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Dear Dr. Pettengill:

This letter constitutes my comments on a report entitled "Highland Uranium

Tailings Impoundment Seepage Study", by Exxon Production Research Company,

Mining and Synthetic Fuels Division. The report is dated February 1982. The

report was coordinated by Mr. G. G. Peters. This letter also contains 6q

comments based on.a site visit to the Highland Ranch Mill during the *.od

4<
May 4-6, 1982. 9.../

My general opinion of the subject report is that it constitutes a sophTa eIated

job of modeling the ground water flow system and associated seepage from

tailings pond at the Highland Ranch site. The model that depicts the flow of

seepage from the tailings pond could have been refined slightly by the use of

a finer mesh in the vicinity of the pond and by the incorporation of north and

south boundary conditions that would lie nearer the pond. However, these

issues do not detract significantly from the modeling effort. The most

significant weakness in the effort to simulate seepage from the tailings pond

lies in the calibration of the model with field data. Not enough wells exist

northwest of the pond and south of the pond to ascertain that the model's

prediction of the future locations of the seepage front are valid. In addition

no monitoring stations exist along the North Fork of Box Creek downgradient
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from the tailings pond dam. On the basis of my observations during the site

visit I am of the opinion that this creek is likely to be a line sink for the

aquifer containing the seepage that moves around or beneath (probably around)

the cutoff wall beneath the tailings dam. It should be pointed out also that

the modeling effort, sophistocated though it is, cannot be expected to predict

the first arrivals of dissolved constituents of the seepage that constitute

semi ideal tracers. In other words, the seepage front can 'be expected to move

more rapidly than the model predicts. The reason for this discrepancy is that

the Exxon model is based on predicting the position of the seepage front at

one-half the concentration of the dissolved constituent's concentration in the

tailings pond water. In effect this technique ignores longitudinal dispersion.

Longitudinal dispersion will make the dissolved constituents thatare ideal

tracers move more rapidly than the movement rates predicted by the model.

This means that monitoring wells will show seepage constituent's concentrations

above background at some unknown time prior to the arrival of the concentrations

predicted by the model.

It is important.to note that this modeling effort is based on the assumption

that the Highland Mill will shut down in December of 1983. This assumption

means that the tailings pondmust become inactive in December of 1983 in order

for the results of the study to be valid. If the mill is not shut down in

December of 1983, an entirely new study will be required to predict the

behavior of seepage after December of 1983.

My comments on the strengths and weaknesses of the Highland Ranch study are

as follows. They will be presented by page number in the subject report.
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1. Comment #1 refers to the last paragraph on page 3. Page 3 is in the

Executive Summary. This paragraph notes that calcium, magnesium and

chloride concentrations were used to track the seepage front. This

decision, as explained later in the report, was based on the results of

laboratory tests that showed that these ions were not retarded by the

porous medium and that they were present in sufficiently high concentrations

in the tailings pond solution to allow them to be tracked. I wish only to

point out that it is somewhat unusual for calcium and magnesium to be

treated in this fashion. Normally calcium concentrations are a function

of the solubility of calcium .sulfate which changes with pH. As the seepage

water moves away from the pond its pH changes and one would expect calcium

chloride to begin to precipitate, thereby affecting the use of calcium as

a tracer. Similar comments hold for magnesium. I do not fully understand

the implications of the use of calcium and magnesium as a tracer under

these circumstances. Chloride on the other

tracer. Unfortunately its concentration in

not high; therefore its utility as a tracer

applicants have used sulfate as a tracer of

because once the sulfate equilibrates with

such as calcium-sulfate and sodium sulfate,

change except by dispersion. I brought thi

the Highland Ranch personnel indicated that

analytical procedures provided sufficiently

hand should constitute a valid

the tailings pond solution is

is less than ideal. All other

seepage plumes from acid mills

the concentration of compounds

its concentration does not

s issue up at the site visit and

they did not believe their

reliable concentration data for

sulfate to be used as a tracer. Under these circumstances it appears to me

that maximum reliance should be placed on chloride as a tracer of the seepage

plume in spite •of the fact that its concentration is low in the pond. I am
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of the opinion that calcium and magnesium should be used as supporting

data bases for tracking the plume either by monitoring or by mathematical

modeling.•

2. Comment #2 refers to paragraph 1 on page 4. This issue also is addressed

elsewhere in the report. Paragraph 1 states that "tracer concentrations

in wells west of the pond indicate that the seepage front has traveled

about 1300 feet further west than predicted." The paragraph goes on to

indicate that the presence of these solutes may be caused by high permeability

streaks or vertical leakage near the tailings discharge spigot. I agree that

these are plausible explanations for the difference between the monitor

well data and the prediction of the model. It should be noted also however

that the same phenomena could be caused by the use of too low a permeability

value for the tailings in the tailings pond. As reported later in the

document, the value used was 105 cm/sec. My experience with mill tailings

indicates that this figure will not be representative of the tailings throughout

the pond. It may be representative of the slimes portion of the tailings

although it may be slightly high, but it will not represent the sands portion

of the tailings. This observation is important because if additional

monitoring well data were available, they probably would not show the effect

of high permeability streaks or vertical leakage near the tailings discharge

spigot. However, they would show the effect of the use of too low a value

of permeability for the tailings. Unfortunately the model validation data

base is sufficiently weak that no other monitoring points exist near the

model's predicted plume front. Wells 9 and 10 are virtually the only wells

that can be used to validate the models predictions in a westerly direction.
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3. Comment #3 refers to page 5 in the Executive Summary. This page discusses

the various ions that are monitored in the tailings solution and in the

seepage, along with the significance of their concentrations with respect

to regulatory controls. I suggest that considerable effort be expended

to scrutinize the monitoring program that exists at the Highland site.

For example, even though calcium and magnesium were selected by the model

studies as the best tracers for seepage front migration, analyses of

calcium and magnesium are missing from some of the subsequent monitoring

data base. In addition, the philosophy described on page 5 indicates that

the company does not consider total dissolved solids to be a significant

issue. The company considers only those dissolved ions that are formally

regulated tobe significant with respect to contamination of ground water

or surface water. This issue will have to be resolved between the NRC and

the Highland Ranch personnel. I suggest that it be approached in the

context of the concentrations of total dissolved solids and other con-

stituents under the various water use categories of Wyoming State regulations.

I am unable to comment further on the issue in this evaluation.

4. Comment #4 refers to the 4th and 5th paragraphs on page 6. In the 4th

paragraph the company recommends that "the predictions made by the areal

model continue to be compared to field data. To enhance the comparisons,

three new water quality monitoring wells should be installed. Two wells,

one completed i-n the tailings dam sand and one completed in the upper ore

body sand, should be located 1500 feet south of well XII. These wells will

be beyond the maximum extent of the seepage from predicted by the areal

model. Background concentrations of the tracer solutes (calcium, magnesium
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and chloride) in these wells will help verify that the areal model predicted

maximum solute miqration." The obvious intent of this recommendation is

to improve the calibration of the model by field monitoring of the existing

plume or the ground water flow system downgradient from the plume, whichever

the case may be. The 5th paragraph states "A third monitoring well should

be completed in the tailings dam sand about 2000 feet northwest of well IX.

This well which will also be beyond the maximum extent of the predicted

seepage-front, will help determine whether pond level concentrations of

solute detected in wells IX and X result from tailings being discharged west

of the pond or from high permeability streaks." This recommendation also is

an effort by the company to improve the validation of the model, this time

in a northwesterly direction as opposed to the improved validation in a

south-southwesterly direction as described in paragraph 4.

I agree that these recommendations, if implemented, certainly would improve

the c.alilbratlion of the model in a northwesterly and south-southwesterly

direction. However, the site visit led me to the conclusion that there

probably is little chance of the seepage plume migrating across the site

boundaries in these direction if the mill and tailings pond are closed in

December of 1983. Since the study was completed a low permeability backfill

has been installed in-pit No. 2 west of the tailings pond. I am of the

opinion that this material, based on the information presented in the report

and presented at the site visit, will constitute a relatively low permeability

barrier to movement toward the west. In addition, this direction is

upgradient in the natural ground water flow system. Consequently the

model's predictions toward the west probably will not be valid anyway.
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The model's predections were dominated in a westerly direction by a ground

water sink consisting of the abandoned open pit mines located in that

direction. While these open pits willcontinue to be effective to some

extent they probably will not be effective in the same manner as predicted

by the model. Since it is unlikely that the plume will reach the property

boundaries in these directions, it appears to me that the monitor wells

recommended by the company on page 6 of the subject report are not as imnotant

as are additional monitoring wells located along the North Fork of Box Creek

downgradient from the tailings pond in carefully selected hydrostratigraphic

units. These wells will be discussed subsequently in this letter.

5. Comment #5 refers to the 3rd paragraph on page 8 of the report. The last

sentence in that paragraph states "in addition to mill tailings the pond is

used to store water from the mine dewatering wells, mine seepage, and solution

mine wastes." This sentence is important because it alters our expectations

of the characteristics of the seepage from the pond based on what we have

seen in other ponds. The concentrations of total dissolved solids in this

pond and of most of the constituents produced by the mill will be lower than

what we are accustomed to seeing at other sites. In effect, the mill

tailings solution is diluted by other sources of water. Consequently the

seepage from the tailings pond also can be expected to be diluted relative

to what we have seen at other sites. This means that the concentrations

of the dissolved constituents in the seepage plume will be lower at

distances comparable to those present at other sites. In effect, this

dilution of the tailings pond water by sources other than the mill waste

water will make the ground water contamination problem at Highland appear
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to be less severe than at other sites. This observation is important

because conclusions drawn from the Highland Ranch site will not be trans-

ferable to other sites and visa versa.

6. Comment #6 refers to paragraph 3 on page 12. This paragraph contains the

statement "hydraulic properties were obtained by pump testing, packer

testing, and core analyses." As I pointed out to the authors of the subject

report at the sitevisit, packer testing does not convey any technical

information. I suspect that the authors of the report borrowed this term

from previous Dames and Moore studies conducted at the site. The pump

tests mentioned in the above quote should be the major basis for the selection

of permeability values used in any model. The drawdown or recovery curves

from these pump tests are presented in Appendix C. The most important

curves are presented in figures 23 through 26. It is important to note

that no log log curves of aquifer tests are presented in the report. Only

the simplified Jacobs straight line method is used to determine permeability

values. This provides no information from the field on leakage through

confining layers such as the tailings dam shale or the shales in the Fowler

formation into the tailings dam sand. This requires the mathematical

model to be based in part on core data which normally are not valid for

these types of hydrostratigraphic environments. The net result is that the

value of 2000 millidarcies used for the permeability of the tailings dam

sand (see page 33) probably is too low. Most of the simplified field data

that were collected are, in my opinion, a sound basis for the use of at

least 4000 millidarcies. This value may make the model's predictions too

conservative, particularly in a westerly direction. However, as noted
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earlier this issue is complicated by the fact that the tailings dam sand

is now cutoff by backfill into a portion of No. 2 pit., I stress this

issue in spite of the complexity because I do not think the field testing

program was s.ufifci-ently sophisticated to-parallel the sophistication

of the model in which it was used as input'data. I raised this issue with

the Highland personnel during the site visit. They do not agree that a

value of 2000 millidarcies may be too low to be representative of the

tailings dam sand and they point out that if they increased this value the

model would not predict values sufficiently close to monitored values in

or adjacent to the seepage plume. My response to this claim is that the

field monitoring program is not sufficiently sophisticated to validate or

invalidate this assertion. If the model had been run using a higher value

of permeability for the tailings dam sand, wells 9 and 10 might very well

have matched the model's prediction. On the other hand, the limited

monitoring well data on the north and south sides of the pond might very

well not have matched the model's prediction. However, the limited number

of sampling points makes very difficult the interpretation of the model's

predictions.

7. Comment #7 refers to the last paragraph on page 14. This paragraph states

"it is assumed that any solute concentration reduction in the pond liquid

was caused by the solute adsorbing onto the aquifer rock and any solute

concentration increase was caused by solute desorbing from the aquifer

rock. The results of such an experiment are commonly expressed as an

apparent distribution coefficient which is the ratio of the mass of a

solute on the rocks and the mass of the solute in the liquid. Distribution



Dr. Harry Pettengill
Page 10
May 7, 1982

coefficients together with the bulk density and-porosity of the aquifer

rock are used to calculate the velocity of a specific solute concentration

front relative to the average linear velocity of the fluid leaving the

tailings pond. Therefore, the chemical attenuation and advection components

of solute movement can be calculated once the apparent distribution coefficients

in the flow field (and hence, the fluid velocity field) in the vicinity of

the pond are known. Subsequent portions of the report indicate that the

study did not assume that "any solute concentration reduction in the pond

liquid was caused by the solute adsorbing onto the aquifer rock and any

solute concentration increase was caused by the solute desorbing from the

aquifer rock." In reality the distribution coeffient used in the study is

assumed to take into account chemical precipitation that results from the

neutralization of the acid seepage by carbonates contained in the porous

medium. This does not detract from the results of the study but it does

make the statement on page 14 confusing if taken verbatim. This issue was

discussed with the Highland Ranch personnel at the site visit and an

understanding was reached on what was actually done in the study. This

understanding indicates that the aforementioned sentences should be ignored

when dealing with the report.

8. Comment #8 refers to the last paragraph on page 15. This paragraph describes

in detail the subject that I addressed previously regarding the treatment

(or lack of treatment) of the hydrodynamic dispersion by the model. I simply

wish to repeat that the method used by the applicant will not predict the

first arrival time of constituents in the seepage plume at a field monitoring

site. It will describe the time at which a constituent concentration
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equal to one-half the pond's dissloved constituent concentration reaches a

field monitoring station. Since the applicant has no field monitoring

station at the front of the predicted plume the difference between first

arrival times and the time of arrival of the concentration of the con-

stituent in the pond divided by two cannot be determined. The Highland

Ranch personnel agree with this observation and indicate that it was not

their understanding that the prediction of first arrival times of tracers

at a field monitoring point is important to the objective of the study.

Mr. Peters understands the technical issue very well and we have no dis-

agreement with the alternative approach that could have been taken in

the modeling exercise or in an expanded field monitoring program.

9. Comment #9 refers to item 2 on page 17. Item 2 on page 17 clarifies the

meaning of apparent distribution coefficient that I mentioned previously

in my comments relative to page 14. Item 2 states "a simplified model

(apparent distribution coefficient model) is used to account for the complex

chemical reactions occurring between the pond liquor and the aquifer rock."

10. Comment #10 refers to the last paragraph on page 18. The last paragraph on

page 18 discusses the results of inorganic analyses of the as received

rock materials and Highland tailings solutions as presented in Table 1.

My question relative to this paragraph is why was radium-226 omitted from

the analyses?

11. Comment #11 refers to the 5th and 6th paragraphs.on page 25, These two

paragraphs describe the construction of the hydrostratigraphic cross sections
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to which the finite difference mathematical model was applied. These

cross sections were prepared by a computer program utilizing resistivity

logs from seventy-seven boreholes digitized at two-foot increments. The

procedure by which these logs were digitized is described in these paragraphs.

The site visit revealed that the applicant used lithologic logs and gamma

logs as backup data for the interpretations of the hydrostratigraphic

sections presented in figures 18, 19 and 20. My comment is that the

document should have contained the logs of at least the wells shown on

figure 22. As the document stands now, I have no original data on which

to base agreement or disagreement with figures 18, 19, and 20. I asked

to see an example of.these logs at the site and the Highland personnel

were perfectly willing to show the logs to me. I compared the logs of

well No. 20 with the northeast-southwest cross section and found relative

agreement with the computer produced cross section and the borehole

geophysical logs. Nevertheless, the interpretations of the logs as

presented in this study must be taken essentially on good faith since the

logs were not presented. If future studies are conducted, the applicant

should be requested to superimpose appropriate well logs on cross sections

such as those shown on figures 18, 19, and 20.

12. Comment #12 refers to the last 3 paragraphs on page 30. These 3 paragraphs

describe the decision making process by which the size'of the cross

sectional models depicting flow from beneath the tailings dam and into

the surrounding ground water flow systems was determined. The basis for

the decision making process was the radius of the cone of influence of

the open pit mine west of the tailings pond. This cone of influence
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was modeled to be 3.7 miles. The use of this scale does in fact simulate

the intermediate flow systems very well. However, such a large scale

precludes detailed analysis of the movement of seepage in the vicinity of

the pond. If additional studies are conducted this basis for a decision

on the scale of the model cross sections should be reevaluated.

13. Comment #13 refers to the discussions on pages 31, 32, 33, and 34. regarding

the selection of permeability values used ½n the model. I have discussed

the field data testing program earlier and I wish only to point out that

the details of the field testing and laboratory testing program are

presented on these pages. My opinion is that not enough emphasis was

placed on the field data program that was conducted to supplement the

mathematical modeling effort. The pump tests were not sufficiently long

nor were they sufficiently extensive to provide a sound data base for the

selection of permeability values. The limited number of simplified

tests conducted suggest to me that the permeability value of 2,000 milli-

darcies used for the tailings dam sand may be too low. This would cause

the model to under predict the movement rate of dissolved constituents

in the tailings pond seepage. Core permeability tests give notoriously

unreliable results under these hydrostratigraphic conditions. Pump tests

conducted according to leaky principles and ratio pump tests would have

given more reliable results.

14. Comment #14 refers to the last 2 paragraphs on page 37. These paragraphs

describe the methods that were used to determine the values of permeability

of the tailings that were placed in the model. The tailings were slurry
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packed in permeameter tubes and tested in the laboratory. The samples

*were collected from the discharge pipe. This collection technique allows

for no segregations of fine and coarse tailings materials. Consequently

the technique will provide a permeability of the tailings that is too low.

A more appropriate technique, and the one that should be used if future

studies are conducted of the site, would be to field test the tailings

with pumping tests. The site visit revealed that a large beach exists on

the west end of the tailings pond. This beach could be used as a foundation

for field testing the tailings with standard pump tests corrected for

water table conditions. Such tests would also provide a mechanism For

obtaining properties of the tailings on an in situ basis. This observation

is important because of the statement in paragraph 5 on page 39. The last

sentence of paragraph 5 states "the tailings depth was importart because

it provided most of the.resistence to flow leaving the pond." If this

statement is correct then it is correct because the value of 10- cm/sec

was assigned to the entire tailings mass. This explains the resistence

to flow. If the tailings had been tested in the field this value would

have been different and the resistence to flow would have been different.

This comment is not intended to criticize the modeling effort. It is

intended to point out that the field data collection program to support

the model was somewhat limited.

15. Comment #15 referring to the selection mechanism fdmrdel~ihneationg initial and

boundary conditions is creative. The technique is sound but as stated

previously it probably would have been more productive to place the

north and south boundaries closer to the pond so that more detail could
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have been obtained in the vicinity of the pond.

16. Comment #16 refers to the 2nd paragraph on page 44. This paragraph states

that "the seepage appeared to be distributed over the entire area of the

pond. It was anticipated that most of the seepage would occur through

the tailings dam sand contact area. However, this area was covered by a

significant amount of relatively low permeability tailings which greatly

decreased the effective vertical permeability of the sand." I suggest

that this unexpected phenomenon was caused by the fact that a homogeneous

isotropic permeability distribution of 10-5 cm/sec was assigned to the

tailings and distributed throughout the pond. In reality we cannot tell

whether or not the seepage was uniformly distributed throughout the Pond.

This is probably a weak point in the study because the distribution of

seepage in the bottom of the tailings pond could influence flow paths

that might not be anticipated by the model since it considered a

homogeneous isotropic distribution of tailings in the tailings pond

at a low permeability. However, without a more detailed monitoring well

network, to calibrate the model it is possible only to speculate on this

issue. This comment may be particularly applicable to the predictions

of seepage flow into the North Fork of Box Creek as discussed on page 50.

This subject will be addressed subsequently in this letter.

17. Comment #17 refers to the last paragraph on page 44 which begins the

section on areal modeling. The last sentence in this paragraph states

"maximum seepage from the pond was calculated to be between 180 and

225 gpm and occurred over the entire pond." As I stated earlier, the
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seepage occurred over the entire area of the pond only because the tailings

were distributed over the entire area of the pond in the model at a

permeability distribution of l0-5 cm/sec. They were homogeneous and

isotropic. More importantly, however, the seepage rates for the areal

model were transferred to that model from the cross sectional models.

The study would have had considerably more validity if the persor:s doing

the modeling had had available to them a water balance for the site. I

brought this issue up at the site visit and t*hey all agreed. Apparently

the company simply did not initiate the water balance measurements

sufficiently early for the modelers to have them available for the study.

Nevertheless, a maximum seepage rate of 225 gpm is not unreasonable. It

may be low because of the permeability assigned to the taiii.hgs S

discussed above. But at such a high rate the model should at least

establish the pattern of the movement of seepage at the site if not the

exact velocities.

18. Comment #18 refers to the 3rd paragraph on page 46. This paragraph

describes the north and south model boundaries as being set at a distance

of 16,500 and 13,500 feet from the pond, respectively. The report does

not state what the boundaries are. However, inquiries at the site visit

revealed that the north and south boundaries are flow lines or no flow

boundaries. This is a reasonable mechanism for representing the north

and south boundaries and I find no problem with it except that as stated

earlier it appears to me that 16,500 feet and the 13,500 feet distances

could have been reduced in order to gain more detail in the. vicinity of

the pond. That detail is discussed in the next paragraph where the grid
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spacing is stated to be 500 feet in the vicinity of the pond. The

modelers feel that this is a relatively fine grid but in the context of

the tailings pond plume it is not a fine grid. This is particularly

pertinent with respect to movement of seepage to the east of the tailings

pond where the outcrop areas of the tailings dam sand arewithin approx-

imately two grid spacings of the dam. This grid spacing provides very

limited detail in that direction.

19. Comment #19 refers to the section entitled "Solute Movement" on page 49.

The first paragraph of this section states that "the areal model predicts

that maximum unattenuated solute movement will occur west of the pond."

I agree with this statement. The paragraph goes on to state that "solutes

will reach the northern edge of Pit 2 about 1992." It is my opinion

that this statement is no longer valid. My observations during the site

visit, as described previously idicate t r at the mine b1= kfil i Pit 2

is less permeable than the tailings dam sand. Consequently the backfill

material probably will be a barrier and this prediction will not be

accurate. What is likely to happen is that the seepage will move around

the barrier in a northwesterly and southwesterly direction and it will

reach a distance equivalent to that between the pond and Pit 2 orior to

1992. This interpretation'is based on the fact that I am of the opinion

that the tailings permeability in the model is too low (10- cm/sec) and

that the permeability of the tailings dam sand probably is too low

(2000 millidarcies). However, it is impossible to verify this opinion

because the monitoring well network is not sufficiently dense to validate

the model or invalidate the model. I suspect however, based on experi:ence
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at other sites, that the solutes will reach Pit 2 prior to 1992 even

though it is necessary for them to move around the barrier.

Paragraph 2 under this section states that "unattenuated solids are

predicted by the areal model to move a maximum of 1300 feet southwest

and 300 Feet northwest olf the pond. These predictions re . reater than

the predictions of the cross sectional model which showed little if

any areal movement past the pond boundary in those directions". The

authors of the reportdo not attempt to explain this difference and

I cannot explain it either. I can speculate however that the difference.i.s

caused by the fact that the areal model assumes an impermeable boundary

below the tailings dam sand and the cross sectional models do not.

Consequently, vertical movement is allowed in the cross sectional models

and only hor1,7ontal movement is a-`,owed in the areal model. This comment

..... t. tthe in s dar s an. -am of the opinion that the authos

are more correct in their interpretation of the properties of the tailings

dam shale in the areal model than in the cross sectional model. Flow is

likely to be predominantly horizontal in the tailings dam sand and

limited in the vertical direction in the tailings dam shale. However,

as discussed subseQuentI y\(in the long term picture under the assumption

of shut down in December of 1983,1 am not sure this difference in model

prediction is particularly important. Nevertheless, it would have been

appropriate for the authors to have expounded upon the difference,

particularly if it happens that the mill is,;-not shut down in December of

1983.
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20. Comment #20 refers to the last paragraph on page 49. That paragraph

states that "solutes that remain in solution will eventually be discharged

into the north fork of Box Creek. The discharge solutes may 1) move

slowly downstream toward Box Creek. 2) be left behind as solids due to

evaporation along the seepage face, or 3).seep downward into outcropping

sands and shales. Attempts will be made to determine the fate of these

solutes as more water quality data is [are] obtained in north fork of

Box Creek." i agree with this paragraph. The authors interpret their

model results very correctly. The only issue in question is whether or

not the rate of movement 0-i" dissoived solids into Box 'reek is accurate.

This subject is discussed on the following page. Whether or not the

results of the model's predictions are accurate is a function of 1) the

validity of the permeabV:ity of the tailings material incorporated into

the model and the permeability of the tailings dam sand incorporated

into the model. These issues have been discussed previously in this

letter with reference to the appropriate sections of the subject report•.

This in my opinion is the most important issue in the report, particularly

if the mill and tailings pond are closed in December of 1983 as assumed

in the report. The rationale for this statement lies in the fact that

after abandonment the mine pit will gradually fill and concomitantly its

cone of depression will recover. The model predicts thins sequence of

events and I agree wi-Lh it. When the cone of depression caused 'y the

mine pit has recovered, flow of seepage and ground water will reoccur

toward the east. Since most of the seepage will be stored in the

tailings dam sand directly above the tailinqs dam shale, it ultimately
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can be expected to discharge at the ground surface in the drainge basin

of north fork Box Creek. Its fate ultimately will be one of the three

items discussed in the last paragraph on page 49 except that some of it

will evaporate. It is for this reason that my recommendations that

follow will concentrate on the area within the Box Creek Basin downstream

from the tailings dam.

The velocity at which seepage will discharqe into Box Creek, according to

the model, is discussed on page 50. Paragraph 1 on that page states "the

results of the flow models indicate that preferential solute movement occurs

westward toward the pits and eastward toward the north fork Box Creek

outcrop area. In support of the latter. seeps can be observed on the sides

of north fork Box Creek." I agree that this statement is reasonable and

accurate. Although, as I stated previously, there may be some question

about the rate of seepage in either direction. The model calculated the

rate of seepage into north fork Box Creek as a function of time. That

calculation is presented in the form of a graph on figure 62. According

to the model ground waterseepage was calculated to be about 25 gpm before

the pond was operational. Unfortunately, as far as I can tell, no

calibration data are available to support this conclusion. suspe

however that it probably is in the ballpark. Figure 62 indicates that

during the first few years of Pond operation the seepage increased from

25 gpm to 33 gpm as a result of a relatively high seepage through the

tailings dam sand contact area. Paragraph 2 on page 50 goes on to state

"as the build-up of tailings on the contact area reduce the effective

permeability of the tailings dam sand and the cone of depression from
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a surface mine intercepted regional flow. Seepage decreased to below

20 gpm." Again no measurement data are available to validate the model's

prediction. I am concerned about the prediction because the decrease

of seepage to a rate below the oriqinal rate is a product not only of

the excavation of the open pit and its coincident cone of depression

but also of the introduction of tailings into the portion of the

tailings dam sand that crops out within the tailings pond. The inout

permeability value for the model was 105 cm/sec. As i discussed earlier,

this value is lower than values I have observed for segregated uranium

mill tailings. This value was not determined by field tests. It was

determined by an unusual permeameter test which is the reason for the

low value. If the model were run with a tailings permeability one or

two orders of magnitude higher or if the model had been run with

segregated tailings permeability distributions, the flow rate into Box

Creek would have been linearly higher. This is the portion of the study

that concerns me most. Paragraph 3 on page 50 goes on to state `seep-age

into north fork Box Creek increased from 20 gpm to 40 gpm as the water

level in the pond increased." This seepage rate lags the pond's build-up

rate. This is reasonable but again the 20 to 40 gpm seepage rate is

questionable because of the permeability of the tailings. The last

paragraph on page 50 states "seepage probably occurs further along the

outcrop than is indicated by figures 56 through 61. The apparent seepage

face along a narrow portion of north fork Box Creek, predicted by the

areal model, is a result of the soace discreti7ation in the model. in

reality seepage probably occurs in the elongated band parallel to the
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outcrop. I agree with most of this statement except that North

Fork Box Creek actually constitutes a line sink perpendicular to

the tailings dam. This line sink would tend to direct flow toward

it rather than toward the outcrops of the tailings dam sand. This

would affect the statement that seepage probably occurs in an elongated

band parallel to the outcrop, in addition my observations in the field,

indicated that the North Fork Box Creek becomes a losing stream after

it crosses the outcrcp of the tai;ings dam shale in its bed. 7Vs

seepage would enter the ore body sands downgradient from the tailings

dam sands. Ultimately this probalyv is the fate of most of the

seepage. This observation is supported by figure 66. This figure

shows that even with the pit still in existence and acting as a major

sink in the area, the chloride front, has moved more th1n 1.000 -ee

downgradient from the dam. The relative mean concentration, as shown

on this figure as measured in monitoring wells, is about 500 feet

ahead of the relative mean concentration contour predicted by the model.

As explained previously the chloride front will be ahead of the relative

mean concentration front. Other ions will follow behind the chloride

concentration front.

RECOMMENDATIONS

Only the more important recommendations are summarized here. These

recommendations are based on the assumption that the tailings dam and pond

will no longer be used after December of 1983. If use is continued bexyond

December of 1983 an entirely new approach should be taken to the handling

of seepage at this site, including the prediction of its movement. This new
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approach should include:

1. Closer boundaries to the north and south for all modeling efforts.

2. A higher tailings permeability for model input. This issue can be resolved

to a great-extent by a literature search. However, some field testing

would~ be necessary.

3. An expanded monitoring system so that proper calibration of -the,,very

sophistoctedmathematical model can be accomplished.

4. The grid Size of the model should .be decreased in the vicinity of the

taili~n.i tam, particu •ral\ to the

5. Input data to the mathematical model should be based on field testing of

hydrostratigraphic units. This field testing effort was very limited in

that no Theis equations were used, no leaky equations were used and no

ratio type Dump tests were conducted. This resulted in the incorporation

of a permeability for tle ta il ings dar sand of 2! ,O rni I darie; a[2 x 10-

cm/sec). I suggest that it probably approaches 200 millidarcies or 10-2

cm/sec. I suggest also that leakage is occurring through some of the

units in the Fowler formation toward the tailings dam sand. These issues

could have been resolved had appropriate field pump tests been conducted.

The remainder of my recommendations deal with the results of the present

modeling efforts and subsequent actions.

1. I suggest that the directions of seepage movement as predicted by the model

are in large part accurate with the exception of the fact that the backfill

in Pit 2 probably will divert the westward moving flow lines toward the

northwest and southwest during the operation of the pond and for some time
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afterwards. I don't think this changes significantly the conclusions

relative to movement toward the west. I recommend that these directions

be accepted as valid but I do not recommend that the rates be accepted

as valid. With no monitor well validation system in place toward the

west or northwest or southwest, acceptance of the model's rate prediction

in this direction would Le highly risky.

3. I do not recommend that the company's recommended three additional wells

as cescribed on page 6 be installed. The ratiornue for this recommendatio-

is as follows. As I stated earlier I agree with the company's model

prediction that movement of seepage to the northwest and southwest is

imminent. As I stated previously I believe their predicted rates are

too low. The front is probably well ahead of the 1982 prediction already.

However, it appears that if the mill shuts down in December of 1983

the front will not reach a proner~: boDry oD ermit oon:ciary :nese

Lkec ions. Uini-aa ey ce gr >aa;n will reverse as the open pi; cone

of depression recovers. This reversed gradient will reproduce movement

to the east according to the regional ground water flow system. I

suspect that most of the discharge will occur eastward in the tailings

dam sand as the model predicts. i suspect however that it will occur

more rapidly than the model predicts because I believe the 2,000 millidarcy

permeability assigned to the tailings dam sand is too low. As stated

previously this is a~consequence of the type of field testing employed.

Concomitant with this statement, 1 am in essence accepting the fact that

the tailings dam shale beneath the tailings dam sand has an inconsequential

vertical saturated hydraulic conductivity. In any case, as long as we

realize that seepage is occurring at some unknown rate toward the west
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southwest and northwest but that its direction will reverse before it

hits the permit boundary or property boundary, I do not see the importance

of knowing exactly where the front is. Therefore, I do not recommend that

the model be validated in these directions. This is the basis for my

recommendation that these three new wells not be installed.

4. i recommend that additional monitoring wells be installed toward the east

of the tailings dam sand. The locations of these monitoring wells can be

identified movt effectIvely on figure 66. Figure 56 shows the 2rontour

line of. the model's output of seepage front in terms of chloride concen-

tration. As i s± -~e earlier, - think this is the most useful tracer.

Figure 66 also shows the similar concentrations as measured in existing

monitor wells. As i stated previously, the measured front is considerably

ahead of the predicted front, As I also stated previously, I think this

is a consequence of the permeability values used for the tailings and

possibly for tailings dam sand. The front as identified by the monitoring

well data (dashed line) is well above background (about 1O0 mg/!) as

explained earlier. On the basis of this figure additional monitor wells

are needed along Box Creek. I suggest that three be installed along Box

Creek---one in the tailings dam sand immediately south of the well identified

as TDSH-IiT and two additional ones downstream that are located near the

eastern outcrop of the tailings dam sand (one well) and a second well

opened in the ore body sand downgradient from its contact with the bottom

of the tailings dam shale. I recommend that two addition-I wells

be installed. One would be located north of the stream at a. distance of

about 2500 feet from the tailings dam due east of well TDSS-XXVI. The

second well should be located about the same distance from the dam
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immediately east or slightly southeast of the south abutment.

These wells would calibOrate the model in an easterly direction (or invalidate

it). But more importantly they would provide a decision making base for

the agency or company who must manage the property after December of 1983.

5. No mention is made in the report of the fact that two pumping we.is are in

operation in the creek bottom downstream from the tailings dam. If these

wells were not in operation a significantly different picture would exist

with respect to discharge of the seepage into North Fork Box Creek and into the ore

body sand where it crops out in the dreek downstream from the pumping wells.

A major decision is going to have to be made with respect to the fate of

these wells after December of 1983. 1 recommend that these wells continue

to be pumped. If they are not pumped, the seepage discharge water which

is likely to decrease in quality at these locations for sometime after 1983

0772 either enter the ore hod, sand br di-h.r, donst-e.m inteote ney't

receiving stream. I recommend that upon abandonment some evaporation facility

be ma intaiined to receive the pumpage from these diascniargi-ing wells. it may

even be advisabh.' to install additional }recovery wells depending or the

outcome of the monitor well data from the new monitoring wells that

I recommended above, assuming they are installed.

If you have questions regarding this letter, please call.

Sincerely,

Ray E. Williams
Ph.rD, . Hydrogeology
Registered in Idaho

REW:sl

cc: Mary Jo Mattia


