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1. Introduction 

A geotechnical investigation has been completed for 

the Settling Pond Impoundment Dikes at the \.Jellington Coal 

Cleaning Plant Facility near Wellington, Utah. US Steel Min

i~g Company is considering increasing the capacity of the 

settling ponds by increasing the height of the dikes~ and the 

purpose of this investigation was to evaluate US Steel's ~ro-

posed modifications and to make recommendations with regard 

to construction procedures. 

The dikes to be modified will include the Lower Re-

fuse Dike, the Upper Refuse Dike and the North Dike as shown 

in Figure No.1. The work has been completed in such a man-

ner as to achieve the basic objective, and the details of 

the investigation are presented in the following sections of 

this report. Specifically, the report includes: (1) Exist-

ing Dike Conditions, (2) Subsurface Material Characteristics, 

(3) Laboratory Tests, (4) Stability Analysis and (5) Recom-

mended Construction Practices. 

2. Existing Dike Conditions 

The general location of the existing settling pond 

impounding dikes is shown in Figure No.1. Al so shown in 

this figure are section views of the Lower, Upper and North 

Dikes along ~vith the proposed modifications. 
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A soil and foundation investigation was completed 

in 1978 to evaluate the slope stability for the existing im-

pounding dikes. The report entitled "Soil and Foundation In-

vestigation, Slope Stability Evaluation, U.S. Steel Tailings 

Dikes, Wellington, Utah", dated March 1978, should be refer-

red to in reviewing this report. 

A. Lower Refuse Dike 

The existing lower refuse dike impounds clear water 

on the southwest side and fine -coal refuse on the northeast 

side. The dike is approximately 3S feet high with a crest 

width of 20 feet and side slopes of 2 hc:izontal to 1 verti-

cal. The embankment consists of low plasticity silts and 

cl ays wi th a 12-inch sand and gravel exterior zone. It is 

our understanding that the elevation of the existing dike is 

• at 5374.5, while the maximum clear water level is at ele

vation 5369, and the elevation of the fine-coal refuse 

material is at elevation 5370.5. 

• 

B. Upper Refuse Dike 

The upper refuse dike impounds fine-coal slurry 

both upstream and downstream. The dike is approximately 20 

feet high, having a crest width of 25 feet and side slopes 

of 2 horizontal to 1 vertical. At the present time there is 

approximately a lO-foot elevation difference between the fine 

refuse on the north side of the dike and the fine refuse on 

the south side of the dike. 
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c. North Dike 

The north dike was formed by excavating a trench 

on the north side of the structure and piling the material 

from the excavation to form the embankment. The embankment 

is approximately 12 feet high with side slopes of 2 hori-

zontal to 1 vertical. Seepage has been observed on the down-

stream face of this dike. 

3. Subsurface Material Characteristics 

During the investigation completed in March of 

1978, six test borings were drilled along the center line of 

both the lower refuse dike and the upper refuse dike. The 

intent of these test borings was to define the nature of the 

material within the embankments and within the foundation. 

• Three test pits were also excavated along the north dike 

alignment. 

e· 

During the present investigation, five test borings 

were drilled along the north dike alignment and four test 

borings were drilled at the upstream and downstream edge of 

the upper refuse dike. 

The approximate location of all the test borings 

performed to date is presented in Figure No.1, while the 

logs for the test borings performed during the present in-

vestigation are presented in Figures 2 through 6. The logs 

for the test borings performed during the 1978 investigation, 

are presented in Figures No.4 and 5 of the original report. 
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Drilling was performed using a rotary drill rig 

with water as the drilling fluid. Both disturbed and un-

disturbed samples were obtained during the drilling oper-

ations. The disturbed samples were obtained by driving a 

standard split-spoon sampling tube through a distance of 18 

inches using a 140-pound weight dropped from a distance of 

30 inches. The number of blows to drive the sampling spoon 

through each six inches of penetration is shown on the boring 

logs. The sum of the last two blow counts, which represents 

the number of blows to drive the sampling spoon through a 

distance of 12 inches, is defined as the standard penetration 

value. The standard penetration value is used to obtain an 

indication of the in-place density of sandy-type materials; 

however, considerable care must be used in interpreting the 

• standard penetration values obtained in cohesive materials 

and coarse granular-type soils. 

• 

Undisturbed samples were obtained by pressing a 

2.5-inch inside diameter thin-walled shelby tube into the co-

hesive material using the hydraulic pressure of the drill 

rig. Each sample obtained in the field was classified in the 

laboratory according to the Unified Soil Classification 

System. The symbol designating the soil type according to 

this system is presented on the boring logs. A description 

of the Unified Soil Classification System is presented in 

Figure No.7, and the full meaning of the various symbols 

shown on the boring logs can be obtained from this figure. 
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The characteristics of the subsurface material for 

the upper refuse dike and the lower refuse dike are presented 

on pages 4 through 6 of the original report. 

During this investigation two test borings were 

drilled along the upstream edge and two test borings along 

the downstream edge of the Upper Refuse Dike, in an attempt 

to define the characteristics of the subsurface material, 

which will form the foundation for the dike modification. The 

logs for these test borings are presented in Figures No. 2 

and 3, and it will be observed that the subsurface profile 

at both the upstream and downstream edge consists of coarse-

coal refuse to a depth varying between 20 and 25 feet. In 

test boring No. l, the coarse coal refuse is underlain by 

5 feet of fine coal refuse, while the remainder of the pro-

• file in all of the test borings consists of silty clay to 

-clayey silt-type materials. 

• 

It will be observed from the test borings that the 

coarse coal refuse material is in a medium to loose densi ty 

state, while the silt and clay material is in a relatively 

soft condition. 

Five test borings were drilled along the North Dike 

alignment, and the results of these test borings are pre-

sented in Figures 4 through 6. It will be observed from 

these boring logs that the subsurface profile along the North 

Dike alignment consis ts primarily of low- to medium- plas-

ticity silts and clays. In test borings No. 3 and 4, the 
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clay was underlain by silty sand at a depth of approximately 

20 feet below the existing dike surface. 

The results of field permeability tests performed 

at 5-foot intervals throughout the soil profile are presented 

on the boring logs, and it will be observed that the perme-

ability rates for the test borings in the vicinity or the 

Upper Refuse Dike vary from no measurable loss to 6560 feet 

per year, while the permeability rates for the North Dike 

varied from no measurable loss to 3250 feet per year. 

Samples obtained during the subsurface investi

gation were brought into the laboratory to more fully 

define the physical characteristics of the material. 

In addition to the samples obtained during the drilling 

operations, four representative samples of the coarse coal 

re fuse material weighing approxima tely 50 pounds each T,-Jere 

obtained from the Upper Refuse Dike and two representative 

samples of the fine coal refuse were obtained from the refuse 

adjacent to the Upper Refuse Dike embankment. 

The results of the laboratory tests are discussed 

A. Classification Tests 

During the 1978 study, classification tests were 

performed on representative samples obtained from the drill 

holes for the Lower Refuse Dike and the Upper Refuse Dike. 

The results of these classification tests, which consisted 

of Atterberg limits and mechanical analysis, are presented 

in Tables 1.1 and 1.2 of the original report. The results 
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of these tests indicate that the embankment material in the 

Lower Refuse Dike is primarily low plasticity silty clay, 

ha v i ng a p las tic i nd ex 1 e sst ha n 8 per c en t, 'iv hi let h e co a 1 

refuse in the Upper Refuse Dike consists of a granular-type 

material generally having less than 22 percent in the silt-

and clay-size range. 

During this investigation, mechanical analysis 

tests were performed on samples obtained from test boring 

No.1, and the results of these tests are presented in Table 

No. l, Summary of Test Data. It will observed from this 

table that the coarse refuse in the upper 20 feet of the soil 

profile classifies as S~1-type material, having generally less 

than 25 percent passing a No. 200 sieve, while the fine 

refuse material encountered between 20 and 25 feet below the 

• ground surface, classifies as ML-type soil, having approxi-

• 

mately 71 percent passing a No. 200 sieve. Also shown in 

this table are the results of mechanical.analysis tests per-

formed on the four bulk samples of the coarse coal refuse and 

the two bulk samples of the fine coal refuse obtained from 

the Upper Dike area. 

In order to more fully define the characteristics 

of the coarse coal refuse, which will be used to increase the 

height of the dikes, particle-size distribution curves were 

drawn for each of the four samples, and these curves are 

shown in Figures No. 8 and 9. It will be observed from 

these figures that the coarse coal refuse is fairly well 

graded, having between 13 and 16 percent passing a No. 200 

sieve. 
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Fifteen classification tests were performed on 

representative samples obtained from test boring No.1, 3 and 

5 from the North Dike, and the resul ts of these tests are 

presented in Table No.2, Summary of Test Data. It will be 

observed from this table that the material wi thin the em-

bankment and foundation of the North Dike is predominantly 

cohesive-type material classifying as ML, CL-l and CL-2 type 

soils. 

B. Moisture Density Relationships 

The moisture densi ty relationship was determined 

for both the coarse coal refuse and the fine coal refuse. 

The results of moisture density relationships for four sam-

pIes obtained from the Upper Refuse Dike are presented in 

Figures 10 through 13. It will be observed that the in-

place density varied from about 102 to 105 pounds per cubic 

foot. 

. Two moisture density relationships were determined 

on representative samples of the fine refuse obtained from 

the Upper Refuse Dike, and the results of these tests are 

presented in Figures 14 through 15. It will be noted that 

one sample was performed in accordance with ASTM D 698, while 

the other sample was performed according to ASTM D 1557-78. 

Uni t weights of 62 - 67 pounds per cubic foot were obtained. 

During the performance of the shear tests, which 

will be discussed in a subsequent section of this report, 

samples of both the coarse coal refuse and the fine coal 

refuse were densified at various unit weights. The maximum 

density curves presented herein enable a determination to be 

-8-
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made of the in-place density of the material used in these 

tests in terms of the maximum laboratory density. 

c. Shear Tests 

(1) Upper Refuse Dike 

During the 1978 investigation, one triaxial 

shear test was performed on the coarse coal refuse material 

from wi thin the embankment. This sample was densified to 

an in-place total unit weight of 103 pounds per cubic foot 

with i8 percent moisture, yielding a dry density of 87 pounds 

per cubic foot. The consolidated drained shear test yielded 

a friction angle of 28.5 degrees with a cohesion of approxi-

mately 15 psi. As indicated on page 9 of the original re-

port, it was doubtful that the cohesion actually existed. 

It was our opinion that the high cohesion and low friction 

angle were caused by performing the test at an accelerated 

rate. 

During this investigation, two Mohr envelopes 

were obtained by performing triaxial shear tests on samples 

obtained from Test Hole 1 at a depth of 15 to 16 feet and 

Test Hole 2 at a depth of 15 to 16 feet. The coarse coal 

refuse material was compacted to an in-place dry density of 

93.7 and 84 pounds per cubic foot respectively. The tests 

~vere performed over a sufficient period of time such that 

pore pressures were allowed to dissipate yielding a consoli~ 

dated drained envelope. The results of these two tests are 

presented in Figures 16 and 17, and it will be observed 

from these figures that a friction angle of 34.7 degrees and 

32.8 degrees were obtained for the samples. 
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A consolidated drained direct shear test was 

performed on the minus No. 10 material from the sample ob-

tained from Test Hole 2 at a depth of 15 to 16 feet below 

the ground surface. Thi s sample TN'as al so compacted to an 

in-place dry density of 84 pounds per cubic foot and a fric-

tion angle of 33.5 degrees was obtained. This compares 

favorably with the triaxial shear test which was performed 

on the same sampl e . Th ere s u 1 t s 0 f t his t est iss h a wn in 

Figure No. 18. 

One triaxial shear test was performed on a 

samples of the fine coal refuse obtained from Test Hole 1 

at a depth of 20 to 21.5 feet below the ground surface. 

This sample was compacted to an in-place dry density of ap-

proximately 60 pounds per cubic foot and performed as a con-

solidated drained test . The re sul t s of thi s tes tare pre-

sented in Figure No. 19, and it will be observed that a 

friction angle of 31.3 degrees, with a cohesion of 1.S psi, 

was obtained. 

A consolidated drained direct shear test was 

also performed on this sample, and the results of this test 

are presented in Figure No. 20. I t will be observed tha t 

the same shear strength parameters were obtained for the 

direct shear test as were obtained in the triaxial shear 

tests. 

It is our opinion that the shear tests per-

formed during this investigation provide a reasonable indica-

tion of the range of the insitu shear strengths likely to 

exist throughout the Upper Dike area. 
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(2) North Dike 

Two Mohr envelopes were developed to evaluate 

the shearing strength of the embankment and foundation for 

the North Dike. Three triaxial shear tests were performed 

on an undisturbed sample obtained from Test Boring No. 5 

at a depth of 10 to 11.5 feet below the dike surface. The 

resul ts of these' tes ts are shown in the form of a Mohr 

envelope in Figure No. 21 ,and it will be observed from this 

figure that the in-place dry density varied from 110 to 112 

pounds per cubic foot with a moisture content varying from 

15.8 to 20.9 percent. The samples were tested under consoli

dated drained conditions, yielding a friction angle of 28.2 

degrees with a cohesion of 5 psi. 

Three direct shear tests were performed on 

• a sample obtained from Test Boring No. 1 at a depth of 25 

to 26 feet below the dike surface, and the results of these 

• 

tests are presented in Figure No. 22 . The in-place dry 

densi ty of this material was 110.6 pounds per cubic foot 

wi th a moi sture content of 16. 5 percent. I t will be noted 

from this figure that a friction angle of 27.6 degrees with 

a cohesion of 2 psi was obtained. 

C. Consolidation Tests 

To evaluate the settlement characteristics of the 

embankment and foundati'on materials within the North Dike, 

eight consolidation tests were performed on representative 

samples obtained from Test Borings 1 and 5. The resul ts 

-11-
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of these tests are presented in Figures 23 through 30 . 

The subsurface materials throughout the embankment and 

foundation are not highly compressible, and since the load 

associated with raising the dike 6 feet is relatively small, 

it is our opinion that adverse settlement will not occur 

throughout this structure. It should also be noted that 

no collapsible characteristics were observed for the founda-

tion materials beneath the North Dike embankment. 

4. Stability Considerations 

A stability analysis has been performed for the 

proposed modifications to the Lower Refuse Dike, the Upper 

Refuse Dike and the North Dike, as shown in Figure No.1. 

In performing the stability analysis, a computer adapt:on 

of Spencer's Method has been used. Spencer's Method satis-

• fies both force and moment equilibrium and can be performed 

using both a total stress analysis and an effective stress 

analysis. An effective stress analysis was used during this 

investigation, along with various assumptions relative to 

the piezometric surface throughout the dike areas. The re-

suits of the stability analysis performed for each of the 

dikes is discussed below as follows: 

A. Lower Refuse Dike 

A cross section of the existing Lower Refuse Dike, 

along with the proposed modifications, are presented in 

Figure No. The mas t cri tical s ta bi Ii ty consideration 

will be for the downstream slope of this facility. It should 

• be noted that if the modifications to the Lower Refuse Dike 

l -12-
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are made, the crest elevation of the dike will be higher 

than the elevation of the crest of the main dam. If the 

Lower Refuse Dike were breached under condi tions where the 

clearwater pond is full, overtopping may occur at the main 

dam. If the clearwater pond is empty and the Lower Refuse 

Dike is breached, the situation would be less critical, since 

the clearwater pond would be available to store flow from 

the Lower Refuse pond. 

In view of the above considerations, stability 

computations have been performed for the downs tream slope 

of the Lower Refuse Dike, assuming for Case 1 that the clear

water pond was empty and that the piezometric surface inter

sects the downstream toe of the dam, as shown in Figure 31. 

Case 2 considers the clearwater pond at its maximum eleva-

tion. The results of the stability analysis for these two 

cases are presented in Figure No. 31" and it will be noted 

that a factor of safety of 1.32 for Case 1 was obtained and 

that a factor of safety of 1.7 for Case 2 was obtained. 

The shear strength parameters for the various zones 

in the Lower Refuse Dike cross section are presented in 

Figure No. 31. These shear strength parameters are compat-

ible with the shear strengths determined during the labora-

tory investigations, and it is our opinion that the Lower 

Refuse Dike will be stable under static conditions for the 

modifications contemplated . 

-13-
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B. Upper Refuse Dike Alternate A 

The modifications to the existing Upper Refuse 

Dike, according to Alternate A, are presented in Figure 32. 

It will be noted that the existing embankment will be raised 

bv pI aci ng the fi 11 rna terial on the dov..1ns tream s ide of the 

existing facility. The downstream slope of this structure 

has also been assumed to be the critical stability situation, 

since rupture of thi s di ke wi th the LO~oJer Re fus e pond full 

or with a sudden drawdown of the Lower Refuse pond may create 

hazard downstream. 

Case 1 for the Upper Refuse Dike Alternate A, 

assumes a sudden drawdown condition of the Lower Refuse pond. 

The piezometric surface is assumed to intersect the down-

stream toe of the dike, as shown in Figure No. 32. The shear 

4It strength parameters used for the stability analysis for this 

case are presented in Figure No. 32, and it will be observed 

that a factor of safety of 1.46 was obtained for this condi-

• 

tion. 

Case 2 assumes that the water level in the Lower 

Refuse pond will be at its maximum elevation, as shown in 

Figure No.1. The same shear strength parameters were used 

for Case 2 as for Case 1. A factor of safety of 2.6 was 

obtained for this case. It is our opinion that the factors 

of safety obtained for both Cases 1 and 2 for Al ternate A 

are satisfactory and that the Upper Refuse Dike will perform 

satisfactorily having the modified cross section as shov..7n 

in Figure No. 32 . 

-14-
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c. Upper Refuse Dike Alternate B 

The proposed modification to the Upper Refuse Dike 

Alternate B is presented in Figure No. 33, and it v,7ill be 

noted that the existing facility is raised by adding coarse 

coal refuse to the upper side of the facility. As indicated 

in the previous section of this report, it is our opinion 

that the most critical stability consideration for the Upper 

Refuse Dike will involve the stability of the downstream 

slope. Case 1 assumes that the water level in the Lower 

Refuse pond is wi thdra\vn suddenl y to the toe of the down

stream slope and that the piezometric surface developed dur-

ing the drawdown will exist approximately as shown in Figure 

No. 33. The shear strength parameters used for the various 

zones throughout the cross section are shown in Figure 33 . 

The results of the stability analysis for Case 

1 indicates a factor of. safety of 1.35. Case 2 considers 

tha t the wa ter level in the Lo\ver Refuse pond will be at 

its maximum elevation as shown in Figure No. 33. Using the 

same shear strength parameters as for the case of sudden 

drawdown, the factor of safety for Case 2 is approximately 

2.4 . 

It is our opinion that the Upper Refuse Dike using 

Alternate B will be stable for the conditions assumed. It 

should be noted, however, that the factor of safety for both 

sudden drawdown and for the Lower Refuse pond full gives 

a hig~er factor of safety for Alternate A than for Alternate 

B, and we recommend that if the modifications to the Upper 

-15-
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Refuse Dike are performed they be made in accordance \,:i th 

Alternate A. 

D. North Dike 

The modifications proposed for the North Dike are 

s h 0 wn in F i gu r e No. 34, and i t will be 0 b s e r v edt hat the 

existing facility will be capped with coarse coal refuse. 

As indicated above, the existing dike consists of clay~ which 

h"aS constructed without any controlled compac tion. The 

critical stability condition for this case will be the down-

stream slope under steady state seepage conditions. A 

stability analysis has been performed for this case assuming 

a piezometric surface as shown in Figure No. 34. The shear 

strength parameters used for the various materials within 

the cross section of the North Dike are shown in Figure 

No. 34 . The results of this analysis indicates a factor 

of safety of 1.9 for this facility. 

The existing structure has performed in a satis-. 

factory manner for several years, and it should be observed 

that the increase in the height of this dike is only 5.5 

feet, and it is our opinion that the proposed facility will 

be stable for the modifications shown with an adequate factor 

of safety. 

E. Seismic Considerations 

The proposed si te is located in Seismic Zone 2, 

and some consideration should be given to the seismic 

stability of the proposed facility. Mechanical analyses 

-16-
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performed on the fine refuse material indicate that the per

centage of material in the silt-and clay-size range varies 

from 53 to 70 percent, which indicates that the subsurface 

material would classify as an ML-type material according to 

the Unified Soil Classification System. 

The fine refuse material is generally nonplastic, 

and inasmuch as they are relatively loose, instabili ty may 

occur if these materials are sub jected to a sufficiently 

high seismic event. 

Since the proposed site is located in Seismic Zone 

2, where the probability of a large intensity earthquake is 

relatively small, a detailed liquefaction analysis has not 

been performed. In order to obtain some indication of the 

affect of sei smic activity on the proposed facili ties, a 

pseudostatic analysis has been performed for the Lower 

Refuse Dike, assuming that the water level in the Clear Water 

Pond is at Elevation "5349 which corresponds to its minimum 

pool elevation. The results of this analysis indicates a 

factor of safety of 1.2 , which will still result in a stable 

facility. While a pseudostatic analysis may not provide a 

good estimate of the resistance of the fine coal refuse to 

liquefaction, it does, nevertheless, indicate that some 

measure of safety exists for these facilities. 

5. Recommended Construction Practices 

A. Abutment Preparation 

It is recommended that prior to placing any of 

the coarse coal refuse adjacent to the existing abutments, 

• the entire contact area be stripped of all vegetative matter, 

l _______ 17 
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including the upper 4 to 5 inches of the natural material. 

Following the completion of the stripping operation, we 

recommend that the entire abutment contact area be scarified 

to a depth of 8 inches and redensified to an in-place uni t 

weight equal to 90 percent of the maximum laboratory density 

as determined by ASTM D 1557-78. 

We also recommend that a keyway be constructed 

up each abutment for each of the modified dikes. The keyway 

should have a depth of at least 5 feet and should have a 

bottom width of 15 feet with sideslopes of 1 horizontal to 

1 vertical. 

B. Placement and qompaction Procedures 

In our opinion, a controlled placement and compac-

tion procedure should be used in the dike modifications . 

We recommend that the coars~ refuse material be placed in 

lS-inch layers and densified to an in-place unit weight equal 

to 9S percent of the maximum laboratory density as determined 

by ASTM D 698. 

Experience has shown that the coarse coal refuse 

can be densified to the in-place unit weight specified above 

using four passes of a vibratory roller having a dynamic 

force of at least 10 tons or wi th four passes of a heavy 

rubber-tired roller. 

c. Slope Protection 

We unders tand tha t U. S. Steel Company has 8-i nch 

material available for riprap at the plant. It is our opin-

ion that the only dike where slope protection is highly 

-18-
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important would be on the downst~-eam side of the Lower Refuse 

Dike where the slope would be exposed to the clearwater. 

We recommend that an 18-inch thick layer of the available 

riprap be placed on the downstream side of this facili ty. 

It is anticipated that fine refuse material would 

occupy both the Lower and Upper Refuse ponds and that the 

depth of water in these ponds would be relatively shallow. 

In view of this situation, it is our opinion that the 8-inch 

riprap material available at the plant would be entirely 

satisfactory for slope protection on any of the dikes 

throughout the area . 
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DEPTH 

a Hole No. 1 A Hole No. 2A 
coarse 3,4,4 

• coal 
coarse 

5 15,16,14 refuse 21,23,23 
coal 

~ 
refuse ~ 

::----~....:-
10 6,12,18 ~~ 22,20,14 

~=---::=: 
~ 
---=----....::= -... -

5,5,6 ~ 
15 ::::-..... 4,2,3 --~-

~------ • '--.... 
~---20 

6,3,4 fine 

• coal 

refuse 

25 
5,2,5 brown 

brown 
CL-ML 

sandy 
san~y 

3,1,1 
cl ayey 

30 ML silt 

Permeabil i ty Permeabili ty 
Depth ft/yr Depth ft/yr 

:-0-5' .. 3280 0-5 1 6560 
S-10' 1749 5-10' 1531 
10~151 246 10-15' NML 
15-20' 2343 15-20' 7 
20-~.~ I 1822 20-25' 2733 
25-36' 1670 25-30' 1330 

Log o( Borings (or: 

• ROLLINS. BROWN AND GUNNELL. INC. 

• PROFESSIONAL ENGINEERS 

US STEEL UPPER DIKE • 
Figure No. 2 



Ct~ P T ~ 

0 H le No. 3 A Hole No. 4A 

• coarse coarse 

5 18.28,24 coal 
coal 

refuse 

refuse 

10 12,13,10 

15 

20 gray ! -

• brown 

sil ty gray 
brown 

clay silty 
clay 25 gray and sandy 

brown silt layers 
clayey with 
silt some 
and gravel 
silty 

30 sand 
SM lavers 

PermeabiE ty PermeabiE ty 

Deoth ft/yr Depth ft/yr 

0-5' 492 0-5 1 32f. 
5-10 1 513 5-10 1 219 

10-15' 197 la-IS' NMl 
15-20' 469 15-20' 281 
20-25' 2050 20-25 1 1640 
25-30 1 3200 25-30 1 820 

• Lc.g oi B()ring~ for: .at ROLLINS, BRO\,\'N Ar-.;O GUNNELL. INC. 

~ PROFESSIO;>;Al E;>;GINEERS 

US STEEL UPPER DIKE 

fiJturc ~o. 3 
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DEPTH 

O __ ~~~ __________ ~H~o~l~e~No~.~l ______ ~ 
dry brown 
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10 

15 

20 x 

ML 
1 t 1, 2 
.10 
ML 

25 

silt 
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cl ayey 

gray crown 
silty clay wi 
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brown sil ty 
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white clay 
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gray 

brown 
sandy 
silt 
with 
small 
gray 
clay 
lenses 

brown si lty 
sandy cl ay 

LEGE!,\D 

sample location 

Y 

.. ----- torvane value 

undisturbed sample 

ML 

ML 

Depth 

0-5 1 

5-10 1 

10-15' 
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Hole No.2 

dark brown 
clay 

wiLt brown 
sand lenses 

gray brown 

clay with 

gypsum 

Drown clay 
silty sand 
layers 

brown clay 
sandy silt 

brown silty 

sand 

Drown clay 

w!gyosum 

Wlt 

'.1/ 
layers 

Permeability 
ft/yr 

58 
NML 

3280 
459 

1845 

5.6.6 no. of blows per 611 with std. spoon 

y 
groundwater elevation 
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Figure No. 4 



DEPTr! 

0 H Ie No. 3 Hole No.4 
dry brown 14,13,11 dark brown silty 
clay CL-l ~lav 101/ shale • brown clay 

,ragments 

w/shale gray 
fragments Cr.:io brown 

sandy 
5 Drown sanoy 6,8,7 cl ay 

cl ay CL-2 101/ sh al e 
fragments 

gray 
brown 

x 
clay 

CL-2 10 with 2,3,3 
gypsum CL-2 

x 
CL-2 

gray brown 
4.4,5 

cl ay with white 
Ce-2 15 cl ay layers 
x r'! ., 

black organic clay 
2.2,3 gray brown cl ay 
.25 w/ sand y brown sil ty 
CL-2 lenses 

sand 

20 
eL-2 • brown 
5,5,6 brown • 3,4,11 silty 
SM silty 

.25 sand 
sand 

SM,SC layers 
and 

25 some 
8,12,14 

gravel 
SM 

Permeability Permeability 

Depth ft/yr Deoth ft/yr 

30 0-5' NML 0-5' 82 

5-10' 1275 5-10' 164 

10-15' 98 la-IS' 33 

15-20' 656 15-20' 820 

20-25' 781 20-25' 820 

• Log ot" Bor i ngs tor: all ROLLINS. BROWN AND GUNNELL. INC. 

• PROFESSIONAL ENGINEERS 

US STEEL NORTH DIKE 

figure No. 5 



D::PTH 

0 Hole No. S 

gray brown 
cl ay w/ Permeability • decomposed Depth ftl yr 
shale 

0-5 1 41 
5-10' 55 light bro,*~ sandy 

10- i 5 t NML 51 t 5 
gray 15-20' 23 
brown 2(:-25 1 23 
cl ay 
'.1/ 
decomposed 

xCL-2 shale 
10 

x 

,5 

brown 
15 x 

CL-l sandy 
2,5,5 
.23 clay 

with 
20 x 

CL-2 gypsum 

• 5,9.20 
.30 
CL-2 

25 

CL-2 

~L5,6CL-2 

LEGEND 

sample location 

tor v an e val u e 

undisturbed sample 

5,6.6 no. 0 fbI 0 W s per 6 II wit h s t d. s p 0 0 n 

y 
groundwater elevation 
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, 'Figure Noo 7 
Unified Soil Classification System 

Major dJ'Jlslons 

c_ 
o Q,) 

~.~ 
.:::CII 

~~ 
.. lit 

Group 

symbOls 

GW 

GP 

d 

GMo 
u 

GC 

sw 

SP 

TYPICal names 

Well-graded gravels. gravel-sand 

mixtures, little or no fines 

Poorly graded gravels. gravel
sand mlldures. bltle or no lines 

Silty gravels, gravel-sand-Sill 
mixtures 

Clayey gravels. gravel-sand
elay mixtures 

Well-graded sands. gravelly 
sands. little or no hnes 

Poorly graded sands. gravelly 
sands. little or no hnes 1It8~ 

~o~ 
~ i a ~------+-----~--+--------------------------------1 

J:, ~ C d 
~ i !I!:l SM- 1-
:5'iij _s ~ 

Silty sands. sand-Sltt mixtures 

~E IIS- u o lit £ ¢I ~ ~ ____ ~ __ ~ ______________________________ ~ 

~!!? i ~~ 
~ go 
lIS Q. 

CJ) Co 
~ 

SC 

Ml 

Cl 

OL 

MH 

CH 

OH 

Pt 

2 

Clayey sands. sand-clay mixtures 

InorgaOic Silts and very hne sands. 
rock flour. Silty or clayey hne sands 
or clayey SittS with slight plasticity 

Inorganic clays of low to medium 
plastiCity. gravelly clays. sandy 
clayz. Silty Clays. lean clays 

Organic Silts and organiC Silly clays 

of low plastiCity 

Inorganic sitts. micaceous or diato
maceous line sandy or Silty sOils. 
elastiC Silts 

InorganiC clays of high plasticity. 
fat clays 

Organic clays 01 medium to high 
plastiCity. orgaOic Silts 

Peat and other highly organiC sOils 

Laboratory classlhcalton cnlena 

0"" (OJ,,)2 

Cu "" [5';." greater than 4.CC = 0;.:0;;- between 1 and 3 

Not meellOg all gradation reqUIrements for GW 

Atterberg "mlts below "A" 
hne or P.I. less than 4 

Atterberg hmlts above "K 
hne With P.L greater than 7 

Above "A" hne With P.!. bet
ween 4 and 7 are borderlme 
cases requITIng use of dual 
symbols. 

0"" (0)0)2 
Cu ., --greater than 6. Cc = between' and 3 

Ou, O)OXOIlO 

Not meeting aI/gradation reqUirements lor SW 

Atterberg hmlts below "A" 
hne or P.1. less than 4 

Allerberg hmlts above "A" 
line With P.1. less than 7 

Limits plottmg ,n hatched 
zone With P.I. between 4 and 
7 are borderline cases reqUlr
,n9 use of dual sysbo1s. 

201----+-/--,4--+--lV 

V 7 
1 0 t---/-++-- CL; 1 1I 

~CL-ML~ ML andOL 

oV V I I 
o 10 20 30 40 50 60 70 80 90 100 

LiqUid limIt 

Plasticity Chart 

~"'.1Of'I 01 GM and SM group. '"to subdIVISIOnS 01 d and u lor roads and air11elCls only. SUba,VlslOn IS based on Allerberg irTllts. 
sutflx d unO wnen \.. ~. IS 28 or It $I and tnt P.I. IS 6 or less.ttie suffix U Vied wilen ~.I.. IS grealer Inan 28. 

M Border~n, ClasSIfications. Uled tor solis POSSesl.ng cn.ractenSlICS 01 two groups. are d,stgnaled by combtnatlons 01 gTOlJp symbols. 
For example: GW-GC. we_-graded graYet-land tTllXlure wltn Clay btnder. 
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SOIL i\10ISTURE DENSITY RELATIONSHIP 

ASTM D 1557-78 
Maximum Density 104.7 lbs. per cubic foot 
Optimum Moisture 9 • 6 ~o 
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ROLLINS. BRO\X'N AND GUNNELL. INC. Dike--Coarse Refuse 

PROFESSIONAL ENGINEERS Location; Sample #1 • 
\.. Fi!!urt; No. 10 



SOIL MOISTURE DENSITY RELATIONSHIP 
\ 

""\ 

ASTM D 1557-78 
Maximum Density 102.1 Ibs. p<.:r cubic foot I 

I 

Optimum Moisture 12.5 0 

I 10 

I 
I 

I 
t 

104 

I 
i I I 

~ i 
I 

0 ! 0 
~ 

U 
H 

~ ~ 102 
~ I /v \1 u 1 0::: 
W 
c... 

Vt \ 

I . f\ U':l I 
o:::l 100 "' . 

~ 

V \l 
-'" 

Z 
H 

/ , 

• 
~ ,/ 1\ ::t: 
'-' 
H 
w 98 :3 I \ I 
~ ·1 1 H I 1\ z 
:=> 

\ >-
~ 
0 96 

I 1\ I 

\ 
94 

6 8 10 12 14 16 18 

MOISTURE IN PERCENT 

• ., Pro jeer: u. S . Steel Upper Refuse 
ROLLINS, BROWN AND GUNNELL, INC. Dike--Coarse Refuse 

I • PROfESSIONAL ENGINEERS loc:u ion: Sample #2 
FiJ!ure No. 11 
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I SOIL i\-10ISTURE DENSITY RELATIONSHIP I 
I ASTM D 1557-78 ! 

~1aximum Densin' 105.2 I bs. pc r cubic foot 
Optimum !vloi sture 9.6 0 
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SOIL IvIOISTURE DENSITY RELATIONSHIP 

ASTM D 1557-78 
Maximum Density 103.4 Ibs. per cubic foot 
Optimum ~loisture 32.0 0 
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SOIL MOISTURE DENSIT)' RELATIONSHIP 

ASTM D 698 
Maximum Densicy 621Q I bs. pc: r cubic foo( 
Opcimum ~1oisture 22 0 0 
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\.. Figure No. 14 



SOIL .MOISTURE DENSITY RELATIONSHIP 
I 

I 
ASTM D 1557-78 I 

!vlaximum Density 62 0 1 bs. per cubic foot I 
Optimum ~Mois(urc 18.0 0 
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TABLE NO. 1 SlJMMAI~Y OF TEST DATA 

PROJECT U.S. Steel Upper Dike FEATURE LOCATION near Wellington, Utah 

OEPTH STANOARD 
IN-PLACE UNCONFINED FRICTION CONSISTENCY LIHITS MECHANICAL ANALYSIS UNIFIED 

DHOW PENETRATION UNIT COHPltESSIVE ANGLE SOIL 
1I0LE GROUND o LOWS 

VEIG'~ 
MOISTURE VOID STRENG~II <P 

lol. P.l. P. I. % % % SILT UASSIFI CAT 100 
NO. SOOFACE . PER FOOT Ui/F PER£INT RATIO LB/FT % % % GRAVEL SAND & CLAY SYSTEM 

1 0-10' 8 28.2 48.9 22.9 SN 

S-6~' 30 31.2 47.3 21.5 SM 

9-10~' 30 36.0 46.5 17. 5 SM 

lS-16!i' 11 15.9 59.2 24.9 SM 

20-21~' 7 . NONPLASTI C 0.0 29.3 70.7 ML 

25-26~' 7 19.3 14.9 4. Lt CL-NL 

30-31~' 7 17.2 29.9 52.9 tvlL 

BULK SAMPLES 
coarse coal 

1 refuse 23.5 61.9 14.6 SH 
coarse coal 

2 refuse 27.1 59.8 13.1 SM 
coarse coal 

3 refuse 17 . 5 66.5 16.0 SM 

4 
coarse coal 

2L~ • 9 59.1 16.0 SN rJ>fll~e 

1. 
fine coal () 47.1 52.9 ~1L 

refuse 

2 fine coal 0 51.9 48.1 SM 
refuse 

-------_._-_.- - . ------- ... --- -~ ~-- ~~ 
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TABLE NO.2 SUMMARY OF TEST DATA 

PROJECT IJSS NORTH D1 KE FEATURE LOCATION vJell inp:ton, Utah 

I DEPTH STANDARD UNCONFINED FRICTION CONSISTENCY lIMLlS MECHANICAL ANALYSIS UNIfIED 
BELON PENE TRA TION IN-PLACE 

COMPRESSIVE ANGLE SOIL 
HOLE ·GROUND BLOWS 

UNIT 
MOISTURE VOID STRENG~H <P 

Ll. P.l. P. I. % % % SlL T a.ASSIFICA nm 
N[:/~·~ NO. SLJIFACE PER FOOT lB F PERIINT RATIO lBfFT % % % GRAVEL SAND & CLAY SYSTEM 

1 12 11 SheJ hv 105 4 1 q (, 61l2J. . ?9 11 ~~ C\ 1 1 Q CL-l 

15-16 Shelby 87.9 30. t+ .9191 27.9 27.3 0.6 ML 

20-21 Shelby 103.9 22.2 .6237 21 . 7 18.3 3.4 NL I 

25-26 Shelby 104.9 22.3 .6082 26.0 16.8 9.2 CL-1 

3 3-4.5 65/6" 25.2 16.4 8.8 £1-1 

5-6.5 19 31 .5 20 ? 11 1 £l-~ 

10 11.5 15 1? ') ~ 1 q !.t rl.= 1 

13-14.5 14 39.9 24.0 15.9 CL-2 

16-17.5 11 26.1 17.5 9.0 CL-l 

21.-22.5 15 17.6 14.9 2.7 t-1L 

25-26.5 22 20.9 48.3 30.8 Sfvl 

5 9 1.0 Shelby 120.7 11.3 .3983 36 .. 0 22--,-5 13.5 Cl -1 

15 16 Shelby 102.9 18.8 .6392 24 5 13 4 q 1 £1-·1 

20-21 Shelby 106.0 21.6 .5917 .3 7 . 2 17.8 19.4 CL-2 
25-26 Shelby 107.8 20.8 .5669 36.2 1.6.8 19.4 CL-2 
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U. S. STEEL MINING COMPANY, INC. 

Western District 

WELLINGTON COAL CLEANING PLANT 

Technical Revision No. 1 

Refuse Pond Modifications 

The Wellington Coal Cleaning Plant and its associated refuse 
ponds have been operated for approximately 25 years. In order to 
continue operating the ponds with adequate settling capacity and 
operating freeboard, it is necessary to increase the height of the 
Lower Refuse Dike. U. S. Steel Mining Co., Inc. requests approval 
to modify the refuse impoundments as follows: 

1. Raise the Lower Refuse Dike 10.5 feet to a crest elevation of 
5385. The maximum water level of the modified pond will be 
5382. This will allow a minimum of a three foot freeboard. 
Storm runoff calculations (attached) for a 100 year 24 hour 
storm show that 0.64 foot is required to contain and pass the 
design storm. Therefore, the maximum working level of the 
pond will be 5381.3 which allows a 3.7 foot freeboard. Refer 
to Drawing E9-3426, for a plan view and cross section. 

2. It is proposed to replace the existing Lower Refuse Pond over-
flow and discharge structure with that shown in Appendix Of 
Exhibits 1, 3 and 4 . 

3. It is proposed to replace the existing Upper Refuse Pond over-
flow and discharge structure with that shown in Appendix Of 
Exhibits I, 2 and 3. 

4. Construct a permanent diversion for the ephemeral stream which 
enters the northeast corner of the Upper Refuse Pond. 

Map No. E9-3425 shows the present configuration of the refuse 
ponds. The areal extent of the Upper and Lower Refuse Ponds is 
also shown on Map No. E9-3425. Map No. E9-3426 shows the configur
ation of the refuse ponds with the proposed modifications complete. 
The approximate areal extent of the Lower Refuse Pond at the maximum 
water level is shown on Map E9-3426. 

Stability and Dam Design 

U. S. Steel Mining Co., Inc. contracted with Rollins, Brown, and 
Gunnell, Inc. to evaluate various proposed modifications to the 
refuse ponds and the stability of those modifications. A copy of 
their final report has been included in Appendix E. Rollins, Brown, 
and Gunnell determined that the resulting safety factor for the 
proposed modifications to the Lower Refuse Dike is 1.7 (partial 
pool with steady seepage). The seismic safety factor was 1.2. Cross
sections of the proposed modifications, logs of test borings, apd an 
analysis of the foundation materials is included in Appendix E~ 
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Hydrograph Calculations 

U. S. Steel Mining Co., Inc. developed storm hydrographs for reaches 
1, 2, A, and B (refer to Map A9-1429 - Appendix C). These hydro
graphs were used as a basis for the permanent diversion design and 
the calculation storm flows through the refuse ponds. The storm 
hydrographs and complete back-up calculations are included in Appen
dix c. 

Storm Runoff Calculations 

U. S. Steel Mining Co., Inc. developed a computer program to model 
the refuse pond water levels and discharges during precipitation 
events. Storm runoff calculations for a 100 year 24 hour design 
storm are included in Appendix A. The computer printouts show 
accumulated water volumes, increases in pond depths, discharges, 
etc. for each time interval on each pond. From these calculations, 
the maximum increase in pond depth and rnaxi~um pond discharge can 
be determined. The storm runoff values are based on hydrogra?hs 
developed in Appendix C for reaches 1, 2, A and B. 

Three small areas which drain into the Upper and Lower Refuse Ponds 
were neglected. The first area would add 1.53 acre feet to the 
Upper Refuse Pond. At worst, this would increase the pond depth 
0.03 feet (1.53 divided by pond area). The remaining two areas 
would add 4.61 acre feet to the Lower Refuse Pond. At worst, with 
no outflows, this would increase the pond depth 0.08 feet (4.61 
divided by the pond area). It should also be pointed out that the 
pond modeling calculations are based on a 24 hour per day plant 
operation. The plant actually operates 8 hours per day. During the 
period of time the plant is not operating an additional 10.3 acre 
feet of storm runoff could be discharged fron the Upper Refuse Pond. 
Runoff calculations for the three points are included in Appendix c. 

Appendix B contains the equations used in the computer program as 
well as the methods of calculation. 

construction 

Lower Refuse Dike Modifications 

During construction of the Lower Refuse Dike modifications, U. S. 
Steel Mining Co., Inc. will maintain the existing discharge structure 
until the final discharge structures can be installed. The present 
structure will be cut off slightly above the water level to be main
tained during construction. This will increase the capacity of the 
structure sufficiently to prevent an unacceptable rise in the pond 
level should the design storm occur during construction. Refer to 
Appendix A for storm calculations. 

The proposed discharge structure has a horizontal pipe which will 
maintain the pond level once installed. Upon installation of the 
final discharge structure, the present structure will be remov~d 
or permanently sealed. The horiz'ontal pipe has sufficient capacity 
to handle the pond circulation and the design storm should it occur 
during construction. Refer to Appendix A for storm calculations. 

-2-



• The height of the Lower Refuse Dike will be increased as follows: 

1. A pad of refuse material will be placed on top of the present 
slurry. The refuse will be compacted into the fine slurry 
until a stable base is formed. 

2. Refuse will be placed in lifts and compacted as recommended in 
the Rollins, Brown and Gunnell report. The final height of the 
impoundment will be 0.6 feet higher than the design height to 
allow for settling. 

3. Both ends of the impoundment will be keyed into the hillsides 
as recommended in the Rollins, Brown and Gunnell. 

4. The upstream face of the impoundment will be riprapped with 
coarse refuse material from the refuse pile south of the Coal 
Cleaning Plant. 

Upper Refuse and North Dike Modifications 

In conjunction with the modifications to the Lower Refuse Dike, it 
is necessary to replace the discharge structures in the Upper Refuse 
Dike. Refer to Appendix D for details of the proposed structure. 
The present discharge structures will be maintained until the proposed 
structures are installed. The current discharge structure will then 
be removed. 

4It Pond Operation 
~-. 

• 

The Upper Refuse Pond is presently not in service and a drag scraper 
is being used to remove solids from the pond. It is expected that 
this pond will remain out of service until either clea~ing o~2ratio~s 
are completed or the Upper Refuse Dike and the North Dike are raised. 

It is anticipated that the water levels in the Upper and Lower Refuse 
Ponds will be increased gradually over a period of years as the eleva
tion of the solids increases. As the solids elevation in the Lower 
Refuse Pond rise, it will be necessary to raise the Upper Refuse 
Pond discharge structure. 

Ownership and Operation 

The Wellington Coal Cleaning Plant including the refuse ponds is 
owned by United States Steel Corporation. The facility is operated 
by U. S. Steel Mining Co., Inc. a wholly owned subsidiary of United 
States Steel Corporation. The mailing address is as follows: 

U. S. Steel Mining Co., Inc. 
Western District 
P. O. Box 807 
East Carbon, Utah 84520 

Refer to the Opera~ion and Reclamation Plan for details. 

-3-
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Refuse Disposal Area - East of the Price River 

~-: Th~ Wellington Coal Cleaning Plant pumps coal process~ng waste through 
slurry pipelines to a refuse disposal area east of the Price River. 

.~ 

This waste consists of crushed rock, coal fines, and water. The coarse 
refuse (rock) drops out of suspension almost immediately when discharged 
from the slurry pipelines and forms a refuse pile on the west side of 
the Upper Refuse Pond. The coal fines and fine rock particles continue 
in suspension into the refuse ponds. The water is clarified by successive 
settlings in the Upper and Lower Refuse Ponds. Clarified water is then 
stored in the Clear Water Pond for re-use in the coal cleaning plant. 

Refuse Ponds 

The continued operation of the Wellington Coal Cleaning Plant will re
quire periodic modifications to the refuse ponds in order to maintain 
adequate settling capacity and operating freeboard. The operator pro
poses to make the necessary modifications in phases as they are required 
to support the plant operation. 

Phase 1 
~ 

The operator has submitted Technical Revision No. 1 which includes 
complete plans for the modifications as follows: 

1. Increase the height of the Lower Refuse Dike approximately 10.5 
feet to a crest elevation of 5385. 

2. Modify the discharge structures in the Upper and Lower Refuse Dikes. 

3. Construct a permanent diversion northeast of the Upper Refuse Pond. 
This structure will divert runoff from undisturbed areas around 
the refuse ponds. 

Map E9-3426 shows a plan view of these modifications. Refer to Technical 
Revision No. 1 for complete details of these proposed modifications. 

Phase 2 

It is anticipated that in 1984 or 1985, it will be necessary to raise 
the working level of the, Upper Refuse Pond. The plans to raise the 
Upper Refuse Pond operating level include the following: 

1. Increase the height of the Upper Refuse Dike approximately 10.5 
feet to a crest elevation of 5395. 

2. Increase the height of the North Dike to a crest elevation of 5395. 

3. 

This also includes modifying both upstream and downstream slopes 
to be -3h:lv and 2h:lv respectively. 

Construct an addition to the North Dike on the pond side of -the per
manent diversion. This addition will. preclude fine coal refuse 
from entering the permanent diversion structure. Refer to Map E9-3436 
for a plan view of the refuse disposal area upon completion of the 
modifications in Phase 2. 

-, -~~ 



• 
The Upper Refuse 'Pond is bounded by a refuse pile on the w~st·, near', 
vertical cliffs on the east, and dikes 'on the north and south~" "These 

- effectively limit the surface effects of raising the.Upper.R€fuse 

• 

• -

Pond working level. Map E9-3436 shows a plan view of the modifications 
proposed in Phase 2. 

Phase 3 

It is currently estimated that it will be necessary to raise the dikes 
around the Upper Refuse Pond an additional 10 feet in 20 to 25 years. 
This modification will bring the dike crests to an elevation of 5405 
feet. This modification should provide slurry handling capacity for 
the remainder of the plant life. No new surface areas will be affected 
by the Phase 3 modifications. Refer to Map E9-3437. 

construction 

The operator will furnish the Division with final construction plans 
at least two months prior to the anticipated start of construction. 
It is the operator's intention to use coarse refuse as a construction 
material for all of the modifications to the dikes. , 

Stability 

U. S. Steel Mining Co., Inc. contracted with Rollins, Brown, and Gunnell, 
Inc. to perform a stability analysis of various proposed pond modif
ications. A complete copy of their report is included in Technical . 
Revision No.1. This report shows that the pond modifications prjo osed 
in Phases land 2 above have an adequate~bility- safety factor. ---- ------------
A study determining.the impacts of the required design storm on the 
refuse modifications will be furnished to the Division with the final 
construction plans. 

Refuse Pile - West of the Price River 

Oversize rock is hauled to a refuse pile near the coal cleaning plant 
main building, refer to Map E9-3341. The rock is then placed and 
compacted with a bulldozer. It will eventually be neces!?aryto enlarge 
the refuse pile to the west. Prior to expanding the pile the following 
actions will be taken: 

1. The diversion ditch will be extended to divert undisturbed runoff 
around the refuse pile. As a minimum the upstream capacity of the 
ditch will be maintained. Final construction plans will be sub
mitted to the Division approximately 60 days prior to construction. 

2. Topsoil will be remqved from the area to be covered with refuse in 
accord with the topsoil management plan. 

The estimated final contours of the refuse pile are shown on Map E9-3342 . 

E - 2 
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• Refuse Sample Analysis 

;': Cl a.y 

i~ Gravel 

~,~ Sand 

I. Silt 

pH Initial Units 

Acidity as CaC03 ppm 

Alkalinity as CaC03 ppm 

Calcium as Ca ppm 

econdLlctivity mmhQs/cm 

Magnesium as Mg ppm 

I.. Saturation 

~oo:um as Na. p2~ 

r~~~l Dissolved 3011ds mq/l 

Iron as Fe Dissalved ppm 

Molybdenum as Mo ppm 

Pyrite FeS2 'Y. 

Selenium as Se Tot ppm SM318C 

~SUlfate, S04 ppm SM427C 

Total combustable Solids p~m 

;, 

51 Llr-ry 
Fond 
Fine 

_ 8§£~§§_ 

<0.01 
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WESTERN DISTRICT 

Mr. Lowell P. Braxton 

@ U.S.Steel 
Mining Co., Inc. 
a Subsidiary of United Stites Steel Corporation 

P.O. Box 1270 
PAONIA. COLORADO 81428 
303/527 ·4816 

June 19, 1985 

Administrator, Mined Land Development 
Division of Oil, Gas & Mining 
355 West North Temple 
3 Triad Center, Suite 350 
Salt Lake City, UT 84180-1203 

Dear Mr. Braxton: 

RE: Modifications to Refuse 
Ponds, Wellington Coal 
Cleaning Plant 
ACT/007/012 

u. S. Steel Mining Co., Inc. proposes to increase the height of 
the North Dike and the Upper Refuse Dike to a crest elevation 
of 5395.75 (11.25 feet relative to the Lower Refuse Dike). 
These changes are included in the approved Operation and 
Reclamation Plan (ORP) for the Wellington Coal Cleaning Plant, 
refer to Appendix E. The discussion in Appendix E requires 
that the final construction plans be submitted to the Division 
prior to construction. 

Enclosed with this 
construction.plans. 
the pages have been 
following page E-3. 

letter are seven copies of the final 
Should you wish to insert them in the ORP, 

formatted for insertion in Appendix E 

Please advise us if you do wish to insert this plan in the ORP 
and we will provide revised index pages for the front of the 
ORP. 

U. S. Steel Mining Co. is currently planning to begin construc
tion in August 1985. Should you have any questions regarding 
this submittal, please contact v. R. Watts at 303-527-4816. 

GHS/kb 
Enclosure 

cc: B. A. Filas 
v. R. -Watts 
J. F. Sweeney 

Sincerely, 

4){~ 
G. H. Sides 
General Manager 

wlo encl.: Ee File 



• U. S. STEEL MINING CO., INC . 

Western District 

Wellington Coal Cleaning Plant 

Raise Upper Refuse Dike and North Dike 
Final Construction Plans 

The Wellington Coal Cleaning Plant and its associated refuse 
ponds have been operated for approximately 27 years. Waste Rock 
and coal fines are pumped to the refuse disposal area east of the 
Price River through one of two pipelines. The refuse ponds are a 
major component of the refuse disposal area and serve to clarify 
the water discharged with the waste rock and coal fines. The 
clarified water is then returned to the plant for reuse. As the 
plant ages, the refuse ponds will gradually fill with sediments. 
This fact was recognized in the Wellington Coal Cleaning Plant 
Operation and Reclamation Plan (ORP) and Appendix E presented 
long range plans for modifications to the refuse dikes. 

In approximately 1978, the Upper Refuse Pond was removed from 
service and all clarification was done in the Lower Refuse Pond. 
In 1983, the height of the Lower Refuse Dike was increased some 
11.1 feet to provide additional sediment storage capacity with an 
adequate freeboard. Work on the Lower Refuse Dike was completed 
in the spring of 1984. 

In order for the refuse ponds to work most efficiently and to 
provide adequate sediment storage capacity for the life of. the 
plant, the Upper Refuse Pond must be returned to service. 
U. S. Steel Mining Co. proposes to proceed with Phase 2 of the 
refu~e pond modif~cati9ns a~ qutlineq in toe OR~ {Appendix E). 
Detailed construction plans are as follows: 

Proposed Modifications 

U. s. Steel Mining Co. proposes to increase the height of the 
Upper Refuse Dike and the North Dike some 11.25 feet to a crest 
elevation of 5395.75 (5395 + 0.75 for settling). A plan view and 
cross sections of the proposed modifications are shown on 
Drawings E9-3455 and E9-3456 respectively. Drawing E9-3457 shows 
the design for keying the impoundments into the natural hillside 
east of the Upper Refuse Pond. The current contours of the area 
are shown on Drawing E9-3458. 

E-4 June 19, 1985 
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Construction Details 

The height of the impoundments will be raised using coarse slurry 
as a construction material~ The fill material will be placed in 
12 inch lifts and compacted to 92% of the maximum laboratory 
density as determined by ASTM D 1557-78. Vegetation material 
will be stripped from all areas the impoundments will contact to 
prevent vegetation from being included in the fill. The upstream 
faces of both impoundments will be riprapped with 18 inches of 
coarse refuse as shown on Drawing E9-3456. The construction will 
be similar to the work performed on the Lower Refuse Dike in 
1983-1984. 

Stability 

U. S. Steel Mining Co., Inc. contracted with Rollins, Brown and 
Gunnell, Inc. to review the design drawings and detailed con
struction specification. and to provide a stability Analysis. A 
copy of Rollins, Brown and Gunnell's report is attached along 
with U. S. Steel Mining Co.'s comments. Please note that the 
construction specification is not included as part of this 
submittal, but a more general description of construction methods 
is included in the preceding paragraph. 

Rollins, Brown and Gunnell, Inc. estimated the minimum safety 
factors for the Upper Refuse Dike to be 1.5 (1.2 seismic). The 
North Dike was estimated to have a minimum safety factor of 1.8 
(1.3 seismic). Therefore, the structures will be stable. A 
detailed site investigation was included in 1983 and is included 
in Technical Revision No. 1 to the ORP. 

Hydrology 

Technical Revision No. 1 contains complete hydrologic calcula
tions for the Upper Refuse Pond, Lower Refuse Pond, and the Clear 
Water Pond. The Upper Refuse Pond is contained by two impound
ments, the Upper Refuse Dike and the North Dike. The hydrologic 
calculations for the Upper Refuse Pond will apply to both 
impoundments. 

Technical Revision No. 1 contains full calculations for the 
following: 

1. Storm hydrographs for various precipitation events. 

2. Estimates of water levels in all ponds during various 
precipitation events. 

3. Calculations showing that the overflow structure can 
pass a 100 year 24 hour storm • 

E- 5 J.une 19, 1985 
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The Lower Refuse Pond has been in full operation for approxi
mately 1 year. No seepage has been experienced through the dike 
to date. The existing North Dike is constructed of a relatively 
low permeability clay material. This material will be left in 
place, but compacted to a higher density. This should help 
prevent any seepage into the diversion ditch. Any seepage 
through the Upper Refuse Dike would enter the Lower Refuse Pond. 

Pond Operation 

The calculations in Appendix A of Technical Revision No. 1 
indicate that the water level in the Upper Refuse Pon~would rise 
0.22 feet during a 100 year 24 hour precipitation event. In 
order to maintain a 3 foot freeboard during a 100 year 24 hour 
precipitation event, the maximum water level must be 3.22 feet 
below the crest. Drawing E9-3456 shows the maximum water level 
as 5392.0 which is 3.75 feet below the crest. 

Sedimentation Control 

It is proposed to construct a nominal 1 foot high earthen berm 
along the toe of the North Dike parallel to the diversion ditch. 
Silt fence will be installed every 500 feet. This structure will 
provide sedimentation control for any runoff from the downstream 
face of the North Dike. Any runoff from all other areas will be 
contained in the refuse ponds and treated with the process water. 

Topsoil 

The Upper Refuse Pond is surrounded by coarse slurry on the west, 
vertical cliffs on the east, and dikes on the north and south. 
Therefore, the area which contains soil suitable for use in 
reclamation is small, refer to Drawing E9-3458. A soil sample 
was taken to determine how much soil should be salvaged for 
future use in reciamation~ "The results of the sample are shown 
on Table 1. These sample results were compared with Table II-A 
(Determination of the Completeness Response of the ORP) to 
determine the soil suitability for reclamation. Samples lla and 
llb could generally be categorized as fair to good while 11c was 
generally poor. In accordance with the requirements of the ORP, 
soil in the area shown on Drawing E9-3458 will be salvaged to an 
approximate of 32 inches. The salvaged soil will be stockpiled 
at the location shown on Drawing E9-3458 in accordance with the 
O~. 

Reclamation 

The proposed modifications to the North Dike and the Upper Refuse 
Dike are included in the approved Wellington Operation and 
Reclamation Plan. No modifications to the reclamation plan or 
reclamation bond are required. 

E-6 June 19, 1985 



(. TABLE 1 

Sample 

lla llb 11c 

Sample Interval 0-16 in. 16-32 in. 32-42 in. 

pH 8.00 7.80 7.80 

% Sand 51.28 52.28 50.56 

% Clay 14.72 10.72 15.08 

% Silt 34.00 37.00 34.36 

Texture Loam Sandy Loam Loam 

% Organic Matter 1.10 0.47 0.46 

PPM P 9.09 6.47 5.47 

PPM K - Av. 188.80 51.20 124.80 

EC x 1000 1.44 3.60 6.30 

% N 0.066 0.027 0.029 

PPM Ca 155.84 291.36 330.40 .?M Mg 51.20 174.08 312.32 

PPM Na 79.84 113.60 881.28 

SAR 1.41 1.30 8.31 

Saturation % 31.5 31.6 36.5 

% cac03 6.63 0.96 1.26 

Alkalinity mg/l 358 304 240 

• 

• 
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ROlliNS, BROWN AND GUNNEll, INC. ____________ _ 
J---------PROFESSIONAL ENGINEERS----------------------I 

• 

May 25, 1985 

u.s. Steel Mining Corporation, Inc. 
P.O. Box AE 
Paonia, Colorado 81428 

Attn.: V.R. Watts, District Engineer 

Re: Impoundment Modifications for Upper Refuge Dike 
and North Dike at Wellington Coal Cleaning Plant 

Gentlemen: 

In accordance with your request, we have reveiwed the con
struction drawings and specifications for the Upper Refuge Dike 
and North Dike Modifications. In addition to this, stability 
analyses have been performed for both dikes for static and 
seismic conditions. The results of our review and qnalysis are 
presented below as follows: 

I. Construction Drawings 

A. Sheet E9-3455 

,We recommend that survey information be shown for con
struction layout. In particular, the curve data and stationing 
at which the curves are to be located should be shown on the the 
North Dike alignment. 

B. Sheet E9-3456 

1. It is our opinion that the Contractor will have 
difficulty excavating the keyway in the fine refuge as shown • 
in Section AA and Section DD if the water in the ponds is near 
the surface of the fine refuge. It is also questionable if the 
slurry will stand on a slope of 0.5 vertical to one horizontal 
during compaction of the course refuge. It is our op~n1on 
that the course refuge could be placed directly on the fine 

1435 West 820 NOM, P.o. Box 711 • Provo, Utah 84603 • (801)374-5771 
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u.s. Steel Mining Corporation, Inc. 
Page 2 
May 25, 1985 

refuge without excavating a key into the fine refuge. If a 
keyway is to be placed, however, we suggest that the slurry be 
excavated with a bottom width of ten feet and side slopes of two 
horizontal to one vertical. The drawings should show the depth 
of the excavation and also the side slopes. 

2. Consideration might be given to making the top 
width fifteen feet including riprap, thus reducing the quantity 
of course coal refuge by several thousand cubic yards. It should 
be noted that the stability analysis performed was based upon a 
fifteen foot crest width including riprap. 

3. Details of the antiseep collars should be shown. 

4. Dimensions of details of the concrete support at 
the overflow elbow should be indicated. 

s. Where the front dike extends onto the natural 
ground surface as shown in Section CC and Section EE, we recom
mend that a keyway be provided. The keyway should ~xtend in the 
natural material for a depth of five feet. From a construction 
standpoint, we recommend that the base width be at least ten feet 
wide and that the slide slopes be two horizontal to one vertical. 

c. Sheet E9-3457 

1. We recommend that a section view be shown indi
cating the slide slope of the abutment keyways. 

be shown 
ments. 

2. We recommend 
indentifying the 

II. Specifications 

A. Item 411 

that a profile view of the abutment 
extent of the keyway into the abut-

We suggest that the Contracter be required to submit a work 
progress schedule for approval prior to being awarded the 
contract. This schedule could then be incorporated into the 
contract. 

B. Item 702 

The following should be inserted: • ••• of 8 inches, moisture 
condition, and compacteq ••• w 

----------------------~at-----------
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u.s. Steel Mining Corporation, Inc • 
Page 3 
May 25, 1985 

c. Item 704 

The fo110wip~ shoqld be inserteq; ·.,.l2 inch laye~s, 
moisture conditions such that the moisture content is in the 
range of 2% below to 2% above the optimum, and compacted ••• • 

D. Item 802. 3 

The following should be inserted: • ••• of 8 inches, moisture 
condition, and compacted ••• • 

E. Item 804 

The following should be inserted: • ••• 12 inch layers, 
moisture conditions such that the moisture content is in the 
range of 2' below to 2% above the optimum, and compacted ••• • 

F. Item 811 

We suggest that this item 
identify the ·task. Consideration 
pipe if removal is difficult. 

G. Item 903 

be changed to more clearly 
might be given to pluging the 

Drawing E9-3435 was not furnished. This drawing may 
clarify details of the antiseep collar. 

B. Items 904 and 905 

We suggest that the OWner furnish the design for the 
walkway. 

I. Item 907 

This item appears inconsistent with Item 902 which requires 
that existing overflow structure to be relocated. 

III. Stability Analysis 

A. Upper Refuge Dike 

The cross section shown on Sheet E9-3456 has been modified 
from the cross section on which the static· stability analysis was 
performed in the March 1983 report. It will be observed from 
Figure No. 33, that the cross section analyzed had a side slope 
of two horizontal to one vertical on the lower refuge pond side 
and three horizontal to one 'vertical on the upper refuge pond 

.... 

________________________________ ~~ __ v:)-------------------------------



u.s. Steel Mining Corporation, Inc. 
Page 4 
May 25, 1985 

side. Sheet E9-3456 indicates a slide slope of three horizontal 
to one vertical on the lower refuge pond side and two horizontal 
to one vertical on the upper refuge pond side. It should be 
noted that the critical slope is the lower refuge pond side. 
Since the side slope has been flattened from two to one to three 
to one, the factor of safety for the static condition should 
increase from that shown in Figure No. 33 of the March 1983 
report. A stability analysis was performed for the static 
condition for both the lower pond and the upper pond sides and 
the results of this analysis are presented in Figure No. 1 
attached hereto. The stability analysis used effective stress 
parameters and was based on Bishop's Modified Method. The 
strength parameters are compatible with those used in the March 
1983 report. It will be observed from this figure that a static 
factor of safety of 1.5 was obtained for the lower pond side 
while a factor of safety of 2.2 was obtained for the upper pond 
side. It should be noted that during the analysis for the upper 
pond side, the water level was assumed to be at elevation 
53B1.5. Durin~·the"March ~983 report, -no-consideration was given 
to seismic stability for" the Upper Refrige Dike. As indicated in 
the March 1983 report, the proposed facilities are located in 
Seismic Zone 2. The probabiliey of a large intensity earthquake 
was relatively small. In order to obtain an indication of the 
effect of seismic activity a pseudostatic analysis has been 
performed. During this analysis for the Upper Refuge Dike, it 
will be observed from Figure No. 1 that a horizontal force of 
0.1 g was applied and that factors of safety of 1.2 and 1.6 
were obtained during the pseudostatic analysis. This approach 
indicates that a degree of safety exists for the dikes under 
seismic activity. 

B. North Dike 

The cross section for the North Dike is essentially the same 
as that shown in Figure No. 34 of the March 1983 report. During 
that report, the unit weight for the course coal refuge was 
assumed to be 94 pounds per cubic foot. During the construction 
of the Lower Refuge Dike in 1984, the average unit weight of the 
course coal refuge was 103 pounds per cubic foot.· This value 
was used during the present analysis and it will be observed from 
Figure No. 2 that the static factor of safety was 1.8 compared 
to 1.9 during the 1983 analysis. The pseudostatic analysis 
applying horizontal force 0.1 g resulted in a factor of safety of 
1.3. 

~ ________________________________________ ~w~~ 
~----. 

" 
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u.s. Steel Mining Corporation, Inc. 
Page 5 
May 25, 1985 

Based upon the results of the stability analysis performed during 
this review, it is our opinion that the cross sections as shown 
on Sheet E9-3456 will be stable. "It should be noted that the 
stability analyses were performed assuming a crest width of 
fifteen feet. If there are any questions regarding the inform
ation discussed above, please contact our office. 

Sincerely, 

Rollins 

BP/jbt 

, . 

l D8 -------------------------------------~~ ------------------------------------
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LOWER POND 
SIDE 

PSEUDO-STATIC FACTOR 
OF SAFETY· 1.2 -----""'\ 

(HORIZONTAL FORCEaO.IQ) 

STATIC FACTOR OF SAFETY a I. 5 

• 
PSEUDO-STATIC FACTOR 
OF SAFETY a 1.6 -

(HORIZONTAL FORCE -0.14) 
ASSUMED PHREATIC 

SURFACE IS' STATIC FACTOR OF SAFETY-2.2 

I- 1 5395.75 

ZONE I 

5360 L --- =:::...... 
ZONE Ill: 

TOTAL UNIT SHEAR STRENGTH 
ZONE MATERIAL TYPE WEIGHT CO~.~~~~N F!it«;I~N 

I COARSE REFUS E 103 100 33 

II" EXISTING COARSE 94 100 33 REFUSE 

1II FINE COAL REFUSE 70 150 31 

:rsz:: SILTY CLAY 110 200 28 
I 
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P,S.F. ANGLE 

103 100 33 
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NORTH DIKE STABILITY 

.j 
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Response to Rollins, Brown and Gunnell Review 

Impoundment Modifications to Upper Refuse Dike and North Dike 

U. S. Steel Mining Co. contracted with Rollins, Brown and 
Gunnell, Inc. to review the construction drawings and specifica
tions for the proposed modifications to the Upper Refuse Dike and 
the North Dike. Section I of the review concerns the design 
drawings and Section II concerns the detailed construction 
specification. U. S. Steel Mining Co. is providing this response 
as a convenience to a reviewer to show that any concerns affect
ing the stability of the proposed structures have been adequately 
considered. 

I. Construction Drawings 

A. U. S. Steel Mining Co. will locate the center line of 
the two dikes in the field. 

B.l. The keyway into the fine coal refuse referred to by 
Rollins, Brown and Gunnell is really a ditch adjacent 
to the North Dike. Therefore, these comments do not 
apply . 

2. U. S. Steel Mining Co. elected to maintain the width of 
the proposed structures at 15 feet, not including the 
riprap. This will result in the stability safety 
factor for the impoundments being higher than es
timated. 

3. Details of the anti-seep collars are shown on Drawing 
E9-3435. 

4. The concrete support will be similar to the one shown 
on E9-3435, except shorter since only two overflow 
pipes are used on the Upper Refuse Dike. 

5. The recommended keyway has been added to the drawing. 

C. Sheet E9-3457 

The recommended cross-sections have been added. 

II. Specifications 

A. Item 411 

This item is only relevant to U. S. Steel Mining 
Co. and will not affect the stability of the structure. 

, 
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B. 

2 

Item 702 

The recommended change has been made to the construc-
tion specification. 

C. Item 704 

The recommended change has been made to the construc
tion specification. 

D. Item 802.3 

The recommended change has been made to the construc
tion specification. 

E. Item 804 

F. 

G. 

The reconunended change has been made to the construc
tion specification. 

Item 811 

U. S. Steel Mining Co. believes the task is adequately 
described for the Contractor. As a last resort, 
plugging would be considered. 

Item 903 

The details of the anti-seep collar are shown on 
E9-3435 which is provided as a part of the construction 
specification. 

H. Items 904 and 905 

U. S. Steel Mining Co. believes the walkway is ade
quately designed for the purpose intended. This will 
not affect the operation or stability of the structure. 

I. Item 907 

Item 907 is 
would be clear 
proposed work • 

not inconsistent with Item 902 and this 
during a site visit to inspect the 
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WESTERN· DISTRICT 

State of Utah 
Division of Water Rights 
1636 West North Temple 
Salt Lake City:. Utah 84116 

Attn: Dee C. Hansen s P.E. 
State Engineer 

Dear Mr. Hansen: 

@ u. S. Steel 
Mining Co., Inc. 
~ Subsic:lW'yof United States Steel Ccwpor~tion 

P.O. BOX AE 
PAONIA, COLORADO 81428 
303/527-4816 

May 23:. 1984 
RECEIVED 

MAY 25 1984 

DIVISION OF Oil 
GAS & MINING 

Re: Proposed Modification to the 
Refuse Dikes 

Wellington Coal Cleaning Plant 
Technical Revision No. 1 
ACT/007/102 

In October 1983, ~onstruction began to raise the height of the Lower 
Refuse Dike some 10.5 feet. The early onset of winter forced U.S. Steel 
Mining Co. to suspend construction until the Spring of 1984. The con
struction work was completed on April 10, and the pond has been placed 
in service. Modifications to the impoundment are described as follows: 

l. The height of the impoundment was increased a minimum of 11.1 feet 
to a minimum crest elevation of approximately 5s 383.2 feet. The 
impoundment has a minimum crest width of 16 feet with 3h to Iv 
slopes upstream and 2h to Iv downstream. The impoundment was con
structed according to drawing E9-3434. 

2·. The material used for impoundment construction was compacted to 
92% of the maximum density determined by ASTM 1557-78. U. S. Steel 
Mining Co. contracted with Rollins, Brown and Gunnel to inspect 
the construction work and perform compaction tests as the material 
was placed. A copy of Rollins, Brown and Gunnell's final report 
and compaction tests are attached. 

3. In addition to the plans submitted, a diversion ditch was constructed 
east of the Upper Refuse Pond to divert the two small drainages 
away from the pond. 

4. The maximum water level of the pond will be 5,381.3 (3.7 ft. of 
Freeboard) . 
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Dee C. Hansen 
Page 2 
May 23, 1984 

If you have any questions regarding these changes, please contact 
V. R. Watts or myself. 

Sincerely, 

~d,£ 
Glenn H. Sides 
General Superintendent 

Attachments 

cc: V. R. Watts 
L. Ki n9 
B. A. Filas 

-James Smi th 
Division of Oil, Gas and Mining 
4241 State Office Building 
Salt Lake City, UT 84114 
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ROlLINS, BROWN AND GUNNElL, INC. 
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April ·23, 1~84 
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,': ;;.\::": -'.' 
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. i .~.'~>:': .~ .. 
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.: ... ~.i~;;· ~~~;"~/~.:.:~. '.: .' . t~ . 
L;!- . 
..... ~ .: f"· . '.. .~... 

~'.'::: :':-.'. D.S.' Steel 'MiningCoJDR~Y 
.. ~; -.' :.: W •• tern· Divtaion' '.. '.' 

."~ ~ .. :., P. o ... Box AB":' .. : .. 
• . . '-~~011!.~ ~:; • .. 
~ ~'..' ... ~ ... :: ~ 
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Attached hereto are the results of inplace density tests perfoEmed 
duriD9 ··the 1Dspection for the O.S. Steel refuse dike Dear Wellington, 
Utah •. Tbe inspector was available on a full·till.··".si., not 
only t~ perform 'the te~t., but to watch' the, o~~~~~~ .~ •• ociated 

·vitb .~h.·acm.'rugtioft. . , .'C. /~r": . " , 

The contractor waa noi: completely co-operative ~'lt va. necessary 
to watch hi. very carefully in order to in8ur.~that the work 
was p.r...fp~ed. tD .. accordance with the plana .~d ~cif~c.tio!l8. 

Baaed upon the' results of the inplace den~ity teats and the 
observation. formed durinq the construction phase' for the project, 
it i8 our opinion that the work has been completed in accordance 
with the plana and specificatioris. We appreciate tbe opportunity 
to pexioza this work for you and we hope that ·w~ ,.qan,be.:of service t in .1.._ ...... t. '. , ,;' ........ ~'" ... ,.~ ........ . 

o ; (~ .. ~. ur.e~ . . . . ~~~.:;:=:"" .. '., ... "~'~.~. 

Inc. 

',. 

4 '.~. 

:, ." 

. .~ 

• ~', .... l' •. '" . .... . 
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:~ :' • :. 4 _ ~a .... 

. - . 

. .~. 
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VJNS, BROWN AND GUNNFll,:JC. 
PROFESSIONAL ENGINEERS 

1435 WC:Sl820Nunh, P.O. Box 711- PrU\'o, Utah 84603- (801 )374-;771 

CONTROL OF COMPACfED FIll. 

JoDname u.s. Steel Settling Pond Dike Job technacian P. Baker 

~rHs ___ W~e~l~l~i~n~i~b~o~n~,~U~ta~b~ ______________________ ___ Mailing date _--.;;;.4_-.-:;.9-;;;.;8~4~ _______ __ 

r MOisture In·place MaxImum MaxImum ""\ 
No. Date Elevahon content density density denSIty RemarkS 

(%) (Ibslftl) (lbSlfP) (%) 

. ~ .. '2.,-t\ ... "* e.. , IOq..4t 111.1 9~.5 

2 e. f 'O~.2 92.4 
~ 8. , 103 2 QZ.4 
~ " Sl 10'1-.0 Q3. , • 

'* N01e. 
,,--~~. l::ta,t'-OI1 ~ liH @ Z.3' 

a./ow .... L(ir-.eii ,-"".', ;. 

~.1 BreD5 ,'i7a,kfl: _J -)(. h.ve. 

bee" r ... ,::;J#!Y 'tested. 

~~;. 

HILI. 
AReA 

~ ~ 
• I~ 
I ., 

• 
2 

<"~ \ 
• 
.3 

~ .~ -.... C'). 

.. o~ 

-

I ~ 
HI,-' 
AR6A 

I 

'..,. .. ~ ..... ~- .••• - .. "' ... -- ... -~ ..... -- ..... -~ ... -.~ .. ,- ......... -.- ....... ~ .... ~---.---- .. --........ --- .. ,- ... - ...... -:0-" .... ----...... -.-... ...-..-.. - .............. -- •••• -.,.---.-.----------.. ---........ ---..... ' -- "'-.~." -." •.. , J_ ..... __ ~ 



\:;l..INS, BROWN AND GUNNEll, Je. 
PROFESSIONAL ENGINEERS 

1·I3S Wf:SI820 SUM, P.O. Box 71 1 • Provo. Ucah84603· (80 1) 37.j·S771 

CONTROL OF COMPAcrED FILL 

~ u.s. Steel Settling Pond Dike ~NmW ________________ ~ ____________________ __ 
Job IeChnician P • Bake r -----------------

~ns ~elliD8toD, Utah Mail&ng dlle 4-9-84 

r Moisture In·place MaxImum Maxlfnum " No. Date Elevation content density denSIty density Remarks 
(%) (lbSiftS) (lbsiftS) (%) 

I ~-28-81t .... e.1 IOS.~ 111.1 94. It-
2.. II 

1 to tOZ.9 III.' 92. f 

" i8 lOS .2. 111.1 94.2. ..,. , e 105.0 Ill.' 94.0 • 
5 1,e ,gct-.... 111.1 Ql,1i 

.'- 81 ,oS.S lit .i 94.S 
7 8.1 to; .S III' 9" 2-
8 • 8.1 102..9 III ., 92.1 
q It 8.1 '0q..6 "" 93.6 
10 

. 6.1 ,QIf; \ II.' 937 

* NO"TE . 
~: :. L _'. fifl (OJ 2.3 bela,,*, 

Fin, s;, t:,,.;a,l18 

.' 

HILL ') 
A".A 

~ 
,~ 

• 
~ . , 
~Z e!a 

• ~. ... .Q... .. $ 
." -~ • 

7 • 8· • 9 • 

l._.-_ .. ,,_ ___ _ _____ _________ _ _______ _ ___ HI::\ 10 

AIt~ 

,_ ... - ,,' -~~-.-.... "", ..,....""' .. _ ........................ -_ .... -"-_ ........ -.. . .. -
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C'~INS, BROWN AND GUNNFll, ~C, 
PROFESSIONAL ENGINEERS 

1 .. 3; W·dl820Nonh,P.O. Box 711- Provo, l:tah 8i603 - (HOI )37 .. ·5771 

CONTROL OF COMPACTED FILL 

Jobname u.s. Steel Settling Pond Dike JOb technician ...:P:..;.;.....::B;:=.a.:.kel;",lr~ ___ _ 

Address WelliD8t9Q. Utah Mailing daae 4-9.84 

Moisture In·place Maximum Maximum 

No. Date ElevatIon content density density denSIty Aem8lks 
(%) (Ibs/ft:l) (lbSittl) (%) 

, !> .. 2.S-S4 ,. e.3 IO~.4t 111.7 92.~ 

" 8.1 101.1 II r .., Q~O 

3 e,~ 105,9 III,' 94.8 
4- 79 IOZ.9 ,,, '1 92. I I 

IS .. 
e,~ I07.i III' 9~.4 

" • ;,9 102.8 III 1 92 0 
-, .. ;,9 104.8 111.7 93,8 

~ NOTE. 

S+iI riiwo li.ft. l6) I. I b.low 
_, • L. 

A~ 1 
__ WII;o 

\" J.l1L.J. . ( 
AReA .• 

2.. 

,,--.' !t 4- j 

.~ ,~ 
• 

-" 7 

H~ 4REA 

~ 

J 
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QINS, BROWN AND GUNNEll, ~. 
PROFESSIONAl.. ENGINEERS 

1435 \\"esI820 Nonh, P.O. Box 711 • Provu, Ulah S4603· (SOl) 37"·5771 

CONTROL OF COMPACTED FIll 

Jobname U.S. Steel Settling Pond Dike 

Addre.. We 111nston, Utah 

MoJsture In-place Maximum 

Job technician P. Baker 
--~~~---------

Mailing dlle _ ..... 4-.... 9io:;-:..iI81.:&4 ____ _ 

Maximum 
No. Oat. Elevation content densdy denSity denSIty Remarks 

(%) (Itlilftit) (Ibiltt~) (~) 

, 
~·29-84 e., 104.0 \l1i 93.1 . 

Z. 81 103,0 III 1 92 2 

J 81 10'3.S III 7 q2 i 

4- 8.~ 10'3.3> III i 92 5 I. 

5 4 e.'" 102..5 1117 92.0 

" 
II 

"'3 104.1 III 7 Q~ 2 , .. e.!> 104.9 III 1 9?1.9 

e e.~ 107.0 "' .7 95.8 
9 •• e., 103.Z III 1 92...4-
10 e.1 105.2. \" 1 9140.2 

- "Jr NOTE. 
Ccnr'-~r;o" af' liFt @ 1.1 ' b./ow 

_.' .... L ~ J. . 

H/~ ARE~ 

L 
~ . 

• I 
\ . ':'. 
~~ 2. -4 .. 
~ ... • 
.. ·s " "'.Ao 

1) . -., 
~ 

, ·e ., 

t 
~·,o 

Jl.1I..t. 
ARIiA 

'.-~"'_"''''I~_ 4.~.'. __ • :. __ .. ~ .... ~~_ ..• _.- ......... _ ......... , ..... ~ ________ ., ...... _.~ .... ~_.,"_"""'-.'" _ ...... ~ ........ ~ .... -...... __ , ••• _ . __ ._~, ... ____ ._~, ........ _ ... __ , ______ ... _ .. _ •• _ ...... _ .. -..._._. ~ .... ~~._ .... _ .... _ .. , .......... _' .• ~ __ .. 
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I\..,llNS, BROWN AND GUNNEll, J. 
PROFESSIONAL ENGINEERS 

143; Wt:St 820 NOM, P.O. Bux 711 • Pruvo. Utah 8-i603· (801) 374·;nl 

( 
CONTROL OF COMPACTED FIll 

Jobname u.s. Steel Settling Pond Dike Job technlcaan P. Baker ----------------Addr... Wellington t Utah Mailing date 4-9-84 

r Motsture In·ptace Maximum Maximum " Na. Date Bavatian conlent density density den~ty Remarks 
(%) (lbslftJ) (Ibslft:l) (%) 

\ 4-~-e"t CIN I~U 1::.0 ....... c. 9.0 I04.Q Ill.' 93.9 
Z • 9." \05. \ II I -, 94. I 
3 'I 9.~ IO~.O III ., 92.2 
4 • 9." IOb.3 111.7 95.2 ,. 
S • It 9." 107.0 III ; % .. 3 

~- 9~ lOS." 111.; qlf 6 
-, 9.3 103.1 Itl.; qZ '3 

8 9" '08.'=» Ill.' 97 Z 
9 • Ie Q.6 100.'4- III 1 qS'.~ 

IQ • 'f 9~ 10'+-.5 lit.' Q3.fo 
I 1 9.~ 108.1 III. ; 9~.8 

12- 9.~ ro1.'t "" Q~ 2. 
I'! V." 107 I 111.1 95.Q 
14 II q." lO1.b \11.1 9'.~ 
15 q.1O 106.1 It 1.1 96.8 
16 ~ II 9·6 10'1-,4 111.1 93.5 
11 II " 9.f;:, 106.9 111.1 95.7 

H/~~' • 
AIf'A. :-

+. j 1 
s • Ii 

• G:J 

\ • 7 • a 
c· 
~ ., 

8'0 0: . ... .. 
~. • II 
o~ ." • 

'3 • 
-IS '4f 

I • 8 

'" " 
; 

HIL~ 
"' 

/~ :;.~~ ,.~ ,; 

~~.----... .. ~ ............ ___ -_ ...... ·0-... ____ • __ ... __ ,._._-. .. __ ........ ~_.--.. .. _ .. "9 ___ .... __ "' ...... _~_> ... __ ~~ _._ ..... _,_ ~., __ ...... "' __ ........ '_. , ... ~ 



Il..liNS, BROWN AND GUNNEll, ~. 
PROFESSIONAl.. ENGINEERS 

1435 Wesc 820 North, P.O. Box 711 • Provo, Utah 1W603· (80)) 37+5771 

CONTROL OF COMPACfED FILL 

. Job name LJ S "5 TeE L D ff< (£ Jobtechnician P. Baker 

Maillngd.. 3-27-84 Addr ... WEL..LIN6TON UTaH 

r Moisture In-place Maximum Maximum 
No. oate Elevation content denSIty density denSity Remarka 

(%) (Ibslftl) (lbsJU2) (%) , 3 -"-'84- ~,3 10 5, I J 11.7 '3 'f-. J 
"2- 11 II 4.5 BGlOw ~.3 100.5 I, ~o.o 

3 t, 'f FG LIFT' c;:; to ID4.tr. I' q 3.Co 
~ It u .. ~.G 101:$.1- " C}'f.2.. ,. 
"S 11 " II q (D I03.z.. " '3 Z. ,4 
CP t\ II " Q,3 lO'iL1.. " 9~.'3 , 

l' " " ~.G> 10 I. 1 II q 1,0 

!a \\ " \f 'i.~ , olf.o I, '13.' 
~ " " " ~.t, '03.7... " ~ '2.~ 
10 3- 20-'1,+ ,. ~.~ 10 +~ H " 3. S , , 3 - '~-"'t'f " ~,~ l03.S I, ~. 2~' R m i e= ~T OF Ive. "2.. 

• ,: ., I, 
" ~/~ ID5.'i; II 9 If, 1 Re T E" CS T 0 ~ NO.1 

J 1 .~ 
I. 

" 

.~ 

0,3 €>" (;) 
G). €>+ 
I ~" ,9 7 '3 

I .2. 05 \'t. €>~ 

" 

-
€J 

10 I ) r , • I 
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C:JlNS, BROWN AND GUNNEll, QC~ 
PROFESSIONAL ENGINEERS 

1435Wes820 Nonh,P.O. Box711- Pruvo.Ulah8460,-(HOl ) 37+S771 

CONTROL OF COMPACfED FIlL 

Jobname \J Sa 5P, gS; L 

Addreu \)J 1:. \...L' N 4ir T Q N 
I 

D \~e: 
, UTAH 

Job technicaan P. Ba ke r 
Mailing dale 3-27 -84 

r Moisture In·place Maximum Maximum 
No. Date Elevation contenl density denSity denSity Remarks 

(%) (Ibslfl') (Ibslft') (%) , 3 ~ "l-'1..-S~ -;:~ I BE'-~ CJ • , O~.'i- liT ,-., ~7. ~h 
1.- " " r.G" 4:t. --, 03.-G, tr -''2.._, 
.3 'I n " 9,,' 104 , I, q~."Z.. 

."1- " '\ It q" I IDS.c 
" 

q* 0 4. 

S" , , \I " ~. ~ 01. .~ 
" 

0) '- ~O 

i " 'I " ",3 D~.O u , 1.. !.. 

... 
~\ . .' . 

'. . .. 
.' )-

.; 

.~ . .. 
. . . . 

. ~ ~. 

~ - .. -~_I 

..... Q)I f SO f 

~ 
0 (j) i , 

G>3 ~ r-" ..::....J ...-0.;....... 

) 
t 

""'\ 

It 
Ii 

: 

. . 

.---

~ 
M:IIA 

) 
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\:,;llNS, BROWN AND GUNNEll, :.;c. 
. PROFESSIONAL ENGINEERS 

] 435 West 820 Nonh. P.O. Box 711- Provo, Utah 84603· (801 ) 374·5771 

CONTROL OF COMB\CTED FD..L 

JoCname U S '3T lie L D \ '< E 
Add,... \JJ E Lb, ~ <:'J 0 tJ UTA\.; 

Jot) techniCian P. Baker 
Mailing dill 3-27-84 

r t.bsture In-place Maximum Maximum 
No. Date Elevation content density density density Remanca 

(%) (Ibsltt') (lbSlft') (%) 

I 3. 2..1-%'4- 3.5' gEL-oW Cf , I D4,C) 11/ i ~ 3, I 
"2.- u l, F- b. Cf ~ t 0'1.1 ,. ~~ • "Z. 
3 II 'I , , q , '0, ~ , , o~ '2. 

_4 I, I, \, '1,,0 lo-:l.tl " Q2.~'Z. " 
5 " 'I " 

~ 0 II {} G"C) II c 5.1 
iD II " 1\ <rt.. O~,O I( Cf-""q 
i ., It " 

q,,,", O~,O 
., qt. ., 

~ h \, 
" 

q t8 J D7.4- I, qt.,."2. 
q 

" 
\1 n ~ .. , 10(..0 

" 
q..,.. 'l 

It) " \, 't Ci ~ I 03 ,If- " C1 '1 .. '" 

. 

Ll FT PROGRess 

-- 0' e.,. e, 

~7 
.... E>3 es 

0, 
e' e~ 

0'1 

) 
l 

- ..... " .... ",_u",~~_""",,~.,..._ ... _ ....... ~_._ ,_ ...... ...._-- .... -.~,' -"~' -.- ... _.., ... It>; .... _ .... '" 

~ 

I ~ 
Ji 

~ 

Ella 

r: MU. 
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RONS, BROWN AND GUNNEll, I J. 
PROFESSIONAL ENGINEERS 

""5 West 820 Nonh. P.O. Box 711 • Provo, Utah &i603· (801 ) 374-5771 

CONTROL OF COMPAcrED FllJ.. 

Jobname U.r:, c; -re fa L 011< e Job technic;ian P. Sa ker 

Addr.. \tJ e L \.l ~ "" oN UTA \:\ Mailing date 3-27 -84 

r Moisture In-place Maxllnum Maximum ~ 
No. Date Elevation content density density denSIty Remaf1(S 

(%) (lbsl1tJ) (Ibslftl) (%) 

I 3 '20-.g4- 3,5' R~LnW It,G, ,o*~~ 111."7 '} 3 ,~ 
't. 

" 
If FG ~,!, lOS .0 11 9~.o 

~ II .,~ Ir ~ 3 o -z..~ H ~ 1. I 
_4- II h 1, 9 G> o G, I 'I ~ 5 ,0 ~. 

C;; 11 1, t I q,G, 101..(0 I ql ~ 
~ tI " " ".~ 032 I' q1.,4--, It u II q .G:. '0'1,1-

" 
'1.3 ,~ -

8 I, tt 'I ~.3 03.0 I '} Z /2 
~ I, '. It .,.~ 03.4 II 91.. .lo 
'0 r, 'I If ~ .. G. 07.~ , '9 (..S" 

, . 

" 

. 

J ~ .. If , . . " 

. ~ ... 

0, °1 GS 0' 

0 
0, Gl,. G>, e 

0'- <U~ 10 ., 

" 

7. r 
) 

~ ....... .., .... _ ..... 1' .... _ ......... .+- ................. - ......... ___ -... ~ ....... ....,. ......... $ ..... _.--.... •.. ....,. .... '_ .... _..."..---.. ... _~. __ .. .,.. __ ._~ ... __ ... __ ~_.,.._ . __ '"- ............ ___ ~ __ .... ~ .. ~._~_ .............. _ ".'-_~ • __ ..... ~_ .......... __ .... ___ ........ _- ................. _ ...... .-.._ .... 



VINS, BROWN AND GUNNEll, .~. 
PROFESSIONAl. ENGINEERS 

143~ WCIl82Q Nonh. P.O. Box 711 • Provo, Ulah8460'· (801) ,'4 .. 5771 

CONTROL OF COMPACTED FllJ.. 

u.s. Steel Settling Pond Dike ~NmW ____________________ ~ ______ ~ ________ __ 
Job tacnniCian _P_a_u .... l~B..;;ak;.;....,;;e.....;;r ____ _ 

~.s __ ~W_e_l_l_in __ g_t_on~,_U~tah~ __________________ ___ Mailing date __ 3 ..... -.. 1 .. 2 ... -.M8r..;;14~ ___ _ 

r Moisture In-place Maximum Maximum 
No. OMe ElevatIon content density density density Remarks 

(%) (lbSlf(3) (lbs/ft3) (%) 

-' 5-~-M c.' PeIO\N Ttt1tsn 8.0 102.9 Ill __ L QZ.J 
~ 6.0 IO~.1 111.1 QZ.3 
:s 8.0 100.2 111.7 95.1 

"1- 80 ,~~- III. 7 98. "!> I. 

NN c.cn'·Y'4!" 

., 

. , ,1 
EA~~ift . 'e1'e ,~ 

~DI below 
fin'6h 

srade. Lil=T start 

·2 

• I 

-4 

I 
-..3 
~ 

.-
.. I 



--------------------------------------------------------------------------------------

• 
CUNS, BROWN AND GUNNFll, ':F. 

PROFESSIONAL ENGINEERS . 
1435 Wes 820 NOM. P.O. Box 711 • Provo, Ulah a.603· (801) 37+5771 

CONTROL OF COMPAcrED FIll 

Job name u.s. Steel Settlin~ Pond Dike 
~ •• Wellington, Utah 

Job technician Paul Baker 
Mailing del. 3-20-84 

r Moisture In-place MaximJm Maximum 
No. Dale Elevation content density density density Remanus 

(%) (Ibs/tti ) (Ibslftl) (%) 

1 '3-12...- A4 t:, ~~!i~ .. r-.ao 8.0 ,oq.. 'Z. 111., 93.~ 
~ 

2· .. II 8.0 I02.b 111. 1 91.9 
.3 • If 8.0 104. I III ., 9~_'2 

4- • II 8.0 106.9 I II.' 95.7 I. 

. 
~ 1 

" .. 
. 

. 
L..u=:r T&,$T&D 

'-• . , 2-
" • -- -:3 

I • 
; 4 

~ ... \ ~ 
........ 'I~ ..... ---....... -- ",,-,_ ......... ---.. ~_.-.,,- .. __ ............ $ .... ____ .a_·~_."._. ........ M .... - J .... ~. ---..... - .... -,,-~_...~ ___ ...... ~~.,...._. _ _._.. ............... w .......... " ....... II-~'., .. .,. __ _,_~""'_._ •• "1'" • 

""" 
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QlNS, BROWN AND GUNNEll, :;;C. 
PROFESSIONAL ENGINEERS 

1(35 We5l820 NOM, P.O. Box 711- Provo, Utah 81603 • (801) 3'''5771 

CONTROL OF COMPACTED FIlL 

~~1J.S. Steel Settling Pond Di~e Job technician Paul Baker 

Mailing d.. 3-20-84 A4dre11 He111DatQD. Utah 

r Moisture In·place Maximum Maximum 
No. Date Elevation content density denSity density Remarks 

(%) (Ibslft') (lbsiftS) (%) 

I 3-'~-e4 \0.2 IQ~.~ 111.7 93.'-
z.' 9.8 '03.6 Q2.9 

3 _9._0 IO\.~ 90.8 
4 12." 10t0.3 95'.2 • 

If l':l ...... lOS? .. 94!l 
~ • 10.%. 103 .. & '1 92.9 .., 'f 9.0 10%.5 C) 1.6 
f II '0.2- 1~3 .9~.4 
CJ • 10.2 fO?.9 93.0 
10 • 9.8 ~.o 9.3. I 

. 
to ", I, \ 

\41l .. L ,,:t 

AR.iA 
,t. I,. 

l· 
f .. . ~ 

.1 
• • 2 .3 

.4f. 

-5 • " . \ 

-7· · e , 

~ ," ,\ \ ~ 
,\ . 

. ~\". h': .' UILL AReA 

~ 

~ I 
,~ 



OINS, BROWN AND GUNNElL, .JC . 
. PROFESSIONAL ENGINEERS 

1 "35 Wesr820 Nonh. P.O. Box 711 • Provo, Urah 84603 • (801) 374·5171 

.~------------------~ 

• 

• 

. CONTROL OF COMPACI'ED FIll 

r 

~~ u.s. Steel Settlinp, Pond Dike 
Addre.. Wel11n8ton. Utah 

MoIsture In-place Maximum 
No. Oat. Elevation content density density 

(%) (Ibsl"~) (lbSlft') 

, ?>-I4 .. S4 9.0 107.2 111.7 
2.. .. qC ._lO.2...8 __ IlL.7 

. 

, ". 

Maximum 
density 

(%) 

9b.0 
_._.~_O 

• f 

-7 

Job technician P au 1 1\a \(.e r 

Mailing d.. 3-2 0-84 

Remarks 

Re.Test oF- No. '3 (3 - I ~ - 84 ) 
Re11Ist.sf. No. i (3 - I ~ -elf.) 

I 

~ I 
,~ 

- .....-"\ / , 

" 

"' 



~NS, BROWN AND GUNNFll,::;c. 
PROFESSIONAL ENGINEERS 

1435 Wes8l0 Noah, P.O. Box 711 • Provo. Utah 84603· (801) 3 '''·5771 

CONTROL OF COMPACTED FIlL 

U.S. Steel Settling Pond Dike 
~~----------------------------------------

Job teChnician _P_a_u_l_B_8_k_e_r ___ _ 
~eR __ ~W~e:l:l:ln~g~t~on~,_U~t~a~b ____________________ __ Mailing d .. _ ... 3 .... -..,;;2;,,;;;;0_-.... 8_4 ___ _ 

Moisture In·place Maximum MaximJm 
, 

No. Date Elevation content density density density RarnarkI 
(%) (Ibslft·) (Ibslft') (%) 

I ~-I,,-e+ '0.9 101 ..... III.' %.2. 
Z- " IO.q .O"'.~ • %.0 
3 .. 90 \03. 2. 

.. 92.4-
4- • 10,9 l~" " 95.1- I 

5 .. 10 '5 105.6 .. CM.S 
0 II IO.!!5 I07.~ 14 %.1 .., • '0.5 \05.5 II Q4.+ 
e • '0.9 I()!).O If q" .7 
9 • 10.9 ,o,.~ • 9". , 
to II 9.0 ,o6.1 II q~.S 

• 
. 

UF1" .TART" 

'4 I L..t.. )' ". .ciA -% 
~ I ·3 -4 

·S ,~ 

: ." ., 
-8 

-9 • 
10 

'W .. , . 
.. . 

~ 
~ 

" ''''I. • .", 
"" -'Of .. ~"~"' ....... -_. \~----._.-...- __ II __ ~ _~~ .. -_~· ____ ~_·.~· __ ...... ,.. ___ ... ..__ ..... _ .. _ .... t4_~_ ••• _ ... ___ ....._..~"._ ...... _.~ •• ~ ..... ~ ... _· ....... :.,~ •••. , ..... 4#;.· ... _--to" '4.~--"'<i'-"':_t~.'-'''.'''''~_ 



RCmS, BROWN AND GUNNEQ., 1.J ... 
PROfESSIONAL ENGINEERS 

143-' "'CIt 820 North. P.o. Box 71 J • PnMI,Caah &t6Ol" (801) 3'4-mJ 

.~----~------------~ 
CONTROL OF COMB\CTED FILL 

~d" ________________ __ 

r MoIsture In-place Ml:uumum MaxImum '" No Date ElevatIon ccntenl oenSlly densrty denSIty Remarks 
(%) (lbSlftS) (lbs.1tJ) (%) 

.;- . It-,. 'a~ '0 I b.:I.~ I=i~, 10 IOD.7 Ill., qo~ 

-z. It' I. .. g 0 lo7.z. If q ... o 
-... "! 4t I, It 4 0 '00.1- t, "0.0 

+ q i2 0 103.1 ., Cfl.~ 
... 

" 
I, 

S <III ,f .. R.o , I I .:t II "q.' 
It" ., 

II AO to,·/o If 'tS".40 

i ,," 
" It 4 tt 10S./ " tf4-1 

g q 0 .. " OJt·o IOI.~ " 
qo.q ., 

'" 
.. 10 t:r.c 103·6 , crz .c, 

~ .. I 11-,4 8 g bel.w Ftw",. Qo 10 &\ .. -, I" .j Q+.7 

'1. S' " 
Q C IO~' If 't'l.7 

3 II' .. .. Ii 0 9'.7.. .. s.., 
4- S' L II 

g .• "!f·r II Si.I. 

S 8 
" " ~.o 103.7 " 1}·t 

" 
,. 

" .. c::t.o IOj.~ .. CIt. tJ 

- S' " It W 0 IQt. :, 
" "10.' 

j , 
II " S·· I:;) 1.1 I' q.,. ~ 

c: g ,. If 8 0 "0.' 4f.,.o 

~ 
S .. " 1\.0 1C1.+ It ~'7.'1 

~ 
" 

,/ 
j 

.... 

.1' 

.~ . 
/ a, "-G) ,...'. ~ 

".G) ,..4) 

"'" '''61 H:ii .. .Q) ... ... . . .. , . 
,4-(1) "-d) ... d) ,,-. '+\1> ~ II •• II.@) 

( -

) c.L."~' w~-r~ t:a-..J I). 

.' 

... 

; 

~ 

,." __ -",_._,,._,,~,;o""J_-'_""""'_''':'''_~'''''''.)'''''' - ..... - .• ..,.-....... ~ "-'P\ •• <.-_. __ ._ ..... ~ .. _. ~"~ ... - .......... -..' ........ "'--~-... - .. -_ .... __ •. __ ~~ ___ .... _ .. Joo._ ... _,.. _"' .... T ... _· .... _ ........ __ ~_.... ; ....... _olf __ ....... ! ~~""""" ...... _,_ ......................... f·· 



RkINS, BROWN A.~D GUNNElL, L _.i. 
PROFESSIONAl. ENGINEERS 

143-; \X·er.t820 NOM. P.O. Box :11- Prnvn. L'l:U1 tH60~· (801 ).~7-t~-;i71 

CONTROL OF COMPACTED FIll.. 

,0) ~e:' t; '. AI tE. .. - Job technician _ ..... O .......... G" ... IIt1;;,;;,.:tS.;:4,."' ___ _ 

~eSS ______ ~wJ~£~hh~I~~~~~.-~.~D~.-~J~ __ ~YT~e~d~ __________________ _ Mailmg d •• __________ _ 

, 
MoIsture tn-place MaXimum MaXimum 

No, oate Elevauon conlem 08llSily densily dlflSlly RemarkS 
(%) Clbslft') (IDS.'ffl) (%) 

,-,., . II-n- R'"'\. ~' ~~f • ..., ~.-..JI'" i·"" ID'3.C' '; .. -, q,.'1. 

'Z. ~' . ,- g·o IO~.' " ,,'Z.~ 

3 7' . It 11 ., 10, .• . '" :, 
4J .,' fl· 0 107. "Z. • <III •• ' '. ., tl 

S '7' ,. .. ~.D IOt-·3 II q ~-. "L 

Co. -,' .' " 
B () 10(,. ... .. 'f.s.G. 

7 .,' I' 
II iii U 10+.'1- " q"!.. ~ 

e ...,' .1 I, s·· los·~ .. q4 ~ 

" 7' II ., 6·D I OJ. 0 I.' tlft.·7 

• If 

-

~ / ~ 
""" ", .. ". a> ". " .. -a, 

,., .. ,74 
n •• 

,., .. (p ,.,. cp r ,) I 

) \ / c.L..a'~~ VJA.-r"~ j:)04..JD 
- , .. 

, 
'- ________ ..... ___ J ____ -..,. __ ~_ • .... ________ .... _.<Jo .... _ ...... ~ __ -__ .. _._. __ .. __ ._ ... ______ $~ _____ ~ .. __ .. ___ .... _. ..... ___ ---..... .... _ ....... __ ~.~ .. "'~ _ ..... 
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R"" 9 LINS, BROWN AND GUNNEll.., C. 
\..... PROFESSIONAL ENGINEERS 

1435 West 820 Nonh. P.O. Box 711 • Provo, Utah 84603 • (801 ) 374·5771 

son. MOISTURE DENSI1Y RELATIONSHIP 
ASTMD 1557-78 

4,.'-' --. -

Job name Lower Refuse Dikes Feature B J a cl" Tai J ; ngs 

Job engineer R. P rice 
1 tt:,l Oat., 11 - j - lj j 

112 

111 

110 

109 

108 

107 

6 

Maximum dry density a:: ---=1~1~1..z. • .;.,8 ___ Ihs/ttl 

Mailing Oate 11- 2 1-~ 3 . Optimum moisture = __ ......;:::.8.:.._ 4-=--____ % 

-.. ~ ~ 

/ ) 
\ 

/ \ j 

/ \ 
V !\ J 

6 \ 

. 

7 8 
:;. 

9 10 11 

• ~ • -I. • .. _ ; 

.......... ~ .. ·_ .... ____ ~_~ ..... __ ..--___ .. _T __ ... _ .. _._ .. -.. ~ ___ ....... _ ~ ... _ .. _~_._.~._ ........ -.. ... ~ ... ___ ... _ .. ___ . __ ... __ ._. ~ . __ ... ~ .... ' ____ . 
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".: ..... '" 
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DiViSiON lJf 
11'} GAS n I~f" 'l~"~ 
-' ! .- J • ~: I'll i P·II f 1'_~ 

WELLINGTON COAL CLEANING PLANT 

Refuse Sample Analysis 

% Clay 

% Coal 

% Gravel 

% Sand 

% Silt 

pH Initial Units 

Acidity as CaC03 PPM 

Alkalinity as <:AC0 3 PPM 

Calcium as Ca PPM 

Conductivity mmhos/cm 

Magnesium as Mg PPM 

% Saturation 

Sodium Absorption Ratio 

Sodium as Na, PPM 

Texture 

Total Dissolved Solids mg/l 

Slurry 
Pond 
Fine 

Refuse 

<0.01 

91.40 

<0.01 

5.20 

3.40 

8.30 

<0.01 

156 

1,190.00 

900.00 

595.0 

31.40 

12.414 

2,100 

Fine Coal 

E-3 
11-2-83 

12,660 

Slurry Refuse 
Pond Pile 

Coarse Coarse 
Refuse Refuse 

2.50 1.50 

86.90 <0.01 

<0.01 83.50 

8.40 2.50 

2.20 12.50 

7.60 8.40 

<0.01 <0.01 

136 142 

2,670.00 76.00 

860 ' 250.00 

675.00 18.20 

30.66 20.40 

2.306 33.97'3 

515 1,270 

Fine Coal Gravel 

10,680 7,040 
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PLAN VIEW 
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95! A 

90 I I 

85 I c;:: 
80 I ~ ~c::::= 

75-~' .. --.. ----.... ------------------~~~~::~~~::~~::~~~::~~~::~~::~~::::::::~~::~~::~~~ =- 5 • 

STOCKPILE SECTION A - A 

f NCG i:;l~ r)R A-;-c D 

JAN 2 7 20u5 

DIV OF OIL GAS & MINING 

'Elevation 
"""l 

Area Volume Ace. Volume 
(ft 2) (cu.yds.) ( cu.yds.) 

86 0 0 0 

85 2289 42.39 42.39 

84 4703 129.48 171.87 

83 5767 193.89 365.76 

82 6977 236.00 601.76 

81 8152 280.17 881.93 

80 9292 323.04 1204.97 

79 10564 367.70 1572.67 

78 11932 416.59 1989.26 

77 12678 455.74 2445.00 ..... 

r 

WELLINGTON PREPARATION PLANT 
TOPSOIL STOCKPILE NO. 3 

SCALE: 1" - 20' DATE: 06/28/99 
\.. ...... NOTE: Elevations Relative to B.M. Elevation 100.00. 


