Feport 424

JACOBS ENGINEERING GROUP INC.

VATER BALANCE STUDY
FOR
UNITED NUCLEAR CORPORATION
CHURCH ROCK URANIUM MILL

GALLUP, NEW MEXICO

Project No. 02-2925-02

2804270094 791221 December 21, 1979
FéDR ADOCK 04003887




JACOBS ENGINEERING GROUP INC.

TABLE OF CONTENTS

SUMMARY

1,0 INTRODUCTION

2.0 DISCUSSION

2.1 Interim lLiquor Neutralization and
Recycle Scheme

Proposed Liquor Neutralization and
Recycle Scheme

RECOMMENDATIONS
3.1 Lime Neutralization of Decant Ligquor

3,2 Liquor Neutralization with Solar
Evaporation

3.3 Mechanical Evaporation of Decant
Liquor (VRDD)




JACOBS ENGINEERING GROUP INC.

WATER BALANCE STUDY FOR
UNITED NUCLEAR CORPORATION
CHURCH ROCK URANIUM MILL

GALLUP, NEW MEXICO

SUMMARY

The United Nuclear Corporation (UNC) Church Rock uranium mill solution
balance was studied based on two proposed liquor neutralization and recycle
schemes. These schemes were proposed by UNC to help alleviate their
critical tailings solution problem. It was determined that the interim
raffinate neutralization scheme using ammonia is a viable process that will
significantly reduce mill aqueous effluent to tailings. The proposed tailings
decant liquor neutralization scheme using ammonia, however, does not
appear to be a feasible long term alternative because of excessive sulfate
build-un, A recommended scheme based on lime neutralization of recycle
liquor is given at the end of the report, as well as an alternative scheme
based on partial recycle and partial solar evaporation of decant liquor. In
addition, a proprietary mechanical evaporation system currently under
development and which is capable of achieving "zero" discharge is ¢ -ribed

as an alternative to all of the above schemes,

1.0 INTRODUCTION

Jacobs Engineering was requested by United Nuclear Corperation to
evaluate their current and proposed liquor neutralization and recycle
schemes for the Church Rock uranium mill, On Friday, December 7,
1979 a meeting was held with UNC staff to discuss Jacobs Engineering's
draft report on the same subject, Based on information gained from
this meeting and from other UNC staif members, this report presents
an evaluation of the liquor neutralization and recycle schemes as well

as some recommendations.
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DISCUSSION

2.1

2.2

Interim Liguor Neutralization and Recycle Scheme i‘

The first scheme involves neutralization o. UNC's current |
200 GPM raffinate bleed with ammonia and subsequent recycle

of the neutral liquor to the grinding circuit. The process is
shown in Figure 1.0, This is an interim scheme designed to
provide immediate relief for the tailings problem; however,

it eventually will be replaced by a future tailings decant liquor
ammonia neutralization scheme discussed later. The net

effect of this interim process is reduction of mill aqueous
effluent to only liquor associated with last CCD stage underflow.
As a consequence, sulfate ~.nd chloride levels will increase

from their present levels of 45 grams per liter (g/1) and 0, 41 g/l
to about 65 g/1 and 0.59 g/1, respectively. These highér levels,
however, will not affect the mill process. In addition, liquor
specific gravities will increase slightly and pulp viscosities
might also increase. In general, this scheme provides a viable

interirn process.

Proposed Ligquor Neutralization and Recycle Scheme

The proposed liquor recycle scheme involves neutralization of
tailings decant liquor with ammonia and subsequent recycle of
neutral liguor to the mill, Two alternatives based on ammonia
neutralization of decant liquor are under consideration by UNC
and are shown in Figures 2.0 and 3,0, The first scheme is
based on a one-step neutralization process while the second case

is based on a two-siep process.
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2.0 DISCUSSION

202

Froposed Liquor Neutralization and Recycle Scheme - continued

In both processes, last stage CCD nnderflow and raffinate bleed
are combined and fed to the cyclone sand/slime separation
circuit as presently done. The sands report to the underflow
for mine backfill use while the slimes and the bulk of the mill
effluent liquor reports to the overflow for transfer into a solids
settling area. As the ore solids settle out, decant liquor is

pumped into a decant pond (burrow pit no, 1).

In the first ammonia neutralization scheme (Figure 2, 0) acidic
decant liquor at pH 1, 2 is recycled to the mill where it is
neutralized to pH6 in a single neutralization step. Resulting .
"orange' sludge is thickened with thickener underflow advanced
to the last CCD stage and overflow advanced to the grinding

circuit and other mill uses,

In the second ammonia neutralization alternate (Figure 3.0),

decant liquor is partially neutralized to pH 4.5 in the decant

pond to allow settling of precipitated solids. Pond surface

liquor is then recycled to the mill for subsequent neutralization 1
to pH 6 with ammonia. Additional precipitated solids are
thickened with thickener underflow advanced to the last CCD |
stage and overflow advanced to the grinding circuit and other

mill uses. Final neutralization to pH6 at the mill instead of in

the decant pond allows recovery of soluble U3O values in the

8
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DISCUSSION

Z.z

Proposed Liquor Neutralization and Recycle Scheme - continued

The net aqueous bleed from the mill for the one-step neutraliza-
tion scheme is made up of liquor associated with mine backfill
material and liquor associated with settled tailings, while the
two-step neutralization scheme has an additional liquor bleed
associated w{th settled precipitated solids in the decant pond.
Both schemes provide a significant reduction in total bleed liquor
from the overall process. As a result, chloride levels will
build up to about 1,3 g/1 and 1,0 g/1 tor the first and second
schemes, respectively, Sulfate levels, however, will build up
to about 140 g/l and 118 g/l for the first and second schemes,
respectively, These sulfate levels are high and exceed a
desired maximum level of about 90 g/1, above which the mill
process may be adversely affected. In actual operation, however,
it will take some time for the sulfates to build up to a prohibitive
level because of a large liquor inventory in the tailings system
from which to draw, It is not known if the mill can operate until
springtime before sulfates become a problem. A knowledge of
the decant liquor inventory is needed to estimate how long the
mill can operate before problems arise, In addition, higher
levels of soluble metals such as iron and aluminum may cause
pulp viscosity problems in the ore grinding circuit, Also, the
addition of an '"orange' sludge to the No. 6 CCD thickener may
decrease the last CCD stage underflow density and thereby
increase soluble U3O losses as well as hinder the settling of

8
tailings in the tailings pond.
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2.0 DISCUSSION

2.2

Proposed Liguor Neutralization and Recycle Scheme - continued

A problem associated only with the two-step ammonia neutrali-
zation scheme (Figure 3,0) is the deposition of voluminous
settled sludge in the decant pond, Test data from the Church
Rock mill laboratory indicate that neutralized liquor sludge
will settle to one-tenth of the original liquor volume at about
10% sclids content, Consequently, treatment of about 400 GPM
of decant liquor will produce 40 GPM of precipitated settled
solide, At this rate, burrow pit No. | (decant pond), having
about 6 acres of area, will be filled to a depth of about 10 feet

with sludge after one year of operation.
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RECOMMENDA TIONS

Two alternative processes are suggested that will avoid the sulfate
build-up problem associated with UNC's proposed nmmo.nia liquor
neutralization and recycle scheme, The first process involves lime
neutralization of decant liquor while the second process involves a
combination of both neutralization and solar evaporation steps., A
mechanical evaporation scheme currently under development is also

discussed as an alternative to all of the schemes discussed thus far,

3.1 Lime Neutralization of Decant Liquor

The recommended decant liquor neutralization scheme using
lime is shown in Figure 4.0. In this process, acidic tailings
are allowed to settle followed by neutralization of resulting
decant liguor with lime or limestone in twc neutralization tanks
to pH8 - pH 8,5, The precipitated solids are subsequently
thickened, filtered, and disposed of in the tailings area. Clear

neutral liquor is then recycled to the mill,

This scheme eliminates the sulfate build-up problem because
soluble sulfates are rernoved from the process with liquor
associated with mine backfill material and settled tailings slurry,
while additional sulfate is removed as precipitated gypsum, /

a result, sulfate levels in plant liquors will range from 45-55 g,
In addition, precipitated sludge that normally setties to only
10-15% solids can be dewatered on a filter to, say, 35-50% solids

thereby producing 2 smaller volume of sludge.

Another advantage of thic scheme is that neutralization to

pH 8 - pH 8, 5 removes all ferrous iron from solution and thereby

-be




JACOBS ENGINEERING GROUP INC.

3,0 RECOMMENDATIONS

3’1

Lime Neutralization ot Decant Liquor - continued

minimizes problems in grinding circuit where the recycled
liquor might precipitate out gelatinous iron compounds upon
contact with alkaline ore values, This would cause a pulp

viscosity problem in both grinding and separation circuits,

A variation of this process similar to UNC's two-step neutrali-
zation alternate would be to incorporate lime neutralization to
pH 4.5 in one stage followed by neutralization with ammonia to
pH 6 in a second stage and subsequent recycle of liquor to the
mill. Precipitated solids from the first neutralization step,
however, would first be thickened, filtered and removed before
t};e second neutraliz.ation step. Based on information from the
Church Rock mill operation, partial neutralization of decant
liguor to pH 4. 5 would allow recovery of soluble U308 values
in the decant liguor, The uranium values do not precipitate
out at this pH level; consequently, they would report to the
second neutralization step from where they would all be recycled

to the process and resolubilized in the acidic mill liquors.

A disadvantage of lime neutralization scheme is high reagent
cost., Once the recycle liquor loop is closed and sulfate and
iron reach steady state levels in the mill liguors, lime con-
sumption for neutralization is calculated to be about 0.30 1b/gal
liquor. At a cost of $70/ton lime and treatment of 450 GPM
decant liquor, reagent cost will be about $2,200,000 per year.
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3,0 RECOMMENDATIONS - continued

3.2

3.3

Liquor Neutralization with Solar Evaporation

A process incorporating both neutralization and solar evaporation
of decaﬁt liquor may warrant future investigation by UNC because
of high neutralization reagent cost. Projected reagent costs

of about $2,200,000 per year can be reduced by recycling

a limited amount of ammonia neutralized dccant liquor to the

mill to maintain the maximum allowable sulfate levels of, say,

90 g/l in the mill, Excess acidic decant liquor would be advanced
to an evaporation pond, An economic optimization study would

be required to define this approach.

Mechanical Evaporation of Decant Liquor

Mechanical evaporation of tailings solution for recovery of pure
water from acid liquor is an alternative to liquor neutralization.
The Holl Research Vapor Reheat Direct Distillation (VRDD)

system is more economical than lime neutralization and has the

potential of making a ""zero' discharge uranium mill,

It is recommended that the VRDD unit be tested in the laboratory
at 1-2 liters per minute feed rate to validate the thermal efficiency
and to investigate the isolation of the dry solid salt agglomerates.,
This Phase I work would be done at Hazen Research, The
experimental VRDD unit could be fabricated for $10,000, The
monthly charges for operating the unit are $15,000 with $10,000
for Hazen and $5000 for Jacobs for a period of one month's

operation,
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3.0 RECOMMENDATIONS

33

Mechanical Evaporation of Decant Liquer - continued

Phase 1I would be a continuation of Phase at Hazen after the
approach was validated, An additional 2-3 months would be
required to obtain design data for a prototype field module --

demonstration unit in Phase IIL.

Phase III would cover the fabrication and operation of a 5-10 GPM

feed liquor unit over a period of six months,

Process Description

The VRDD approach is based on a vacuum sea water desalting

unit being designed and fabricated by Holl Research for Kuwait,

" The concept for Church Rock, however, is based on a pressurized

system to approach adiabatic conditions with the equivalent of
multi- stage evaporation, The proprietary concept is illustrated
by the sketch in Figure 5.0.

An organic medium is recirculated that allows water to evaporate
and be removed as condensate., The isolated salt solids are
separated from the organic medium prior to recycle. A pro-
prietary dispersant is used to stabilize the water and salts in

the organic medium so that agglomerates are formed. Special
heat transfer techniques are also employed to achieve high fluxes

with 2 minimum heat transfer area,

The VRDD operates under a pressure of 600 peig to achieve the
maximum thermal efficiency. It is estimated that 1000 gallons

Ve
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3.0 RECOMMENDATIONS

3,3 Mechanical Evaporation of Decant Liquor

Process Description - continued

of water can be recovered by expenditure of 50 KWH energy.
This is about one-half that for the recompression evaporator
offered by Resources Conservation Corporation (RCC) for

neutralized liquor,

Batch laboratory tests have been performed by Holl Research,

On May 23, 1979, in Test I, 375 cc of SX raffinate was evaporated

with a terminal temperature of 143°C, The agglomerates of

sulfate salts were easily separated, solvent washed, and saved
. . for assay by Hazen, Tests Il and III were made with SX raffinate

plus 10% slimes to indicate a possible method of solidifying

slimes for subsequent burial. The combined solids were taken

to Hazen for assay as shown in Table 1.0,

These successful tests provided evidence that the VRDD conc/pt
has merit and deserves evaluation along with other schemes of

tailings management being considered for uranium mills,

The primary advantage of the VRDD approach is that the acidic
liquid can be evaporated directly without neutralization. Another
possible advantage is that the slimes fraction of the tails can be
agglomerated by the sulfate salts, isolated, and the agglomerates

can then be buried free of any associated liquor.
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3.0 RECOMME! ATIONS

33

Mechanical Evaporatiocn of Decant Liguor - continued

Economic Evaluation

It was stated in the December 7, 1979 meeting that VR2D can

be justified on the basis of evaporating acidic liquor v ‘thout
neutralization via the proprietary Holl Research procets, The
Church Rock lime usage is 150 pounds per 1000 gallons ligquor
and the corresponding chemical cost for neutralization is
$5.25/1000 gallons based ou a lime cost of $70/ton. The unit
power cost at Church Rock is 6 cents/KWH and the corresponding
unit evaporation cost is $3,00/1000 gallons liquor based on the
estimated VRDD power usage of 50 KWH/1000 gallons liquor,
The VRDD power usage must be confirmed in Phase I laboratory
tests and, if valid, then engineering data acquired in Phase II
will be used for design of a prototype module for field testing

in Phase III test work,

A feasibility study would be made by JEG during Phase Il
Proposal

A formal proposal will be prepared by Jacobs as requested by
UNC.
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TABLE 1.0

ANALYSES OF SOLIDS FROM
VRDD EVAPORATION TESTS

Slime Plus Raffinate
Raffinate 1 2
Gross « pCi/g 1,070 3,890 2,270
Gross BpCi/g 3,020 5,440 4,830
V,0s 0.37 0.19 0.23
Mo 0.022 0.013 0.012
Mg ; 1,28 0.60 0.56
Ca : 0.45 0.65 0.59
Na 1.72 1.15 1.3
S04 48.0 22.4 18.2
Fe . 7.3 3.9 3.4
Al y 3.4 3.6 3.5
L.048

Cl 0.076 0.060
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