/yr. Wastewater treatment costs 
are anticipated to range between $1/gal to $5/gal for this low-flow stream. 
This cost would be nearly equally split between capital investment costs and 
annual operating costs . Due to the low flow rate and total volumes of 
wastewater anticipated, these source controls are not likely to lead to a 
reduction in the required capacity or cost of treatment equipment. However, a 
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reduction in operating costs may be realized . For example, up to $1 .5 million 
of operating expenses could be eliminated by reducing flows up to 
100,000 gal/yr through corrective and preventive maintenance performed before 
FY 1994. However, these source controls will not eliminate the need to treat 
and dispose of wastewater generated at N Reactor. 

4.2.2 .3 Source Control SU11111ary. For purposes of evaluating treatment 
technologies for the N Reactor wastewater, it has been assumed that 
decontamination wastewater from the 105-N Fuel Basin area will be recycled . 
An average of 480,000 gal/yr of wastewater from the remaining N Reactor 
sources that would normally discharge to the 1325-N LWDF will be treated and 
disposed . 

4.2.3 End-of-Pipe Treatments 

The following sections describe end-of-pipe treatment technologies for 
all constituents of concern identified in Table 3-1. These technologies are 
grouped according to the type of contaminant removed. The contaminant types 
include inorganics and radionuclides as suspended solids; organics; and 
inorganics and radionuclides as dissolved solids. 

Tritium is present in the wastewater as water. Tritium cannot be 
separated from the wastewater matrix by common chemical or physical 
techniques. No demonstrated, cost-effective technology currently exists to 
remove tritium from wastewater. 

4.2.3.1 Suspended Solids Removal. 

4.2.3.l . l Sedimentation/Clarification. Sedimentation/clarification is 
the application of gravitational force to remove suspended particles from a 
fluid. The rate at which solids settle is affected by the 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. 

Typical sedimentation/clarification DFs are lower than those for other 
candidate technologies when used to treat wastewaters with relatively low 
concentrations of small suspended solids. Therefore, sedimentation/ 
clarification will not be considered further for this application. 

4.2.3.1.2 Bag Filtration. Bag filtration is conmonly used to remove 
particles as small as 1 µrn. Bag filtration units consist of fabric bags 
supported by strainer baskets that are housed within rigid casings. Fabric 
bags can degrade in the presence of certain organics, so materials must be 
selected carefully. The strainer basket and rigid housing must also be made 
of carefully selected materials . Bag filters are more prone to failure than 
are rigid cartridge filter media and require a high degree of contact 
maintenance. Therefore, this alternative will not be considered further. 
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4.2.3.1.3 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 collected 
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 treating wastewaters containing relatively high concentrations 
of large (1-5 µm and larger) particles. Therefore, this alternative will not 
be considered further due to the low levels of suspended solids in the 
N Reactor wastewater that will be treated for discharge to the Columbia River. 

Sand filters, a type of deep bed filter, have proven effective in the 
past for removing suspended solids from N Reactor fuel basin water. 
Therefore, this technology will be retained for use in treating 
decontamination wastewater for recycle. 

4.2.3.1.4 Disposable Cartridge Filtration. Cartridge filters are used 
to remove particles ranging in size from submicron to 40 µm from fluids 
containing 0.01% solids or less. Disposable cartridge filters can be 
constructed of a variety of materials including paper, cloth, and 
polypropylene. This type of filtration is typically 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. - The high level of contact maintenance 
required for disposal of cartridge filters operated in batch mode preclude 
their use for the N Reactor effluent. Therefore, this alternative will not be 
considered further. · 

4.2.3.1.5 Microfiltration. Hicrofiltration is used to rimove solid 
particles in the size range of 0.1 to 10 µm (1,000 to 100,000 A). 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 are 
typically polymeric but can also be ceramic or sintered metal. 

Microfiltration is often a semicontinuous operation in which trapped 
particles are periodically removed by back-flushing the filter membrane with 
the filtration unit offline. Alternatively, microfilters can be used in 
recirculation/cross-flow operation. A recirculation loop 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 wastewater 
during pilot studies conducted at N Reactor in 1988. Due to the low levels of 
contact maintenance required, the expected particle size distribution, and the 
demonstrated effectiveness of this technology in removing radionuclides from 
the N Reactor wastewater, microfiltration will be evaluated further. 
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4.2.3.1.6 Ultrafiltration. Ultrafiltration is similar to 
microfiltration except that il addresses particles in a size range from 
0.001 to 0. 1 µm (10 to 1,000 ). 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. The 
recirculation feature maintains a high velocity across the filter membranes to 
prolong on-stream time by avoiding solids accumulation at the membrane 
surfaces. Because the particle size distribution in the N Reactor wastewater 
is expected to range from 1.5 to 49 µm, this technology will not be considered 
further. 

4.2.3.2 Organics Removal. 

4.2.3.2 . 1 Activated Carbon Adsorption. Activated carbon is widely used 
to adsorb organics contained in aqueous feed streams . Activated carbon is 
most 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 nonselective and is commonly used as a broad-spectrum treatment 
method. Two forms of activated carbon, granulated and powdered, can be used. 

Granulated activated carbon (GAC) is typically 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 after 
adsorption on GAC in which one adsorbed compound is displaced by another. 
Activated carbon adsorption is retained for further consideration due to its 
broad-spectrum applicability and standard use in wastewater and hazardous 
waste treatment. 

4.2.3.2 . 2 Biological Treatment. The use of biological 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 precise 
temperature control. The low carbon concentrations in the N Reactor 
wastewater would require that substantial carbon sources be added to sustain a 
viable microbial population. In addition, biological treatment systems 
normally require prolonged startup periods until steady state treatment levels 
are achieved, and are sensitive to transients in both influent flow and 
concentration. These operating characteristics reduce the effectiveness and 
reliability of biological treatment units for systems with noncontinuous or 
highly variable flows. Due to these considerations, biological treatment will 
be eliminated from further consideration. 

4.2.3.2.3 Supercritical Fluid Extraction. Supercritical 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 technology is just emerging and cannot be considered to be 
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co11111ercially demonstrated for wastewater treatment. The high pressures 
required for this technology present additional safety concerns. Therefore, 
this alternative will be eliminated from further consideration. 

4.2.3.2 .4 Air Stripping. Air stripping may be used to remove low 
concentrations of volatile materials from wastewater . Air stripping towers 
are typically 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 constjtuent. A material with a Henry's Law constant of greater than 
0.003 atm nr/mole can generally be treated economically by air stripping. 

Air stripping is potentially a cost-effective treatment for toluene, 
trichloromethane, and tetrachloroethene, ai all of these constituents have 
Henry's constants greater than 0.003 atm m /mole at ambient temperatures. 
Anvnonia is also easily treated by air stripping. Increasing the temperature 
of the influent wastewater can improve air stripping performance (increases in 
air temperature will have less of an effect) for the remaining organic 
compounds . Steam stripping, where steam is used instead of a air, is required 
for cost-effective removal of acetone . The energy input necessary to heat the 
influent wastewater or produce steam is likely to reduce the cost 
effectiveness of this technology. Steam stripping of a highly soluble 
compound like acetone generally results in a secondary waste in the form of a 
condensate containing high concentrations of organics, which will require 
additional treatment before disposal. 

Offgas from the air stripper must be treated to comply with state and 
federal air quality regulations; treatment technologies that are conrnonly 
employed to treat the offgas are carbon adsorption and oxidation (e .g., fume 
incineration) . Both of these t echnologies can be directly applied to the 
wastewater as well, with the added advantage that more of the less volatile 
organics present in the wastewater may be removed by direct treatment of the 
wastewater. Therefore, air stripping will not be considered further for this 
application. 

4.2.3.2.5 Ultraviolet-Light/Ozone/Peroxide Oxidation. Ultraviolet 
(UV)-catalyzed oxidation is an organic destruction process that uses 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, hydrogen peroxide, or a 
mixture of the two. This process requires 1 to 30 min of 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/ozone/peroxide oxidation requires only monitoring of lamp activity/ 
cleanliness and oxidant flows. Because the technology is relatively expensive 
and aggressive organic treatment does not appear to be warranted for this 
stream, UV-catalyzed oxidation has not been considered further for this 
application . 

4.2.3.2.6 Pervaporation. Pervaporation is a membrane-based process that 
uses a vacuum to increase the membrane flux for organic wastewater 
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constituents. The wastewater is directed across the upstream side of the 
membrane at ambient pressure and a slightly elevated temperature of 50 •c to 
90 ·c. The vapor-phase permeate is withdrawn by maintaining a slight vacuum 
on the downstream side of the membrane. Membranes are used that have a high 
selectivity for the organic compounds over water. Pervaporation cannot be 
considered a demonstrated process at this time and will be eliminated from 
further consideration. 

4.2.3.3 Dissolved Solids Removal. 

4.2.3.3.1 Coagulation/Flocculation. Coagulation and flocculation 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 settle. Common coagulants 
include aluminum sulfate {alum), ferric chloride, 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 floes . 

Typical coagulation/flocculation DFs are lower that those for other 
candidate dissolved solids removal technologies. Therefore, coagulation/ 
flocculation will not be considered further for this application . 

4.2.3.3.2 Evaporation. This option is commonly used to reduce the 
volume of radioactive effluents; it is also effective in removing suspended 
and dissolved solids. Evaporators commonly 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 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 startup. 
Mechanical vapor recompression evaporation will be retained for primary 
wastewater treatment. 

4.2.3.3.3 Vacuum-Freezing Multiple-Phase Transformation. Vacuum
freezing is a separation technique that uses 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 whatever brine adheres to the surface of the crystals after 
washing the ice) using the heat of condensation of the vapors produced 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 
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vaporizes a fraction of the feed water, and the heat of vaporization removed 
from the running liquid causes ice crystals to form. About one-half of the 
feed remaining liquid 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 condensed in an 
auxiliary refrigeration system and is admitted to the top of the separation 
column to wash brine from the ice crystals. 

Because of the complexity of this technology, and lack of demonstrated 
experience in concentrating similar waste streams, it will be eliminated from 
further consideration as both a primary treatment method and a method for 
secondary waste concentration. 

4.2.3.3.4 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 wastewater . 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 lime. Many metals can also be precipitated 
using sodium sulfide or sodium bisulfide. 

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

Many variations of precipitation processes 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 via addition of hydrated lime 
[Ca(OH} 2] 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. Other 
precipitation processes combine sulfide precipitation in a basic (pH 10} 
solution with microfiltration using filter media with ion-exchange (IX} 
properties. 

For relatively dilute aqueous streams such as the N Reactor wastewater, 
chemical precipitation is not as effective at removing dissolved solids as 
other commonly applied technologies. Therefore, chemical precipitation will 
not be considered further for this application . 

4.2.3.3 . 5 Ion Exchange. Ion exchange 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 are typically 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 may also be 
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designed and operated to contain sodium or ammonium ions . In anion resins, 
the exchange sites usually contain hydroxide ions, but other ions , such as 
chloride, can be used. 

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 are typically regenerated by washing with 
sulfuric acid or sodium hydroxide solutions, respectively . Conventional 
regeneration usually generates secondary waste volumes up to 5% of the 
original flow rate. 

Prerequisites for using IX may include pretreatment to remove suspended 
solids and organics. Both of those contaminants can mask the exchange sites , 
resulting in loss of exchange efficiency, or plug the resin bed, resulting in 
restricted flow through the unit. Ion exchange is a standard water treatment 
technology for both radionuclides and more conventional toxic pollutants and 
should be effective in removing dissolved solids from the N Reactor 
wastewater. Additionally, disposal of the resin bed versus regeneration may 
be a potential option, reducing the amount of secondary wastes generated . 
Therefore, IX will be retained for further evaluation. 

4.2.3.3.6 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 latter 
stages consists of concentrate produced in the previous stage. In a given RO 
stage, the fraction of the total feed water appeari~g in the permeate stream 
is primarily a function of the operating pressure upstream of the membrane 
which, in turn, is established by the design criteria for the desired level of 
contaminant removal. 

Either several stages of RO in series or multiple passes through a single 
stage in a semi-batch process could be applied to enhance the removal of 
dissolved solids from the N Reactor wastewater. Colloidal and organic matter 
tend to foul RO membrane surfaces, causing significant deterioration in the 
rate of water throughput. Therefore, RO may require pretreatment steps, 
including filtration and organic removal. Secondary waste volumes typically 
range from 10 to 20% of the original flow rate. 

Reverse osmosis is generally not as effective as other technologies 
commonly applied to low-volume, dilute waste streams such as the N Reactor 
wastewater. Additionally, RO generates substantial quantities of secondary 
wastes. Therefore, RO will not be considered further for this application . 
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4.2.3.3.7 Electrodialys1s. Ion selective 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 
which are significantly more concentrated . However, leakage to the permeate 
is greater with electrodialysis , resulting in a "dirtier" product stream . . As 
electrodialysis does not offer significant advantages over RO in this 
application, it will not be evaluated further . 

4. 2.3.3 .8 Alumina Adsorption. Activated alumina is used to adsorb ions 
from the wastewater as the water passes through a packed column. The alumina 
can be regenerated by rinsing with basic and acidic solutions such as sodium 
hydroxide and nitric acid, respectively. Anions of arsenic are often adsorbed 
using activated alumina. Activated alumina will not be considered further 
because there are other broader-spectrum separation methods available for 
treating N Reactor wastewater. 

4. 2.3.3.9 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 involve 
concentrating weak solutions of specific metal ions to facilitate further 
processing of the solution. Careful control of pH during sorption is 
required. Algae adsorption was eliminated from further consideration because 
its treatment functions are achieved by other, more-proven technologies . 

4.2.3 .3. 10 Supported Liquid Membrane. Supported liquid membrane (SLM) 
· is an emerging technology with the potential for removing and concentrating 
dil ute 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, an 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 pretreatment steps 
to avoid plugging or blinding the membranes. The technology cannot be 
considered convnercially demonstrated at this time. Therefore, it will be 
eliminated from further consideration. 

4.2.4 Sunaary of Technology Screening 

Based on the results of the technology screening, the following source 
controls and treatment technologies were retained for further evaluation: 

• Recycling of fuel basin decontamination water 

• Deep bed filtration treatment 

• Microfiltration treatment 
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• Granulated activated carbon treatment 

• Evaporation treatment 

• Ion exchange treatment . 

4.3 BEST AVAILABLE TECHNOLOGY PROCESS EVALUATION 

The selected technologies were combined into three candidate treatment 
systems for further evaluation and comparison. Each of the candidate systems 
addresses the three categories of constituents of concern (suspended solids , 
organics, dissolved solids) in the N Reactor wastewater. Each relies on 
filtration to remove suspended solids and on IX to remove at least a portion 
of the dissolved solids. 

4.3.1 Description of the Alternatives 

Each of the candidate systems would be located in the existing 
107-N Building, which is not currently in use. This building was previously 
used to treat water from the 105-N Fuel Basins for recycle and contains much 
of the support equipment (e.g., chemical and secondary waste storage tanks) 
needed to treat the N Reactor wastewater. The current IX system installed in 
the 107-N Building has been sized for a flow rate orders of magnitude greater 
than that needed for N Reactor wastewater treatment; therefore, this system 
will be replaced with an appropriately sized IX system. The existing sand 
filters can be used to treat recycled decontamination wastewater, and will be 
retained for that purpose . 

The following treatment alternatives will be considered: 

• Alternative A--Microfiltration, evaporation, IX, and GAC adsorption 

• Alternative B--Microfiltration, IX, and GAC adsorption (preferred 
alternative) 

• Alternative C--Microfiltration and IX. 

For each treatment system, a design flow rate of 10 gal/min and a maximum 
flow rate of 20 gal/min were assumed. Portions of the new IX system will be 
reused to treat basin decontamination water for recycle; during these periods 
they will operate at flow rates approaching the maximum of 20 gal/min . These 
design flow rates allow all wastewater to be treated in the peak generating 
years of FY 1997 and 1998 at operating efficiencies of 81% and 91%, 
respectively, assuming an 8-hour-per-day, 5-day-per-week operation . 

The treatment systems are designed to operate in a campaign mode, with 
wastewater from the 105-N and 109-N Buildings accumulating in the 105-N Lift 
Station until a sufficient volume of wastewater has been collected to allow 
processing. Wastewater will be pumped from the 105-N Lift Station to the 
107-N Building, where the treatment system will be located. The 105-N Lift 
Station is a concrete sump with a steel liner, sized to hold up to 100,000 gal 
of wastewater. The 105-N Lift Station is generally operated at a maximum 
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depth of 14 ft (the top of the steel liner), that equates to a volume of 
approximately 54,000 gal. Each treatment system also incorporates two holding 
tanks with a working volume of 15,000 gal each to allow treated effluent to be 
monitored and sampled. 

The treatment technologies that will be considered for the N Reactor 
wastewater all generate secondary wastes that must be disposed of. The 
secondary wastes will be radioactive, and possibly subject to the Washington 
State Dangerous Waste Regulations due to the concentrations of toxic 
characteristic metals present. Secondary wastes which could be generated are 
listed below: 

• Evaporator bottoms 

• Filter sludges 

• Spent IX resins or IX regeneration solutions 

• Spent GAC. 

Options for handling these secondary wastes include both stabilization at 
N Reactor and shipment to other Hanford Site facilities in an unstabilized 
form for further processing. Secondary waste management will be discussed in 
greater detail in Section 4.3.3. 

The following subsections discuss each of the N Reactor wastewater 
treatment alternatives. Because of the similarity of the processes, the 
discussion of alternatives is in some· cases limited to the differences between 
the alternatives. 

4.3 . 1.1 N Reactor Wastewater Treatment Alternative A. Alternative A is 
comprised of four treatment unit operations: microfiltration, evaporation, 
IX, and GAC adsorption. The process train, including ancillary equipment, is 
shown in Figure 4-2 . 

Wastewater will be pumped from the 105-N Lift Station to the 
107-N Building at a nominal flow rate of 10 gal/min, with flows as high as 
20 gal/min . A filter is the first treatment component. The purpose of the 
filter is to remove particles 1 µm and larger. In addition to removing the 
particles, the filter may also remove some of the heavy metals that are 
adsorbed to the particles. There are several viable options for filters in 
this application. The selected option uses a tubular filter element 
constructed of sintered ceramic or metal particles. These filters capture 
solids on the surface of the filter element while allowing water and dissolved 
matter to pass through. This type of filter can be back-flushed in place to 
avoid producing waste filters typical of conventional cartridge filtration. 

To enhance solids removal, both a precoat and body feed will be used. 
Before filtering any N Reactor wastewater, a precoat slurry of filter aid 
(such as diatomaceous earth) in clean water will be run through the filter, 
building up a porous cake that enhances the performance of the filter element. 
Approximately 0.1 to 0.2 lb/ft2 of precoat per unit of filter area will be 
used . This precoat will also be applied to the filter element following each 
filter back-flush. 
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Filter aid will also be metered into the incoming N Reactor wastewater 
stream as body feed to enhance filtration. Body feed will be used at a 
concentration of 2 to 10 ppm filter aid in the wastewater flowing to the 
filter . 

The filter will be back-flushed regularly to remove solids that collect 
on the filter elements . The back-flushing will be automatic, based on 
measured pressure drops across the filter. Based on an assumed waste stream 
flow of 480,000 gal/yr at an operating flow rate of 10 gal/min, the assumed 
stream constituents, 100 N Area Liquid Effluent Treatment Facility (LETF) 
pilot tJst data, and vendor information, a microfilter with an area of 
58.2 ft will need to be back-flushed every 130 operating hours, or about six 
times per year. 

Evaporation is the second treatment unit. A vertical tube, falling film 
HVR evaporator will be used to remove dissolved solids from the filtered 
wastewater, achieving a total OF of 1000. The evaporator bottoms will have a 
total solids concentration of approximately 5.0% by weight. The majority of 
the volatile organic constituents will remain in the overheads of the 
evaporator . The evaporator will use a seed slurry to help control scale 
deposits, which are prevalent due to the high proportion of calcium and 
sulfate ions present in the wastewater . Scale deposits will form on the seed 
slurry instead of the heat transfer surfaces and exit the evaporator with the 
waste slurry. Sulfuric acid will also be added to the influent to the 
evaporator to help reduce scaling by lowering the pH to about 5.5. This 
converts the bicarbonates to carbon dioxide, which will then be stripped from 
solution by the evaporator deaerator . 

The evaporator will be designed for a maximum flow rate of 20 gal/min, 
and will operate at a turndown rate of 50% of the maximum flow rate. At the 
design flow rate, waste slurry will be produced at a rate of approximately 
5 lb/h with a solids concentration of 5% by weight. This evaporator will 
require approximately 400 lb/h steam from an outside source, such as a steam 
boiler, for up to 24 h during startup. For continuous operation for periods 
longer than 24 h, recompressed overhead vapor will be used instead of steam as 
a heat source. 

Distillate from the evaporator will be pumped to the IX system to further 
reduce its dissolved solids content. Two sets of IX columns are used in 
series, each with a strong acid cation and a weak base anion exchange bed. 
The strong acid IX column will contain 13 ft3 of resin, and the weak base 
column will contain 11 ft3 of resin. Conductivity and radioactivity will be 
used to measure breakthrough of an operating column. Assuming that resins 
will not be regenera}ed and estimating reported typical resin capacities, 
approximately 0.3 ft of strong acid resin and 0.1 ft3 will be expended to 
treat 480,000 gal of N Reactor evaporator overhead. 

Effluent from the IX system will be pumped through GAC canisters to 
remove organic compounds. Two canisters will be used in series. For this 
alternative, pressure-flow canisters containing 35 ft3 (approximately 1050 lb) 
of GAC each were assumed. Water quality will be monitored at the discharge 
from each vessel to detect breakthrough of the target compounds. When 
breakthrough occurs in the first vessel, the GAC will be removed hydraulically 
and replaced with fresh GAC. The flow will then be switched to direct water 
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through the second vessel first and the vessel with the fresh GAC second . 
This alternation will be continued throughout the operation. Based on the 
stream flow, stream constituents, and vendor information, each canister wi ll 
need to be replaced every 470 operating hours. Approximately two canisters of 
GAC will be needed to treat 480,000 gal of N Reactor wastewater per year . 

Treated effluent from the GAC system will be discharged to one of the two 
effluent holding tanks, where pH adjustment and sampling will be performed 
prior to discharge to the river. 

4.3.1.2 N Reactor Wastewater Treatment Alternative B. Alternative Bis 
similar to Alternative A, in that filtration, GAC adsorption, and IX will be 
used to remove radionuclides, organics, and suspended and dissolved solids . 
The difference between Alternatives A and Bis that Alternative A will utilize 
an evaporator for dissolved solids removal, while Alternative B will rely upon 
additional stages of IX to accomplish an equivalent level of t~eatment . 
Figure 4-3 is a diagram of the Alternative B process train . 

I~ Alternative 8, effluent from the filter will enter an expanded 
IX system, consisting of four pairs of cation and anion exchange columns 
operated in series. As in Alternative A, a strong acid cation and weak base 
anion column will be used for each pair. Assuming that resins will not be 
regenerated and using reported typical resin capacities, approximately 256 ft3 

of strong acid resin and 47 ft3 of weak base resin will be expended to treat 
480,000 gal of filtered N Reactor wastewater. Effluent from the IX system 
will be treated using GAC, pH adjusted, sampled, and discharged as described 
for Alternative A. 

4.3.1.3 Alternative C. Alternative C is identical to Alternative 8, except 
that no provision has been made for organics removal. Alternative C consists 
solely of filtration followed by IX. Figure 4-4 is a flow diagram for the 
Alternative C process train. 

4.3.1.4 Recycle of Decontamination Wastewater. For all of the N Reactor 
wastewater treatment alternatives described above, wastewater from 
decontamination activities in the 105-N Fuel Basin area will be treated and 
recycled for reuse in the fuel basin area. 

Decontamination wastewater will be routed to the 107-N Building for 
treatment using the existing pumps and piping that connect the 105-N Fuel 
Basin area to the 107-N Building. During decontamination activities, water 
will be withdrawn from the fuel basin at a rate of up to 1050 gal/min. 

The water will first pass through one of two existing sand filters to 
remove suspended solids. The online sand filter will be operated until a set 
differential pressure across the filter media is reached, at which time the 
flow will be diverted to the standby filter and the now offline filter will be 
back-flushed. Based upon previous operation of the sand filter while treating 
recirculated fuel basin water, it is estimated that approximately 1 gal of 
sludge will be generated by the sand filter for every 19,157 gal of water 
processed. Approximately 25.2 Mgal of water will be processed through the 
sand filter on an annual average basis. 
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After filtration, the majority of the water (approximately 24 .7 Mgal/yr) 
will be returned to the 105-N Fuel Basin with no further treatment using an 
existing piping system to help maintain water clarity . Approximately 
20 gal/min of recycled water (or an assumed 480,000 gal/yr) will also be 
treated by IX to further reduce its radionuclide content, and then returned to 
the fuel basin area for reuse in decontamination . 

One set of IX columns from the N Reactor wastewater treatment system will 
be used, with a strong acid cation and a weak base anion exchange bed in 
series . The strong acid IX co]umn will contain 13 ft of resin, and the weak 
base column will contain 11 ft of resin. Conductivity and radioactivity are 
typically used to measure breakthrough of an operating column. When treating 
recycled decontamination wastewater, the strong acid resin will be expended at 
a rate of approximately 2.8 x 10·4 ft3/gal, and the weak base resin at a rate 
of approximately 1.2 x 10·4 ft3/gal. On average, approximately 134 ft3/yr of 
strong acid resin and 60 ft3/yr of weak base resin will be required to treat 
recycled decontamination water, assuming that resins will not be regenerated 
and given reported typical resin capacities. 

Treated water will be routed back to the 105-N Fuel Basin area via new 
underground piping . Wastewater from decontamination activities will flow to 
the fuel basin, from which it will be recycled as described above . 

4.3.2 Evaluation Criteria 

The criteria that will be used to evaluate the three N Reactor wastewater 
treatment alternatives and their associated weighting factors are listed in 
Table 4- 2. Each of the criteria listed in Table 4-2 are discussed in further 
detail below. 

Table 4-2. Scoring Matrix. 
Criteria Weight 

Effectiveness 20 
Schedule 10 
Optimization 15 
Maintenance and reliability 15 
Safety and ALARA 20 
Fl exi bil i ty 10 
Process development status 5 
Secondary waste 15 
Cost 10 

ALARA • As Low As Reasonably Achieveable. 

4.3.2. 1 Effectiveness. The relative effectiveness of each alternative is 
evaluated by comparing the reduction in overall effluent toxicity achieved . 
To evaluate the reduction in effluent toxicity achieved by each alternative , 
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toxicity weighting factors (TWF) for each target constituent will be 
calculated using the following formula : 

TWF • (10.95/CEL8c) + (7.64/CELch) 

where: 

CEL•c • The freshwater acute toxicity-based comparative effluent level 

CELch • The lowest chronic human health or freshwater organism 
toxicity-based comparative effluent level identified in 
Table 3-1 for that constituent. 

The TWFs are equivalency factors, standardized to the acute and chronic 
toxicities of copper to freshwater organisms. The TWFs allow alternatives 
that remove different constituents to be compared. The sum of the products of 
the mass of each constituent removed and its TWF yields the total toxic 
equivalent mass removed (TEMR) by the treatment process. The alternative with 
the highest TEMR is the most effective. 

The equation presented above is similar to that reconvnended in the 
Hanford BAT procedure (WHC 1988), with two exceptions. First, · the factors in 
the numerators of the equation presented above are the freshwater acute and 
chronic toxicities for copper calculated at an ambient receiving water 
hardness of 60 mg/las calcium carbonate; the equation presented in the 
Hanford BAT procedure does not account for differences in ambient receiving 
water hardness. Second, the equation in the Hanford BAT procedure does not 
account for constituents that do not have freshwater acute and chronic 
toxicities published in either the Gold Book or Chapter 173-201 WAC. The 
equation presented above has expanded the definition of chronic toxicity to 
include effluent comparative levels based on MCLs, SMCLs, or OCGs (converted 
to µg/L concentrations). 

In evaluating the N Reactor treatment alternatives, the TEMR for each 
alternative was evaluated, and a score of 4 assigned to the most effective, a 
score of 3 to the next most effective, and ·a score of 2 to the least effective 
treatment alternative. 

4.3.2.2 Schedule. Alternatives are ranked based on their ability to support 
the current schedule for ceasing discharges to the 1325-N Basin and for final 
N Reactor shutdown, using the following scale: 

• Meets commitment for ceasing discharge to 1325-N Basin; few if any 
potential impacts to N Reactor shutdown schedule due to 
unavailability of equipment or supporting facilities• Score of 4 

• Meets commitment of ceasing discharge to 1325-N Basin; potential 
impacts to N Reactor shutdown schedule due to unavailability of 
equipment/facilities are possible• Score of 3 

• Some risk of not meeting commitment of ceasing discharge to 
1325-N Basin, or many potential impacts to shutdown schedule due to 
unavailability of equipment/facilities• Score of 2 
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• High risk of not meeting convnitment of ceasing discharge to 
1325-N Basin; definite impacts to shutdown schedule• Score of 1. 

4.3.2.3 Optimization of Future and Existing Treatment Capability. This 
criterion ranks each alternative based upon the extent to which they rely upon 
existing or currently planned and authorized facilities to manage the 
wastewater . Each alternative is ranked according to the following absolute 
scale : 

• Relies solely on existing or currently planned and authorized 
facilities with minor modifications to items such as wastewater 
routing• Score of 4 

• Relies upon existing or currently planned capability, but requires 
minor modifications or additions to treatment/disposal process 
• Score of 3 

• Relies upon existing or currently planned capability, but requires 
major modifications or additions to treatment/disposal process 
• Score of 2 

• Relies upon new facility which reuses little or no existing or 
currently planned future capability• Score of 1. 

4.3.2.4 Maintenance and Reliability. Each alternative will be evaluated on 
its reliability and ea~e of maintenance based upon the following scale: 

• Simple process requiring little corrective and preventive 
maintenance, and where equipment failures are unlikely to 
significantly impact process operation or effluent quality• Score 
of 4 

• More complex process, requiring more frequent preventive 
maintenance, or where equipment failures may significantly impact 
process operation or effluent quality• Score of 3 

• More complex process with the potential for frequent corrective 
maintenance, or where equipment failure is likely to significantly 
impact process operation effluent quality• Score of 2 

• Complex process requiring frequent corrective maintenance, or where 
equipment failure will impact effluent quality• Score of 1. 

4.3.2.5 Safety and ALARA. Process safety for each alternative is evaluated 
using the following scale: 

• Process exceptionally safe, with minimal worker exposure to 
hazardous or radioactive materials during routine operation and 
maintenance• Score of 4 

• Process safe, but requires shielding or engineered barriers to 
control exposure to hazardous or radioactive materials during 
routine operation and maintenance• Score of 3 
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• Process has some potential hazards, or an increased frequency of 
exposure to hazardous or radioactive materials• Score of 2 

• Relatively hazardous process, or one that requires substantial 
shielding to ensure worker exposure limits are met during routine 
operation and maintenance• Score of 1. 

4.3.2.6 Flexibility. The alternative that is the most able to respond to 
changing conditions, such as temperature, contaminant concentrations, 
contaminant constituents, and stream flow will be ranked with the highest 
ranking, based upon the following criteria: 

• Process able to easily respond to varying process conditions with no 
significant impact to effluent or secondary waste quality; changes 
in flow rate can be absorbed for short periods of time based on 
component design and past operational experience• Score of 4 

• Process able to easily ~espond to varying process conditions with no 
significant impact to effluent/secondary waste quality; changes in 
flow rate may be accommodated by minor modifications or restricting 
wastewater generating activities• Score of 3 

• Process may respond to varying process conditions with no impact to 
effluent/secondary waste quality; process is not able to respond to 
significant flow variations without major modification• Score of 2 

• Process may respond to varying process conditions only with major 
modifications• Score of 1. 

4.3.2.7 Process Development Status. The level of technological maturity and 
the need for site-specific process development for the alternatives is 
evaluated using the following criteria: 

• Process relies solely upon established, proven technologies, and 
will require minimal site-specific process development activity to 
ensure its suitability for this application• Score of 4 

• Process relies upon established technologies, but will require more 
extensive site-specific development• Score of 3 

• Process relies partially upon less-established technology• Score 
of 2 

• Process is highly experimental• Score of 1. 

4.3.2.8 Secondary Waste (Volume/Form/Handling). The alternatives will be 
ranked in terms of their secondary waste characteristics using the following 
criteria: 

• Process generates relatively low volume of secondary waste that is 
relatively easy and inexpensive to handle• Score of 4 

• Process generates higher volume of secondary waste that is 
relatively easy and inexpensive to handle• Score of 3 
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• Process generates higher volume of secondary waste that is more 
difficult and/or expensive to handle• Score of 2 

• Process generates excessive -amounts of secondary waste that is 
difficult and/or expensive to handle• Score of 1. 

4.3. 2. 9 Cost. The alternative with the lowest total present worth cost over 
the project life will be given the highest ranking, with the alternative 
having the highest present worth cost receiving the lowest ranking . 
Alternatives that differ in cost by less than 25% will be ranked as 
equivalent. 

4.3.3 Evaluation of the Alternatives 

In this section, each of the three wastewater treatment alternatives 
described in Section 4.3 .1 are evaluated using the criteria, weighting 
factors, and scoring system described in Section 4.3.2. Alternative Bis 
selected as the BAT for treating the N Reactor wastewater . 

To estimate treatment effectiveness and system performance, several 
sources of data on the performance of the selected unit operations have been 
used. These sources of data include average treatment efficiencies reported 
by the EPA (EPA 1990}, and information supplied by vendors . Radionuclide 
treatability tests on the N Reactor wastewater conducted in the LETF pilot 
plant have been used where appropriate (UNC 1986a, 1986b, 1986c, 1987a, 
1987b). Average DFs for radionuclides published in nuclear industry standards 
have also been used (ANSI/ANS 1979} . 

In some cases, engineering judgement has been used to apply treatability 
data for similar compounds to compounds for which no data exists. In all 
instances, the assumed DFs should be considered an estimate of system 
performance; actual performance may vary from the assumptions presented below 
and should be verified prior to proceeding with detailed process design. 

All costs are provided in constant FY 1992 dollars . Cost estimates 
presented in this report were developed specifically for the comparison of 
treatment alternatives, and are not to be construed as total project 
implementation costs for budgetary purposes. All costs assume that the 
treatment systems will be located in the 107-N Building in the 100 N Area and 
will utilize existing utility services available at the 107-N Building to the 
maximum extent possible. Therefore, installed equipment costs include only a 
minimal markup (40%) over quoted purchased equipment costs to account for the 
placement and hookup of prepackaged treatment equipment units. For 
determining the present worth cost for each alternative, a 6-yr facility 
operating life and 7% time value for money were also assumed . 

Design calculations and material balances are provided for 
Alternatives A, Band C in Appendices A, B, and C, respectively. Appendix D 
contains calculations and material balances for the recycle of the 105-N Fuel 
Basin area decontamination wastewater. 
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4.3.3.l Evaluation of Alternative A. 

4.3.3.1.l Effectiveness. The predicted effluent quality for 
Alternative A is tabulated in Table 4-3. The first column lists the specific 
compound or water quality parameter of interest. The second column lists the 
influent concentrations for those parameters. The next series of columns list 
the DFs associated with the treatment unit operations . For volatile species 
removals in the evaporator, the relative volatility (alpha} assumed is also 
provided in Table 4-3. The relative volatility is defined as the 
concentration in the overheads divided by the concentration in the evaporator 
bottoms. The DF and alpha are related by the following equation: 

DF • Ci/Co•(Fo/Fi}-[Fo/(Fi*alpha}]+(l/alpha} 

where: 

Ci• Influent concentration 
Co• Overhead concentration 
Fi• Flow into evaporator 
Fo • Flow out of evaporator. 

The last columns list the final effluent concentration, comparative effluent 
levels, and the toxic equivalent mass removed by the treatment process. 
A total of 43 toxic equivalent lb/yr are removed by Alternative A. 

A number of generalizatio~s can be made regarding the treatment 
effectiveness of Alternative A. Effluent comparative levels are met for all 
organics. Heavy metal ions and other inorganic compounds are removed by 
filtration, IX, and evaporation. Evaporation is able to remove total 
dissolved solids with a DF of 1000. Two IX beds in series provide an 
additional DF of about SO. Filtration DFs are variable, based on the 
individual compound. Under these assumptions, effluent comparative levels are 
met following treatment for all constituents except tritium. 

4.3.3.1.2 Schedule. All equipment needed to implement Alternative A is 
readily available; the longest lead time is required for procurement of the 
evaporator, which can be delivered approximately 26 weeks from placement of 
the order. This alternative relies on supporting Hanford Site facilities for 
management of secondary wastes, as described in Section 4.3.3.1.8. All of the 
facilities that will be used for secondary waste management are currently 
operational and have the capacity to accept the wastes which will be 
generated. Modifications to the existing Hanford Grout Treatment Facility 
(GTF) Resource Conservation and Recovery Act (RCRA} permit may be required to 
allow the disposal of some of the secondary wastes. Assuming each shipment of 
liquid wastes contains up to 18,000 gal of slurry, with at least one shipment 
made each year, one shipment of secondary waste slurry to the GTF will be 
required each year. Up to 10 shipments of dewatered resin to the Hanford Site 
Central Waste Complex from the treatment of both recycled and discharged 
wastewater are anticipated on an annual basis, assuming wastes are shipped 
immediately following resin changeout. 

4.3.3.1.3 Optimization of Future/Existing Treatment Capability. 
Implementation of Alternative A will require the installation of a 
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Table 4-3. Alternative A Effluent Quality . 
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, ___ 
5.00!+01 1111 ,--. .... 3.12E+01 ' 0.41 1 100 t .tt£• 01 3.12£-41 

2-- 2.11E+01 '"' 1 1.13 1 100 t .tt£o01 S.OOEoOI (h) 
IHT 1.:lle+OI I 0.0003 1 100 1.08Eo02 1.24E-41 __ , .. ,.IQ 

1.0:IE+OI 1.5 0.51 1 100 1.50E+02 1.17£-02 
r-... 5.31£- 1 0.72 1 100 t .tt£ • 01 2.00E-41 ,,, 1.'3£+04 
TrlcNorollNtNne 5.IH- 1 3.0I 1 100 I .N£+01 5.20£-02 1.2•£+03 
T etracNDfoelMM 1.00E- 1 0.82 1 100 t .19E• 01 3.--02 ,., 1.,oe+02 

RAOIONUa.JDES (pCII\.) (pCII\.) 

TOia!~ • .ttE+OI 10 1000 50 I 5.00£+05 •---r-1•- 1.ISE+OI 1 1 2 1 1.70£- t .71Eo05 
-2'1 7.0:IE+OI 10 1000 50 1 5.00E+05 1.41£-04 3.00£• 01 
c-202 • . 13!-41 10 1000 50 1 5.00E • 05 t .tlf-47 1.-+03 
c-~ l .t2E-41 10 1000 IO 1 5.00E • 05 1.71E- I .OOE • OI 
~ 7.GOE+03 1., 1000 50 I 3.70!• 05 1.IK-02 1.00E-
c .. 1:M 1.17E+03 ,., 1000 50 1 5.50E+04 3.04£-42 2.00£+03 
c .. ,u 4.71E+05 1.1 1000 50 1 5.150£+04 I .WE- 3.00E+03 
C•1' •.24E+01 I 1000 1 1 1.00£+03 4.24E-02 7.00£+04 
H-3 5.5'E+OI I I 1 I I.GOE- 5.5'E+OI 2.GOE+OI 
.,_ 

l .04E+03 3 1000 50 1 1.50E• 05 •.O:IE-02 5.00E+04 
Pb-210 2.17!+01 2.7 1000 IO I 1.:lle• 05 2.20!-04 3.00EoOI -- 1.08Eo01 10 1000 50 I S.GOE• 05 2.IIE- 4.00£.01 -- I .NE • OI 10 1000 IO 1 I .GOEoOI 1.33£-04 3.GOE+OI - 3.30!-41 10 1000 50 1 5.00E• 05 1.--47 1.00Eo02 

"""'°' 1.72!+04 1.7 1000 50 1 UOE+04 2.02!-41 •---.,_ 
1.71E+OI 1.1 1000 IO 1 1.50£+04 3.20!• 01 . 1.00E+03 

U-2:M 1.-- 10 1000 so ' 5.00£+05 3.20£- 5.GOE+02 
U-235 2.17E-41 10 1000 IO I 5.- • 05 4.:ME-07 I .OOE • 02 
U-2» 1.13!- 10 1000 IO 1 I .OOE+OI 2.211- I.GOE+02 

T...,ToaicPoundil~pe,Y_, 

T••~--r-• __ .,,._.,.,,_,_., 1,111.-1.¥1-.000~1. 
OrgaNC Of•,.. ........... ate bllNd on rellltN volllliily ,...,. C•l[pha,,. 
C_ra,wL.M"' .,, up,......, p,-ed lnT-3-1 . 
- OftGI .. __ ,.,_ lnl .. 11Ntedollluoftl oteoff_..,_...,_...,..,._.,._ 
• c.,..•Ulltll ... ,.. .... 11ttlulfll Q1atit¥ crNfa .. .,..... ....... ,.,. 
•· ca• u1o1•u--1n-loft4.3.2.1 

...... 
(\qi.I 

1.15!-

t .00!+03 
3.IOEo02 

2.20!-

1.101!+01 

1.10!+01 

•. 2Sl!+01 

t .21Eo02 

2.--, ___ 

7.51£+01 

1.75E+04 
2.19E.O. 
5.21£+03 

,oa1-1n111t_c _____ .... _, ...... ___ , ____ ,_,,. __ ..,u, .. -•...,. 
...,,.,,-EPA ____ _ 

T•• Lllo -(lbo/yTJ" 

4.00E~ 

2.32E-02 
3.3$E-04 
3.17E-o3 
3.1IE-o3 

, .--41 

3.18!-04 
:UIE-o2 

2.311!-41 
1.S.~-o3 
5.47E-o3 
7.ME-41 

5.'1E-02 
3.12E-43 
1.:ME-o3 

4.37£-02 

1.,0£-41 

1.4ff-o3 

1.24E-o2 

2 ... E-
1.:ME-04 
, .,2E-

5.~E-02 
1.10£-
3.33£-04 
1.57E-42 
1.17E-02 
3.51E-
1.35£-
O.OOE • OO 
2.70E-G3 
2.Z2E-02 
1.10£-43 
•.17E-02 
7.31E-
l .•2£-42 
3 ... E+OI 
7.11E-
1.10£-
•.Z2E-

43 . tS4 

,oa1-"1n,,-Ellluoftl c_ ...... ___ ...... _, ... _,., .... ., _ ,_,,._ .... _ ...,,.,,. !l'A_ ..... _ _ 

Ttw ......_ ..... a,e ...... 1ft ttle Elf"-"1 CONef'Ctatloft ..-...n w!Wfl ttw cac\Mtecl CIOf'CMtrallilM'I ... DWM tt•ri tM c191actiofl ""'l. 
L !PA-350.3 I. El"A ____ 2 -- EPA--20a.2 p. IEPA-272.2 u. EPA-IOI O 
II. EPA-200.7 g. EPA--375.1 L El'A--213.2 q. EPA--2111.2 
c. EPA--321.1 II. EPA-1124 • · EPA--220.2 r. EPA--102 
d. EPA-:M0.1 L EPA--202.2 11. EPA-7.11.2 o. EPA-IOI 
o. El'A--:IIZ.1 ~ El'A--204.2 L EPA--270.2 L AITll-02907-«I 

IX•loft-... DF•~ll111f-
CIAC • Clra-Mllwatod--..iloft 
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microfilter, an evaporator, an IX battery, a GAC treatment system, and a 
prepackaged steam boiler and supporting propane tank. This equipment can be 
installed in or near the existing 107-N Building. The current resin 
dewatering and loadout tank (Tank T-5}, regenerant chemical storage tanks (T-2 
and T-3}, the 107-N Sand Filters, and the sand filter sludge loadout tank 
(Tank T-1) can be reused to implement this alternative. Existing waste 
transfer piping between the 105-N Fuel Basin area and the 107-N Building will 
be reused for recycling decontamination water. Additional transfer piping 
between the 105-N Lift Station and the 107-N Building, and between the 
107-N Building and the 009 Outfall will be necessary . Additional new 
supporting equipment will include a 20 gal/min sump pump and agitator for the 
105-N Lift Station, and two 18,000-gal discharge holding tanks for treated 
effluent. 

4.3.3.1.4 Maintenance and Reliability. Routine maintenance and 
operation is required for several of the unit operations in Alternative A. 
The filtration, IX, and GAC adsorption systems have components that will be 
replaced on a periodic basis. The treatment system design reflects the need 
to replace these parts with minimal effort and frequency . 

The filter elements are designed to be automatically back-flushed without 
human contact. Contact maintenance is required only when filter elements must 
be replaced . Filter element lives of 3 to 10 yr are common, especially when 
precoats are used, as filter element pores do not become plugged with small 
solids. Before replacement, the filters should be thoroughly back-flushed and 
cleaned in place to minimize potential exposure hazards . 

Maintenance of the GAC columns requires GAC replacement, pump servicing, 
and routine inspection. None of these operations .is technically difficult . 
The GAC replacement involves hydraulically transferring the spent GAC to a 
holding tank, dewatering the spent GAC, barreling the spent GAC, and 
recharging the adsorption vessel. Pump servicing and routine inspection are 
simple operations. Overall, the GAC adsorption component is relatively easy 
to maintain. Routine operation will involve sample collection between the two 
GAC columns to determine when breakthrough occurs. 

Maintenance for the MVR evaporator will need to address three areas : 
wear on the compressor, scaling of the heat transfer surfaces, and corrosion 
of the pressure vessel walls and heat transfer surface areas. Compressor wear 
can be monitored by the use of appropriate sensors on the rotating elements 
and by visually inspecting components at regularly scheduled intervals . The 
evaporator has a scale control system, but scaling needs to be monitored by 
observing heat transfer performance over a period of time . If scale deposits 
need to be removed, it may be necessary to clean the heat transfer surfaces if 
other means are not successful in controlling scaling. Corrosion can be 
monitored by a careful nondestructive inspection program using ultrasonic 
thickness testing, acoustic emissions testing, X-ray inspection, and visual 
inspection. If corrosion rates are excessive or pitting develops, repairs 
will have to be made to the appropriate areas. None of these maintenance 
requirements is unusual or exceptional. Operating time is estimated at 
2 worker-hours per shift. General duties include monitoring operations , 
housekeeping, and sample chemistry evaluation. 

54 



WHC-SD-NR-ES-014, REV . 0 

The IX operation requires maintenance and routine resin regeneration or 
replacement similar to the operation described for the GAC system. The strong 
acid IX resin will require replacement or regeneration approximately 10 times 
per year for the column used to treat both wastewater and recycled 
decontamination water from the fuel basin . The strong acid IX columns used 
strictly for treatment of wastewater are not expected to require replacement 
or regeneration during the life of the facility . Weak base columns will 
require less frequent regeneration or changeout. 

Mechanical failure of any of the treatment equipment in Alternative A is 
not likely to significantly impact treated water quality. Equipment failure 
is more likely to cause wastewater flows to cease, preventing the discharge of 
untreated effluent. 

4.3.3.1.5 Safety and ALARA. There are no unusual safety concerns 
associated with Alternative A. Minimal worker exposure to hazardous chemicals 
or conditions is expected. 

Dose Rates from Treatment of 105-N Lift Station Wastewater. Radiation 
dose rates from the treatment of wastewater from the 105-N Lift Station are 
expected to be minimal. Dos1 rates from the spent carbon are estimated to be 
5 x 10·4 mR/h for one 35.2 ft canister of spent carbon at a distance of 1 ft . 
Dose rates for spent carbon in stacked and lined 55-gal drums are estimated to 
be 3 to 4 orders of magnitude less than that for a_ canister full of spent 
carbon from the same distance. 

Radiation dose rate estimate for one 12 ft3 IX column range up to 5 mR/h 
at a distance of 1 ft . Dose rates for spent IX resins in stacked and lined 
55-gal drums are estimated to be 1 to 2 orders of magnitude less than that for 
the IX column. 

Dose rates from filter slurries in a tanker car are estimated to be less 
than 10 mR/h at 3 ft . Dose rates from evaporator bottoms in the same geometry 
are less than 150 mR/h at 3 ft. 

Dose Rates from Treatment of 105-N Fuel Basin Wastewater . Radiation dose 
rates from the treatment of decontamination wastewater from the 105-N Fuel 
Basin are expected to be significantly higher than those noted above . Average 
radiation dose rates from one IX column are estimated to be on the order of 
50 mR/h at 1 ft and 16 mR/h at 3 ft. Dose rates from spent resin packaged in 
55-gal drums are estimated to be approximately 20 mR/h at 1 ft and less than 
5 mR/h at 3 ft . 

Dose rates from approximately 2000 gal of sludge accumulated in Tank T-1 
are estimated to be on the order of 2000 mR/h at a distance of 1 ft, and 
600 mR/h at a distance of 3 ft . For waste shipments, dose rates are estimated 
to be on the order of 15,000 mR/h at 1 ft, and 750 mR/h at 3 ft from the sides 
of the tanker car; dose rates on the order of 1700 mR/h at 1 ft and 750 mR/h 
at 3 ft from the ends of the tanker are also anticipated . 

4.3.3.1.6 Flexibility. All of the treatment operations used in 
Alternative A are relatively insensitive to variations in both flow and 
constituent concentrations. 
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All treatment equipment has been sized to allow for a doubling of the 
effective flow rate with minimal impact upon equipment operation. With this 
sizing assumption, the MVR evaporator is operating at its maximum turndown 
ratio; therefore, further reductions in treatment system flow rate cannot be 
accormiodated without the use of accumulation tanks upstream and downstream of 
the evaporator to allow for operation at a minimum 10 gal/min flow rate. 

Removal efficiencies for each of the treatment operations are not 
expected to be a strong function of stream composition at constituent 
concentrations of the order of magnitude of those encountered in the N Reactor 
wastewater. The treatment operations selected are broad-spectrum and 
applicable to a wide variety of contaminants. 

4.3.3.1.7 Process Development Status. Alternative A relies solely upon 
well-established treatment technologies, and is anticipated to require a 
minimum level of site-specific process development activity. Final IX resin 
selection should be based upon bench scale test results verifying that 
acceptable decontamination factors can be maintained with acceptably long 
operating periods between resin regeneration or replacement. 

4.3.3.1.8 Secondary Waste. Secondary wastes produced by Alternative A 
include filter and evaporator slurries, and wastes from both IX and 
GAC processing. 

Because relatively small amounts of GAC will be expended on an annual 
basis, it is recommended that the spen} GAC be disposed of without attempting 
to regenerate it. Approximately 60 ft of GAC will be expended in treating 
480,000 gal of N Reactor wastewater. The GAC is expected to be mixed waste. 

Evaporator and filter slurrie$ can be shipped as a liquid to other 
Hanford Site facilities for additional processing, or stabilized at N Reactor 
and shipped as solid wastes. 

Approximately 8357 gal/yr (1117 ft3/yr) of 18% by volume slurry will be 
generated by treatment of both the wastewater from the 105-N Lift Station and 
105-N Fuel Basin decontamination wastewater. Based upon the assumed influent 
concentrations and decontamination factors for filtration and evaporation, the 
resulting slurry will exceed current GTF feed specifications for aluminum, 
chromium, iron, and sodium. Assuming the majority of the lead is present in 
the solids in a form that is not highly leachable, the lead and cadmium 
concentrations are not expected to be high enough to subject the wastes to 
federal land disposal restriction (LOR) regulations. The total cost for 
disposal at the GTF is estimated to be approximately $163,000/yr, assuming a 
$14/gal cost for grout treatment (WHC 1990b). More recent cost estimates for 
grout treatment have ranged as high as $22/gal; at this rate, grout treatment 
of the secondary wastes would cost $233,000/yr. 

Filter and evaporator slurries could also be stabilized onsite by mixing 
them with cement or diatomaceous earth, with the stabilized slurry transferred 
into 55-gal drums and shipped to the Hanford Central Waste Complex for 
treatme~t and disposal as a solid low level radioactive waste. Approximately 
1151 ft of waste would be generated through onsite stabilization. The cost 
for disposal of low-level wastes at the Hanford Site is approximately $69/ft3

; 

therefore, the cost for disposal of the stabilized wastes would be 
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approximately $79,419 plus equipment approximate costs. Minimum purchased 
equipment costs for a drum stabilization system are estimated to be on the 
order of $150,000 . 

Based upon the cost and volume estimates, and the relatively. small volume 
of liquid waste that must be transported, shipment of unstabilized liquid 
wastes to the GTF is reco11111ended . 

Spent IX resin can be regenerated, with the regeneration solutions 
shipped to other Hanford Site facilities for treatment and disposal. 
Approximately 17,000 gal of IX regeneration waste would be generated on an 
annual basis by Alternative A. Based upon then assumed influent 
concentrations and the OFs for the IX system, the regeneration wastes are 
expected to contain aluminum, barium, iron, and sodium concentrations that 
exceed the concentrations allowed under the current GTF RCRA permit. Assuming 
that treatment at the GTF was feasible, the minimum cost of treatment would be 
approximately $240,000 per year. 

Alternatively, the spent resin can be replaced with fresh resin and the 
spent resin disposed of as a solid waste . Approximately 195 ft of spent 
resin would be generated annually by Alternative A; this equates to 
approximately 2 x 10·4 ft3/gal wastewater treated. This resin is likely to be 
a mixed waste; disposal of 195 ft3 of mixed waste would cost approximately 
$58,500/yr. Based upon these cost and volume estimates, disposal of spent 
resin is preferred to regeneration for Alternative A. 

Assuming that the recommended management alternatives are chosen, 
Alternative A will generate approximately 255 ft3/yr of solid mixed waste and 
8357 gal/yr of liquid waste that will require stabilization at the GTF. 

4.3.3 . 1.9 Cost. Estimated costs for installing and operating 
Alternative A are provided in Table 4-4. The total present worth cost of 
Alternative A is estimated to be $6 .2 million. 

4.3 .3.2 Evaluation of Alternative B. 

4.3.3.2.1 Effectiveness. The predicted effluent quality for 
Alternative Bis tabulated in Table 4-5. A total of 43 toxic equivalent lb/yr 
are removed by Alternative B. 

As in Alternative A, effluent comparative levels are met after treatment 
for all organic species. Heavy metal ions and other inorganic compounds are 
removed by filtration and IX. Four IX beds in series provide a OF of about 
10,000 . Filtration DFs are variable, based on the individual compound . As in 
Alternative A, effluent comparative levels for tritium are not met after 
treatment . 

4.3.3 .2.2 Schedule. All equipment needed to implement Alternative Bis 
readily available . This alternative relies on existing supporting 
Hanford Site facilities for management of secondary wastes, as described in 
Section 4.3 .3.2.8. All facilities that will be used for secondary waste 
management are currently operational and have the capacity to accept the 
wastes that will be generated; GTF permit modifications will also be required 
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Table 4-4. Cost Estimate Treatment Alternative A. 
Jt• 

R11110ve existing aquis-r,t 

DIIIIOlition 
Disposal 

Process equipment C installed) 

Evaporator (20 gal/• in) 

Filter (58.8 ft2) 

Granulated activated carbon (35 ft3) 

Ion exchange (13 ft3) 

Steam boiler (4.2E+05 BtU/h) 

Discharge tanks (18 kgal) 

PIJIIPS 

Piping 

Piping to 009 OUtfal l 
Piping to 107-N 

SIJ>total 

Instr1.111entation and 11i1cellaneous hookups; 15X 
Engineering; 27X 
Contract aaninistration 8 16X 
Project •nageaient 8 15X 
Contingency 8 30X 
Total Installed Equipment 

Arnual operating costs 

Treataent Secondary Waste Disposal 

Spent granulated activated carbon 
Spent resin 
Evaporator slurry 
Filter sol ids 

Decon water recycle secondary waste disposal 

Spent resin 
Filter solids 

Secondary waste shipment 

Railcar loed/unload 
Railcar operation 

Maintenance 
(10X Equii:-ent) 

Propane 
OUtf al l ane l yaes 

Operations 

TOTAL PRESENT WORTH FOR ALTERNATIVE 
LS• L1.111p 11.111 
*Based on 480,000 gal/yr effluent 
**Based on 25,200,000 gal/yr effluent 

(1050 gal/• in for 400 h) 

SIJ>total 

Unit Coat Quantity SIJ>total 

1150/ft2 300 ft2 145,000 
S69/ft2 212 ft2 114,628 

11,085,000 u 1 11,085,000 

142,000 ea 1 142,000 

17,000 ea 2 114,000 

131,500 ea 4 1126,000 

14,396 H 1 14,396 

170,000 H 2 1140,000 

111,200 LS 1 111,200 

S82/ft 875 ft 171,750 
S82/ft 600 ft 149,200 

1300/ft3 59 ft3 17,700 * 
1300/ft3 0.35 ft3 1105 * 
122/gal 480 gal 110,560 * 
122/gal 639 gal 114,058 '* 

1300/ft3 195 ft3 158,500 ~ 
122/gal 7239 gal 1159,258 ~-
15/gal 8358 gal 141, 7'90 

17,200/d 1 d 17,200 
1160,317 LS 1 1160,317 

11/gal 326 gal S245 
14,000 ea 4 116,000 

145/h 2800 h 1126,000 

58 

Total 

S1 ,603, 174 

1240,476 
1432,857 
1256,508 
1240,476 
1480,952 

13,254,443 

1611,733 

S6, 170,574 
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Table 4-5. Alternative B Effluent Quality . 
eo mgll. of Hardn-
10 gal/min 

IOO hr/yr ol Operation 

Removal OF• Elfluent Comparative 

Influent Elnuent L1v1le 

c-. FIitration IX OAC Overal Cone. Chronic 

Chemical (ugll.) (OF) (OF) (OF) (OF) (ug/L) (ug/L) 

IN0ABANICS 
Ammonia (Total N) 2.23E.o2 1 10000 1 1.01E+04 5.00E+01 (a) 2.00E+03 

Ammonia 3.00E+OO 1 1.37E+02 2.18E-42 
Ammonium 2.20E+02 1 7.99E+05 2.75E-44 

Aluminum 3.IOE+01 7.1 10000 1 7.10E+04 3.00E+OO (1) 5.00E+01 
Antimony 1.40E+01 1.1 10000 1 1.10E+04 3.00E+OO 

~) 
UIOE+03 

ArHnlc 1.30E+01 1.1 10000 1 1.10E+04 1.00E+00 1.110E+02 
Barium 1.04E+02 1.3 10000 1 1.30E+04 2.00E+OO ~! 1.00E+03 
Bo<on 8.34E+01 1.1 10000 1 1.10E+04 5.00E+OO 
Cadmium 3.00E+OO 1.3 10000 1 1.30E+04 1.00E-41 (1) 7.59E-41 
Calcium 2.28E+04 1 10000 1 1.00E+04 t.OOE+01 rc1 Chloflde 2.80E+03 1 10000 1 1.00E+04 1.ooe+02 2.50E+05 
Chromium e .00E+00 ~! 5. 1 10000 1 5.10E+04 7.00E+OO (b) 1.10E+01 
Cobalt O.OOE+OO 1 10000 1 1.00E+OO 7.00E+OO ri Copper 3.00E+01 2.3 10000 1 2.30E+04 1.00E+00 m) 7.114E+OO 
Fluoride 2.04E+02 1 10000 1 1.00E+04 1.00E+02 

ml 

4.00E+03 
Iron 1.79E+02 17.3 10000 1 1.73E+05 7.00E+OO 1.00E+03 
Lead 3.90E+01 2.7 10000 1 2.70E+04 1.00E+OO 1.1111:+00 
Magne• lum 8.81E+03 1 10000 1 1.00E+04 3.00E+01 
Mangann• e.eee+01 3 10000 1 3.00E+04 2.00E+OO (b) 5.00E+01 
Nickel 11.00E+OO (b) 1.2 10000 1 1.20E+04 1.SOE+01 (b) 1.02E+02 
Nl1ta1e 4.31E+02 1 10000 1 1.00E+04 1.00E+02 <•I 1.00E+04 
Pho•phorou• 2.00E+01 (I) 1 10000 1 1.00E+04 1.00E+02 (Q 
PolM• ium 3.53E+03 1.2 10000 1 1.20E+04 5.00E+02 !b) 
Selenium 4.20E+01 1 10000 1 1.00E+04 2.00E+OO ;\ 3.50E+01 
Silicon 2.04E+03 10 10000 1 1.00E+05 5.IOE+01 
Sliver 5.00E-41 1.2 10000 1 1.20E+04 2.00E-01 (p) 1.20E-41 
Sodium 1.117E+04 1 10000 1 2.81E-02 7.54E+05 
Strontium 8.73E+01 1.1 10000 1 1.10E+04 2.00E+01 (u) 
Sultate 1.21E+04 1 10000 1 1.00E+04 2.50E+03 (g) 2.50E+05 
Uranium 2.84E+OO 10 10000 1 1.00E+05 1.00E+OO (I) 
Vanadium e.10E+00 (b) t 10000 1 1.00E+04 e .ooE..oo (bl 
Zinc 1.21e..01 2.2 10000 1 2.20E+04 5.00E-42 (q) 8.HE..Ot 

0ABANICS 
Aoeton• 1.73E+01 (h) 1.3 1 1 3.48E-41 5.00E..01 (h) 
1-butanol 3.1121:+01 1 1 100 1.ooE..02 3.82E-41 
2-butanone 2.111E+01 (h) 1 1 100 5.82E-01 5.00E..01 (h) 
BHT 1.35E+01 1 1 100 1.00E+02 1.35E-41 
He-,e (MIBK) 1.03E+01 1.5 1 100 1.50E+02 8.17E-42 
Toluene 5.38E+OO 1 1 100 2.IIIE..01 2.00E-01 (r) 1.43E+04 
TrlchlofOffllthan• 5.19E+OO 1 1 100 1.ooE..02 5.19E-02 1.24E+03 
T1tr11Chlofo• lh1n1 1.00E+OO 1 1 100 3.33E..01 3.00E-02 (1) l.40E..02 

RADIOHUCUDES (pCI/L) (pCI/L) 
Total Alpha 4.99E+01 10 10000 1 1.00E+05 4.DIIE-44 
Total Beta 1.85E+08 1 11344 1 8.34E+03 1.ne..02 
Am-241 7.03E+01 10 10000 1 1.00E..05 7.03E-44 3.00E+01 
Cm-242 4.83E-01 10 10000 1 1.00E..05 4.83E-06 1.00E+03 
Cm-244 l .82E-41 10 10000 1 1.00E..05 l .82E-08 e .00E+01 
Co-80 7.00E..03 7.4 10000 1 7.40E+04 8.48E-02 1.00E+04 
C.-134 1.87E..03 1.1 10000 1 1.10E+04 1.S2E-41 2.00E+03 
C• -137 4.71E+05 1.1 10000 1 1.10E+04 4.28E+01 3.00E+03 
C-14 4.24E+01 1 1 1 1.00E+OO 4.24E+01 7.00E+04 
H-3 5.54E+Oe 1 1 1 1.00E+OO 5.54E+OII . 2.00E..011 
Mn-64 8.04E+03 3 10000 1 3.00E+04 2.01E-41 5.00E+04 
Pb-210 2.97E+01 2.7 10000 1 2.70E+04 1.10E-43 3.00E..01 
Pu-231 1.0IIE+01 10 10000 1 1.00E+OS 1.0IIE-44 4.00E..01 
Pu-2381240 11.1111:..01 10 10000 1 1.00E+OS 8.ME-44 3.00E..01 
Radium 3.30E-41 10 10000 1 1.00E+05 3.30E-411 1.ooE..02 
Ru- 1011 1.72E+04 1.7 10000 1 1.70E+04 1.01E+00 8.00E+03 
S,-IIC) 1.78E+Oe 1.1 10000 1 1.10E+04 1.eoE..02 . 1.00E+03 
U-234 1.IIOE+OO 10 10000 1 1.00E..05 1.80E-45 5.00E..02 
U-235 2.17E-41 10 10000 1 1.00E+05 2.17E-411 8.00E+02 
U-231 1.13E+OO 10 10000 1 1.00E..05 1.13E-45 8.00E+02 

Total Toxic Pound• Removed per Year 

Toxic pound• removed per yea, la bued on the dnlgn 11ream flow ol 1,1111,IOO L/yf (480,000 gal/yr). 
Organic OF• lor •v-ation are bM•d on relative volatility lacton, (alpha). 
Comparative Level• are• previou• ly pr•11n11d In Table 3-1. 
Sodium cono• n1ralion1 In the treated 1lliu1n1 are ellectld by chemical addition• during pr-Ing. 
• Con1titu1n1 don not fflfft 111iu1n1 quality criteria In ltHlld wu11water. 
• • Calculaled u dncribld In Section 4.3.2. 1 

Acute 

(ug/L) 

1.85E+04 

11.00E+03 
3.80E+02 

2.20E+OO 

1.80E+01 

1.10E+01 

4.28E+01 

11.21E+02 

2.eoe+02 

1.89E+OO 

7.SIIE..01 

1.75E+04 
2.88E+04 
5.21E..03 

Toxic Lb• 
Removed 

(lb1/yr) .. 

4.00E-43 

2.32E-42 
3.35E-44 
3.87E-43 
3.18E-43 

1.SOE-41 

3.18E-44 
3.3tE-42 

2.3DE-41 
1.SIIE-43 
5.47E-43 
7.SIE-41 

5.31E-02 
3. 11E-03 
1.34E-03 

4.37E-42 

1.40E-41 

1.48E-43 

1.24E-02 

2.411E-45 
1.34E-44 
4.42E-45 

5.25E-02 
1. 10E-OS 
3.33E-44 
1.57E-42 
1.17E-02 
3.51E+OO 
O.OOE..00 
O.OOE+OO 
2.70E-43 
2.22E-42 
ll.10E-03 
4.D7E-42 
7.39E-05 
8.42E-02 
3.114E+01 
7. t&E-05 
8.10E-06 
4.22E-05 

43.150 

Foo1no111 in the lnftu1nt Cono•ntrallon oolumn lndlcall lhat 1h1 00f'lo• ntre11on lhat hu bffn r1por1ed la Ins than tho delection limit lor that con1111u1n1 
u• lng the EPA Method cited beloW. 
Footnote• In the Ettlu1nt Concentration oolumn Indicate that the calculated concentration ii loWer than the detection limit u• ing 1h1 EPA Method cited below. 
Th• dlleclion limit• are lilted In 1111 Elliuen1 Cono• ntralion column when the calculaled concentration wu loWer lhan the detection limit. 
L EPA Method 3&0.3 I. EPA Method 385.2 t. EPA Method 208.2 p. EPA M11hod 272.2 u. EPA Method 8010 
b. EPA Melhod 200.7 g. EPA Melhod 375.1 L EPA Mllhod 213.2 q. EPA Melhod 2111.2 
c. EPA Method 325.1 h. EPA Method 1824 m. EPA Method 220.2 r. EPA Method 802 
d. EPA Mllhod 340.1 L EPA Melhod 202.2 n. EPA M11hod 238.2 1 . EPA Method 801 
a. EPA Method 352.1 ~ EPA Method 204.2 o. EPA Method 270.2 L ASTM-02907-83 

IX • Ion Ela:han111 
OAC • Granular Actlva1ed Carbon Adeorption 

OF • Decontamination Factor 
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for this alternative. One shipment of secondary waste slurry to the GTF and 
up to 50 shipments of dewatered resin to the Hanford Central Waste Complex are 
anticipated on an annual basis. 

4.3.3.2.3 Optimization of Future/Existing Treatment Capability. 
Implementation of Alternative B will require the installation of a 
microfilter, an IX battery, and a GAC adsorption system. This equipment can 
be installed in or near the existing 107-N Building. The current resin 
dewatering and loadout tank (Tank T-5), regeneration chemical storage tanks 
(T-2 and T-3) the 107-N Sand Filters, and the sand filter sludge loadout tank 
(Tank T-1) can be reused as in Alternative A. Existing waste transfer piping 
between the 105-N Fuel Basin area and the 107-N Building will be reused for 
recycling decontamination water. Additional transfer piping between the 
105-N Lift Station and the 107-N Building, and between the 107-N Building and 
the 009 Outfall will be necessary. Additional new supporting equipment will 
include a 20 gal/min sump pump and agitator for the 105-N Lift Station, and 
two 18,000-gal discharge holding tanks for treated effluent~ 

4.3.3.2.4 Maintenance and Reliability. Routine maintenance and 
operation is required for Alternative B; however, this alternative is 
mecrranically less complex than Alternative A due to the absence of the MVR 
evaporator. Maintenance for the filtration, IX, and GAC adsorption systems 
are as described for Alternative A. 

As in Alternative A, the strong acid IX resin in Alternative B will 
require replacement or regeneration approximately 10 times per year for the 
column used to treat both wastewater and recycled decontamination water from 
the fuel basin. The strong acid IX columns used strictly for treatment of 
wastewater only are expected to require replacement or regeneration every 
2 yr, at the assumed processing rate of 480,000 gal/yr. 

Mechanical failure of any of the treatment equipment in Alternative Bis 
not likely to significantly impact treated water quality. Equipment failure 
is more likely to cause wastewater flows to cease, preventing the discharge of 
untreated effluent. 

4.3.3.2.5 Safety and ALARA. There are no unusual safety concerns 
associated with Alternative B. Minimal worker exposure to hazardous chemicals 
or conditions is anticipated. Radiation dose rates from the treatment of the 
105-N Lift Station wastewater are expected to be minimal, and on the same 
order as those described for Alternative A. Dose rates encountered during the 
treatment and recycle of decontamination wastewater are also expected to be 
identical to those described in Alternative A. 

4.3.3.2.6 Flexibility. All of the treatment operations used in 
Alternative Bare relatively insensitive to variations in both flow and 
constituent concentrations. As in Alternative A, all treatment equipment has 
been sized to allow for a doubling in the effective flow rate with minimal 
impact upon equipment operation, and removal efficiencies for each of the 
treatment operations are not expected to be a strong function of stream 
composition at constituent concentrations. Based upon vendor recommended flow 
rates for the IX system, Alternative B can treat wastewater flows as small as 
1 gal/min. 
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4.3.3.2.7 Process Development Status. Alternative B also relies solely 
upon well-established treatment technologies, and is anticipated to require a 
minimum level of site-specific process development activity. As noted in 
Alternative A, final IX resin selection should be based upon bench scale test 
results verifying that the desired OFs can be maintained with acceptably long 
operating periods between resin regeneration or replacement. 

4.3.3.2.8 Secondary Waste. Secondary wastes produced by Alternative B 
are similar to those produced by Alternative A, with the exception that 
evaporator slurries are not produced. In Alternative B, additional IX wastes 
are generated through the use of extra IX batteries in lieu of the evaporator. 

As in Alternative A, approximately 60 ft3 of GAC will be expended in 
treating 480,000 gal of N Reactor wastewater. The GAC from Alternative Bis 
also expected to be mixed waste, and will be discarded when expended instead 
of regenerated. 

Approximately 7877 gal/yr (1053 ft3/yr) of 18% by volume filter slurry 
will be generated by the combined N Reactor wastewater and 105-N Fuel Basin 
decontamination wastewater treatment processes. Therefore, the total cost for 
disposal of liquid wastes at the GTF is estimated to be $157,000 to 
$230,000/yr, using the same cost bases as Alternative A. 

Approximately 973 ft3 of waste would be generated through onsite 
stabilization as described in Alternative A. Assuming that the wastes would 
be low-level radioactive waste, the cost for disposal of the stabilized wastes 
would be over $230,000, including equipment costs. 

Based upon the cost and volume estimates, and the relatively small volume 
of liquid waste that must be shipped, shipment of unstabilized liquid wastes 
to the GTF is also recommended for Alternative B. 

Assuming that IX resins are regenerated, approximately 116,000 gal 
(15,500 ft3

) of IX regeneration waste would be generated on an annual basis by 
Alternative B. The regeneration wastes would contain aluminum and sodium in 
concentrations that exceed the concentrations allowed under the current GTF 

. RCRA permit; assuming that treatment at the GTF was feasible, the minimum cost 
of treatment would be approximately $1.6 million per year. 

In contrast, approximately 500 ft3 of spent resin would be gener~ted 
annually by Alternative A; this equates to approximately 5.2 x 10·4 ft /gal 
wastewater treated. Disposal of 500 ft3 of mixed waste would cost 
approximately $150,000/yr. Based upon these cost and volume estimates, 
disposal of spent resin is also recommended for Alternative B. 

Assuming that the recommended management alJernatives are chosen, 
Alternative B will generate approximately 560 ft of solid mixed waste and 
7877 gal of liquid waste that will require stabilization at the GTF. 

4.3.3.2.9 Cost. Estimated costs for installing and operating 
Alternative Bare provided in Table 4-6. The total present worth cost for 
Alternative Bis estimated to be approximately $4.1 million. 
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Table 4-6. Cost Estimate Treatment Alternative B. 
It• 

1-,ve existing ~isnent 

D-,l ft ion 
Disposal 

Process ~i,-ent (installed) 

Filter (58.8 ft2) 

Granulated activated carbon (35 ft3) 

Ion exchange (13 ft3) 

Discharge tanlcs (18 tgal) 

p~ 

Piping 

. Piping to 009 Outfall 
Piping to 107-N 

Slbtotal 

lnstr~tation and miscellaneous hook~ ii 15X 
Engineering i 27X 

Contract achinistration ii 16X 

Project Nnagement ii 15X 

Contingency i 30X 

Total lnstal led Equipaent 

Annual operating costs 

Treatment secondary 11aste disposal 

Spent granulated activated carbon 

Spent resin 

Filter sol ids 

Decon i,ater recycle secondary waste disposal 

Spent resin 

Filter sol ids 

Secondary i,aste shipment 

Rel leer load/1,r,load 

Railcar operation 

Maintenance 
(10X Equipment) 

Outfall analyses 

Operations 

TOTAL PRESENT WORTH FOR ALTERNATIVE 

LS• L""' sun 
*Based on 480,000 gal/yr effluent 
-eased on 25,200,000 gal/yr effluent 

(1050 gal/• in for 400 h) 

Slbtotal 

Unit Coat Quantity Slbtotal Total 

1150/ft2 300 ft2 145,000 
169/ft3 212 ft3 114,628 

S42,000 •• 1 S42, 000 

17,000 ea 2 114,000 

131,500 •• 8 1252,000 

170,000 •• 2 1140,000 

111,200 LS 1 111,200 

182/ft 875 ft 171,750 
182/ft 600 ft S49,200 

1639,778 

195,967 

1172,740 

1102,364 

195,967 

1191,9~3 

11,298,749 

S300/ft3 59 ft3 17,700 i,. 

S300/ft3 303 ft3 190,900 i,. 

122/gal 639 gal 114,058 i,. 

S300/ft3 193 ft3 157,900 i,. 

122/gal 7239 pl 1159,258 1,t• 

15/gal 7878 gal 139,390 

17,200/d 1 d 17,200 

163,978 LS 1 163,978 

S4,000 •• 4 116,000 

S45/h 2800 h 1126,000 

1592,384 

S4, 122,643 
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4.3.3.3 Evaluat;on of Alternative C. 

4.3.3.3.1 Effectiveness. The predicted effluent quality for 
Alternative C is tabulated in Table 4-7. A total of 43 toxic equivalent lb/yr 
are removed by Alternative C. 

Because organic treatment capability is not provided , organic compounds 
are not removed in Alternative C. Therefore, final concentrations of 
trichloromethane and tetrachloroethene exceed effluent comparative levels. 
Heavy metal ions and other inorganic compounds are removed by filtration and 
IX. Four IX beds in series provide a OF of about 10,000. Filtration DFs are 
variable, based on the individual compound. As with Alternative 8, 
comparative effluent levels are exceeded for tritium at the point of 
discharge. 

4.3.3.3.2 Schedule. Schedule considerations are identical to those 
described in Section 4.3 .3.2.2 for Alternative 8. 

4.3.3 .3.3 Optimization of Future/Existing Treatment Capability. 
Equipment requirements are identical to those described in Alternative 8. As 
with Alternative 8, Alternative C will use the existing 107-N Building ·and its 
currently installed equipment to the maximum extent possible . 

4.3.3.3.4 Maintenance and Reliability. Maintenance and reliability 
considerations are identical to those described in Section 4.3 .3.2 .4 for 
Alternative 8, with the exception that operation and maintenance of a GAC 
system are not required. This difference is not anticipated to significantly 
improve maintenance and reliability considerations for Alternative C. 

4.3.3.3.5 Safety and ALARA. Safety and ALARA considerations are 
identical to those described in Section 4.3.3.2 .5 for Alt~rnative 8, with the 
exception that spent GAC will not be handled. 

4.3.3.3.6 Flexibility. Flexibility considerations are identical to 
those described in Section 4.3 .3.2.6 for Alternative 8. 

4.3.3.3.7 Process Development Status. Process development 
considerations are identical to those described in Section 4.3.3.2 .7 for 
Alternative 8. 

4.3 .3.3.8 Secondary Waste. Secondary waste handling considerations are 
identical to those described in Section 4.3.3.2.8 for Alternative 8, with the 
exception that spent GAC will not be generated. 

Therefore, Alternative C will generate approximately 500 ft3 of solid 
mixed waste and 7877 gal of liquid waste which will require stabilization at 
the GTF. 

4.3.3 .3. 9 Cost. Estimated costs for installing and operating 
Alternative Care provided in Table 4-8. The total present worth cost for 
Alternative C is estimated to be approximately $4.0 million. 
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Table 4-7. Alternative C Effluent Quality . 

~alDf"e cmwn1 1w.....-ralhlr - !If- .._.,. 
Cone. ,.rallon IX -· Cone. '""'°""' Acute 

c-1ca1 (ugll.J (DF) (DF) (DF) (ugll) (ugll.J (ugl\.J 

INOIIGANICII 

AM- (Total NJ 2.23E.cl2 1 10000 5.10E.o3 1.00£.01 l•l 2.00£.0:, U15E.o4 

""'- S.OOE.00 1 1.17E.cl2 2.11£-02 ...... ..- 2.20E.cl2 1 1.01E.o4 2.11£-02 -- 1.00£.01 7.1 10000 7.10E.o4 1.00£.00 ct 1 .00E.01 
A11lln,on, 1.40£.01 1.1 10000 1.10E.o4 I .OOE.00 ID 1.IOE•OI I .OOE+OI 
Al- 1.IOE.01 1.1 10000 1.10£.«M 1.00E.00 (ti 1.IOE•02 S.IOE.O:Z 
hrluffl 1.04E.cl2 u 10000 1,IOE.«M 2.00E.00 lbJ 1.00E+OI 
ao,on 1 .14£.01 1.1 10000 1.10E.o4 1 .00£.00 lb) 

~""" 1 .00£.00 u 10000 UOE.«M 4.00E.00 '' 7.IIE-01 UOE.00 
Caloluffl 2.21£.«M 1 10000 1.00£.«M 1.00£.01 lbJ 
C-loo 2.IOE.o3 1 10000 1.00E- 1.00E.cl2 (CJ 2.IOE+O!i 
Clv-luffl I .OOE.00 lb) 1 .1 10000 l.10E- 7,00E.00 Cb) UOE.01 1.IOE.01 ~- O.OOE.00 lb) 1 10000 I .OOE.00 7.00E.00 lb) 
c_, S.OOE.01 2.1 10000 2.IOE- I .OOE.00 ... , 7.14£.00 1.10E.01 
Flwotloo 2.04£• 02 1 10000 , .ooe+o. 1.00£• 02 (d) 4.00E.OS 
kon l .71E.cl2 17.1 10000 1.71£•05 7.00E.00 lb) 1.00E.03 
IAad 3 ,90£+01 2.7 10000 2.70E- 1.00E.00 (nj 1.NE.00 4,2IE.01 
Ma-luffl l .11E•OI 1 10000 1.00E- I .OOE.01 lb) 
Mango- 1.ltE.01 I 10000 1 .00E- 2.00E.00 lb) I .OOE.01 
Ni<UI t .OOE.00 lbJ 1.2 10000 1.20£- 1.IOE+01 lb) 1.02£ • 02 t .21E• 02 
Narat• 4.:ME• 02 1 10000 1.00E- 1.00£• 02 .. , 1.00E-,._...,_ 2.00E.01 (IJ 1 10000 1.00E- 1.00£• 02 (IJ 

-""" I.AE+03 1.2 10000 1.20£- I .OOE.cl2 lb) - 4,20£.01 I 10000 I.OOE- 2.00E.00 to) I .IOE.01 2.IOE.cl2 - 2.04E.o3 10 10000 1,00E+O!i I.IOE.01 tbJ . ..,., l ,OOE-()1 1.2 10000 1.20£- 2.00£-()1 IPJ 1,20£-()1 l ,ffE.00 - 1.t7E- 1 10000 2.11£-02 7.UE+O!i 
9'r0nlklffl 1.71£•01 1.1 10000 1,10E- 2.00E• OI Cu) 
Sulate 1.2,e- 1 10000 1.00E- 2.IOE.o3 (OJ 2.IOE+O!i 
Uranh.tffl 2.14E.OO 10 10000 1.00E• O!i 1.00E.00 (I) 
Vo- 6.10E.OO lbJ 1 10000 1.00E- I .OOE.00 (b) 
Zinc 1,21£.01 2.2 10000 2.20£- I .OOE-02 (q) I .• E.01 7.59E.OI 

ORGAN1CS -- 1.nE.01 (h) ,., I 1.30£.00 5.00E.01 (hJ 
1-outanol 1.12£.01 I 1 I.OOE.00 1 .12£.01 2~.,.,.. 2.11£.01 Ch) I I I.OOE.00 I .OOE.01 (h) 
BHT 1.alE.01 I I l ,OOE.00 1,alE.01 
HaonofMIBIQ 1,0IE.01 1.5 1 1,IOE.00 l .17E.OO 
T-... 

, ___ 
1 I I.OOE.00 l.:ME.00 1.41£- 1.71£-

TricNDrOMethaM 1 .11£.00 1 1 1,00E.00 1.19£.00 . 1.24£.0, 2.IOE-
T etracHoroettwnrt 1,00E.00 1 1 1.00E.00 1.00E.00 . l .40E.cl2 5.21£.0:, 

IWIIONUCUDES tpCIILJ (pCIII.) 

Total~ 4.11£.01 10 10000 1.00E+O!i 4.11£-
Tolalllela 1.15£- 1 11344 l .14E• 03 ,.m.o:z 
AM-241 7.0IE.01 10 10000 1.00E+O!i 7.03£- I .OOE.01 
Co,-242 4.ISE-()1 10 10000 I.OOE• O!i 4.l:IE- 1.00E• OI 
Co,-244 l ,t2E-OI 10 10000 1,00£• 05 l .12E- l ,OOE.01 
Co-60 7.00£+03 7.4 10000 7.40£- t ,46E-02 1.00E-
c .. 114 1.17£• 03 I .I 10000 · l .10E- 1,12£-()1 2.00E• OI 
Ce-137 4.71E+05 ,., 10000 1.10E- 4.29£.01 I .OOE+03 
C-14 4.24E•OI 1 , I.OOE • OO 4.24£.01 7.00E-
H-3 1.14£- I , 1.00E• OO 11.14£- . 2.00E-
.. ,...54 1.04£• 03 I 10000 1.00E.«M 2.01£-()1 5.00E-
Pl>-210 2.17£.01 2.7 10000 2.70E- 1.10E-O:, S.OOE.01 ,..,.231 1,0IE.01 10 10000 1.00E+O!i 1.0IE-()4 4.00E.01 
--0 1.NE.01 10 10000 1.00E+O!i 1.11£-()4 I .OOE.01 - 1,30£-()1 10 10000 1.00E- I .SO£- 1.00E.O:Z 
A ... 1oe 1.721- 1.7 10000 1.70E- 1.01£.00 1.00£+03 ·- 1.'NE- 1.1 10000 1.,oe- 1.IOE.O:Z 1.00E+03 
1.1-214 1.IOE.00 10 10000 1.00E+O!i 1.IOE-OS 5.00£• 02 
U-ffl 2.17£-01 10 10000 1.00E• O!i 2.17£- 1.00£• 02 
U-2311 1,1SE.OO 10 10000 1.00E+O!i 1.1SE-o5 1.00£• 02 

To&alT•ic: JlrrouNII AeffiOIW'Nl~r Yea, 

T•ic ~,_per-• lo - -,tho ...... "''"'" - al 1,111,-V,, (480,000 IOI/yr). 
o, .. ,. Dfo 1or_.11on_,.-_,,..,.,._1llily-to...,.). 
~rotw .... elo o,o oo pr..-., pr-lnT-:1-1 . _,,._,_,_In Iha lrNled '°""'°'" are '°"Nied by---durtng .,,_ing, 
• Conetiluenl dDN nDC MNt efflutnl ..-, ...,ii tn lf..aecf ......,.,er. 
••c_oo_ln_lon4.S.2.1. 

T•l<Lllo -(l>olyr)"" 

4.00E-0, 

U2E-o2 
S.:15E-
1.17£-0, 
S.11E-O:, 

1,00£-01 

l .11E-
:Ul E-02 

2.HE-01 
1.16£-0, 
I .OE-OS 
7.UE-01 

1 .11£-02 
1.11£-0S 
1.14£-0, 

4.17£-02 

1,40£-()1 

1.48£-0, 

l.24E-02 

O.OOE.00 
O.OOE • OO 
O.OOE.00 

l.25E-o2 
l.10E-o5 
l .13E-
1.17E-o2 
1.17E-o2 
1.11£.00 
O.OOE.00 
O.OOE.00 
2.70E-O, 
2.22E-o2 
l .10E-OS 
4.17E-o2 
7.HE-OS 
1.42£-02 
1.14£.01 
7.11£-0S 
l .10E-
4.22£-0S 

43.IIO 

, __ lnlholnl- C-llon--lelhellho-rallonll,al __ ,_...,. __ ..,._lon ... ,.,_, _ 

uolnglheEPAMetlvld--. 
foot- In the EN!uont C-ollon_n_lothellhe_led_tion lo-,,-n lho--uolng Iha El'AMetlvldc 
The-- oro loledlnlho Efl-C-ration--lho-led-ration--lhonlho-lon .... 

a . EPA-:150.3 
b. EPA Metlvld 200. 7 
c. EPA Metlvld 125.1 
ti. EPA Metlvld 140. I 
e , El'A Metlvld :152. I 

IX•lon--

I, EPA...,_ 115.2 
g. EPA...,_ 375.1 
h. El'A-1124 
L EPA Metlvld 202.2 
i El'A Metlvld 204.2 

k. EPA -201.2 
L EPA Metlvld 213.2 

"'· EPA - 220.2 
n. EPA Metlvld 2'1.2 
o. El'A - 270.2 

DF • --lonfocto, 

64 

IL EPA Metlvld IOI 0 



WHC-SD-NR-ES-014, REV. 0 

Table 4-8. Cost Estimate Treatment Alternative C. 
It• 

a-,ve existil"III equii:-nt 

Demlition 

Disposal 

Process equipaent (instilled) 

Filter (58.8 ft2) 

Ion exch91"111e (13 ft3) 

Discharge tanlts (18 kgal) 

~ 

Pipil"III 

Piping to 009 Outfall 
Piping to 107-N 

Slbtotal 

lnstrunentation and • iscellaneous hookups ii 15X 

Engineering ii 27X 

Contract adlinistration ii 16X 

Project MNllleiNnt ii 15X 

Contingency ii 30X 

Total I natal led E"'ipnent 

Amual operating costs 

Treatment secondary waste disposal waste 
disposal 

Spent resin 

Filter solids 

Decon water recycle secondary waste disposal 

Spent resin 

Filter sol ids 

Secondary waste shipmnt 

Railcar load/ia,loacl 

Raflcar operation 

Maintenance 
(10X E"'ii:-nt> 

Outfall analyses 

Operations 

TOTAL PRESENT WORTH FOR ALTERNATIVE 

LS• LI.IIIP s..-
*Based on 480,000 gal/yr effluent 
-eased on 25,200,000 gal/yr effluent 

(1050 gal/• fn for 400 h) 

Slbtotal 

Unit Cost Quantity Slbtotal 

1150/ft~ 300 ft2 145,000 

169/ft3 212 ft3 114,628 

142,000 ea 1 142,000 

131,500 ea 8 1252,000 

170,000 ea 2 1140,000 

111,200 LS 1 111,200 

182/ft 875 ft 171,750 

S82/ft 600 ft S49,200 

'I 
1300/ft"' 303 ft3 190,900 * 
122/gal 639 gal 114 ,058 * 

'I 
1300/ft"' 193 ft3 157,900 f,, 

122/aal 7239 gal 1159,258 ** 

15/gal 7878 gal 139,390 

17,200/d 1 d 17,200 

162,578 LS 1 162,578 

14,000 ea 4 116,000 

145/h 2800 h 1126,000 

65 

Total 

1625,778 

193,867 

1168,960 

1100,124 

193 ,867 

1187,~3 

11,270,329 

1573,284 

14,003,173 
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4.4 RECOMMENDED ALTERNATIVE 

Each of the alternatives was scored as described in Section 4.3.2 using 
the considerations presented in Section 4.3.3. The results of this comparison 
are provided in Table 4-9. Based upon the scores presented in Table 4-9 , 
Alternative B has been selected as the reco11111ended treatment alternative. 
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Criteria 

Eff activeness 
Schedule 
Optimization 
Maintenance/Reliability 
Safety/ALARA 
Flexability 
Process Development Status 
Secondary Waste 
Costs 
TOTALS 

. Alternative A 
Weight Score Score x Wt. 

20 4 80 
10 4 40 
15 2 30 
15 3 45 
20 3 60 
10 3 30 
5 4 20 

15 4 60 
10 3 30 

395 

.... 
I» 

Alternative B Alternative C tT ..... 
Score Score x Wt. Score Score x Wt. Cl) -= :i:: • n 
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5.0 PROPOSED TREATMENT SYSTEM 

5.1 PROCESS DESCRIPTION 

This section contains a more detailed description of the proposed 
treatment system for the N Reactor wastewater. The process flow diagram (PFD) 
for the proposed treatment system is provided in Figure 5-1. 

The proposed treatment system consists of two interrelated processes. 
One process is used to treat wastewater for disposal to the Columbia River, 
while the second is used to treat wastewater from decontamination activities 
for recycle back to the 105-N Fuel Basin area. 

5.1.l Treatment of Wastewater for Discharge 
to the Columbia River 

This section describes the proposed system for treating N Reactor 
wastewater for discharge to the Columbia River. 

5. 1.1.l Wastewater Collection and Equalization. Wastewater from the 
105-N and 109-N Buildings will be accumulated in the existing 105-N Lift 
Station until a sufficient volume of wastewater has been collected to allow 
processing. As previously described, the 105-N Lift Station is a concrete 
sump with a steel liner, sized to hold up to 100,000 gal of wastewater with a 
working volume based upon the extent of the steel liner of approximately 
54,000 gal. The maximum flow rate to the 105-N Lift Station will occur if the 
105-N or 109-N Building fire suppression systems are activated. If activated, 
up to 1300 gal/min of wastewater could flow to the 105-N Lift Station over a 
4-h period. At this maximum flow rate, the lift station can accumulate up to 
1. 25 h of fire suppression system runoff, assuming that the entire .capacity of 
the 105-N Lift Station is used; additional capacity can be provided by 
transferring excess water from the 105-N Lift Station to the 105-N Fuel Basin. 
During building decontamination activities, up to 20 gal/min of wastewater 
will be generated. At this flow rate, wastewater from up to 45 h of 
continuous building decontamination can be contained in the working volume of 
the 105-N Lift Station. 

The 105-N Lift Station will be fitted with a sump-type pump that will 
allow the transfer of up to 20 gal/min of wastewater to the treatment process 
in the 107-N Building, with a nominal treatment flow rate under normal 
operating conditions of 10 gal/min. The 105-N Lift Station will also be 
fitted with an agitator to ensure that the contents of the lift station are 
well mixed. 

The system feed pump will be interlocked to level sensors on the treated 
effluent accumulation tanks to prevent operation of the treatment system when 
the accumulation tanks are full. The system will also be interlocked to 
prevent the simultaneous treatment of wastewater for discharge to the Columbia 
River and treatment of decontamination waste for recycle to the 105-N Fuel 
Basin Area. 
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Provisions will be made to allow the recycle of treated effluent that 
does not meet discharge specifications back to the 105-N Lift Station for 
further processing. Wastewater will also be recycled to the 105-N Lift 
station from the 107-N Building sump, the T-1 Settling Tank, and the T-5 Resin 
Dewatering Tank. 

5.1.1.2 Wastewater Filtration. Wastewater will be pumped from the 105-N Lift 
Station to a microfilter consisting of a sintered metal element within a 
stainless steel American Society of Mechanical Engineers (ASME} Code housing. 
Filtration will occur on the inside surfaces of the filter element, while 
filtered wastewater will accumulate on the s~ell side of the filter. The 
filter element will have approximately 60 ft of active filtration area, and 
will be rated at a nominal 2.0 µm. 

To enhance solids removal, both a precoat and body feed will be used. 
Before filtering any N Reactor wastewater, a slurry of filter aid (such as 
diatomaceous earth} in clean water will be run through the filter, building up 
a porous cake which enhances t~e performance of the filter element. 
Approximately 0.1 to 0.2 lb/ft of precoat per unit of filter area will be 
used . This precoat will also be applied to the filter element .following each 
filter back-flush. 

Filter aid will also be added to the incoming N Reactor wastewater stream 
as body feed to enhance filtration. Body feed will be used at a concentration 
of 2 to 10 ppm filter aid in the wastewater flowing to the filter. 

When solids accumulate to the point where filter performance is impaired, 
as determined by the differential pressure .measured across the filter element, 
the filter will be automatically back-flushed. The back-flush will consist of 
approximately 100 gal of filtered wastewater and potable water pulsed through 
the filter element with compressed air. 

Solids from the filter will be discharged to the existing T-1 Settling 
Tank in the 107-N Facility to await transfer to the GTF. The solid slurries 
will be transported to the GTF by railcar; existing piping from the T-1 Tank 
to the N Reactor Railcar Facility will be used to load the solid slurry into 
railcars for transfer. At the assumed TSS loading in the influent wastewater, 
it is estimated that the filter will be back-flushed once every 78,000 gal of 
wastewater processed, based upon previous data for similar filters tested on 
the N Reactor effluent. 

5.1.1.3 Ion Exchange Treatment. Wastewater will flow from the filter shell 
through four pairs of strong acid cation and weak base anion exchange columns 
in series. Each IX column will be a steel ASME Code pressure vessel, and will 
contain 10 to 15 ft3 of IX resin. Radiation levels and conductivity in the 
effluent will be monitored between each of the pairs of IX columns to detect 
when the resin bed has been expended. 

When the resin has been expended (signified by a sharp rise in 
conductivity and/or radiation levels in the treated effluent}, the expended 
resin will be hydraulically displaced using potable water and transferred to 
the T-5 Resin Dewatering Tank. The resin will be drained of free liquid and 
packaged into 55-gal drums for shipment to the Central Waste Complex using 
this existing tank and load-out facility. 
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Oeionization in the cation exchange columns will cause a significant 
change in the pH of the treated wastewater. It is estimated that the pH will 
drop from 7.4 in the influent to approximately 3.5 at the discharge of the 
IX columns . 

5.1.1.4 Granulated Activated Carbon Treatment. Wastewater will flow from the 
IX system to two GAC treatment units in series. Each unit will consist of an 
ASME Code pressure vessel containing approximately 35 ft3 of activated carbon . 
Samples will be periodically collected between each carbon unit and at the 
discharge and analyzed for total organic carbon {TOC) to detect when the GAC 
has been expended. 

When the GAC has been expended {signified by a sharp rise in TOC levels 
in the treated effluent), the expended GAC will be hydraulically displaced 
using potable water and transferred to the T-5 Resin Oewatering Tank. The GAC 
will be drained of free liquid and packaged into 55-gal drums for shipment to 
the Central Waste Complex using this existing tank and load-out facility . 

5.1.1.5 Treated Effluent Collection and Neutralization. Treated effluent 
will be collected in one of two new tanks located to the south of the 
107-N Building. These tanks will each have a working volume of 15,000 gal and 
will have level sensing elements which will be interlocked to the 105-N Lift 
Station pump. This interlock will prevent overflow of a full tank. 

The pH of the effluent will be adjusted through the addition of sodium 
hydroxide before discharge. Treated effluent will be pumped from the 
collection tanks to the 009 Outfall at a rate of 100 gal/min, where it will be 
discharged to the Columbia River. 

5.1.1.6 Predicted Treated Effluent Characteristics. A sunvnary of the average 
predicted treated effluent characteristics after pH adjustment is provided in 
Table 5-1. Two different compositions are provided. One composition is after 
treatment and pH adjustment, but before combination with other streams 
discharging to the 009 Outfall. The second composition is that discharged to 
the Columbia River, assuming a discharge rate of 100 gal/min to the 
009 Outfall from the effluent collection tanks, and an minimum current 
009 Outfall discharge rate of 60 gal/min. 

The effluent compositions presented in Table 5-1 have been predicted 
based upon the assumed average wastewater composition presented in Tables 2-4 
and 2-5 for the N Reactor wastewater, and upon typical DFs reported by the 
EPA, treatment equipment vendors consulted for this application, and other 
published data. The results of radionuclide treatability tests conducted on 
the N Reactor wastewater in 1986 and 1987 have been used where appropriate. 
For these reasons, the predicted effluent composition should be considered an 
estimate of treatment performance, subject to verification through . 
treatability testing and further characterization of the N Reactor wastewater. 

Effluent comparative levels are exceeded for tritium in the effluent from 
the N Reactor wastewater treatment system. Recent detailed compositional data 
are not available for the wastewater currently discharged to the Columbia 
River through the 009 Outfall. Therefore, the current 009 Outfall discharge 
has been assumed to have a composition based upon ambient Columbia River 
conditions and the composition of the filtered water supply. Some of the 
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Table 5-1. Estimated Effluent Composition at 
Discharge to Columbia River. 

Treated 

N-Re-
Effluent 

Chemical (ug/L) 

INORBANICS 

~la (Total N) 2.20E-OZ • 

Aluminum 5.36E-04 • 
Antlmony 1.27E..()3 • 
Arsenic t . 11E-03 • 
Barium I.OOE..()3 • 
Boron 7.SIE-03 • 
Cadmium 2.31E-04 • 
Calcium 2.21E+OO • 
Chloride 2.ISOE-01 • 
Chromium t.11E-04 • 
Copper 1.30E..()3 • 
F111orlde 2.04E-02 • 
Iron 1.03E..()3 • 
LHd 1.44E-03 • 
MegnHlum 8.11E-Ot • 
ManganeH 2.IIOE..()3 • 
Nickel 7.50E-04 • 
Nitrate 4.3IIE-02 • 
Phoephoroue 2.00E..()3 • 
Potualum 2.ME-01 • 
Selenium 4.20E..()3 • 
SW-, 2.04E-02 • 
Sliver 4.17E-OS • 
Sodium 7.54E+OS 
S1ronUum 7.ME-03 • 
Sulfate 1.21E+00 • 
Uranium 2.14E-05 • 
Vanadium l.10E-04 • 
ZJnc S.50E-04 • 

ORGANICS 

Acetone 1.33E+01 • 1-butanol 3.ll2E-01 
2-butanone 2.111E-01 • BHT 1.35E-01 

Hexane (MIBK) 11.17E-02 
Toluene S.311E-02 • 
Trichloromethane L111E-02 
Tetrachloroethene 1.00E-02 • 

RADIONUCUOES • (pCI/L) 

Total Alpha •UIIE-04 
Total Beta 1.77E+02 

Affl-241 7.03E-04 
Cm-242 4.13E-08 
Cm-244 l .112E-08 
Co-llO ll.4IIE-02 
C.-134 t.i2E-01 
C.-137 4.21E+01 
C-14 4.24E+Ot 
H-3 6.54E+OII 
Mn-54 2.01E-01 
Pl>-210 1.10E..()3 
Pu-231 1.0flE-04 
Pu-2311240 8.eeE-04 
Radium 3.30E-08 
Ru-1011 t.01E+OO 
Sr-80 t.80E+02 
U-234 , .eoe-os 
U-236 2.t7E-08 
U-231 1. t3E-OS 

Aa1u1Md cunent OOI Outfal Flow 
Aa•u-d treated effluent dieoharge 

Cunenl 

OOI 
Outfall 
(ug/L) 

1.00E+01 

2.5eE+01 

1.20E+00 
2.ISE+Ot 

2.40E+OO 
t.114E+04 
1.IIIE+03 

1.011£+01 
1.00E+02 
6.07E+01 

3.85E+03 
ll.71E+OO 
I .OOE+OO 
II.IIIIE+02 
2.00E+01 
ll.41E+02 

1.114E+03 

1.83E+03 
l.30E+01 
1.0IIE+04 
I .OIE-01 
1.112E+00 
6.75E+OO 

1.tlE+01 

(pCIIL) 

1.eoe-01 
1.eoE-01 

3.74E+02 

1.32£-01 
7.00E-02 
t.421:-01 

3.ME-01 

5.50E-01 

., gal/min 
100 gal/min 

. 

. . 

... . . ... . . 

. . . ... . . 

. 

. . ... . 
=·· 

... 

. 

. . . 

. 

.. 

In - where no data .. e,allable for Columbia River or OOI Outfall, 
discharge oonoentralion• are -u!Md lo be thOH In lhe trealed effluent 

• Concentration -u!Md II -age Columbia River Concentration 

Eatlmated 

Concentration, 

In Dlloharge 
10 River 

(ug/L) 

2.21E+01 + 

1.eoE+00 + 
7.ME-04 + 
4.51E-Ot + 
11.ME+OO 
4.74E-03 + 
11.00E-Ot ff• 
ll.1IIE+03 
7.43E+02 
7.31E-OS + 
3.IIIE+OO + 
3.75E+01 + 
1.IIOE+Ot 
II.OOE-04 + 
1.37E+03 
2.54E+OO 
3.00E+OO 
3.74E+02 
7.50E+OO + 
2.40E+02 + 
2.83E-03 + 
8.111E+02 
2.81E-OS + 
4.72E+05 + 
3.11E+01 
3.IIIE+03 
3.03E-01 
8.0IE-01 + 
2.1IIE+OO 

l .3tE+OO + 
2.211E-01 
1.12E-01 + 
l.44E-02 
4.21E-02 
3.35E-02 + 
4.411E+O0 H 
l.25E-03 + 

2.ISE-01 
1.11E+02 

4.311:-04 
3.0IE-08 
S.SIE-08 
5.lltE-02 
ll.50E-02 
2.IIIE+01 
2.85E+01 
3.411E+OII , 
1.2IIE-01 
8.IIE-04 
4.IIIIE-02 
2.87E-02 
S.33E-02 
ll.31E-Ot 
1.00E+02 
1.00E-05 
1.311E-011 
2.0IIE-01 

•• Concentration ••u-4 II averaoe 1otal uranium lor Columbia River 
••• Concentration MIUIMd II averaoe filtered water concentration (1118-1117) 
I ~• Ellluent Comparative Level at dllcharoe due to dllcharoe from treat-nt eyatem 
II Exceeds Effluent Comparative Level du• to ••u-4 concentration In cunent 0011 Outlall 
+ Eatlmated -ntratlon II below analytical detection limit 
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Analytk:al Effluent 

0.leClion Comparative 

Umlt Levell 

Chronic Acute 

(ug/L) (ug/L) (ug/L) 

5.00E+01 2.00E.o3 1.IIIE+04 

3.00E+OO S.OOE+01 
3.00E+OO 1.ISOE+03 II.OOE+03 
t .OOE+OO t .llOE+02 3.80E+02 
2.00E+OO t.OOE+03 
5.00E+OO 
t .OOE-01 7.5111:-01 2.20E+OO 
t.OOE+01 
t .OOE+02 2.50E+OS 
7.00E+OO 1.10E+01 t .llOE+01 
1.00E+OO 7.114E+OO 1.10E+01 
1.00E+02 4.00E+03 
7.00E+OO 1.00E+03 
1.00E+OO 1.IIIIE+OO 4.211£+01 
3.00E+Ot 
2.00E+OO 5.00E+01 
1.soE+01 1.02E+02 ll.21E+02 
1.00E+02 1.00E+04 
1.00E+02 
&.OOE+02 
2.00E+OO 3.50E+01 
S.IOE+Ot 
2.00E-01 1.20E-ot 1.81E+OO 
7.54E+OS 
2.00E+01 
2.SOE+03 2.50E+05 
1.00E+OO 
I .OOE+OO 
6.00E-02 11.IIIE+Ot 7.SIE+01 

S.OOE+Ot 

5.00E+01 

2.00E-01 1.43E+04 1.75E+04 
S.OOE-02 1.24E+03 2.IIIE+04 
3.00E-02 l.40E+02 S.21E+03 

3.00E+01 
t.OOE+03 
8.00E+01 
1.00E+04 
2.00E+03 
3.00E+03 
7.00E+04 
2.00E+OII 
S.OOE+04 
3.00E+01 
4.00E+01 
3.00E+Ot 
1.00E+02 
II.OOE.o3 
1.00E+03 
LOOE+02 
I .OOE+02 
I.OOE+02 

Required 

Reduction 

Factor 
In Mixing 

Zone 

, . ,11 

1.73 
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constituent concentrations assumed for the 009 Outfall exceed the effluent 
comparative levels identified in Table 3-1. These constituents include 
cadmium and copper. For both cadmium and copper, the assumed 009 Outfall 
concentrations are based upon data from supply water samples collected in the 
200 Area of the Hanford Site in 1986 and 1987 (WHC 1990a). Using this 
assumption, cadmium concentrations would exceed the effluent comparative 
levels in the combined effluent at the point of discharge. However, if it is 
assumed that cadmium and copper concentrations in the current 009 Outfall are 
the same as ambient Columbia River concentrations, effluent comparative levels 
are not exceeded in the combined effluent discharges to the Columbia River. 

In 1998, the majority of the discharged effluent will be treated 
wastewater from the 105-N Fuel Basin. Treated effluent is anticipated to 
contain iron, (nonradioactive) strontium, barium, aluminum, boron, silicon, 
chromium, copper, nickel, selenium, zinc, and most radionuclides at 
concentrations approximately one order of magnitude greater than the 
discharges noted in Table 5-1 due to carry-over of basin sediments. Even at 
these increased levels, the chemical concentrations will still be below the 
analytical detection limits listed in Table 5-1. Neither the treated or 
combined effluent discharge will exceed effluent comparative levels for these 
constituents under normal process conditions. 

Discharges in 1998 will also contain substantially more tritium. After 
decay correction, the tritium concentrati9n in treated N Reactor effluent is 
anticipated to be approximately 1.26 x 10 pCi/l. At the point of discharge, 
after combination with the wastewater currently discharged through the 
009 Outfall, tritium concentrations will be approximately 7.88 x 106 pCi/L, or 
about 2.3 times the values shown in Table 5-1. 

DOE Order 5400.5 states that facility discharges shall not cause private 
or public water systems downstream of the discharge to exceed the 40 CFR 141 
radiological exposure limit of 4 mrem/yr. Dose conversion factors are 
available that allow offsite doses to be estimated from effluent concen
trations and total volumes of effluent released (WHC 1991c). During FY 1998, 
when the maximum concentrations of radionuclides will be discharged, 
incremental increases in the doses caused by N Reactor effluent discharged to 
the Columbia River are estimated to be approximately 0.0024 mrem/yr for an 
individual consuming water at Ringold, Washington. This incremental increase 
is approximately 0.06% of the limit established by DOE Order 5400.5 for all 
discharges to the Columbia River from the Hanford Site. Dose rate 
calculations are provided in Appendix G. 

5.1.1.7 Provisions for Bypass. No capability has been provided for bypass of 
the treatment system. Treatment system outages that might otherwise require 
discharge of untreated wastewater will be acconmodated by accumulating the 
wastewater in the 105-N Lift Station, if needed. 

5.1.2 105-N Fuel Basin Decontamination Water 
Treatment System 

5.1.2.1 Wastewater Transfer to 107-N Facility. During decontamination 
operations, wastewater will be withdrawn from the 105-N Fuel Basin and 
transferred to the 107-N Building at a rate up to 1050 gal/min using existing 
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pumps and piping networks. The 105-N Fuel Basin overflow pipes that currently 
discharge to the 105-N Lift Station will be fitted with valves to prevent the 
unplanned transfer of fuel basin water to the 105-N Lift Station. 

5.1. 2.2 Wastewater Filtration. Wastewater from the 105-N Fuel Basin will be 
filtered using existing sand filters in the 107-N Building that were 
previously used to treat recycled fuel basin water. Filtration will remove 
suspended solids and help maintain clarity in the fuel basin during 
decontamination operations. 

When solids accumulate to the point where filter performance is impaired, 
as determined by the differential pressure measured across the filter media, 
the online filter will be back-flushed using raw water. 

Solids from the filter will be discharged to the existing T-1 Settling 
Tank in the 107-N Facility to await transfer to the GTF . The solid slurries 
will be transported to the GTF by railcar; existing piping from the T-1 Tank 
to the N Reactor Railcar Facility will be used to load the solid slurry into 
railcars for transfer. Based upon the previous operating history of this 
filter in this application, it is estimated that approximately 1 gal of filter 
sludge will be generated for every 19,000 gal of wastewater processed. 

5.1.2.3 Ion Exchange Treatment. Approximately 20 gal/min of the filtered 
wastewater from the basin area will be diverted to one of the cation/anion 
exchange column pairs in the N Reactor wastewater treatment system. Treatment 
will reduce the radionuclide content of the wastewater supplied to 
decontamination hoses in the 105-N Fuel Basin area, lowering the radiation 

. exposure from this source to less than 1 mR/h. 

When the resin has been expended (signified by a sharp rise in 
conductivity and/or radiation levels in the treated effluent}, the expended 
resin will be hydraulically displaced using potable water and transferred to 
the T-5 Resin Dewatering Tank . The resin will be drained of free liquid and 
packaged into 55-gal drums for shipment to the Central Waste Complex using 
existing tank and load-out facility. 

5. 1.2.4 Recycle of Wastewater to 105-N Fuel Basin. Both the filtered 
wastewater and the effluent from the IX system will be recycled to the 
105-N Fuel Basin area. The filtered wastewater will be reintroduced directly 
into the fuel basin through an existing piping network. The IX effluent will 
be returned to new decontamination stations located within the fuel basin area 
through a new piping system. 

5.2 SIZING CRITERIA FOR TREATMENT UNITS 

This section presents the design bases and sizing calculations for the 
major treatment operations and processes for the N Reactor wastewater 
treatment system. 
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5.2.1 Wastewater Accumulation and Equalization 

5.2.1.1 Design Basis. Detain wastewater generated by up to 40 h of building 
decontamination activities at a flow rate of 20 gal/min. 

5.2.1.2 Sizing Calculations. The required collection tank size is given by 
the following equation: 

Minimum Volume• (20 gal/min) x (2400 min)• 48,000 gal 

Therefore, the existing 105-N Lift Station with a working capacity of 
54,000 gal, is adequate for this use. 

5.2.2 Filtration 

5.2.2.1 Design Basis. The microfilter has been sized by a vendor experienced 
in radioactive waste filtration processes to ensure a maximum wastewater flux 
of 0.5 gal/min/ft2

, with 100% theoretical retention of spherical particles 
fr µm and larger. The following particle size distribution was also assumed: 

• 100 volume percent (vol%) of the particles greater than 1.5 µm 

• 50 vol% of the particles between 1.5 and 26 µm 

• 90 vol% of the particles between 1.5 and 49 µm. 

5.2.2.2 Sizing Calculations. The minimum filter surface area is given by the 
following equation: 

Minimum area• (20 gal/min)/(0.5 gal/min/ft2) • 40 ft2 

Chosen surface area• 58.8 ft2 

Based upon data provided by the vendor, a filter with a bubble pressure 
of 20 in. of water will theoretically retain 100% of spherical particles 5 µm 
and larger on its surface; Actual performance is generally considerably 
better, as depth-filtration occurs as the particles penetrate into the porous 
media. Vendor data indicates that a filter rated at 2 µm has an average 
bubble pressure of 17 to 24 in. of water. Therefore, a 2-µm nominal filter 
element was selected. 

5.2.3 Ion Exchange 

5.2.3.1 Design Basis. The IX system was sized using a minimum wastewater 
flux of 1.75 gal/min/ft2 and a maximum flux of 10 gal/min/ft2 based upon 
vendor data. A 24-h minimum run time between IX resin changeouts for the 
strong acid cation column was established. A wastewater loading of 1.40 meq/L 
of cations in the influent and an exchange resin capacity of approximately 
19,000 meq/ft3 were assumed. . · 
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5.2.3.2 Sizing Calculations. The minimum and maximum diameters of the 
IX columns are given by the following equations: 

Minimum area• (20 gal/min}/(10 gal/min/ft2} • 2 ft2 

Minimum diameter• 2 x [(2 ft2}/(3.1416}] 112 • 1.6 ft 

Maximum area• (10 gal/min}/(1.75 gal/min/ft2} • 5.7 ft2 

Maximum diameter• 2 x ((5.7 ft2}/{3.1416}]112 • 2.7 ft 

Chosen column diameter• 1.67 ft 

The minimum size of the cation exchange bed based upon run time during 
recycling of basin water is given by the following equation: 

Minimum Volume• {1.40 meq/l} x {3.785 l/ga1} x {20 gal/min} 
x {1440 min} x {S.26E-S ft /meq} 

• 8 ft3 

Chosen column volume• 13 ft3 

5.2.4 Granulated Activated Carbon Adsorption 

5.2.4.1 Design Basis. The GAC system was sized using a maximum wastewater 
flux of 4.5 gal/min/ft2 based upon vendor data. A 360-h minimum run time 
between regenerations or changeout was established. A wastewater loading of 
880 µg/l of TOC, a GAC capfcity of approximately 0.002 µg TOC/µg carbon, and a 
carbon density of 30 lb/ft were assumed. 

5.2.4.2 Sizing Calculations. The minimum diameter of the GAC adsorbers are 
given by the following equation: 

Minimum area• (20 gal/min}/{4.5 gal/min/ft2} • 4.4 ft2 

Minimum diameter• 2 x [{4.4 ft2}/(3.1416}] 112 • 2.38 ft 

Chosen column diameter• 3.75 ft 

The minimum size of the GAC adsorbers based upon run time is given by the 
following equation: 

Minimum Volume• {880 µg TOC/l} x {3.785 l/gal} x (10 gal/min} 
x (500 µg fAC/µg TOC} x (2 .2E-9 lb/µg} 
x {0.03 ft /lb GAC} x {21,600 min} 

• 23. 7 ft3 

Chosen Volume• 35 ft3 
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5.2.5 Effluent Collection, Neutralization, and Sampling 

5.2.5.1 Design Basis. Provide two collection tanks, each sized to contain up 
to 24 h of treated wastewater. To provide adequate freeboard, the working 
volume of the tank will be equal to 80% of the total capacity. A flow rate of 
10 gal/min and a tank fluid depth equal to the tank diameter were assumed. 

5.2.5.2 Sizing Calculations. The minimum tank size is given by the following 
equations: 

Minimum Volume• (10 gal/min) x (1440 min)• 14,400 gal 

Chosen Volume • (14,400 ial)/(0 .8) • 18,000 gal 
• 2,406 ft 

Tank Diameter • {[4 x (2406 ft3)]/(3.1416)} 113 

E 14,5 ft 

5.3 LIMITATIONS 

In many cases, detailed current data for the composition of wastewater 
streams to be treated were not available for use in preparing this report. In 
these instances, best professional judgement was used to extend available data 
to develop a design basis for the treatment system. Before final design of 
the recommended treatment system, these estimates must be confirmed through 
additional sampling and analysis of the wastewater. In particular, the 
assumptions regarding composition and characteristics of solids in the 
105-N Fuel Basins should be confirmed. 

The predicted treated effluent composition and treatment system 
performance are based upon typical reported DFs and unit-process operating 
characteristics, not site-specific testing. Treatability testing to verify 
the assumed DFs and predicted performance of the treatment system is strongly 
recommended prior to final design and construction. 
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APPENDIX A 

ALTERNATIVE A 
TREATMENT EQUIPMENT SIZING AND 

SECONDARY WASTE CALCULATIONS 
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ALTERNATIVE A 
TREATMENT EQUIPMENT SIZING, AND 

SECONDARY WASTE CALCULATIONS 

Appendix A consists of spreadsheets and tables that represent waste 
stream treatment calculations, treatment system equipment sizing calculations , 
and calculations of the secondary waste streams generated for Alternative A. 
Each spreadsheet typically presents one of these calculations for each 
specific unit or process in the treatment train. 

The first table presented for each unit or process shows how the 
concentration of each contaminant is affected by the specific treatment unit 
or process. The concentrations in the stream exiting each treatment unit or 
process are calculated by dividing the contaminant concentrations entering the 
treatment unit/process by the decontamination factor (OF) noted on each table. 
Based on the concentrations and flow rates, the mass of the contaminant 
entering and exiting the unit or process is also presented . The mass of 
secondary wastes are noted by the difference between the influents and 
effluent masses. 

Spreadsheets calculation related to secondary wastes are attached 
following the treatment calculation spreadsheet for each specific treatment 
unit or process. 

Spreadsheets showing sizing and general design calculations are presented 
for IX or GAC treatment units. 

Assumptions for specific calculations are generally noted on each 
corresponding spreadsheet. 
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Secondary Waste Volumes 
Alternative A 
Filtration 

Assume: 

Feed Solids: 
Precoat: 

WHC-SD-NR-ES-014, REV. 0 

1,335 GaUsq ft before backflush, based on LETF data 
480,000 Gal/yr effluent 

58.8 ft2 of area, Mott LSI Filter, operated per vendor 
8.33 Jb/Gal backflush water and filter solids mixed 

104.4 Gal H2O /backflush (assuming 2 filter volumes to backflush) 

2.83E-02 lbs per hour 
6 lbs per backflush 

Number of Operating Hours to Backflush 
Number of Backflushes per year 

130.83 hrs/backflush 
6 backflushes/yr 

Volume of Backflushes per Year 638.3096 gal/yr 

Per year will generate 5,317 lb of unstabilized filter solids and backflush water 

Assume: 1 lb cement/lb solid sluny to stabilize 
94 lb/ft3 dry Portland cement density 

Portland Cement Required = 56.5651 ft3 per year 
Stabilized Volume = 141. TT53 ft3 per year 
# of Drums of Stabilized Product 19.28145 Drums oer vear 
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Secondary Waste 
Alternative A 
Evaporation 

Assume: 

WHC-SD-NR-ES-014, REV . 0 

0.01 gpm of bottoms, or 
0.6 gallons per hour 

4.998 lb/hr bottoms, containing 8.5% by wt. solids 
2.67 lb cement/lb bottoms to stabilize 

Total slurry volume = 
Cement required = 
Stabilized volume = 

8.33 lb/gal bottoms density 
62.5 lb/ft3 bottoms 

94 lb/ft3 dry cement 

480 gallons/ year unstabilized 
114 ft3 cement/year 
178 ft3/year 

# of Drums Stabilized = 24 Drums/vear (1000 lb weiQht limit) 
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!Design Calculations for Ion ...... -,.,.. S)'llem 
Allemative A 

lnftuent and Effluent Composition 

Influent 
Effluent 

Removed 

Cations 

o.002n9 meq/1. 
0.000056 meq/1. 

0.002724 rneq/1.. 

Strong Acid Resin Capacity 

% Sodium 
% Alkalinity 

30.81735 % 
100% 

Weak Base Resin Capacity 

Column Sizing Calculations 

Strong Acid Resin Usage 

Weak Base Resin Usage 

Strong Acid Column Minimum Size 
Weak Base Column Minimum Size 

Chosen SA Size 
Chosen we Size 

Minimum Column Diameter 
Maximum Column Diameter 

Chosen Size 

Regeneration Waste 
Strong Acid Column 

Weak Base Column 

Regeneration Time (SA Column) 

Regeneration Calculations 
Chemicals 

H2S04 
NaOH 

2wt% 
4wt% 

Backwash+Rinse 
Volume 
Flowrate 
Duration 

4 Bed Volumes Each Column 
388.96 gal Each Column 

Regeneration 

SA Column 

Volume 
Flowrate 
Duration 

WBColumn 

Volume 
Flowrate 
Duration 

5 gpmlft2 
160.7162 min 

12 #H2S041ft3 

g75 Gal/Column 
5 gpm/112 

425.425min 

4#NaOHJft3 

137.5 Gal/Column 
5 gpmlft2 

59.99583 min 

A-10 

Anions 

0.000702 meq/1. 
0.000014 meq/1. 

0.000688 meq/L or 0.002604 meq/Gal 

Using Culligan Water Company Tablas 
Capacity 31792.21 meqlll3 · 

Using Culligan Water Company Tablas 
Capacity 27272.73 meqlll3 

5.5E-07 113/gal 
0.261619 ft3/yr 

1.9E-07 113/gal 
0.091556 ft3/yr 

0.007856 ft3 
0.002749113 

13 ft3 
11 ft3 

1.128378 ft 
2.697339 ft 
1.666667 ft 

1052.92 GaL'Regen 
21 .18954 GaVYear 

1052.92 GaL'Regen 
8.763173 GaVYear 

9.91902 Hrs/Regen 

(assume safety factor of 2) 

(assume safety factor or 2) 
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Design Calculations for GAC System 
Alternative A 
Carbon Exhaustion Calculated on 
Assumed Capture at Breakthrough 
Carbon Density 

Carbon Exhaustion Rate 

Minimum Bed Volume 
Selected Bed Volume 

Minimum Bed Diameter 
Selected Bed Diameter 

A-12 

880 ug/L TOC 
0.002 ug TOC/ug Carbon 

30 Lb/ft3 

0.003664 Lb/Gal H2O Treated 
0.073278 ft3/Hr Operation 

58.56346 ft3/Yr 
1.673242 Beds/Yr 
4 77 .6357 Hrs/Bed 

26.37994 ft3 
35 ft3 

1.682086 ft 
3.75 ft 
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&eloNum UOE.o4 3.50E.01 2.IOE+02 5.00E+04 2.IOE-01 U7E-02 - 4.0IE-03 1.ME+03 5.00E+05 O.OOE+OO 
s.... USE-01 1.20E-01 1.IOE+OO e.OOE+04 7.02E+01 UOE-01 
$odium UIE+05 1.13E+03 3.t1E-02 O.OOE+OO 
SWonlium UIIE-03 8.30E+01 6.60E+04 O.OOE+OO 
Sule• 6.74E-01 8.78E+03 2.50E.05 2.11E+04 3.0IE-05 ,..,e-03 
U,aniwn 5.88E-08 8.0IE-01 5.00E.05 O.OOE+OO 
Vanadium 1.22E.OC 5.00E+04 O.OOE+OO 
Zinc 1.10£-04 5.75E+OO UIE.01 7.ffE+01 1.10£<0$ 2.55E-01 U4E-02 

TollllMrgenico UIE+05 U1E-01 
T•• Celiona (meq/1.) 2.37E+01 U4E-01 
T .,., AlliDM (meq/1.) •1.40£-05 3.47E+04 
c ..... Bale,- (,t,) 

,.._linily (n C.C03) 3.12E+OO 5.•0E•04 
pH (Dime..-) 7.00E+OO 8.30E+OO ~- 1.85E+OI 8.00E+02 
Biow- O.OOE+OO a ... E+04 

TDS 1.78E+OO I .IME+04 U5E+04 
TSS 3.30E-01 3.00E+03 8.10E+03 
r._.ue(degC) 1.NE.01 

0,geftico -- U3E+01 UOE+OO O.OOE+OO ,....,_no, 3.e2E-01 1.00E.02 o:ooe•oo 
2.-- 2.01E-01 1.00E+02 O.OOE+OO 
BHT 3.12E-02 4 .33E+02 O.OOE+OO 
--(11181() 1.NE-02 1.60E+02 O.OOE+OO 
T_,.. 5.38E-02 1.0E+04 1.75E+04 1.00E+02 1.11E-03 2.4IE-05 
Triohlor-ne 5.191:-02 U4E+03 2.80E+04 8.IIIIE+OI l .54E.o3 1.34E.OC 
Methylene Chloride O.OOE+OO 5.00E+OO U3E+OO O.OOE+OO 
Tebc:t,-ne O.OOE+OO a .•OE+02 6.2IE+03 ERR 1.12E-02 4.47E.o5 
T .,., 01,anic Carbon UOE+OO UIE<03 1.00E+02 
T•ICarbon 1.191:+02 UIE+04 1.00E+02 
T •I O,genic Ha- 2.42E-01 1.0IE+02 1.00E.02 

Radii, ald11 (pcil..) (pcil..) (pcil..) 

TolllAlpha 8.NE-05 7.IOE-01 3.00E-01 5.00E.05 
T•Uloll 8 .71E.o5 O.IOE-01 3.00E.01 1.70E+OO 

-241 U1E.o4 3.00E.01 5.00E.05 UOE<05 1.25£-02 
Cn,.242 8 .ME-07 1.00E+03 5.00E<O$ 1.15E+07 1.10E.()5 
Cn,.244 1.71E-OI I.OOE+01 5.00E+05 7.51E+OI U3E.OC 
co-eo 1.18£-02 1.00E+04 3.70E+05 l .33E.05 U?E-02 c .. ,,.. 3.04E-02 2.00E<03 UOE+04 3.ME+OI U7E-02 
C• 137 UIE+OO 3.00E+03 5.60E+04 3.15E+05 3.51E+OO 
C.14 4.24E-02 7.00E+04 1.00E•03 U7E+02 U5E-05 
H-3 5.54E+OI u•e+02 2.00E+OI 1.00E+OO 2.71E+04 O.OOE+OO ....... •.OSE-02 5.00E+04 1.IOE.05 8.ffE.05 2.70E-03 
Pb-210 2.20E.OC 3.00E.01 U5E.o5 1.43E•07 2.22E-02 
Pv-238 2.11E-05 U2E-01 •.OOE.01 6.00E.05 2.•0E+OI l .10E-03 
Pv-2381240 1.33E.OC 7.00E-02 3.00E.01 5.00E+05 1.34E+04 UTE-02 
RMium I .IOE-07 1.42E-01 1.00E+02 5.00E+05 U4E+04 7.39E-05 
Ru-101 2.02E-01 I.OOE+03 l .60E+04 1.2•E+01 l.42E-02 
S,-8() 3.20E.01 3.ME-01 1.00E-0, 5.50E+04 1.51E+OI 3.IME.01 
U.234 3.20E-01 5.00E+02 5.00E+05 7.00E+OI 7.11E-05 
U.235 4.34E-07 I .OOE+02 5.00E+05 2.02E-02 l .10E-OI 
U.238 2.21E-OI I .OOE+02 5.00E+05 3.1.E-03 4.22E-05 

lro1al Toxic Pound• R- - y.., 0.1538 
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ALTERNATIVE B 
TREATMENT EQUIPMENT SIZING, AND 

SECONDARY WASTE CALCULATIONS 

Appendix B consists of spreadsheets and tables that represent waste 
stream treatment calculations, treatment system equipment sizing calculations, 
and calculations of the secondary waste streams generated for Alternative B. 
Each spreadsheet typically presents one of these calculations for each 
specific unit or process in the treatment train. 

The first table presented for each unit or process shows how the 
concentration of each contaminant is affected by the specific treatment unit 
or process. The concentrations in the stream exiting each treatment unit or 
process are calculated by dividing the contaminant concentrations entering the 
treatment unit/process by the decontamination factor (OF) noted on each table . 
Based on the concentrations and flow rates, the mass of the contaminant 
entering and exiting the unit or process is also presented. The mass of 
secondary wastes are noted by the difference between the influents and 
effluent masses . · 

Spreadsheet calculations related to secondary wastes are attached 
following the treatment calculation spreadsheet for each specific treatment 
unit or process . · 

Spreadsheets showing sizing and general design calculations are presented 
for IX or GAC treatment units. 

Assumptions for specific calculations are generally noted on each 
corresponding spreadsheet. 
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Secondary Waste Volumes 
Alternative B 
Filtration 

Assume: 

Feed Solids: 
Precoat: 

1,335 GaVsq ft before backflush, based on LETF data 
480,000 GaVyr effluent 

58.8 ft2 of area, Mott LSI Filter. operated per vendor 
8.33 lb/Gal backflush water and filter solids mixed 

104.4 Gal H2O /backflush (assuming 2 filter volumes to backflush) 

2.83E-02 lbs per hour 
6 lbs per hour 

Number of Operating Hours to Backflush 
Number of Backflushes per year 

130.83 hrs/backflush 
6 backflushes/yr 

Volume of Backflushes per Year 

Per year will generate 

Assume: 

Portland Cement Required = 
Stabilized Volume = 
# of Drums of Stabilized Product 

638.3096 gaVyr 

5,317 kg of unstabilized filter solids and backflush water 

1 lb cemenUlb solid slurry to stabilize 
94 lb/ft3 dry Portland cement density 

56.5651 ft3 per year 
141 . TT53 ft3 per year 
19.28145 Drums oer vear 
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uesign calculations fOf Ion Exchange System 
AltematlYe B 

Influent and Effluent Composition 

Influent 
Effluent 

Cations 

2.667875 meq/L 
0.000267 meq/L 

Removed 2.667408 meq/l. or 10.09614 meq.lGal 

Strong Acid Resin Capacity 

% Sodium 
% Alkalinity 

32.10743 % 
99.7-4826 % 

Weak Base Resin Capacity 

Column Sizing Calculations 

Strong Acid Resin Usaga 

Weak Basa Resin Usage 

Strong Acid Column Mlninun Size 
Weak Basa Column Mininun Size 

Chosen SA Size 
Chosen we Size 

Minimum Column Diameter 
Maximum Column Diameter 

Chosen Size 

Regeneration Waste 
Strong Acid Columri 

Weak Basa Column 

Regeneration nme (SA Column) 

Regeneration Calculations 
Chemicals 

H2SC4 2wt'lfo 
NaOH 4wt'lfo 

Backwash+Rinse 
Volume 
Flowrate 
Duration 

4 Bed Volumes Each Column 
388.96 gaVColumn 

Regeneration 

SAColumn 

Volume 
Flowrate 
Duration 

we Column 

Volume 
Flowrate 
Duration 

5gpm'lt2 
169.7162 min 

12 #H2S04/ft3 

975 Gal/Column 
5 gprTVlt2 

425.425 min 

4 #NaOH/lt3 

137.5 Gal/Column 
5 gpmllt2 

59.99583 min 

B-7 

Anions 

0.356156 meq/L 
0.000036 meq/L 

0.356121 meq/L or 1.3-47917 meq.lGal 

Using cumgan Water Company Tables 
Capacity 3n92.21 meq.ltt3 

Using Culligan Water Company Tablas 
Capacity 2n12. 73 meq1n3 

0. 00053" lt3/gal 
256.4628 lt3/yr 
0.000099 113/gal 
47.«668 tt3/yr 

7 .693883 lt3 
1.423" lt3 

13113 
11113 

1.128378 ft 
2.697339 n 
1.666667 n 

3900 Gal/Regan 
76938.83 GaVVaar 

550 Gal/Regen 
23n.33" GaVVear 

9.91902 Hrs/Regen 

(assume a safety factor of 2) 

(assume a safety factor of 2) 
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Design Calculations for GAC System 
Alternative B 
Carbon Exhaustion Calculated on 
Assumed Capture at Breakthrough 
Carbon Density 

Carbon Exhaustion Rate 

Minimum Bed Volume 
Selected Bed Volume 

Minimum Bed Diameter 
Selected Bed Diameter 

B-9 

880 ug/L TOC 
0.002 ug TOC/ug Carbon 

30 Lb/ft3 

0.003664 Lb/Gal H2O Treated 
0.073278 ft3/Hr Operation 

58.62208 ft3/Yr 
1.674917 Beds/Yr 
477.6357 Hrs/Bed 

26.37994 ft3 
35 ft3 

1.682086 ft 
3.75 ft 
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C-1' ....... C.2411E•l1 ....... ,_ ... . ., ..... ....... 
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u .. ,gn\.orMr• 
1.00E.01 ffl91La1Har-

F"IMI E.....,.. Columbia AiHr a.-iunila o...a T•iel'oolllde"--1 
C-watioM C-.tia,,a Chronic AolM 

Cllefflical 
IUIILI IUIILI (UIILI IUIILI (OF) F- ~ 

_..,.. 
MIIIIOllill(T-'NJ 2.21£-02 I.OOE.01 2.00E.o3 UIE.ol 1.0tE.ol UIE-03 •.OOE.OS -- 2. taE-0:Z U7E.o2 - 2.76£-04 7.891:<0I 

~ USE-04 5.00E.Ot 7.10E- 1.53E-Ot 2.S2E-O:Z ,.,.,.,_, 1.27E.OS 1.IIOE-0, 8.00E-0, t .10E- 5.891:-03 U5E-04 - 1.18£-03 t.20E • OO 1.tlOE.02 3.IIOE.o2 ,.,oe- 7.0IE-0:Z U7E-03 - I .OOE-03 2.15E.01 ,.ooe.o, UOE- 7.ME-03 3.1aE-03 
Baron 7.ME-0, ,.,oe- 0.00E• OO 
c- 2.S1E-o4 7.HE-Ot 2.20E• OO 1.:IOE- UOE• Ot 1.IIOE-Ot 
~ 2.21E• OO 1.ME- 1.00E- 0.00E• OO 
Clllaride 2.IIOE-Ot 1.NE.o3 2.50E.OS 1.00E- 3.08£-0S 3.1aE-o4 
Chr- 1.111£.()4 1.10E.01 1.IIOE• 01 1.,oe_ U8E • OO UIE-0:Z 
Cobel 0.00E • OO 0.00E • OO 
Copper UOE-03 7.IME • OO 1.10E• 01 2.:10Eo04 2.00E • OO 2.38E-01 
FNside 2.04E-O:Z 1.00E.o2 •.OOE.03 1.00Eo04 1.91E-03 1.ME-03 ~- t.03E.o3 5.O7E.01 1.00E.O, t .nE<OI 7.IME.o3 U7E.o3 
I....:! 1.44E-OS UIE • OO •.211:• 01 2.70E- •.IIIE • OO 7.SIE-01 
Mag ......... U1E-Ot USE.OS 1.00E- 0.00E • OO ... _ 

2.tlOE-03 1.71E-OO l .00E• 01 , .ooeo04 u,e-01 s.,,e-o:z 
Nicbl 7.50E-o4 I .OOE • OO 1.02E.o2 8.2tE.o2 1.20E.ol 8.IIIE-0:Z 3.11E-03 
w. ... 4.SeE-0:Z 1.00Eo04 1.00Eo04 7.IME-o4 U •E-03 
"""-p!,or- 2.00E-03 2.00E.01 1.00Eo04 O.OOE • OO 

P•- 2.84E-01 l .•1E• 02 1.20Eo04 0.00E•OO - 4.20£-03 UOE.01 2.IIOE • 02 1.00Eo04 2.IIOE-01 •.S7E-02 
~ 2.04E-O:Z 1.114E.o3 1.00E<OI 0.00E • OO ·- •.17E-05 1.20£-01 1.18E• OO 1.20Eo04 7.021:.01 1.•0E-01 
Sodium 7.S•E.05 1.113E• 03 2.ltE-0:Z 0.00E • OO 
SWonlium 7.84E-03 l .:IOE.01 1.10Eo04 O.OOE • OO 
$ulale 1.2,e-00 8.78E.03 2.SOE.05 1.00Eo04 3.0IE-05 1.•aE-03 
Uranium 2.IME-05 I .OIE-01 1.00E<OI O.OOE • OO 
v-..m 1.10£.()4 1.00Eo04 O.OOE • OO 
Zioa l .50E-o4 l .75E• OO UIE.01 7.58E• 01 2.20E- 2.55E-01 1.2•E-O:Z 

T•I hlarganicll 7.5•E• os U7E-O:Z 
Talal Caliona (rnaq/L) 3.28E.01 l.23E-O:Z 
Tolal ~ (rnaq/L) -3.seE-OS U7Eo04 
Clwgalla-(~) 

Alcalinily (n CaC03) 4.S1E • OO l .•0Eo04 
pH(D--) 7.00E • OO a.:10E• 00 
c.-.. 2.seE• ae l .00E.o2 
~ 0.00E• OO l .44Eo04 

TDS 8.ME• OO 8.84E.ol 1.00Eo04 
TSS 3.:IOE-<12 3.00E • 03 8.10E• OO 
r_,.ua (deg C) ,.eae.o, 

0-gafticlll - 1.33E.01 1.:IOE• OO O.OOE • OO 
1-bulanol U2E-01 1.00E • 02 0.00E• OO 
2.- 2.81E-01 1.00E • 02 0.00E• OO 
IIHT U5E-01 1.00E.o2 0.00E-00 
Hu-(MIBIQ U7E-O:Z UOE-<12 0.00E-00 
T- UIE-0:Z 1.•Uo04 1.75E.ol 1.00E.o2 1.18E-03 2.•IE-05 
Triclllar-.,. 1.19£-02 1.24E.o3 2.18E- 1.00E-<12 U •E-03 U •E-o4 
lolaflyleMClllaride 0.00E • OO I.OOE • OO 1.13£• 00 O.OOE• OO 
Teradlior- 1.00E-0:Z UOE • 02 5.21E• 03 1.00E.o2 t .12£-0:Z •.A2E-05 
Talal Orpnia C- UOE • OO UIE• 03 1.00E.o2 
TotolC•ban 1.18E.o2 U8Eo04 1.00E.o2 
T_, Organic Haldee 2.•2E-01 1.0IE.o2 1.00E.o2 

AadiolMddMl (pai1.) (pai1.) (poo\.) 

T..iAlpha •.80E.OC 7.IIIE.Ot 3.00E-01 1.00E.OS 
Toallla.. l.77E.a2 8.IIIE-01 3.00E.01 8.34E-o3 

_2•, 7.03E-04 3.00E.01 t .OOE<OI UOE<OI 5.25E-O:Z 
c .... 2•2 •.ne-oe 1.00E• 03 1.00E.05 1.115£ • 07 1.10E.OS 
Cn,.2•• U2E-411 I .OOE.01 , .ooe.oa 7.se&-oe U3E-o4 
Co-80 9.•aE-0:Z 1.00E- 7AOE• 04 l .33E<OI 1.57E-O:Z 
C.-134 1.52£-01 2.00E• 03 1.10E• 04 3.IME-oe 1.87E-02 
C• 131 •.21E• 01 3.00E • 03 1.10E• 04 ,.,se.os U1E• OO 
C-1• •.24E.01 7.00E• OI 1.00E-00 U7E.o2 O.00E• OO - 5.l•E-oe 3.7•E.o2 2.ooe-oe 1.00E-00 2.71Eo04 0.00E-00 
~ 2.0,e-o, l.00Eo04 3.00E- U8E<OI 2.70E-03 
Pb-21O 1.10£-03 3.00E• 01 2.70E• 04 U3E • 07 2.ZIE-0:Z 
Pv-238 1.08E-o• 1.32£-01 •.OOE • 01 1.00E<OI 2.•0E • OI ,.,oe-o, 
Pv-2311240 UIE-44 7.00E-0:Z 3.00E• 01 1.00E.OS 1.34E• 04 •.97E-O:Z 
~ 3.:IOE-411 1A2E-01 1.00E.o2 1.00E<OI 5.l•Eo04 UK.OS 
Ru-101 1.01E • OO 8.00E-ol 1.70Eo04 1.2•E• ae IA2E-O:Z 
!f-110 1.IIOE.a2 3.IME-01 1.00E-0, ,.,oe- 1.SIE• OI 3.84E.01 
U-234 t .llOE.OS I .OOE-<12 1.00E.05 7.00E.01 7.18E-05 
U-235 2.17E-411 l .00E.a2 1.00E.OS 2.021:-0:Z a. ,oe-oe 
U-238 1.13£-05 I .OOE.a2 1.00E.OS 3.1•E-03 •.22E-05 

lrOlal Torie Pounda RafflOYad - v- 43.15045 
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APPENDIX C 

ALTERNATIVE C 
TREATMENT EQUIPMENT SIZING AND 

SECONDARY WASTE CALCULATIONS 
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ALTERNATIVE C 
TREATMENT EQUIPMENT SIZING, AND 

SECONDARY WASTE CALCULATIONS 

Appendix C consists of spreadsheets and tables that represent waste 
stream treatment calculations, treatment system equipment sizing calculations, 
and calculations of the secondary waste streams generated for Alternative C. 
Each spreadsheet typically presents one of these calculations for each 
specific unit or process in the treatment train. 

The first table presented for each unit or process shows how the 
concentration of each contaminant is affected by the specific treatment unit 
or process. The concentrations in the stream exiting each treatment unit or 
process are calculated by dividing the contaminant concentrations entering the 
treatment unit/process by the decontamination factor (OF) noted on each table. 
Based on the concentrations and flow rates, the mass of the contaminant 
entering and exiting the unit or process is also presented. The mass of 
secondary wastes are noted by the difference between the influents and 
effluent masses. 

Spreadsheet calculations related to secondary wastes are attached 
following the treatment calculation spreadsheet for each specific treatment 
unit or process. 

Spreadsheets showing sizing and general design calculations are presented 
for IX or GAC treatment units . 

Assumptions for specific calculations are generally noted on each 
corresponding spreadsheet. 
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Secondary Waste Volumes 
Alternative C 
Filtration 

Assume: 

Feed Solids: 
Precoat: 

WHC-SD-NR-ES-014, REV. 0 

1,335 GaVsq ft before backflush, based on LETF data 
480,000 GaVyr effluent 

58.8 ft2 of area, Mott LSI Filter, operated per vendor 
8.33 lb/Gal backflush water and filter solids mixed 

104.4 Gal H2O /backflush (assuming 2 filter volumes to backflush) 

2.83E-02 lbs per hour 
6 lbs per hour 

Number of Operating Hours to Backflush 
Number of Backflushes per year 

130.83 hrs/backflush 
6 backflushes/yr 

Volume of Backflushes per Year 

Per year will generate 

Assume: 

Portland Cement Required = 
Stabilized Volume = 
# of Drums of Stabilized Product 

638.3096 gal/yr 

5,317 kg of unstabilized filter solids and backflush water 

1 lb cement/lb solid slurry to stabilize 
94 lb/ft3 dry Portland cement density 

56.5651 ft3 per year 
141 . 7753 ft3 per year 
19.28145 Drums oer vear 
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uesIgn caIcuIat1011s for Ion Exchange -System 
Altematlve C 

Influent and Effluent Composition 

Influent 
Effluent 

Cations 

2.667875meqll 
0.000267 meqlL 

Removed 2.667408 meqlL or 

Strong Acid Resin Capacity 

% Sodium 
% Alkalinity 

32.10743 % 
99. 74828 % 

Weak Base Resin Capacity 

Column Sizing Calculations 

Strong Acid Resin Usage 

Weak Base Resin Usage 

Strong Acid Column Minimum Size 
Weak Base Column Minimum Size 

Chosen SA Size 
Chosen WB Size 

Minimum Column Diameter 
Maximum Column Diameter 

Chosen Size 

Regeneration Waste 
Strong Acid Column 

Weak Base Column 

Regeneration Time (SA Column) 

Regeneration Calculations 
Chemicals 

10.09614 meq/Gal 

H2S04 2wt% 
NaOH 4wt% 

Bac:kwash+Rlnse 
Volume 
Flowrate 
Ouration 

4 Bed Volumes Each Column 
388.96 GalfColumn 

Regeneration 

SA Column 

Volume 
Flowrate 
Duration 

we Column 

Volume 
Flownlte 
Duration 

5 gpn\1112 
169.7182 min 

12 #H2SOC/lt3 

975 Gal/Column 
5 gpmlft2 

425.425 nin 

4#Na0Hlft3 

137.5 Gal/Colurm 
5 gpn\1112 

59.99583 min 

C-7 

Anions 

0.356156 meqlL 
0.000036 meqlL 

0.356121 meq/1. or 1.347917 meq/Gal 

Using Culligan Water Company Tables 
Capacity 37792.21 meqlft3 

Using Culligan Water Company Tables 
Capacity 212n. 73 meqtft3 

0.000534 113/gal 
256.01n 1131yr 
0.000099 113/gal 
47.36434 113/yr 

7.693883 113 
1.4234113 

13113 
11113 

1.128378 11 
2.69733911 
1.666667 It 

2632.3 Gal/Regen 
51839.64 Gal/Year 

2632.3 Gal/Regen 
11334.29 GaVYear 

9.91902 Hrs/Regen 

(assume 50% safety factor) 

(assume 50% safety factor) 
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,,.,,,,.nawe1., 

LIMllln(;r .. • 
e.OOE-01 '"""al --

Flnal811uen! Columbia RN, Ellwnllifflill o...l T__,Pound9A--' 
C-lnllioM - Clwonic MUii 

c ......... 
(ug/1.) (Ut/l.) (Ut/l.) (Ut/l.) (DF) F- (I.be/yr) 

_..,.. 
""--<TololN) 4.S7£.02 I .OOE+01 2.00E+OS UIE+04 5.10E+OS UIE-03 4.00E-03 -- 2.1~-02 U7E+02 
Ml!IIOMIIII 2.18E-02 1.0tE+04 --- U5E,O,I I .OOE+01 7.10E+04 1.5SE-01 2.S2£.02 
~ 1.27E-O, UOE+OS I .OOE+OS 1.10E+04 5.19£-0S S.SSE-04 
"'-ic 1.11E-03 t.20E+OO 1.IOE+02 UOE+02 1.IOE+04 7.08E-02 U7E-03 
Barium 8.00E-03 2.85E<01 1.00E+OS UOE+04 7.84E-03 S.11E-03 
BorOft 7.58E-03 1.10E+04 0.OOE+OO 
C..tmium 2.31E-04 7.stlE-01 2.20E+OO 1.S0E+04 1.50E<Ot t .eOE-01 
Calcium 2.29E+OO t.84E+04 1.00E+04 0.OOE+OO 
Chloride 2.eOE-01 1.18E<OS 2.50E+05 1.00E+04 S.OIE-05 S.11E-04 
Clw- 1.11E,0,1 1.10E+01 UOE+Ot S.t0E+04 1.SIE+OO S.S1E-02 
~ 0.OOE+OO 0.OOE+OO 
c:_., t .SOE-03 7.84E+OO 1.10E+Ot 2.SOE+04 2.00E+OO 2.SIE-Ot 
Fuaride 2.0CE-02 1.00E+02 4.00E<OS 1.00E+OC 1.11E-OS 1.SIE-03 
lrOft 1.0SE-OS 5.07E<01 1.00E<OS 1.73E<05 7.IME-03 U7E-OS 
Load U4E-03 UIE+OO 4.21E<01 2.70E+04 4.IIE+OO 7.58E-01 

..... - e.e1e-01 USE-OS 1.00E+OC 0.OOE+OO 
Mano•- 2.D0E-03 8.79E+OO 5.00E+01 S.00Eo04 1.SSE-01 5.31E-02 
Nicul 7.SOE-04 I .OOE+OO 1.02£+02 1.2tE+02 t.20E+04 l .elE-02 S.11E-OS 
Nil' ... 4 .311€-0:Z 1.00E+OC 1.00E+OC 7.IME-04 1.,.E-OS 
f'lloe!llw- 2.00E-03 2.00E+01 1.00E+04 0.OOE+OO -... 2.114E-01 U1E+02 1.20E+04 0.OOE+OO - 4.20E-03 S.50E+01 2.80E+02 1.00E<04 2.eoe-01 U7E-02 - 2.0CE-02 1.14£-0S 1.00E<05 0.OOE+OO - 4.17E-OS 1.20£-01 UIE+OO 1.20E+04 7.02E<01 UOE-01 
Sodium 7.84E<05 USE+OS 2.etE-02 0.OOE+OO 
Sir- 7.114E-03 I .SOE-01 1.10Eo04 0.OOE+OO 
Su .... 1.21E+OO l .71E<OS 2.50E<05 1.00E<04 S.OIE-05 1.OE-03 
lkanium 2.84E-05 8.0IE-01 1.00E<05 0.OOE+OO 
v ......... l .10E-04 1.00E+04 0.00E+OO 
Zinc UOE-04 5.75E+OO UIE+01 7.stlE-01 2.20E- 2.55£-01 1.24E-02 

r .. ,,_oan.,. 7.54E+05 9.47E-02 
Tolat Cation• (moq/l.) S.21E<01 9.23E-02 
Tolaf Aniofto (moq/l.) •UIE-OS 1.S7Eo04 
c ..... a.-- (,t,) 

Alkainily (oo CoCOS) U1E+OO 5.40Eo04 
pH ,0-... , 7.00E+OO UOE+OO 
c .. - .. 2.51E<Oe 8.00E+02 
~ .. 0.OOE+OO 8ME<04 

TDS 8.84Eo04 8.114Eo04 1.00E+OO 
TSS 3.:IOE+02 S.OOE<OS l .10E+OO 
T--tur• (deg C) 1.18~<01 

0r,....,. 
Aoolo,,e 1.SSE+01 1.SOE+OO 0.OOE+OO 
1-nol · 3.12E<01 1.00E+OO 0.OOE+OO 
2-- 2.91E<01 1.00E+OO 0.OOE+OO 
BHT 1.S5E<01 1.00E+OO 0.OOE+OO 
Hu-(MIIIIC) U7E+OO UOE+OO 0.OOE+OO 
T- 5.SIE<OO USE+04 1.75E+04 1.00E<OO 1.1IE-03 0.OOE+OO 
Tric:11~ 5.19£+00 1.24E+OS 2.IIIE+04 1.00E+OO U4E-03 0.OOE<OO 
Mae,y-c- 0.OOE+OO 5.00E+OO 1.5SE<OO 0.OOE+OO 
TOhellta,- 1.00E+OO UOE+02 5.21E+OS 1.00E<OO 1.12E-02 0.OOE<OO 
TolalOrlOftC C... UOE+02 UIE+OS 1.00E+OO 
TololCor- 1.11£- 1.41E+04 1.00E+OO 
Tolol Or...,;c Heida 2.42E+01 1.0IE+02 1.00E<OO 

Radi1n1 aldu (pci'I.) (pci'I.) (pci'I.) 

ToalAlpha 4.IIIIE-04 7.IOE-01 S.OOE-01 1.00E<OS 
Tololllela 1.77£+02 U0E-01 S.OOE-01 U4E<OS 

Allo,241 7.0SE,0,1 S.OOE+01 1.00E+05 UOE+05 5.2SE-02 
C.242 4.nE-01 1.00E+OS 1.00E+05 U5E+07 1.10£-0S 
Ci.244 8.12E-01 e.ooe-01 1.00E+05 7.51E<Oe S.SSE-04 
Co,IC) l .41E-02 1.00E<04 7.40Eo04 USE+05 1.57E-02 
Co-134 1.52E-01 2.00E+OS 1.10Eo04 U4E<Oe U7E-02 
Co-137 4.21E+01 S.OOE<OS 1.10E+04 S.15E<05 U1E+OO 
C-14 4.24E<01 7.00E- 1.00E+OO U7E+02 0.OOE+OO 
H-S 5.84E<Oe S.74E+02 2.00E<Oe 1.00E+OO 2.71E+04 0.00E+OO 
Mft-54 2.01E-01 5.00E+04 S.OOE+04 UIE+05 2.70£-0, 
Pl>-210 1.10E-OS S.OOE+01 2.70E+04 1.4SE+07 2.22£-02 
l'lt-238 1.0IE-04 1.S2E-01 4.00E+OI 1.00E+05 2.40E<Oe I .IOE-03 
f'lt.2Stll240 8.elE-04 7.00E-02 S.OOE+OI 1.00E-05 1.S4E- 4.17E-02 
Radium s.soe-oe U2E-01 1.00E+02 1.00E<05 5.54E- 7.SIE-OS 
R,..109 1.0IE+OO 8.00E<OS 1.70£+04 e.24E<Oe l .42E-02 
Sr-90 UOE+02 S.ME-01 1.00E<OS 1.10£+04 uee-oe S.114E<01 
U-234 UOE-OS 5.00E+02 1.00E<05 7.00E-01 7.1IE-OS 
U-2S5 2.17E-01 8.00E+02 1.00E<05 2.02E-02 8.10E-01 
IJ.2S8 1.1SE-OS e.OOE+02 1.00E<05 S.14E-03 4.22E-OS 

lro1a1 r.,.ic Pounc11 A-• - v- 43.15025 

C-9 



WHC-SD-NR-ES-014, REV . 0 

This page intentionally left blank. 

C-10 



WHC-SD-NR-ES-014, REV. 0 

APPENDIX D 

DECONTAMINATION WASTEWATER RECYCLE SYSTEM 
TREATMENT EQUIPMENT SIZING AND 

SECONDARY WASTE CALCULATIONS 
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ALTERNATIVE D 
TREATMENT EQUIPMENT SIZING, AND 

SECONDARY WASTE CALCULATIONS 

Appendix D consists of spreadsheets and tables that represent waste 
stream treatment calculations, treatment system equipment sizing calculations, 
and calculations of the secondary waste streams generated for the 
decontamination wastewater recycle system. Each spreadsheet typically 
presents one of these calculations for each specific unit or process in the 
treatment train. 

The first table presented for each unit or process shows how the 
concentration of each contaminant is affected by the specific treatment unit 
or process. The concentrations in the stream exiting each treatment unit or 
process are calculated by dividing the contaminant concentrations entering the 
treatment unit/process by the decontamination factor (OF) noted on each table. 
Based on the concentrations and flow rates, the mass of the contaminant 
entering and exiting the unit or process is also presented. The mass of 
secondary wastes are noted by the difference between the influents and 
effluent masses . 

Spreadsheets noting calculations of secondary wastes are attached 
following the treatment calculation spreadsheet for each specific treatment 
unit or process. 

Spreadsheets showing sizing and general design calculations are presented 
for IX or GAC treatment units. 

Assumptions for specific calculations are generally noted on each 
corresponding spreadsheet. 
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--... ary Waste Volumes 
Decon Water Recycle 
Flttratlon 

Assume: 

Will Generate 

Sludge 
Unstabillzed Wastes 

Assume: 

Settled Sludge 
Portland Cement Required 
Stablllzed Volume 
Number of Drums of Stabilized Product 
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5.22E-05 Gal sludge/Gal water processed 
0.1818 Gal sludge/Gal slurried wastes 

25.200,000 GaVyr effluent 

1,316 GaVyr 
7,239 GaVyr 

1 lb cement/lb solid sluny to stabirize 
94 lb/ft3 dry Portland cement density 

0.996 settled sludge density 

10,486 lbs 
112 ft3 per year 
287 ll3 per year 

39 drums/year 
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I • aaign Calcutauons for 10r1 t:ACrJarlV& System 
Dac:on Water Recycle 

Influent and Effluent Composition 

Influent 
Effluent 

Ramov.d 

Cations 

U11317 meq/1. 
0.015059 meq/1. 

1.396258 meq/1. 

Sttong Acid Resin Capacity 

%Sodium 
% Alkalinity 

6.700495 % 
99.7"827 % 

Weak Base Resin Capacity 

ColumnSizingCalcu~tlons 

Sttong Acid Resin Usage 

Weak Base Resin Usage 

Strong Acid Column Minimum Size 
Weak Base Column Minimum Size 

Chosen SA Size 
Chosen we Size 

Minimum.Column Diameter 
Maximum Column Diameter 

Chosen Size 

Rag-ration Wasta 
Strong Ac:!d Column 

Weak Base Column 

Regeneration Time (SA Column) 

Regenanstlon Calc:ulatlons 
Chemicals 

H2S04 
NaOH 

2 wt,.. 
4wt% 

Bac:lcwash+Rlnse 
Volume 
Flowrata 
Duration 

4 Bed Volumes Each Column 
388.96 Gal/Column 

Ragananatlon 

SAColumn 

Volume 
Flowrate 
Ounstlon 

WBColumn 

Volume 
FICIWnlta 
Dunstlon 

5 gpm/112 
16G.7162 min 

12 #H2S041ft3 

975 Gal/Column 
5 gpm/112 

425.425 min 

4#Na0H/113 

137.5 Gal/Column 
5 gpm/ft2 

59.99583 min 

D-7 

Anions 

0.448983 meq/1. 
0.00449 meq/1. · 

0.444493 meq/1. 

Using Culligan Water Company Tables 
Capacity 3n92.21 meqlft3 

Using Culligan Water Company Tables 
Capacity 27272.73 meqlft3 

0.00028 113/gal 
134.2457 113/yr 
0.000123 ft3/gal 
59.22068 ft3/yr 

8.054745 ft3 
3.553241 ft3 

13 ft3 
11 113 

1.595767 ft 
3.814613 ft 
1.666667 ft 

1363.96 GaVRagan 
14085.06 GaV't'aar 

526.46 GaVRagan 
2834.302 GaV't'aar 

9.91902 H~agan 

(assume 50% safety factor) 

(assume 50•1, safety factor) 
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APPENDIX E 

SHUTDOWN EFFLUENT SOURCES 
(AS PROVIDED BY WESTINGHOUSE HANFORD) 
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SHUTDOWN EFFLUENT SOURCES 
March 1992 

Effluent sources resulting from Shutdown execution activities have been 

sunvnarized into five categories : 

l} Draining and decontamination of a) Pi ts/Sumps, b) Fuel Basins, and 

c) Basin Hardware decontamination. 

·2} Zone Reduction decontamination. 

3) Miscellaneous sriurces. 

4) Reactor Test Loop at O Area . 

S} 0 Reactor water, Roof leaks. 

Following is a discussion of each . 

Item J.Oraining and decontamination of Pits and Sumos. 

Fuel Basin. and Basin Hardware Decontamination 

Effluent streams generated from the sources in this category comprise over 65% 
I 

of the total liquid effluent streams anticipated. Effluent disposition from 

pits and sumps, i . e . primarily the lift station and Emergency Dump Basin, are 

closely linked to Basin Decontamination and draining and will require a 

scheduled draining sequence to accommodate limited water storage . To prov ide 

the reader with a clear understanding of how this interrelationsh ip exists, 

some background information on the lift station and on the basin cleanup plan 

ts provided . 
E-3 
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The l i ft station is the low point radioactive drain pump well for the reactor 

complex building and is adjacent to the fuel storage basin . It is a steel 

lined concrete structure equipped with pumping capabilities to move its 

storage contents to the 1325N (Crib) . 

The lift station will hold - 100,000 gals if allowed to fill to capacity but 

is operated to the height of the steel liner wh ich is 14 '. This equates to 

-54,000 gals. To date the level is - 9' - 4• (-45,000 gals} . 

Major cleanup water sources such as the fuel basin , C & D elevator pi ts , al l 

terminate at the lift station . It is assumed to be the natural point of 

effluent handling for the major clean-up effort at N. The basins, pits , well, 

and piping, hold approximately 1.5 million gals. 

It is estimated that underground drain lines leading to the lift station, and 

the 35• pump discharge line leading from, contain - 85,000 gals. This water 

is essentially dormant. No pumping action to the 1325N crib has been done 

since 4/91. The water contaminated in the piping is anticipated to be used to 

maintain emergency dump basin and pool level due to evaporation . This lift 

station well and discharge pipe is also used as a reservoir to protect against 

unplanned spillage, and the need to discharge to the crib. 

Coordination/sequencing between lift station water disposition and basin 

draining will be required to acconunodate lift station capacity and avoid 

release to the 1325N crib until the BAT is installed. 

Basin cleanup involves removal and decontamination of basin hardware (fuel 

spacers, fuel storage cubicals, · process tubes, and miscellaneous debris) , 

draining basin water,and cleaning and stabil izing contaminated basin surfaces 

to prevent resuspension of radioactive particulates into the air . 
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Figure 1 is a plan view of the N Basin and associated pits. Together , they 

hold over I.SM gallons of contaminated water requiring processing. With 

reference to this figure, the N Reactor Shutdown Program Plan identifies the 

following cleanup sequence: 

• Move equipment and material from the Discharge/Viewing pit to the 

main basin and isolate the area between Zone 1 (innermost Zone 

surrounding the reactor core) and Zone 3 (basin area) by adding an 

imperiable seal in the cart tunnel and viewing pit area. After 

the two zones are isolated in FY-94, Discharge pit water (96,000 

gallons) will be transferred to the lift station. Surface 

stabilization will not be required since the entire pit will now 

be in Zone 1 thus requiring disposition of existing water first. 

The timing end actual volumes transferred to the lift station 

prior to implement of the BAT is .subject to potential evaporate 

rates in EDB and fuel basins. 

• Hardware in the Examination Facility will be moved to the main 

basin for disposal. Sediments will be moved to the main basin 

from the Examination Facility by means of a filtered unden1ater 

vacuum system such that inspection for SNM may be accomplished. 

The opening to the South Storage Basin will be sealed and the 

Examination Facility will henceforth be used ai a repository for 

all sediments moved from other areas of the N Basins. Because of 

this , Examination Facility surfaces will not be cleaned or 

stabilized and water will not be drained until the sediment 

removal activity is completed in early FY -99. 
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• Hardware will be moved from the Segregation Area to the main 

basins for disposal by· FY-96. The openings to the North and South 

Storage Basins will be sealed and sediments then moved to the 

Examination Facility also in FY-96 . The Segregation Area surfaces 

will be cleaned and stabilized as the 122,000 gal. of water is 

drained to the main basins in FY-96. To accommodate this 

additional water, basin water will be discharged to the lift 

station, which in turn, will require prior reduction or treatment 

by BAT . The area will be inspected to certify that all SNM has 

been removed. 

The Segregation Area will then be used as a dry repository for the 

concrete panels which form the cubicles in the North and South 

Storage Basins. The cubicle panels will be lifted from the ma in 

basin, cleaned and stab1lized using either processed or new makeup 

water, and stored dry in the Segregation Area (FY-97). 

Approximately 1100 gallons of water will be required to perform 

cubical decon work. (The estimate basis assumes 10 minutes ta 

decon each of the 4500 cubicals using a 20 gallon/minute spray . ) 

Discussions with HSFP representatives indicate that it is more 

cost effective to remove and dispose of the cubicle panels with 

the balance of the lOON concrete structures during decommissioning 
I 

rather than disposing of them during these shutdown operations. 
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• At this point the North and South Storage Basins and North and 

South Cask Pits have been isolated from the other pits, and have 

been accumulating hardware and sediments from those pits . 

Hardware removal, which is planned to proceed in parallel with 

earlier activities {FY 95 & 96), will be completed. Sediments 

will be transferred to the Examination Facility. The basin 

surfaces will be cleaned and stabilized with clean water as the 

water is drained. Removal of basi~ water (333,000 gal. in North 

Basin and 377,000 gal. in South Basin and 40,000 in cash pits) and 

surface stabilization {1.6m gallons) is schedule to occur in FY -97 

thru FY-98. Stabilization estimates are based on a 45¾-of-volume 

adder for decon work. 

• Hardware from the •c" Elevator Pit will not be removed . under the 

Shutdown Program due to ALARA concerns, and as such, will be part 

of decommissioning activities. Water from the pit (50,000 

gal . )will be removed in FY-97 after residual materials have been 

removed or relocated. Since the •c• Elevator Pit is in Zone 1, 

surfaces will not be cleaned or stabilized. 

Item 2 Zone Reduction Decontamination 

Host decontamination of radiation zones will occur in FY-94 thru FY-97 of the 

Shutdown program. Current estimates, based on historical 'knowledge, call for 

approximately 400K gallon~ of water to be utilized per year from FY 94-FY-96. 
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[tem 3 Miscellaneous Sources 

Miscellaneous Sources include equipment cooling water required to meet routine 

compliance operations, unplanned Fire Water usage and piping leaks from the 

potable and fire systems , and contaminated drains for safety and decon showers 

and sinks. Utilizing measured data, an average rate of 1/10 gallon/minute 

from miscellaneous sources was derived. This adds up to an additional 100k 

gal/year to the lift station. 

Item 4 0 Area Test Loon and Trampoline Facility 

0 Area facilities house various N Reactor test mockups. Included are the High 

Pressure loop and associated sump which contain approximately 5,000 gallons of 

contaminated water , and about 40,0CO gallons in the Trampoline Fac i lity 

(capacity of 250,000) . The Trampoline facility is kept with a minimum leve l 

of water to maintain the structural integrity of the supporting wa l ls . 

Item 5 Reactor Water, Roof Leaks 

The 1850 facility, which houses the High Pressure Test loop is known ta leak 

water into the loop sump from rainwater . An allowance of 5,000 gals . per year 

was added to the effluent source estimates to account for removal . 
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Estimate Basis 

Attachment 2 and 3 itemize the projected effluent flows by fiscal year . 

Estimates are based on holding capacities of basins, sumps, and piping with a 

20%-of-volume adder for decon activities where applicable . (This was doubled 

for North and South basin work to accommodate for expected high contaminat i on 

areas.) Zone reduction estimates were calculated using a 20 gallon/minute 

stream times the expected usage per shift . Hi~cellaneous effluent stream fl ow 

1s based on historical standby data with an average of 1/10 gallon/minute flow 

to the lift station. 

3·9·92 CJC 
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APPENDIX F 

APPLICATION OF THE 
BEST AVAILABLE TECHNOLOGY 

PROCEDURE TO THEN REACTOR WASTEWATER 
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APPLICATION OF THE BEST AVAILABLE TECHNOLOGY PROCEDURE 
TO THEN REACTOR WASTEWATER 

The following sections describe the steps taken to apply the procedure 
outlined in Section 4.1 to determine BAT for the N Reactor wastewater . 
Sections F.1 through F.S relate to steps 1 through 5 of the procedure, 
respectively. 

F.1 Step 1: N Reactor Wastewater Characterization 

The first step in the BAT selection procedure involves assembling all 
relevant wastewater characterization data. Results of that effort are 
presented in Sections 1 and 2 of this report. 

F.2 Step 2: Effluent Guidelines Method 

The second step in the BAT process relies on federal and state guidelines 
to determine effluent limits for a given wastewater stream. Completion of 
this portion of the BAT process is documented in Section 3.3 of this report. 
No clearly applicable federal effluent guidelines which could establish BAT by 
themselves were identified. 

F.3 Step 3: Technology Transfer Method 

The technology transfer method for determining BAT requires the 
identification of streams which are nearly identical to the N Reactor 
wastewater that are being successfully treated at other sites. If one or more 
such treatment applications are identified, it is likely that similar 
treatment technologies may be used and that the established effluent 
limitations may be adapted for N Reactor. Differing state regulations, 
however, must be accounted for when utilizing technology transfer to determine 
BAT . 

A national consensus standard has been developed by the American Nuclear 
Society (ANS} and the American National Standards Institute (ANSI} that 
addresses the design of wastewater treatment facilities for nuclear reactors. 
This standard, American National Standard for liquid Radioactive Waste 
Processing System for light Water Reactor Plants, ANSI/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 wastewater, filtration followed by IX, or evaporation followed 
by IX, is recommended. The standard also provides information on average DFs 
which can be expected for these unit operations. 

Although useful for identifying potential treatment technologies for the 
N Reactor wastewater, this ANSI/ANS standard is not in itself sufficient to 
establish BAT. Fuel basin wastewater is specifically excluded from the 
sources covered by the standard. In most commercial reactor facilities, fuel 
storage basin water is treated and recycled, with only a small stream of 
treated water being "bled" off to prevent contaminant buildup. Additionally, 
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the focus of the standard is radionuclide treatment. Although the recommended 
technologies are effective in removing suspended and dissolved solids in 
general in addition to radionuclides, they are not effective for removing 
organics . Therefore, BAT for the N Reactor wastewater cannot be established 
through the technology transfer method. 

F.4 Step 4: Treatability Studies Method 

The treatability studies method may be used to identify BAT when neither 
effluent guidelines nor technology transfer is applicable . This method 
utilizes treatability study results to suggest control options which may be 
BAT . Use of this method is possible if either of the two following conditions 
are met: 

• A level of treated effluent quality has been accepted for discharge 
by regulatory agencies 

• Current control practices establish a pattern of control efficiency 
(i.e., percentage removal) or treatment intensity (i.e . , number and 
type of treatment steps). 

The first of these conditions does not apply, as recent permits for 
discharges sufficiently similar to the N Reactor wastewater have not been 
issued to a federal facility by EPA in Washington State. 

While there is no definite trend in control efforts for waste stream 
types similar to the N Reactor wastewater, the radionuclide treatment systems 
recommended under ANSI/ANS standards do provide a basis for further 
devel6pment using the generic treatment system method described below. 
Treatability tests performed in 1988 at the LETF pilot plant on N Reactor 
wastewater provide useful data for selecting and sizing treatment equipment 
for the current N Reactor wastewater stream. However, the focus of these 
studies was radionuclide removal; very little data on dissolved solids and 
organic removal efficiencies are available from the LETF pilot studies. 
Therefore, existing treatability data do not by themselves establish BAT for 
the N Reactor wastewater. 

F.5 Step 5: Generic Treatment Systems Method 

As described in the preceding sections, technology transfer and 
treatability studies are not appropriate methods for determining BAT for 
treatment of N Reactor wastewater. Therefore, it was necessary to apply the 
generic treatment systems method. 

The generic treatment systems method requires that alternative treatment 
processes be developed for the wastewater using selected convnon treatment 
technologies that appear applicable. The alternatives are then compared using 
criteria that reflect the cost, effectiveness, and implementability of each 
alternative; a recommended alternative is then selected. 

The results of applying the generic treatment systems method are provided 
in Section 4 of this report. The procedure begins with a comparison of the 
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constituents present in the wastewater to effluent comparative levels 
developed from applicable state and federal regulations and standards; this 
comparison identifies general classes of constituents which must be treated. 

The next step, as described in Section 4.2, involves identification and 
screening of potential treatment technologies. After the screening process is 
completed , candidate treatment alternatives are identified . Each of the 
candidates consists of a combination of the treatment technologies remaining 
for consideration after the screening process is completed. Those candidate 
alternatives are presented in Section 4.3 . 1. 

Criteria used to evaluate each alternative are described in 
Section 4.3.2. Detailed evaluations of the candidate treatment alternatives 
are reported in Section 4.3.3., culminating in the selection of a recommended 
alternative in Section 4.4. 
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APPENDIX G 

OFFSITE DOSE CALCULATIONS 
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OFFSITE DOSE CALCULATIONS 

The incremental contribution of the treated N Reactor effluent discharged 
to the Columbia River to the total offsite dose from the Hanford Site was 
calculated using estimated radionuclide concentrations in the treated effluent 
and total effluent volumes discharged . This appendix provides a sunrnary of 
the method used to calculate the offsite dose projections and the results of 
the calculations . 

Dose estimates have been calculated for two cases. The "average" case 
assumes that radionuclides are present in the treated N Reactor effluent at 
the concentrations provided in Table 4-5 for treated effluent from 
Alternative 8. These concentrations are based upon 1991 data, and have not 
been corrected for radioactive decay over the operating life of the wastewater 
treatment system. On average, approximately 480,000 gal of treated effluent 
will be discharged to the Columbia River each year. 

The "1998" case estimates the incremental offsite dose that will occur in 
the worst case year, when the discharge to the Columbia River will consist 
mainly of wastewater from draining· the 105-N Fuel Basin. For this case , 
concentrations for all radionuclides with the exception of tritium in water 
from the 105-N Fuel Basin have been assumed to be an order of magnitude higher 
than those assumed for the average case. Tritium is assumed to be present at 
a concentration approximately 2.3 times that of. the average case. These 
concentrations have then been corrected for radioactive decay that will take 
place between 1991 and 1998 using the following formula: 

where : 

C1 • Concentration in 1998, in pCi/L 
Ci• Concentration in 1991, in pCi/L 
r • Radionuclide half-life, in years 
t • 7 yr. 

In 1998, approximately 1.1 Mgal of treated effluent will be discharged to 
the Columbia River. 

The contribution of each radionuclide to the offsite dose is calculated 
for each case using the following equation: 

Dj • C x F x V x (3. 785 x 10"12
) 

where : 

Dl • Dose contributed by the radionuclide, in mrem/yr 
L • Concentration, in pCi/L 
V • Total annual volume discharged, in gal 
F • Dose conversion factor, in mrem/Ci. 
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Dose conversion factors were obtained from the Westinghouse Hanford 
document Facility Effluent Honitoring Plan Determinations for the 100 Area 
Facilities {WHC 1991c). 

The total offsite dose for each case was then calculated by adding 
together the contribution from each individual radionuclide. These 
calculations are summarized in Table G-1. 
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Table G-1. Estimated Offsite Exposures from all 
Radionuclides in N Reactor Treated Effluent . 

Treated Effluent Resulting Offsite Dose 

Half Conversion Concentrations by Radionuclide 

Life Factor Average 1998 Average 1998 

Radionuclide (Yrs) (mrem/CI) (pCi/L) CPCi/L) 0 (mrem/yr) (mrem/yr) 

Am-241 433.00 2.00E-01 . 7.03E-04 6.95E-03 2.55E-10 5.79E-09 

Cm-242 0.45 1.00E+00 •• 4.93E-06 9.57E-10 8.96E-12 3.99E-15 

Cm-244 0.05 1.00E+OO .. 8.92E-06 3.09E-47 1.62E-11 1.28E-52 

Co-60 5.27 2.40E- 03 9.46E-02 3.nE-01 4.12E-10 3.nE-09 

Cs-134 2.06 4.S0E-01 1.52E-01 1.45E-01 1.27E- 07 2.nE-07 

Cs-137 30.17 3.20E-01 4.28E+01 3.64E+02 2.49E-05 4.86E-04 

C- 14 5730.00 1.00E+00 •• 4.24E+01 4.24E+02 7.70E-05 1.76E-03 

H- 3 12.33 6.40E-07 5.54E+06 3.74E+07 6.44E-06 9.96E-05 

Mn-54 0.85 6.S0E-04 2.01E-01 6.90E-03 2.41E- 10 1.89E- 11 

Pb-210 22.30 1.00E+00 •• 1.10E-03 8.85E- 03 2.00E- 09 3.68E-08 

Pu- 238 87.75 9.50E-04 1.09E- 04 1.03E- 03 1.88E- 13 4.08E- 12 
Pu- 239/240 24131.00 6.00E- 03 6.66E-04 6.66E- 03 7.26E- 12 1.66E- 10 
Radium •• • 5.76 1.00E+00 .. 3.30E-06 1.42E-05 6.00E-12 5.92E-11 

Ru-106 1.01 1.S0E-03 1.01E+00 8.24E-02 2.94E-09 5.49E-10 
Sr- 90 28.60 6.10E-03 1.60E+02 1.35E+03 1.nE-06 3.43E-05 
U- 234 2.44E+05 8.90E-04 1.G0E-05 1.60E-04 2.59E-14 5.93E-13 
U- 235 7.04E+08 9.60E-04 2.17E-06 2.17E-05 3.78E-1 5 8.67E-14 
U- 238 4.47E+09 9.50E-04 1.13E-05 1.13E-04 1.95E-14 4.47E-13 

Volume 4.80E+05 1.10E+06 Total I 1. 10E-04 2.38E-03 . 
Discharged (gal) (gal) Dose (mrem/yr) (mrem/yr) 

Dose Conversion Factors are as reported in WHC-EP- 0439 

• Decay Corrected 

• • Assumed: no data in WHC-EP-0439 

• • • Assumed to be Ra- 228 
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