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ABSTRACT 

The water requirements for a hy,pothetical plant processing 
all the fuel from a 15,000 MWe nuclear economy were estimated to be: 

Fire protection 
Potable 
Boiler feed 
Process cooling 
Process makeup 
High-level waste cooling 

Total 

gpm 

1,500 
7 

136 
350 

59 
1,500 

gpd 

10,000 
196,000 
504,000 
85,000 

2,160,000 

2,955,000 

The high-level waste storage cooling water is the amount 
required for a tank farm containing waste accumulated over 20 
years processing. 

NOTICE 

This document contains information of a preliminary nature and was prepared 
primarily for internal use at the Oak Ridge National Laborotory. It is subiect 
to revision or correction and therefore does not represent a final report. The 
information is not to be abstracted, reprinted or otherwise given public dis­
semination without the approval of the ORNL patent branch, Legal and Infor­
mation Control Department. 
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or his employment with such contro:ctor~ 
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100 INTRODUCTION 

This report surveys the water requirements for a hypothetical plant proc­

essing all the fuel from a 15,000 MWe nuclear economy1,2 to obtain a limited 

answer to the question, "What are the water requirements for a radiochemical 

processing plant '1 " This question cannot be answered as ~ gal of l quaIl ty 

water. As in the case of a steel processing plant, where the water require:­

ments range from 1,400 to 60,000 gal/ton of finished steel, only a range can 

be given per unit of uranium recovered. For each processing plant considered, 

the specific requirements must be based on a detailed water survey which in­

cludes: (a) the water supply quality at the various sites under considera­

tion; (b) the requirements for the process, and its supporting facilities, as 

it is to be installed; and (c) the plans for water conservation within the 

plant 0 The third point is extremely important in radiochemical processing 

where all water could conceivably become radioactive waste. Water require­

ments and liquid waste disposal plans should be combined in one survey 0 All 

plant operations should be studied in detail to find ways to reuse as much 

water as possible and to ensure a rigorous separation of the nonradioactive 

and various levels of radioactive wastes. 

Each year the hypothetical plant would process 1,500 metric tonnes of 

uranium converter fuel, irradiated to a burnup of 10,000 Mwd/tonne, and 270 

metric tonnes of thorium converter fuel, at a burnup of 20,000 MWd/tonne. The 

uranium, plutonium, and thorium would be recovered as purified and concentrated 

metal nitrate solutions. The great bulk of fission products would be stored 

as liquid high-activity-level waste2,3 o The plant would operate ~250 days on 

uranium fuel and 80 days on thorium fuels each year. The uranium fuels would 

be processed by the Purex process4,5 at a plant throughput rate of 6 tonnes/ 

day. The flowsheet assumed for this hypothetical plant is shown on Figs. 1, 

2, and 3. The water requirements for this flowsheet are adequate to cover 

the change in dissolution procedure for other than aluminum fuel cladding and 

for the smaller throughput thorium processing. The cooling water requirement 

for maintaining a maximum temperature of 140°F in the tank farm aqueous waste 

from 20 years of plant operation (,is based on the arrangement shown in Fig. 4. 
This requirement is estimated separately from the processing plant water needs. 

In practice, the water system for a new plant is always designed with 

sufficient excess capacity to cover peak demands and limited plant expansion 





such as the preparation of radioactive isotopes, These features are not 

includes in this survey, 

2.0 PROCESS FLOWSHEETS 

2.1 Uranium Fuel Processing 

Uranium and plutonium are separated from each other and from fission 

products by the "Purex" solvent extraction process.
4 

One of several 

feasible chemical flowsheets for the hypothetical plant) taken from the 

open literature) 5 includes dissolution of the metallic fuel elements 

in nitric acid) preparation of the solvent extraction feed solution) and 

a first cycle of extraction and partitioning the uranium and plutonium 

(Fig. 1). This figures is based on aluminum clad elements but the water 

requirements will be essentially the same for the dissolution of more 

exotic cladding materials • Solvent extraction partitioning is follovred: 

for the uranium by stripping) feed adjustment} a second solvent extraction 

cycle} and concentration of the product by evaporation; and for the 

plutonium) a second solvent extraction cycle) an anion exchange cycle} and 

evaporation to product (Fig. 2). Finally the high activity waste is con­

centrated and neutralized for storage} ni t:dc acid is recovered from 

wastes and backcycled} and the extractant is purified for reuse 

(Fig. 3). A flow of 100 on these flowsheets is equal to 747 gal for each 

tonne of uranium processed. Although this over-all chemical flowsheet 

contains fewer solvent extraction cycles than are used in most currently 

operating plants} it does not attempt the ultimate in reduction of water 

usage and waste volumes. 

2.2 Hi&~ Activity Waste Storage 

Heat generation and removal is one of the serious problems in tank 

storage of high activity waste from high burnup power reactor fuel proc-

essing. The figures in a previous study3 show that the system shown 

in Fig. 4 will maintain the 5 Purex and 5 Thorex waste storage tanks 

tflled during 20 years of processing at a maximum of 1400 F. The total 

water requirement for the 20-yr tank farm is slightly less than twice the 

rate required for single newly-filled tanks of each waste and is close to 

the amount for a plant at equilibrium, 

3.0 WATER REQUIREMENTS 

Any radiochemical plant will require at least five distinct 

categories of water usage; namely} plant fire protection} potable, boiler 
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feed, cooling water, and process makeup water. In this study the cooling 

water is further divided into process cooling and high-level waste tank 

farm cooling. 

3.1 Fire Protection 

Water requirements for fire protection5 vary with plant location, 

insuring firm, operating company policy, and other factors. Raw water, 

or certainly water with a minimum of treatment, is satisfactory for fire 

water. A 6-ton/day uranium plant would likely have a 1500 gpm supply. 

The discharge of water during a fire must be studied in detail, consider­

ing the possible effects on the waste collection system. 

3.2 Potable Water 

Potable water will be required for drinking, showers, lavatories, 

and a laundry, if one is provided, for contaminated clothing. This water, 

of course, must be of approved biological quality and should also be free 

of objectionable tastes and odors and not unduly hard. Where softening 

is required, the hot water supply only is softened by the sodium cation 

exchange process. The hypothetical plant under consideration is conceived 

as a production plant with laboratories for control purposes only and with 

no service facilities such as a laundry. A plant of this type would em­

ploy less than 200 people and require less than 10,000 gpd of potable 

water. 

3.3 Boiler Feed Water 

Boiler feed water requirements for quality depend on the steam pres­

sure required and for quantity on the sum of all of the system water losses. 

Good boiler feed water will not cause appreciable scale formation, corrosion. 

priming, or foaming. In the hypothetical plant 125 psi steam will satisfy 

all requirements. Treatment by sodium cation exchange followed by deaera­

tion is sufficient for most water supplies and is assumed for this plant. 

The quantity required is 196,000 gpd as shown in Appendix A. 

3.4 Process Cooling Water 

Cooling water used in this plant consists of both makeup water for an 

open recirculation system and a supply for once-through usage. Cooling 

water used in single-purpose equipment, such as condensers, is monitored 

and recycled through a cooling tower. The quality and treatment of this 

water are best .determined by scaling tests conducted on the supply water 

available, concentrated by re-use, and normal cooling tower considerations. 
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As shown in Appendix B, the cooling water system will require: 

3500 gpm recirculation system, 30
0
F 6IT 

175 gpm makeup for recirculation 

175 gpm once-throu~~ 

The once-through usage is usually on-off type usage, and the system should 

have excess capacity to cover these surges. It is possible to use a closed 

circuit recirculation system with air-cooled finned exchanger and to recir­

culate all cooling watero 

3.5 Process Water 

Process makeup water is used to make up nonradioactive chemical 

solutions used throughout the process. The calculation of the quantity 

required, 86,000 gpd, is presented as Appendix C. At least the portion of 

this water used in the final purification cycles, 19,000 gpd, must meet 

the following specifications: 

Constituent 

'r'otal hardness 
Ca 
Mg 
Cl (as NaCl) 
804 (as Na2S04) 

Total :d1..sso.1ved" solid~ 
SHica (Si02 ) 
CO2 Na (as equiv. CaCO ) 
Total cation (as e~uiv. caC0

3
) 

HCO (as • CaCO ) 
Tot~l anion (as equi~o CaC0

3
) 

Amount, ppm 

0-2 
004 
0.25 
0.6 
1.5 

1-4.5 exclusive silicates 
7·5 
100 

1 
4 
2 
4 

This portion of the water usually requires purification by hydrogen 

cation and strongly basic anion 

3.6 High-Level Waste StorAge Cooling Water 

Heat generation is one of the more serious problems in the tank 

storage of waste assumed for this hypothetical power reactor fuel proc-
/' 

essing plant. In a reportO now in preparation, the system shown in 

Fig. 4 is proposed for dissipating the total heat from an accumulation 

of 20 years of plant operation. The makeup water required for this 

system is 1.2% for evaporation loss, 1% for wind loss, and an estimated 

488 gpm for blowdown for a total of 1500 gpm. 
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3.7 other Considerations 

In the process flowsheets the condensate from the evaporators is col­

lected as low-activity waste and disposed of to the ground. It is possible, 

and at some sites mandatory, to recover and re-use this water. 

Schematic drawings of the combined water supply and waste disposal 

flows are shown in Figso 5 and 6 for the processing section of the hypo­

thetical plant and of a more complete water recycle plant, respectively. 

Appendix D outlines the calculation of waste volumes. The more complete 

recycle plant is not based on a completely calculated concept but is con­

sidered to be a desirable goal. 

The design of the laboratory section of a plant must give close atten­

tion to water distribution and waste collection. Here, as in the processing 

canyon, indiscriminate collection of wastes could result in unnecessarily 

large volumes of low-activity waste, The laboratory would also be equipped 

with a small still for the preparation of distilled water. 

In cooling the stored high-activity waste, water requirements can be 

reduced by operating with the waste tanks at a temperature higher than 

140°F and/or by using an air~cooled exchanger. If the tanks were operated 

at boiling with the reflux condenser's cooling water removing the heat in 

an open recirculation system, the cooling water ~ could easily be eight 

times the 12
0 

shown on Fig. 4. This, of course, w'ould reduce the volume 

recirculated and the wind loss by a factor of 8 but there would be no 

change in evaporation loss and only a small reduction in the required 

blowdown. 

The actual extent one is willing to go to reduce water consumption 

will be decided upon economic factors related to the water supply and 

waste disposal potential of each potential site Most sites will find it 

economical to utilize open recirculation as indicated herein, but in some 

cases where water supply is short or waste disposal is difficult closed 

recirculation is best. 
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APPENDIX 

A. Estimate of Boiler Feed Water Volume 

Process Condensates Figure Flo'Wsheet Flo'W 

Dissolver 
lUD 
2UD 
XPD 
2WF 

2Wb-AAF 
AAD 
AFD 
3WD 
WSC 

1 450 (estimate) 
2 324 
2 268 
2 0.8 
3 385 
3 385 
3 438 
3 98 
3 1 47 
3 450 

Total flo'Wsheet floYl = 2946 

Estimate steam required = 120% of heat for above evaporations and blo'W­
down of 10% of the steam for evaporation. 

Boiler feed water = (29,46)(747)(6)(971)(1.2)(1.1) 
868 

B. Estimate of Process Cooling Water Volume 

Cooling water for condensers in Appendix A: 

29.46 (747)(6)(1000) = 3060 gpm 

( 1. 44 x 103)( 30 ) 

Cooling water for other uses, such as cooling compressors, estll~ated = 

440 gpm. 

Both requirements are fulfilled by a 3500 gpm open circuit recircu­

lation system. The makeup water requirements are 3% for evaporation 

(300
F QT), 1% for 'Wind loss and 25 gpm blowdown for a total of 175 gpm. 

An additional 175 gpm is allowed for once-through use in dual­

purpose process heat exchangers. 

This water an.d the heating steam condensate, as 'Well, could be 

recirculated in either closed or open recirculation systems after moni­

toring. Heating steam condensate could be recirculated to the boiler 

feed water makeup system. 
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C. Process Solution Makeup Water Estimate 

stream Flowsheet Flowsheet Flow 

NaN0
3 

1 17·5 

NaOH 1 404 
Jacket rinse 1 6.85 

Reaction water 1 3 

Dissolution acid 1 47·7 
Dilution water 1 8.9 

Absorber water 1 49-3 

Cake wash 1 0.31 

Slurry wash water 1 0.15 

HN0
3 

addition 1 2·7 

NaN02 addition 1 0.78 

HSS 1 59 

rBX 1 0.20 

NaN02 addition 1 0.78 

HSS 1 59 

rBX 1 0.20 

NaN02 addition 1 0.78 

rcx 2 398 

Fe(SA) addition 2 0·55 
2 DS 2 33* 

2 DIS 2 25* 

2 EX 2 317* 
2AS 2 3·10* 
2 BX 2 2·52* 

XAF-HN0
3 

2 2.28* 

XAS 2 0.85* 

xcx 2 1.2 

NaOH addition 3 1.7 

AAB 3 109 

Backup acid 3 

AFR 3 34 

Na2C0
3 

addition 3 23. 
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stream Flo"Wsheet Flo"Wsheet Flo"W 

KMn°4 
addition 3 1.6 

lOS 3 23 

IOC 3 7·5 
20S 3 18 

Total 1263. 

*Must meet high-<luality specificat:lon given in Section 3.4, total = 
384.95 flo"Wsheet flo"Wo 

Allo"W 50% excess for unlisted process "Water re<luirements and 10% for 
high purity uses; 

Total makeup "Water volume = 12.6329(747)(6)(15) = 85,000 gpd 

Total high purity volume = 3.8495(747)(6)(101) = 19,000 gpd 

D. Waste Volume Estimate 

1) Low-Activity Waste 

Stream Flo"Wsheet 

IUD 2 

2UD 2 

AAD 3 
AFD 3 

3WD 3 

other, i.e., laboratory sources 

Volume 

2) Intermediate-Activity Waste 

Stream Flowsheet 

Cooling "Waste 1 

Cake slurry 1 

lOW 3 

20W 3 

Flo"W 

324 

268 

438 

98 

147 

Total 1275 

57,200 

27,800 

85,000 

Total 

Flo"Wsheet Flow 

42.9 

O. 

55·5 
18 

116067 

Volume 1.1667 (747)(6) 5230 gpd. 
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3) High-Activity Waste 

Waste self-concentration flow = 7.35 (Fig. 3) 
Volume 0.0735 (747)(6) = 330 gpdo 
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Or9ll'ic System 
To ~. 
Concenlrotion 

To 3W8 
Tank 

Fig. 2. Purex two - cycle flowsheet (final uranium cycle - flnol plutonium cycle' plutOnium Ion exchanve ) 
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Wattr Add'a. 
H.O 
Flow 

~.2.W.I1.::AAE AAR Backup Facility A.EB. 
H.O M H.O .!It H.O- Acid H.O 
HN'o. 0.843 HNO. 0.84 Flow 109 H.O III Flow 

20W....jH.0~ iii 
U....jHNO. 1.12-

5p. Gr. 
2.41 
1.0 Flow 38!1 Flow 38!1 Sp. G.. 1.0 HNO 2.68 Sp. Gr. 

34 
1.0 

Rolio 0.Z5 5p. Gr. 1.08 Ratio 0.35 

1~ 
I 5p. Gr. 1.03 Vapor Phose R.flu~ Flow 53 Reffux 

.. ,.'"' _ £:"~ ... Ii ... """'f---. ,,,.,, 

T ! ~ 
I 1M '---to - .wi AEE. I AEl2 
H.O .!It ~ H,O.14 H,O.14 .§ I---- H,O ,,~ .. 
HNo. 0.9O!! asle Acid ~ HN;:" <0.01 HNO" 487 g HNO. 

Fe 0.004 ___ + _______ , I ." Sp.Gr. 1.0 Flow IZI ~ Sp.Gr. 1.0 

F.··· o,or 
No· 0.01 
H.50. 0.02-
VNH 0042 
Pu all 
Flow 168 
SII.Gr, 1.03 

Flow 390" , "~~ ,Sp.Gr. 115 8 I- .+ 
Sp.Gt 1.03 I HI;hUwel 1.---- ~ ;:-r ToI..owI.AirolW • .,. T 12:.. ToI..owLmolW .... 

Wasl. H.O .14 M! [i 3WF 
Siorag. HNo. ifa Wa.,. Self H,O .14 VO, Planl AfA O.canl.r 

H,O III Flow 0 Concentration HN;:" 5.12 Recov ... d H,O .II. 
HNO. 5.6 Sp,G< 1.19 H.O .14 80w 56 Acid (8) _ HNO, 104 0190.10 to 
Fe g-J No 8.0 Sp.Gr. 1.18 H,O II..... """ l.t.Und ... 9,_ 
Cr , I I 0.23 HNo. 10 4 Flow 568 , .... ,. 
~l O.O~~ I Oilule ~ K 0.17 ~ IliNH a O!l Sp. Gr, 1.03 

' Wosi' II n a 17 1"1 2 
No O,!I AdditlClft C 0 007 Condensat, : I ow 1 ,4 J 
Pa. 0.01 • 'H,O Sp.G, 131 T. R._ ...... 
so. 0,1!1 NI 0.003 Flow \briable A<:id 5'""",, 

l Si 0.2 A~ 009 Sp. Gr. 1.0 T •••• 
I j;;, A II Tr~";; Neutralized 5. 0.14 

1 
Flow 5 ~ 5~ 0.5 

I So: Gr. 1,2.0 H.O .11.:... Pot 0,007 
No !I.I ,.. NOt'NOt 4,88t:0W 

NaOH Add'n Fe 0,25 1 ~OI 1.la 
H.O .II. OIherlWW 1 t'U a v Trace ow 
NoaH 19.0 f.o 10';. Flow 7,35 
Flow 1.7 Flow 6.7 Sp.Gr. 1.28 
Sp.Gr, 1.53 511,Gr. 1.15 I pH 9.S l T8P Oiluanl 

Mak!=!!p 
Flow 1.6 

I 
Irh--, 

UncJ_lI ... 
OIlNL - LII- 0... No. 17117 

Venl Jet 
CondenIGIH 

J..\!Q. 
H,O 
HNO. 
Flaw 
Sp.Gr. 

.II. 
0,01 
147 
1.0 

TOU.~W"". 
DI 

H,O .II. 
HNo. 9.0 
H,SO, 1.65 F.··· 0.08 
No· 0.08 
UNH 0.344 
Pu ell 
Flow 20.6 
Sp. Gr, 1,38 

1 
all 

XAjH.O .II. 
HNo. 8,0 

Xi H.So. 0.12.15 
F.··~ 0,06 
No' 0.06 
UHH 0.2.54 
P. all 

ZQQ 
Solvent{4} 

Flow 341 
085 

3!1° C 

To No.2 Solvent 
tftockr 20X,2AX 

Flow 2.8,0 
Sp. Gr, 1.33 
remp, !llfc 

+ T. HACoI_ 

H.O 
No 

J.Qt! NOTE' 

KMno. Add'n 
H.O 111. 
KMnO. 078 
Flow 1.6 
Sp. Gr. 1.01 

Flow 
Sp.G •. 

All flows are relativ. to 100 flows 
equals 747 gollons/lan uranium. 

Fig.:3 Purex two-cycle flowsheet -waste concentration-acid recovery-backcycle concentration-organic recovery 
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COOLING 
TOWER 

92°F 

SO°F 

(275x 108Btu/hr) 

46,000gpm 

Note: H eat rates in parentheses represent 
maximum levels attained over 20 years 
operation and were used as design basis. 

UNCLASSIFIED 
ORNL-LR-DWG 40044 

HEAT EXCHANGER 

PUREX 

Cap. 300,000 go I. 

Q =6.5xI07Btu/hr 
(LOx 108Stu /hr) 

IS,500gpm 
64 psig 

125°F 

95°F 

1400 HP Total 

THOREX 

Cap. 900,000 gal 

Q= 7.1 xl07 Btu/hr 

(1.75x 108Stu /hr) 

Fig. 4 Schematic of High-Activity Waste Tanks Water Cooling System. 
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Water 
Supply 

~----------------~I J I 

Fire 
Protection 
1500 gpm 

Potable 
Water 

< 10,000 gpd 

Evaporation & Windloss 

Sanitary 
Waste 

< 10,000 gpd 

150 gpm;J 175
1ppm 

Open Circuit 
Recirculation 

System 
3500 gpm 

39,000 gpd 

Cold 
Waste 

- 65,000 gpd 

• Cooling 
Water 

350 gpm 

\, 

t 175 gpm 

low level 
Waste 

156,000 gpd 

82,000 gpd 

-- 490,000 gpd 

Boiler 
Feedwater 

195,000 gpd 

, 
Steam To 

Condensate 

Intermediate 
level Waste 

5200gpd 

Fig. 5. Wqter-waste schematic flowsheet hypothetical 6 ton/day Purex Plant ... 

UNCLASSI FI ED 
ORNl-lR-DWG 67110 

t 

Process 
Water 

85,000 gpd 

• 
To Process 

& laboratory 

High level 
Waste 

330 gpd 
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• Fire Potable 
Protection Water 
1500 gpm < 10,000 gpd 

Ev!poration & Windage 
:"!!. 
150 gpm 

175 gpm 

'r 
Open Circuit 

Recirculation 
3500 gpm 

25 pm 
5 gpm 186,000 gpd t, ., .. 

Sanitary Below MPC 
Waste Waste 

< 10/000 gpd 230/000 gpd 

Water 
Supply 

I I I' 1, 
Cooling 
Water 

180 gpm 

15Jpm • Closed Circuit 
Recirculation 

175 gpm 

UNCLASSIFIED 
ORNL-LR-DWG 67111 

46,000 gpd 
139,000 gpd • Boiler Process 

r-t-
Feedwater .. Water 

200/000 gpd - 85,000 gpd 

61/000 gpd 'r 39/000 gpd 'r 
Steam To To Process 

Condensate & Laboratory 

~~ 100/000 gpd,.-@:':-
I I 

~ 82,000 gpd 
5800 gpd 5200 gpd 

'F • 1 • Low Level 1900 gpd Evaporator 
Waste ..... Intermediate .. 

Treatment Waste 

" 
Intermediate High Level 
Level Waste Waste 

1300 gpd 330 gpd 

Fig. 6. Possible water-waste flow schematic. 
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