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@ Department of Energy ;

Albuquerque Operations Office '

P.O. Box 5400
Albuquergoe, New Mexico 87115

,

'

JAN 12 1990 -
,

!

PEDIEAL IXPRESS OLY

' Mr. Paul II. Ichaus .

Branch Q11ef, Operations Branch- !

/.
Division of los-Invel Waste r

Managenent & Deconsnissioning >

d' Office of Nuclear Materials Safety
end Safeguards

1 Miite Flint Ibrth
11555 Rockville Pike
Rockville,'MD 20852

Dear Mr. Ichaus:
' i

"

Per your request, enclosed for your review with the Greeli River RAP is a'

set of. responses to NRC comments concerning the permability tests
perforned on the radon barrier of the Green River disposal cell. A copy ;

of the permeability tests is also enclosed. !
r

Should you have any questions, please contact Chris Watson of my staff at
FTS-845-5651.

Sincerely, f
|

Jr - s -

*L-- :

Mark L. tthews '

Acting Project bbnager
Uranium Mill Tailings Project Office j

Enclosures

cc w/ enclosures:
B. Jagannath, NRC-HQ ,

S. Wastler, NRC-HQ i

R.. Peel, JEG |
,

'

cc w/o enclosures:
F. Bosiljevac, GfrRA '

-S. Hill, JBG
.
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UMTRA DOCUMENT REVIEW TORM l

;

i
!

i

! SECTION 1
,

i

Site: Green River Date: 31 October 1989
,

Document: Comments on RAIP

Commentor: NRC

.

Comment:

ADDITIONAL INFORMATION AND JUSTIFICATION NEEDED IN
GREEN RIVER FINAL REMEDIAL ACTION PLAN

ISSUE: Tests to verify the placement density and moisture content
cf the contaminated materials placed in the disposal cell. vere not
required at a frequency of one test per 1000 cubic yards of ],

material placed, as recommended in NRC staff guidance and asI

| generally performed at other UMTRA sites. Rather, a performance

|' specification was set and less frequent "non record" verification
' tasts were performed.
I

RESOLUTION: DOE needs to provide a detailed justification that the
field and laboratory testing performed, in conjunction with the
performance specification, is adequate to provide reasonable
assurance that the in-place contaminated materials meet the RAP
design requirements for density and moisture. In formulating this
justification, DOE should consider, and provide detailed i

Iinfor=ation on, che following:

o The uniformity of the contaminated matarials, as supported
gradation tests, resulting gradation parameters, and
Proctor compaction tests.

o. The results and locations of all density and moisture tests
j that were performed, including results of the trial '

compaction, and an analysis of the data vhich prevides the |

basis for confidence that the moisture /de:sity requirements
'

are met.
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UMTRA DOCUMENT REVIEW FORM

.SECTION 1 (Continued)

|

Moisture content and density testing frequency requirements given
in Rev. C of the Remedial Action Inspection Plan (RAIP) are
considered adequate based on the , characteristics - o f. the
centaminated materials and the success of the compaction procedures
used. Specific cnaracteristics of contaminated materials. include
both the predominantly dry moisture contents in situ and
predominantly coarse grained nature which made the material easily
amenable to two consistent compaction procedures. The compaction
procedures were - verified both at the beginning of placement of
tailings and off-pile materials and during placement. The enclosed
analysis of density and moisture data provides the detailed
documentation justifying the adequacy of testing.

Additional justification of adequacy of the as-placed moisture
contents of contaminated materials for groundwater protect'.:n
ecmpliance-has been made elsewhere by DOE and is not repeated in
this response. This response only serves to document that the
testing frequency for moisture content is sufficient to show that
the as-placed moisture contents of a.'.1 materials are known with a
high level of confidence.

SECTION 2

Plans for Implementation: As above.

I
| SEOTION 3

Confirmation of Implementation:

Checked By: Data: , , _ .

|- Approved By: Date:

,

i
i
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VMTRA PROJECT - GREEN RIVER
ANALYSIS OF CONTAMINATED

MATERIAL MOISTURE CONTENT AND DENSITY IN-PLACE

Analysis >and information are provided below to document that in-
place' density of contaminated materials meeta the requirements ofJ ,

'the Renedial Action Plan and that in-place moisture content is !

,

known with confidence.
.

A list of types of information requested by the Nuclear Regulatory
Cem.missi on is reproduced below in boldface with accompanying
information and analyses.

1. " RAP design requirements to be complied with in terms of
placement density and moisture content of contaminated
materials placed in the dispocal cell.

o Tailings materials.
o Windblown and Vicinity Property materials".

<

Al'1 tailings, windblown contamination and contaminated vicinity
property material are specified to be compacted to at least 90%
of maximum dry density based on ASTM D-698 (Reference 1,
Section 02200, Rev. 4, Part 3.8A';. Moisture content
requirements proposed by DCE have been submitted to the NRC,
including documentation that the as-placed moisture contents
comply with groundmoisture protection requirements.' ;

2. " Basis and supporting justification for the proposed density
and moisture require.ments."

The contaminated materials density requirement is the UMTRA
project standard. Design calculations submitted previcusly
demonstrate that the density requirement is adequate for the
Green River site.

Moisture content requirements for the contaminated materials
will limit infiltration seepage from the embankment during the
1000-year design period.

Rationale for moisture content requirements for contaminated
materials was presented by COE previously and is currently
under NRC review.

| 3. "QA/QC qualified data frem all field and laboratory tests
performed by the DOE en these materials. Jhe types of
information to be provided are:

l'

!

|
-

1
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o -Information on the particle size gradation of the contaminated
materials. In addition to the particle size gradation curves,
provide parameters that reflect the particle gradation such as
- Ef f ective Diameter- (D10) , Percent grain site (D30, D60, D85) ,
Coefficient of Uniformity (Cu), percent finer than No. 200
sieve size, etc. Provide analyses of these data to evaluate
the uniformity nature of these materials".

Gradation data for tailings are presented on pages D-222 through
D-2?A, D-249, D-254 through D-256, D-261 through D-262, D-265 and
-D-276 through D-279 of Reference 2 and on pages D-1 through D-3 of
Reference 3. Inspection of the tailings gradation data, taken
prior to construction, indicates the tailings generally consist of
fine SAND with a maximum of about 20% by weight of silty and/or
clayey fines.

Contaminated soils other than tailings (described herein as
"Offpile" contaminated soils)' consisted cf the following:

o Subpile soils
o Windblown-centaminated soils, both from on-site and

vicin.'.ty properties adjacent to the site.
o vicinity property _ soils from several locations away from ,

#the-site.
1

Gradation data fer subpile and windblown contaminated soils are j
presented on pages D-251 through D-253, D-257 through D-258, D-263, '

D-266 through D-267 and D-280 of Reference 2.
i

Visual descriptions of contaminated materials are also available
from borings made prior to construction (RAF) and during j

construction (Reference 4 enclosed) . These data indicate that off-
=

pile contaminated materials predominantly consist of silty sands
with some sandy SILTS and gravelly SANDS.

o Information on Proctor compaction tests performed to establish
the design placement density. The compaction curves should j

also include information on density at moisture contents dry
of optimum and in the vicinity of the actual placement moisture
contents achieved in the field. <

Data from compaction tests performed on tailings are presented on
pages D-299 through D-301 of Reference 2 and on pages D-8 through
D-10 of Reference 3.

Results of compaction tests, performed to control placement of
"windblcun" contaminated materials and tailings in the field, are
procented in Reference 4 and sammariced Tables 1 and 2,

respectively.

5057GRN.RPT -2 - 5057-GRN-R-01-01759-CO
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o Information on the trial compaction conducted at the beginning
of contaminated material placement and the final compaction
procedure that was adopted for placing the contaminated
materials in the disposal cell. Information should also
include density and moisture content tests performed in this
phase. !

Compaction procedures were verified both at the beginning of
placement of contaminated materials and continuously durincy |
subsequent placement and compaction work. Verification testing was

'

performed at the beginning of tailings placement, resulting in two
compaction procedures (Reference 1, Rev. 4, Specification Section
02 2 00, Part 3. 5. D) . The predominant portion of off-pile materials 1

were placed prior to tailings pile and subpile materials.
Following initial verification testing, quality control personnel
verified that the established compaction proc ~edures were followed
for all contaminated materials.

Even though compaction procedures were continuously verified, in-
place density tests and determinations of relative compaction were
made at a minimum frequency of one test for every 6,000 cubic yards
placed. The combination of verification of compaction method at
the beginning of placement and continuous confirmation that the
adopted procedure was used made it unnecessary to apply a testing ;

frequency of one in-place density test for every 1000 cubic yards !

placed. The greater frequency is primarily applicable to cases I

where specific compaction procedures are not required and may be !
'highly variable, i.e., where the density and relative compaction

results' stand as the sole documentation of adequate compaction.
At the Green River site, entries in the " Daily Inspection Reports"* |
provide documentation that established compaction procedures were
followed.

The rsquirement f:r in-place density tests following verification
of a suitable compaction procedure could have been considered
superfluous. It clas deemed prudent, however, to record in-place j
density in order to provide precise information on the as-built
condition of the tailings embankment. The information was
considered particularly important if a reanalysis of seepage
through the contaminated materials was required, and in f act, such
an analysis was made. Since in-place density tests were made,
relative compaction was readily determined to serve as additional
c:nfirmation that unforeseen conditions did not result in
inadequate compaction.

Available on request.=

3 - 5057-GRN-R-01-01759-005 0 57GR11. RPT -
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-Nine in-place ' density tests made at the beginning of off-pile
material placement (Reference 4, Test Nos. CM-S-001 through CM-S-
009) resulted in a compaction procedure that required 4 passes with
a static tamping-foot roller and 4 passes of a vibratory smooth-
drum roller. Initial test results indicated that 4 passes of the
vi.bratory smooth-drum roller alone would not consistently result
in a minimum density of 90 percent of maximum dry density by ASTM
D698 (Reference 4, Test Nos. CM-S-001 through CM-S-005).
Subsequently, materials were compacted by 4 passes of each roller,
and density test results confirmed that in place densities gave
relative compaction values significantly greater than 90 percent
consistently (Reference 4, Test Nos. CM-S-006 through CM-S-009).

Nine in-place density tests taken at the beginning of tailings
material placement confirmed that 4 passes of the .specified smooth-
drum vibratory roller gave,. densities consistently greater than 90
percent of maximum dry density by ASTM D698 (Reference 4, Test Nos.
CM-S-010 through CM-S-018).

o Information on all density and moisture content tests
performed to verify the placement density and moisture
contents of the contaminated materials placed in the disposal
cell. The location of the tests should be shown on a plan of
the cell along with the elevation of the test location. This
is the areal and vertical control information for the test
locations,

o Data on all moisture content tests performed to determine the
placement moisture contents for the contaminated materials
placed in the disposal cell. This will be the raw data of the
as-placed moisture contents that will be used by DOE in
justifying the groundmoisture protection design for this
project. For all these moisture contents, the DOE may
estimate the as-placed density based on actual
density /moistura data collected earlier during the trial
compaction at this site. However, these estimated densities
should be identified as such and should not be ocmbined with
-the measured densities in the statistical analyses of the
data.

o Information on the locations (both areal and vertical) of
density determinations within the disposal cell locations of
actual density determination by field tests and of estimated
density (based on placement moisture contents) should be
identified separately.

Dry density, percentage compaction, moisture content and moisture
centent relative to optimum moisture content of all density
determinations performed on contaminated materials are presentsd
in Tables 3A and 3B. Coordinates and elevations of the compaction
determinations are presented in Tables 4A and 4B and plotted on
Figure 1. Based on the scatter of test locations on Figure 5, it

is judged the moisture content-density data are not biased to any

5,57GRN.RPT -4 - 5 0 5 7 -GFdi-R-01-O l7 5 9 -00
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iparticular zone of the disposal cell..

-Numerous additional moisture content determinations without density
measurements were made on contaminated materials to comply with .the
specified frequency of a minimum of-one moisture content test for
each 2000 cubic yards placed. As reported in Reference 5, there
is no significant statistical difference between the moisture
content values of - the moisture content-density pairs and the- ,

moisture content only data.

Hstatistical analyses of the data (mean, standard deviation,
coef ficient of variances etc.) and a basis for the confidence in.
the data".

Mean' values, standard deviations and coefficients of variation
(1.e., standard deviation divided by mean- value) of the density,
meisture contact, percent compaction and moisture cont'ent relative,
se cptimum moisture content of contaminated materials are presented
in Tables 3A and 3B. Mean and standard deviation values of optimum
meisture content and maximum. dry density of " windblown" ,

centaminated soils and tailings are presented in Tables 1 and 2,
respectively.

The theoretical upper bound on the probability that dry density of
centaminated material at any rancom location in the disposal cell
will be less than the density corresponding to 90 percent
compaction is presented in Table 5 (see Reference 6, enclosed).

The actual probability of- non-compliance at any random location is
e>:pected to be much smaller than tne theoretical upper bound
probability.- In point of fact, of the 79 measurements made on
centaminated- materials compacted in accordance with the procedural
specification in Reference 1, only one had a density smaller than
9C percent compaction.

|. '

|
|

|
:

I-

|
,

|
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REFERENCES

Final1. "UMTRAP, Green River, Utah Subcontract. Documents -

Design-for Construction", Rev. 4, September, 1988.

2.. " Remedial Action Plan and Final Design For Stabilization of
the Inactive Uranium Mill Tailings at Green River, Utah -

Final -Volume II, Appendix D", February 1988.

3. " Remedial Action Plan and Final Design for Stabilization of
the Inactive Uranium Mill Tailings at Green River, Utah -

Appendix D: Supplement, SiteFinal, Volume IIA -

Characterization", January 1989.

4. " Contaminated Mat.erial Moisture Content, Density and
Compaction Data Green River, Utah", prepared by MK-ES,-

(enclosed).

5. "MK-ES Calculation", UMTRA-GRN, Tailings, Off-pile, Buffer
Materials In-place Parameter Characterization", 27 July 1989
(enclosed).

6. MK-ES- Calculation, "UMTRA-GRN, Compaction of Contaminated
Statistical Evaluation", 25 October 1939Materials -

(enclosed),
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TABLE 1

"Windblevn" Contaminated Soils

optimum
Moisture Maxium Dry

Test No. Content Density (ocf)

CM-4-008 10.9 120.6
CM-4-009 '10.9 124'.7
CM-4-010 10.7 124.2
CM-4-011 10.2 125.2
CM-4-019 13.2 111.2

.CM-4-020 11.9- 116.5
CM-4-021 7.9 130.9

MEAN 10.8 121.9

STANDARD 1.6 6.5
DEVIATION

.

,

5057GRN.RPT -7 - 5057-GRN-R-01-01759-OO
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TABLE 2~
,

TAILINGS ,

1

'

#

optimum Maximum
'

Moisture Dry
TEST NO. Content (%) Density (%) .

,

'l
'

CM -4 -02 9 15.2' 102.3

CM-4-033 13.5 104.4
-- CM-4-034 13.8 103.5

CM-4-036 13.1 107.6 i

,CM-4-037 15.0 101.0
,

CM-4-038 15.0 102.3 6

'CM-4-039 13.7 104.2

.CM-4-040 14.8 103.1

CM-4-042 13.8 101.2

-MEAN 14.2 103,3
r

STANDARD 0.8 2.0 ;

DEVIATION

-

t

5057-GRN-R-01-01759-OO5057GRN.RPT -8 -
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*TABLE 3A

OFF-PILE CONTAMINATED MATERIAL,

(Sheet 1 of 2)'

Dry Percent
Density

.
Percent Moisture Dryer

Sarole No.* (Def)- Comoactio.n Content (%) than OMC

MKE-001 108.7 97.8 5.5 7.6 ,

KKE-002 113.4 91.3 5.6 5.1
MKE-003 105.2 90.3 6.3 5.6
MKE-004 112.2- 90.3 5.6 5 .1 '
MKE-005 114.1- 91.1 6.8 3.4

' '

MKE-006 118.2 94.4 5.6 4.6
MKE-007 120.7 92.2 4.1 3.8- ,

MKE-008 118.7 94.5 7.0 3.0
MKE-009 117.2 94.4 5.4 5.3
MKE-010-R1 118.1 95.1 5.1 5.6

MKE-011 117.2 96.3 7.5 3.3
KKE-012 115.0 94.5 5. 7- 5.1
MKE-013 116.8. 96.0 6.3 4.5
MKE-014 115-3 94.7 4.4 6.4.

MKE-015 119.5 96.8 6.0 4.6

'MKE-016- 119.0 96.4 5.0 5.6
*

MKE-017 115.6 93.7 6.6 4.0
MKE-018 111.2 96.9 7.0 5.3
MKE-019 .117.0 94.8 6.8 3.8
MKE-020 118.1 95.7 6.0 4.7

MKE-021 111.7 90.5 6.6 4.0
MKE-022 119.3 96.1 7.6 3.1
MKE-023 114.2 91.9 5.8 4.9
MKE-024 117.8 96.8 4.8 6.0
MEE-025 121.3 99.7 6.4 4.4

MKE-026 114.5 98.3 5.8 6.1
MKE-027 114.6 98.4 5.7 6.2
MKE-028 119.7 96.2 4.8 6.0
MKE-029 113.1 91.1 5.3 5.9
XXE-030 113.0 97.0 5.3 6.6

" Sata: 1 fsiled point not included.

50 57GRN . R PT -9- 5 0 5 7 -G RN -R-01 - 017 5 9 -00
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TABLE 3&

OFF-PILE CONTAMINATED MATERIAL
,

(Sheet 2 of 2)-

;

Dry Percent
Density Percent Moisture Dryer

.

. Sarole No.* (Def) ~Comoaction Content (%) Than'OMC

MKI-031' 105.2. 90.3 6.3 5.6
.MKI-032 114.9' 98.6 4.7 7.2.

MKI-033 114.0 91.6 7.01 3.8
MKI-034 115.1 92.5 7.7 3.1 ,

'

MKI-035 119.4 97.1 .5.7 5.2

MKI-036. 119.2 96.9 41 6.8 -

'

MKI-037 105.5 90.9 5.4 .7.1
MKE-077 108.7 96.4 4.9' 7.6
MKI-078 115.1 92.7 6.1 4.6
'MKI-079 120.0 96.6 5.7 5.0

MEAN 115.19 94.67 5.85 5.14

STANDARD
DEVIATION 4.19 '2.71 0.91 1.25

Coefficient ;0364 0.0286 0.1560 'O.2435
of Variation

coefficient of -0.215 -- ----

Skewness

-*Nete: 1 failed point not included.o
1

l'
|

|-

?

|
,

|-
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TABLE 3B.

TAILINGS ,

'(Sheet 1 of 2).

Dry
.

Percent
Density Percent Moisture Dryer

Samole No. (Def)- Comoaction Content (%) Than OMC

MKE-038 104.2 93.7 5.9. 7.4
MKE-039 104.9' 94.3. 3.3 9.9 ,

MKE-040 106.9 90.0 5.5 7.7
MKI-041 102.3 98.0 2.9 10.6 i

MKE-042 .99.4 95.2 4.4 9.1

MKE-043 100.0 95.8 4.7 8.8, .

MKE-044 97.1- 95.2 3.7 10.8
.MKE-045 96.2 95.2 3.9 11.1
MKE-046 97.8- 96.8 2.8 12.2
MKE-047 98.8 96.6 3.3 11.7

MKE-048 102.0 99.7- 3.0 12.2-

MKE-049 99.6 97.4 5.3 9.9
MKE-050 101.2- 97.1 3.9 10.4
MKE-051 97.6 93.5 4.1 9.4
MKE-052 98.8 94.6 3.4 10.1

MKE-053 95.7- 91.7 5.1 8.3

MKE-054 96.3 93.0 6.3 7.5
MKE-055- 99.2 95.8 3.3 10.5

.MKE-056 99.1 95.7 3.3 10.5
MKE-057 97.9 96.9 6.1 8.9

MKE-058 97.0 ~96.0 3.2 11.8
.MKE-059 96.8 95.8 4.0 11.0
MKE-060 98.1 95.2 3.7 11.1
MKE-061 101.9 98.8 5.8 8.9

MKE-062 103.1 100.0 5.4 9.4

MKE-063 98.7 97.7 1.9 13.1
MKE-064 98.1 97.1 6.7 8.9,

MKE-065 97.5 96.5 5.3 9.7

MKE-066 98.4 91.4 4.1 9.0
MKE-067 101.0 93.9 5.3 7.8

,

5057GRN.RPT - 11 - 5057-GRN-R-01-01759-00
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TABLE 3B

TAILINGS
(Sheet 2 of 2)

Dry Percent
Density Percent Moisture Dryer

Sample _Nq1 (Def) Comoaction Content (%) Than OMC

MKI-068 104.4 95.0 6.7 6.6
MKE-069 102.9 99.4 4.8 9.0
MKE-070 99.5 96.1 3.9 10.2
MKE-071 96.8 93.5 5.0 8.8
XXI-072 109.9 95.1 3.9 8.8

MKE-073 97.9 96.9 3.9 11.1
MKE-074' 95.2 94.3 4.2- 10.8 ,

MKE-075- 98.7 95.7 5.9 8.9
MKE-076 98.7 95.7 5.2 9.6

KEAN 99.73 95.65 4.44 9.78

STANDARD
DEVIATION 3.21 2.16 1.18 1.46

COEFFICIENT 0.0321 0.0226 0.2654 0.1494
OF VARIATION

Coefficient -0.265 -- ----

of Skewness

5057-GRN-R-01-01759-COSC57GRN.RPT - 12 -
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!~ - TABLE 4A

OFF-PILE CONTAMINATED MATERIALS
(Sheet 1 of 2)

>- .!
i

Samole # Northina (ft) Eastina (ft) Elevation (ft)
f-

'XKE-001 59,470 59,890 4108
L MKE-002 59,345 58,972 4109

MKE-003 59,528 59,230 4108-

[ MKE-004- 59,520 58,962 4109
;MKE-005 59,582 -59,165 4109L

MKE-006 59,535 59,047 4109 ,

MKE-007 59,535 59,848 4110
MKE-008 59,450 59,172 4111 y

MKE-009 59,432 59,453 4113
XXE-010-R1- 59,292 59,068 4112 ;

MKE-011 59,665 59,080 4113 .

MKE-012 59,452 59,047 4115
MKE-013 59,470 59,239 4115
XXE-014 59,735 59,015 4116
MKE-015 59,452 58,806 4117

MKE-016 59,398 59,172 4117
MKE-017 ~59,489 59,101 4119
MKE-018 59,598 58,962 4120
MKE-019 59,388 58,416 4120

MKE-020 59,610 59,108 4119

MKE-021 59,322 59,103. 4121

MKE-022 59,536 59,110 4122
MKE-023 59,475 58,967 4123

MKE-024 59,616~ 59,030 4124
MKE-025 59,510 59,172 4125

MKE-026 59,352 59,130 4126
MKE-027 59,555 58,961 4127
MKE-028 59,413 58,870 4128
MKE-029 59,588 59,092 4128

MKE-030 59,438 59,128 4129

5057-GRN-R-01-01759-005057GRN.RPT - 13 -
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TABLE 4A

OFF-PILE CONTAMINATED MATERIALS,

(Sheet 2 of 2)'

g,3p,,]dg_1 Northina (ft) Eastina (ft) Elevation-(fti'

'

10T-031 59,308 58,994 :4129
L MKI:-03 2 '59,400 59,077 4130

MXI-033 59,393 58,460 4131
MKI-034 59,562 58,922 4129
MKI'-035 59,487 59,200 4131

,

MKI-036 .59h566 '59,040 4129
MKI:-037 59,522 58,907 4131

'

MKI:-077 59,478 59,047 4174i
3

MKI:-07 8 .59,442 59,082 4174*

MKU-079 59,380 59,128 4165'

R i

N

t

|:
?;.i:

;

l'

1

1

l
'
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TABLE 4B

OFF-PILE CONTAMINATED MATERIALS
(Sheet 1 of 2)

;

. i

Samole i Northina (fti- Eastina (ft) Elevation (ft)

MKE- C,3 8 59,338 59,055 4133-
-MKE-039 59,603 58,995 4132

E MKE-040- 59,495 59,009 4134 I

MKE-041 59,547 59,187 .4135
MKE-042- 59,674 59,040 4135

,

!

MKE-043 59,484 59,137 4136 :

.IMKE-044 59,422 59,004 4137
MKE-045 59,468- 58,843' 4137
.MKE-046 59,508 59,078 4138
MKE-047 59,581 59,028 4138 ;

MKE-048 59,437 59,061 4139 i

MKE-049 59,496 58,928 4139- |
MKE-050 59,411 59,228 4140 j

iMKE-051 59,302- 59,122 4141
MKE-052 59,529 59,006 4141

.,

:.
-

MKE-153 59,562 59,131 4141 i

MKE-054 59,443 58,918 4141
MKE-055 59,353 59,230. 4142
MKE-056 59,407 59,030 4142
MKE-057 59,453 58,992 4143

i,

MKE-058 59,277 59,151 4143 ;

MKE-059 59,600 59,061 4143 .|
MKE-060 59,512 58,377 4144 '

MKE-061 59,394 59,300 4144 .i

MKE-062 59,468 59,059 4145 i

j

MKE-063 58,920 58,900 4145
'

MKE-064 59,217 59,150 4146
MKE-065 59,504 58,982 4147

.,

MKE-066 59,436 59,198 4148
MKE-067 59,368 59,089 4149

5057GRN.RPT - 15 - 5057-GRN-R-01-01759-OO
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TABLE 4B

OFF-PILE CONTAMINATED MATERIALS
(Sheet 2 of 2)

,

'Samole # Northina (ft) Eastina (ft) Elevation (ft)

MKE-068 59,458 58~442' 4150,

MKE-069 59,384 59,149 4152 !

MKE-070 59,494 59,041 4154
MKE-071' 59,444 59,097 4157

i: MKE-072 59,348 59,172 4160

MKE-073- 59,504 59,112 4162
MKE-074 59,425 59,094 4164

'

MKE-075 59,450 59,067 4168'

,

MKE-076 59,413 59,114 4174

i
l

:

L

|

|
1'

|

|
'

4

|
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TABLE 5

!-

Theoretical
Upper Bound on Probability-
of Non-Compliance with Density

Material Soecifications (%)'

Off-Pile (" windblown")_ 7.5
Tailings 3.3

:

!
!

j-,

!

e

]

.I

!

!

i

i

!
;

-|
l
1

!

-i

!

|
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|

i
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l'

l

|

17 - 5057-GRN-R-01-01759-CO5057GRil.RPT -

t

.



.. ... . .
.

c ,
,
:

MKE 00C. 5057 GRN-C-01-01761-00g: +-
,

i Calculation Cover Sheet fr

O ;.

C alc. N o. /C-W-fo -o
Contract No. I"D'1 . Discipline UMM N 3 'I No. of Sheets Il
Project

,
y n T f.A- C C 4

.

,
- Feature f,g,g,,,,,.( f, Jny ,, yJ ph e., n

0b'$Y (5 J N.J: i-% Cf ** <t r e t C'" ' ' ' ' * l * e ? >-' "
,

t
v

i. .

-Sce::c; 0102:a ~

<

!

Sources of Fortculae & References

o I 3,,.$. .M f I k' N s'b r E. . N:' *'v { < '; '$2m NA.. s * '

.

)
1.; R.L.'wa ..q m q,

l .b%k '1, d , ;,.iJ !t.e tO'~(,,.%..'.d4 H h< n i Q a ~.. a .
" xy . ,_

,

LM A ,ch I' . ser , V44. ' , \s a :J b MMS b ^ /"'j'" -
.

\ >
.,

-

.

~(

Preliminary Calc. Final Calc. @ Supersedes Calc. No.

-
- w .. u..w a x . % s u ,,. ,.. . , p.e .. .:. . : ...

-

|

|

|

1

Renson Caiculate By Date CMcked By Date Accrevec By Date

Foern 42.t10

_ . -- - - - _ _ _ _ _ _ _ _ _ _ - _ _ . _ _ _ - _ _ - _ - - _ - --__ --



6 g. E,-w . . .

_ \ /!$
_

MORRISON KNUDSEN ENZINEERS, INC.
' Contract N3 Se s., o S Sheet

a

"w ,
.

.,_,,s moaa een maueesa coene
H; - Przject UMW' (d #- File N3.
' j' Feature C* **d'** eI (* wh' W M8'ti d5 Designed M 0fr Date M M "'.

' Item iMi N @ nV AA0" Checked FMi Date /* /Fo/Ff -
,

N .. i
,

g
.

h* 13 ' (ndd er . b - ) e vaW d 4 b \@.bh J nt c.:42.mirJ<d

rab nog <,y:n. u u.p d d 4o |us % % ')u ce~ p c m . }

a

i
dEt'1*$(B *

i

w

h ,8. ' f9
' h I $N hh [ d by

an e ,

vn Mc. 4g vppe

w s n p. .1. ; m' , e A wr r a k : 2. e. .
,

-,. ;
- (,# y , , *4 # twi - (*e /f J y$,60

' (,D w h hd J A4( vd1 ) T.,\ ' #, ,.a

Cet -( - -

t
i.L<* .

.. W .I. $ %\ e

(tx-2t> n|y s i g- ( nn . g .;j' ~
i .e

- ..

.

'

,. A s i
.

.. f~ |. i .) . .< i t. .' . t . .t.,
.

i.

/

.' . . b ' s
~

g ~ (, . J | ,* 16 ' .' $ , )? r . *q'
,

: '' .<S'. N k s. ) > h . 3 er ~4 neb t a 4:\ t s tNk;

# #~ ; r )'*

I\ Ik eswe6(W (" bI E ' 4 w cA" 0
.

* 9 TN ("*be# I N'.

I
},,, Wr.A * Y\ t Ye J

J N ' n W.L 42 g r) f,q e d :' + *

7 r:h.cii.'.
( J

~

h I __ -

--.



.

m. Il$'.

(v> ;.M.OR.. RISEN.KNUD,SEN ENGINEERS, INC. Sheet- --
V M _$ M ~ 0 U Contract N;. SeSF o,- File No. j

.,
Project*'e

,

: v . FeaNre ' I nu e ud' om M GJm.Medd Md%G Designed d t- Date th Cd M
'

e

Item $hhh'cM Evdda1'on Checked #NS Date /ef&r/N |

i~.
|

y f . 45 c3ad6s of tb. p b 4M3IL CWp'$5h Iagdb l

b.. .h mdio n c f %4 cMw vwA d% b e.s<su ) if N.O.

3, w u) - ua) -|ll e ap m.. d dg r g h.c >ha
, <

. c.. 't t s y . ht.wc/ 'Tb pn b b%i} hAI -\J fu nd r *\Mbt. o A*

<A

vw< 4 b.g met N4 r\ '. h d ue( J m - b ~- }xg , J &

< %u s No '.w a^

L '

7(\t-1|>n([d (.< < '" l r; . \- 1)-
.j

p < <. p.upt r a :L . ,.d : es) %. y n bA. .. - Si
-

%; p\se. d .s c. .r_4 u m v. u. ,i . 0 *. * t.u A TN t m.Aard du d.:4
f.- vo c a. :i .u / k e

V ?d J i kC he, b.A. Nu.a. (rL *d' 'k, e , : <.! E J.i' "- * S c - Vs i .

4

('', p.'. . k . I P, 4 V V I. 2 fA OM %' A < < d, Q. ' .n3 e d M f%.J ft v\

7 h v ,M . a s,,) ,0. ran m beR a d.u ) 1.c.3
'

.,- % . l :, ,1 s

e

| V,- i ) > v x}3
n -p,.

6
.

Le )( E 4-
t' - - p.

~ g- --- ,

I d,/
f g A "* ' , 7 i' \ , b kgr

-
.

I

e\ <Ai|* ''* f.txQ L ,s 'd f*h .? g L,; em * *t*/s;e.%fus. % .* n ,,

.d u.sr. a -0.:e ?.a =. s. . : - n . V. u O : ...



+
-

Sheet 3/T' '

. - - -- , v .IC RRIS. nN.o-KNUDSEN EN11NEERS, INC.r

c- U KT U A* Uft d Contract N2. 58518 5 File N3.-
.

7 7 Prij d '
(i " Feature h d*Pa>M ar / ' khid*/ ht8ev T Designed k* Date 1.T ora M"

: item 5 OM' d b OVD*d Checked #h 5 Date /vMMM ''

,

. a .:-

M ' M, #e J ** O NA f. f* bh\(V
,

iiMM|'

t _%4 s ,(, w w ,n.h V 6.k 3d , & cee.ftid4,d d. Aw;c5-

a u n M d \\ a w ,

s ,
.

== 3

n)i 1. . , '

(! ,

i

sf 1 ksJ ' c4 8.*( #[',J ',J A - ? .4i#=

r\ p whv- c [ o J . v r.<*. +. M M p e'i d '.

n,d> y n s M d ',thd m. ( ', T e

!- ,

i f4 ar., 'M \ d. y eaAd ; M 'J;\ e s .v[4 f~~

i
i

'r & k- $ % . e g 4 agg '

i

: e'

* 1. "< $,.l ss; 9 ' k} *&
.

*I' ' 4 C.(
o

*

[" _. - e J [\ \'.e, p f. 7. ts .' A ' A.i g

t. 1
' -'

<J
!, i.

3

*M ( . c., , ,| a +. *4 's * re nai, f. L y,J , 4 * I ed II"f - 4,7'T h' "*
*

1 ).
g

--

l'

2..d - . 1.a 9 :. i: .J ;b. /- 2u :. t '-- - - . , :- -

i
-

y1

f 4: .. ' f. ? .: o. 4 L T 4. ' U ''' A ".(* 't e. \> c V 'T |
' Y ) ~ ',4

**'.' s :. J c i 3, . . , , . ,

2

G ::...u: V . ., .L . , , u e ci a. . !n-

.

'

-
- ,-. ,-

.
l eA gl 5

* g ed . ** E # b '## **$bO'f* #. ".#M y g Oeq , .* *'
g

aM. u[p \, - c.e mF e'. '. \ ., ,.J . e- > r.d c e nt a b,4.* ' or . A,,

e ... ,

' * * ' '.. i .', D #N\. vs l '- [g . " " , . , tr \J: , .i g ,@ ? so 'I , .f,97 Y' J, 't SP 4, V * V,,

b % %. '.. | '-s Si, n ..( h CJ 's Ld 2.0 d D.L v{ f'' ',s,.)~

, , , . 7 i-

>
. 3 s .

-; - uq.i- d :,,r.l.s ~ \ . n 1, b f ', L ,s 3; 1,2. . . . g.;

1
*

* ' '' a !^. . . .

i

_i



_ _ . __ ._

4

h.MOR.RI.S. ON.o.KNUDSEN ENGINEERS, INC. - Sheet 4/9- - .. ; .

- - . - ===
Uk M A' GM Contract No. 500-0 f File No.

i ? Feature IWO oa d C sN'd#3 M*NO esigned M M- Date i'm o t4 'A- |D
Item Off dd Ex\vd''" Checked 2 Mi Date R/k/ A'T

. .

4 % $ & h 4 %

vg c o mph.~ J u) r.Jm (.mW. ed b. \e.s A 9erl, w y
.

'

,.
N

$ $

s:-: ~4k A .w, y p. gs u m a. &,ao m,4

;; .d ' 7, n t v. < >> W M u w. d N-'I h. Wid usa M iliet ket
1..

. .

% $C |\ Lo Mi '5AN)*WYU Yas A eh Y' ~ Yvb

+ c a. h-P e.1 he e anutb rydj. %n ?c%.)a: at

1 ,

| Z A4fM $ On .

L
,

{

1
!

|

L
y

|

,

P

|



. . _ _ _ _ . . _

i , , -
<' Shee,. c. / ."/(O.MER.RISON-KNU,DSEN ENZINEERS, INC.y -

,

z unom _
Fila No

le**.Du.h* 8 bats #waY4 UM<Wf | Contract No. 5C51~06 DateN 0619
'

- 0 MTO A- 0 4)
.

ML
.. -

Pr: ject
Designed'

Feature'

Item !IbiiSH(cI EVMuctio.0 Checked 8 M f ' Date /o/te/>
.. .

C A.tevw:cos
,

' ,

s

b.\:ys % Gydos-

o

A D ecadedia .F , ,.m s. c. t @; -s i

a d x)
. e .r.I .$ \u _Ql d asu. n .,?,?1 .

. -

'
3

4

i r - 0 5' ( (u'at N b)3g - ~ -' D 7.(s $

|i ,%44,, C A,s dpd dopJe 9 p m. ,Ja3
: w:.o~.m .

.

a

h J ( M. / A. 'e' .i |\ ' cv $

$( (s.a.b .;... p d :. '

,. w es.95 p;=

3 (w we h,y -_ .c. \0 A.-N. .

L, K= h . . r .~ . < ~ g. ) n hadesj ..t., %%.

,
'

li-<'| ( :- .-
J r- s-ss ,

I : e. .- c ' l , I ,e-

:
.:, . .. : , .

/

. . h 4=
|

n -~

's.,t.'s{ -r.

si er a'
2' % %:- c.. , c c - ..c,

I* _

I
l

t .-
**,, W. * * * *

|
. _ '- - = =

\ % '
" y : 5 .; ==. -

~a -
i. '

,
: - -~,

p * *JL -

O e ''-
\'' *) Q.* % j

. u,, L 'j, ,,,,.j,,,{. :-- a .t 4
ai

i.s L - asa - - ..u. c. : . . / .,..a
)

u a {. : <
.

.

.

- . . ' .
1 ^ a \ . mn h q, ; .i- e..::- .

~

|

_ - _ _ _ - _ - _ - _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _



. - -

_

.sf**N j

nn-v.O.N.n-KN.U.=DSEN ENEINEERS, INC. Sheet i k11
'

i4 WRRIS--a- 0 grA- 64.0 . Contract No.5C57-C T File No.
'

'

- Feature I e *c d' * * # b *b d' MAD m b Designed M M~ Date % od M''<
-

ltem MO h f8 \ C> tAWLh e n Checked /2 M A Date /#AMFf
as y ;

h. 8 0 % 4 4 f t(n, M lhW"

,

Yb
8I a hy o

- ,

x . -t.u [ . ,.< + w wM e
1

:. ) , d r.i. h . , 0. d . w b ws;m, wAm H s ndri c.
8

, ac -

) A~ oved5
'
*
.,

:

y , a. w ,.qu .u,-:,

Mi % N Sk.fcl [ l'

e9p2VOfU, .(
s. m A :u =

$ - h ,/d b< <Ir -., =
,

, .
1 *m j Q 's e=

L ~t ' \ h'|
t-

%. { *=

|'
.

:[ 3 / 11.,. 2 y a. ;: 'C.:.:.?- - ;..; <,
,

-

0 4 f*

p(44 3 - q ''' y ' " , .

f . ., g . ..

~- f O Ii
n c. . ,

1. ', s..~ 4s

i

/f .

e */ ( C 1. eb o : 5 . \' . )d 3L- "'eL 3 L td.''A's

- M.' 7', f, g ; fk n . ) : a. W . :.k ' .'

( ' /'.f %
*A i, .<,

.9
d. c . ' l ', i3

-

r e
i '. ,

__ -__- _- - - _ __-____ ______-_ -____ - -______ -



. - . . _ _ _ ._

, AIM
(V*=ORRISBN-KNUDSEN ENGINEERS, INC. . Sheet 7/1 i*

p VW$d' C-0.0 Contract No. 68 5"I-8f File No. .)oa ovma ta= a - #
.. . , .

Feature b v3'al''0* d ' bdOM 4t4tJ Vd'A0besigned MM- Date W cd 6#- 1:. .; -

Item Id5Y' '* \ C v^\ UI' ' * - Checked /2 M 5 Date /dfdP+ )-

!
- .a s

' C o *J Lw5 ic 45

t\le<c|' cal |

T rA j.p p/ he-c) [n'od.CYdsaf N ueep.tiaa. O r p et.: d c: - p M %i -

d ,.M s~) A e k u. k w 4 .1 u k s< m k i m ca.J n
%kx u % aapm\ ed an. 1.vh u.J n 'j, , c u p % e \ g .

"cuL s y M ,\ M ,4 m u-(\ - A< y < ad :, .g nru

c % A<d h % u p q <n. ,Jh. : a -%f:d n.J: n \ee.b:<n..x <
.

e f h A. 4,5-:<de t al v] P r t:.<J aist'. .v r t.:. ad\ .,f. % O J. L , *l i

M e l T pcif. a b ..I
,

's..ca: n eu y '.y cc nde a cWset s e. e u

i
O ryk : \ d C : *J W i.Y, l. - C l ::

.

4

_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



H w % b (ed w Nh,,u wa.:. .

t W 1-0 S c, ty /0/U/1r?-w
U c d bi-

<

. . - . . , , .

.. . - .

OFF-PILE CONTAMINATED MATERIAL
i: (Sheet 1 of 2)

. Dry Percent-
Density Percent Moisture Dryer

Sarole No.* (cef) Cor.caction Contentf%) than OMC

MKE-001 108.7' 97.8- 5.5- 7.6
MKE-002- 113.4- 91.3- 5.6+ 5 .1-
MKE-003 105.2 90.3* 6. 3- 5.6
MKE-004 112.2- 90.3 5.6' 5 .1-
MKE-005 114.1- 91.1- 6.8- 3.4

MEE-006 118.2 94.4 5.6 4. 6-
MF.E-007 120.7 92.2- 4.1 3 . S.'

I MKE-008 118.7 94.5- 7.0 3.0- -j

MKE-009 117.2+ 94.4- 5.4- 5.3-

MKI-010-R1 113.1- 95.1- 5.1 5. 6-

MKE-011 117.2+ 96.3 - 7.5- 3.3 !

MKZ -012 115.O. 94.5. 5. - 5.'- |
MKE-013 116.8- 96.0 6. 3- 4.5- |

MKE-014 115.3, 94.7- 4 . 4- 6.4 |
MKI-015 119.5- 96.3 6.0- 4.6

MKI-016 119.0- 96.4 5.0* 5.6
KKE-017 115.6 - 93.7 6.6 4 . C- 1

MKE-013 111.2- 96.9- '7.0 5.3
MKE-019 117.0- 94.8 6.8- 3.8- !

MKE-020 118.1- 95.7' 6.0* 4.7

MKE-021 111.7 90.5- 6.6- 4.0
MKE-022 119.3- 96.1- 7.6 3.1
MKE-023 114.2 91.9- 5.S- 4.9 .

MKE-024 117.88 96.8 4 ?- 6. 0- '<

MKE-025 121.3- 99.7- - 6.4 4.4
,

.:
. - . ,

,:. -0 .o 1, ..: c o, . .,. - z.-o e . a'..

MKE-027 114.6 98.4 5.7- 6.2

MKE-02S 119.7- 96.2- 4.8- 6.0-

MKI-029 113.1- 91.1- 5.3- 5.9*

MKE-030 113.0- 97.0- 5.3 6.6

* Note: 1 failed point not included.
,

-s %.s .
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OFF-PILE CONTAMINATED MATERIAL MC
(Sheet 2 of 2)

.

Dry Percent
Density Percent Moisture Dryer-.

Sarole No.* focfi Coroaction Content ('<1 Than CMC
__._

:GE-031 105.2 90.3- 6.3* 5.6-
MKE-032 114.9* 98'.6 4.7* 7.2
MKE-033 114.0* 91.6- 7.0- 3.8+
M:G-03 4 115.1' 92.5' 7.7 3.1.
MKE-035 119.4* 97.1* 5.7 5.2

MKE-036 119.2- 96.9 4 .1. - 6.8-
"EE-037 -105.5* 90.9 5.'' 7'l-4
MKE-077 108.7* 96.4 4.9- 7.6
MKE-078 115.1* 92.7* 6.1. 4 ', 6 *

".EE-0 7 ? 120.0' 95.6- 5.7- !.C.

MEAN 115.19< 94.67- 5.85- 5.14'

STANDARD
DEVIATION 4.19' 2.71/ 0.91 ' 1.25 '

Coefficient .0364/ 0.0256' O .15 i O ' C.2405 /
'of. Variation

Coefficient of -0.215-- -- --

Skewness .

,

*::::e : 1 failed point not included.
\ r < r !~ ,

7* e U,\ W? &%)U ) 'jg y (n \ 4 / e '. A (F ,

-

- - 10 -' -f-259-GEN-E- ' i-DRA F"' ~00 #- - -; ' 70 R.*h-RPT-
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TAILINGS Y
(Sheet 1 of 2)

L

Dry Percent
Cenaity Percent Meisture. . Dryer

Se ele No. ( ee f ) _ Comcaction Content (4) Than OMC
,

MKE-038 104.2+ 93.7 5. 9- 7.4

XKE-039 104.9- 94.3 3. 3+ 9.9

MKE-040 106.9- 90.0 5.5 7.7-

MKE-041 102.3' 98.0' 2.9 10.6* +

MKE-042. 99.4+ 95.2+ 4.4- 9.1-

MKE-043 100.0- 95.8 4.7- 8.8

MKE-044 97.1* 95.2- 3.7- 10.8

MKI-045 96.2 95.2 3.9 11.1

MKE-046- 97.8 96.8- 2.8 12.2-

MKE-347 98.8 96.6 3.3- 11.7-

"F.E-0 4 8 102.0* 99.7 3 . 0- 12.2-

MKE-049 99.6 97.4 5.3 9.9 3

MKE-050 101.2e 97.1' 3.9 10.4

MKE-051 97.6+ 93.5- 4 .1 * 9.4 <

MKE-052 98.8- 94.6 3.4. 10.1

MKE-053 95.7* 91.7- 5.1- 8.3-

MKE-054 95.3 93.0 6.3 7.5-

MKI-055 99.2' 95.8* 3.3- 10.5-

MKE-056 99.1< 95.7. 3.3- 10.5-

::KE-057 ' 9 7. 9 * 96.9' 6.1 8.9

MKE-058 97.0' 96.0* 3.2' 11.8-

XKE-059 96.8- 95.8* 4.0 11.0

':KE- 0 6 0 98.1' 95.2 3.7' 11.1-

MKE-061 101.9* 98.8* 5.8' 8.9-

MKI-062 103.1- 100.0 5.4- 9.4- i.

MKI-063 98.7 97.7 1.9' 13.1

MKE-064 98.1+ 97.1 6.7- 8.9*

MKE-055 97.5* 96.5- 5.3- 9 . ?'
MKE-066 98.4- 91.4 4.1- 9.0

MKE-067 101.0 93.9 5.3' 7.S-

n e

f C , . ,, y z[hb f':# rY ' n 'A Srr

e. - r _ ::.q p. .=: s , . . ~11 _..- 5059.-GEN-R-01-O?A7 -0;...
. .. . s

- ___ _ _ _ _ _ _ __ .



_

NM 3.be'de^ A4/4
g CLA- Mud: - -

' . ' C C s y CS c L o.k / (&/t.
. .

3\ Dc.k 33 M~

_...,
.J '_^k 6--.r,

TAILINGS T
(Sheet 2 of 2)

_

Dry Percent
Density Percent Moisture Dryer

gn ele No. (ref) Co each ContentIO Than OMf'

|GE-068 104.4 95.0 6.7 6.6*

E MEE-069 102.9 99.4 4.8 9.0

MKE-070 99.5 96,1 3.9* 10.2
MEE-071 96.8, 93.5 5.0 8.8

'F.I- 0 7 2 109.9 95.1 3.9 8.B*

( :GE-07 3 97.9* 96.9 3.9 11.1
[ :5E-014 9!.2 94.2 4.2 10.S*
L :C;E-07 5 98.7 95.7' 5.9 B.9'

2'XE-07 6 98.7 95.7 5.2 9. 6 *
.

MEAN 99.73/ 95.65 / 4.44 / 9. 7 8 V'

STANCARD /
DEY:ATION 3.21/ 2.16 / 1.18 / 1.46 /

/COETTICIE 'T 0.03:1/ 0.0225 / 0.2654 / 0.1494

C7 '.'ARIATION

-0.265 /Coefficient -- ----

cf Skevness

lj I f *
s i
sy. ,.x > < * eu. ', 6 *w , .R . . ' . . : W,<

_

.

k

E
E

-
_

-

.g e-. 77,3 - g p7. .- -iq- ~ 5 0 57 -3 RN-R-41 -C RA TT-0 0 7-

$
_

, g



. . - - . . ._ . _ _ - - - . .

;

.

.

;-

Mke Doc. 5057-Gen-C-01-01652-00 [* '

Calculation Cover Sheet f--

r
i
i
i',~*'\ Ca|c,No,!? sfI 'I-CC'

ECContract No. I'OC'Ob Disciplin* No. of Sheets SI

Project g (q ILTh S.i7.d ;

-

Feature %, ,,sp , ; Y p.; , ;,r-e e 1 A, es e . w.
/

,
% ,

!

I

I n pl.a '.sn. d e r (ke,hrEd.m~

Item

!

!
t

Sources of Data

7 565. .(-cj-C.-e ;- ;if ~~- 00 '[,,;l,,,,,[d '

|. '/, d ,i f t v 4 3
- .. . . . . .

y,n'ba fW~ Ysh.' ' . ; \' y, j , . - ''h * { \\
^ *'.* Vo- :-

,

/

i

hof Founulae-4-References---Fi.___ j

Preliminary Calc. Final Calc. O Superseoes Calc. No. -

C - V ,.. , (.. s A m ~ ' ~. f II O |6.i "M'P ?"r ' art r. f *.; ff. i

.f

.

Stv
Re vison CaevWon 8y Date Checkee ey Cate Acorovec By Cate

g,

For m 4 3 110

-._ _ - _ ~ . . _ __ . , _ _ _ ..



F'

- [^ MOR.RIS..O..N KNUDSEN ENGINEERS,INC. Sheet ~O'

.e,

.***"' V MMA - (- Ed Contract No. O o 51-0 5 File N2.v.- .
p,
Feature N ^v 0 N'k * 5' M ' eat $ Designed V M- Date - ; ' '' ''-

-

{ \ tem T* f fu' I''A d 't C Vin ~O n~N'^ Checked N* C Date l' E I' W
t

.

c V MR AR.'1

r
t . .s , >J . s s u ,\ e k . e < ns i t - 34.b ) 1 n. p 1.5 u.

- . '.g%< .w;-
-

.

mus Or Le b h :.) .b s:a b.m NO c:.bt , d
4

.

n.e Q $ % .C b ''k.g.'i sM yL K'.

! |
'

NN(%) 'Q 4 Ei bhl,\v
,

,

. . . . . . _
,

!
'' -3 .

s.
- < s

g .\ ' 'Mh *C i|** !
I

Ii
^ r- | . , .

i.

^::r. . : : ..
.

- - r.- .

; ;.

. . . .. ,-

.
4 )- - g. [ . *

.

J. o .d d c. .? ,.n .... . .- s..l ',. , , ,. s . .. ; -v . . . . - .

-

\; J 5 .s5 .,..,. 4.. .- ; . ' : '
- - - .

.

: .a h :S ~~ > .: . : . $ , . .- . J '. O r v.: % ' ' O<

. .

c,,-:...i-d . ~.. : C , : ,2 --|- -; ,
.

;.s , i
,

,

!



- _.

b

i

( /c.ORR..IS. ON.K..N.U..D,SEN ENGl EERI|,, INC.
3 * .M Sheet 4g

x u. .

Project i - A C ntract No.5 0 *YC S File N2.
0~' ~,

c, .

' ", $ d2 .ML MM: Designed M ' '- Date b J * m f '
'

' Feature - ''f *

..'
Item I^Ad h Mv1Me C'e** 6 hi'M Che:ked %* Date MM

. ,

k

7'

v 1 P c 5 e.

E : h - \ np \.u.s. (a:,ef d e d ) m u e. W\s: / i% Ch.i.a(
d

: .,.c .M: A r,x t. ,1 a : , . G ; . 2 2 A s...fd yde, , (" a , a h1, .,,,. .

e. .

p.:ph[f.<.) L.I* ,u54.d: :~'
.a. J s. u ,..-,

p.,d.c .,x.b < c,.d ~ t (w)!- -
.

-

!G .% ' TA)[
~

- v:L.A e abcuas.( : )..

.-

, a .: . 0.(

d . ',"ti

d',: : ,,) : .' w
..

.v d : '. ::) ~J '(i , _ted:. ~: < . <y-.
. ,

s ,

^
1

- -

, '. w .- } m. . . - . . - . t . : k u.) s. v. :.e ,,-

.

' - I _ g.: d d w , '

-
, , -

~ . ,
. ,

. ?. \ J T<,. Y.- :
'

.

=.w ~< : ~: w. : ,4 6 c. -
-

:.
. - ,

.
,

:. .,.a , ..' .. :.. . w: . . < . v . hl ~,, , .:: , ' . .. ) 1: ,. .
..

o

4

Y.h E 2. , ,. 3;, u ,bi a,) A ,, k.s.+; w.+:..

ki. .+ 9 m.k.i k . ..s. .no:. s j n .l h w .a .w-

,,

a .. .
-

.>] * '

\ ' '' ' ' ' ' ' ' d-' '* . . , . ,3, - r 5.-
.

* - -

, , , .

q (, . , . .A : : t . . . ~1: : : . a . v., w- . .c ,<<-
. . .

. .

# 4

r( . (. ;s ;A; t. * ? . . * t. ' '; . . . ' r .' *;. : .\=. . ..; y*
~t ..

. .I . ..,... . ,i . t ) .,4 4 ' - 'a' '' ;*
< .-

.s, .s . .
7

,
-

,

* I '%

. g . l e.. j' J *s. c, ' .. i . . . s' d.' I *
.s. .

,

',s

.

o . 0 .* .j i
2 .~

*
,. f* .. . . e .. # . . . .

-
-

?e - .
,

o -1 .

m m . w c:n n s m .. 4 i 0,?.. (L-\

__



-

,

. . " Rh- 4.s'
.

' - hisi,. . .
-r-- T .g-c.c.e-

I AI LI AC-E Cs t 7-o 5'
' ~ w wx 7/mn'-v

~k t\0 & wps.00 't+-pNu-.

% 5 e MLC $ u) 'h) /+ d) L QJ) |
:

4 % { N%k
e

i. , c ._ > a .. .s
.J ',*| s- .,t

p,

. .y - - \~,.. ' n
. 30 w,

L.$ / (4 \ c t.1
'

0 4\ i-

on 4.4 / q.o 43 4-

:: s A .-) / 1.C \cc.c
,

OM 31 / 5. % it1-

e a5 3 . *i / b . 0 8 .14-

'

L t, / 4. 4- O,ca:4e- -

c41 35 /4- %,9-

s' '. 6 3.: /4.'. Ic z.-

n

~O.) 33 l' '$' ' k k.hd

'05D 3.i I 3 1 : 1. Lt
-

:i. 4,i j .I U.' -- o

- C' E I ) . A. 'i E ff.6 y 3

Ob3 $il /~1.h 35 7 y-

W
s ." t. 1, t / :. , 3.y-)

j j. e
1-

.- s .

: 5' '. 3 / 5 7. i3.2 ! c -*;-

<C ''
. -e. , ,c.

: ."1. \
-

.. , o \ \ .~a -
*-.. a, .

(* . / *, e [. ||6*
*

. "| s :3 = .**. 1 7,. .
== a ... sa * a.

i

I.Q
"

CE# $.: .'
'~

4-

,

O 'c 0 3.3 i5 , h.I i
*

* *' .
, R-

er w 4 . ..

h1 5. A, i* i 1.(-
.
.

r. ', 2 : ,- On.. I
-

, , , ,

a e.1 :: i s.\ ;-

.

e.. \ . =* ,. . -_ _, ,
*w s tec*

I .i
-

| * 1. . $, .
i- a'

<, < . .;

. .
#g h .# *# ..W

1L- .r-.. .
. . ; ,-

O *, I d . C. .% ! I "l,. $'
-

. . - i -a s , e- ,-

-I. 4* 1i.e i
,

, ,
*(

.

.
,

- .. . .. _ . .- . . .i ,

'
. ?;a''' ' t 6. 0 / 7. ';- i,.

_____________________a, - - -



,

. c MM #3'

*

\ tf-.; nb 3
-'

i M Lt d b5-

t- -

u uTtL A-fAM
.

,

90-0S %. Mc , y dfgr

.,

.t n % c- |
, '' -
>

,

, 5,wqk h W eR h (fc0>
m.

ng_c-en 2.i .:*8 l ,c, h v*-:
.

! -o13 | 2. 9 /9 1 O.i'

-cu 4 ct. / , e : Mt
L o15 5. 9 / A.t ! %.1

-

; -:% 5.2. / Sa ! 95 7,

;

c f4- A - \41 % 4

'- !3 Li
'

-
' ,

- } :- :. A |
*

-

! ttc c. . : ; ^-

_
.

M' .

'S 0s 3 |
-

~-

,

- > . -
t, 6.| : L,_-

.

r <11 %

's$ S, c e--

'T.

\d= 3. L | 1
-

*

v k;._u ;> , 8, 4
,

-
,

Y
A 'c d n

*
.

,

.) 1.h*

, U 4
:9 ! :.. o

'

- d. I
j _J j-

.

. .e C s.
.

. ,

R. .., t ,_; .

i :.s ; \. ..

.c,
*

T9* v'W
~

.I, I. . E,
'

.
.

* *
a .

'

C 7- 4. D
- ', .

... . .

; . .: '. 4,3-

i

' O. .# T** -g i

hI~
(*

| *
**

d . *.
.
..

,$
9

i
,

'
4-

_ ' , "
#

i

,. ,

m

.

f, O..n
is .v .
s

' ' _ d , ,(
. _ . . . _ . _ . . . . . . . . ..._ - -_ _ . .

__ -W



I

." tA S 4-4J i of- - -

M Nb'd 6-(ttJ q
' *

p s7- e s .;

:. cA:b' Wec. 7/Vff) ;.

,

uf M bu |d b w p h ,h f ( d h ) o
I

i

ca.m- nt 34 ( K-H - E0~l 1.1 CN-H-;aK 5.e i

-q3 1. 6 - 2.og 33 - M3 | G.| |,
,

- ty. H - 7. ci 4. E -;M , g,e
' '

44
,

- 2. l e 4.j - M 5, ,. 6 f115 !

~

,

- l'l(, 46 I - 7 t| 51 - Lo,f- 2.1 i - if'r-- 1,- -

,. 4

- t l'l 35 : - 2.11 s it - 2. % '. : w
14, a e i.;.-ng ; 7.4 ; - ti 3 r. : . -

- nf 5. 4 ; -;t4 (. i ..

t
- .; c.,o 4,\ | - ti s 4.co j

'

,

. . C. , ,- i ,n t. . t. 7 : 'o :. .-
,

I i j |
+'

- ill fil- l. $l
~

14 r .
s

- i T) 3 f. .'i - 1. :, 56 ,A ( t -- e)
a s ,.

n ,c 4. ') |-ifl 4. \ .
- .

i }\ : 3fE'S 30 - 12.0 3i '

c '. 2. L _;. S,t-
.. , ,,.

*1 * ?. (4 i X 9. O'~ * 'e-
- .. ,

f - - - ' ~ ~-l $. l . *e .: f.1--$4 o / es

- GT 30 -1 4 f. , d .,/ ( \ . -O- |

- J. .n Z. . A. ' . :., C. .
; G, .

w o'_, 0. , 1.5 -7,< c. . c.- - --
+ w.e

- .- ,- . I
' i~.u .. ; - pa ! 'c. )

_ 3; t'A -5 $63
- -

is I G;

J .: 4. O -7. C. (..f
:5' 3$ - 15 o 3.s 7
0'. 4 - l ', a 'l , e.

-s ,e. , eq
I | 6.c i.4 r-- !

y- , -
2

-'

o - l ~: 3 5.2 I E'

- 08 f, . l
D

0 2, d. 3 -

i -?tA g,2 j
-

e- s: -- t i ,
,

;t.
a -xgmi f. .i..

e >. 3. m e.

<- i. g.i yv c. . :.. , ,

.3 - (' 7 e. . .- d,.' *
-

. 39 -

, , s..- '

t 4 . ;7C 3 0- -,_- .-s 5., g _,

24 30 { -13 '|
1 'S,4'
' *

,-

- I. * 5 >i; y;'' O 5 . *e
'

1 . ',. .<4 'i l
-

, . , , I. s.,
._. _. . . .....-. - ...

--

. _ _ _ _



AG h-C '.

L 'A 3A) 07 51\ti
M 3 :.-

.

( - ;,y-n+- w
("a5 -ei b t t PILt

-

' ' *6]' A <' W
i- 5en e5-

c.<4. Wn 7:fjy ..,

L
l -+- o\ s u.

- '
. ,

,
.,

! 8 N. '.{.k hy W 93 ho) ' [olb( !!
i

.

'

v. c c - c : \ 6.6 l '\ '. ' . % .1r
-

i
? - . . . - e. y . . .s \\..A...i i

' * 0 C '. i fo . 3 /1 *.. 'e ( : 5. 2.>

!| s.b /1 .g u t.1a-te. .

'
-cot j I,. $,) / it.4 I |d'i |..

| :es ! 5.0 / ic 4 b6-

, ,
,

'

te7 4,1 / 7 9 t 2.o 7
'

-

,

';;L 7. D / 13 3 | hU7-

, ;

[ c:q 5, 4. /it.: ! n 'i .1 [
-

; ., e _,d. ;_....... -.. -.. . .. g e. 4 ...._ .. $Q j
i.

'6.1 / ^i
'

b %.(- tio Q '-

.e i. t
,c i s l . 2-

-
- -

g. -

; -- o \'- 7,7 / * $~

\ G. c.

i. v. # -.e- Le r.s - - ,

.
4 -e- n

.fe ' s .- 3a *n . .a w-
- .- .. ,

y)
is k.: E ; 5'-

^ \ '4 5, 0 ! q 1, i M. S **.

-
,

| |
' ',

., ! ', - - - .c/(f Q- .e - .f ; y*
a

O 1. ! N d"0 $ h- 7. O i .' I~

,
,

' ^'1 b . C- .$ i *7 y*- o ..,

2: i, . : \t C,\ -J .:--
-

- m e,,

I C :, i e . - -o,.

'e 4 3 "' i' -' g --.
; , s

,

4
a. . - - -I

-
-3.,.- i, :o . 3 1

- - - -
,

l 1
-

- ;:, c .. . '
L [ . c. ' g-

- <. 5 c ; '-
,

| _. . - e, ; 1,,
- - -
s

- .
i

~

_ . .c [s . a, - iii.i.
s , - ss

!
'

olb i 5 . C- e ti l. 5-

1
- a ,t . -i; .'.1 7. i L ; ,~. o.

-

i I

.

;- i :ta 7L ,.:. i ?. *3 1 i-. ., - ,

| - Li 5.3 | 't i3.\---
,.,

*'

i . 7 i; s .,

| -$9- - .- .
,

- '- - -. t. . .
-

. -

ete } d,1 f. , ;. 4.4"
. -

--- .

-Cit ; l3 l '; .3o, ,
! 1 -.-,2.>. ;. I .' , . e ,1us-- . -

,

_ _ . . . . _ . . _ . . . . . . . . . _ . _ . _ - - - - - - -
__



,
4a 4.t :

.

r. ,\vi a-

>

o f-Q\,. ; m.s - c.u |
-

- -

..,,-a
E7MW #*.

2
.

| : s., s.o.tA.
_ ,

'

V.,.
-

1 s .cLt 4- i u)% / e 7, Ya eO |
.. . . . . .

t
,

t.u- t - os s . s.m. s e.4 |
: -

1 -ose 1 41 m u,1 |
'

-o11 s. 4 e'1.1 to 5.5 :,

- c 'n 4.9a' 5. I ieg l,

! ; -0~19 i 6.( /ai lisi(, .

1 o,1 ; s., / n a tsc . i ;

. -
-

: c r.1 - a - o o \ 1. 4 !,
'

- ::" -) , 1_ j '

p.* _

'... -,gt
-

.v 4 T* f"l a
J

M +N g

t
-- --

.

', I
"

oc 5 -

. P A .L-
'

: : ;e L.\-

c:7 '; 1 FAL'-

006 1. ")-

-c:5-RI 4. e

e c - P- 1 'i,

'~CC ?.' ~ As '. *w, ,
,

- c c :,- 1! 5 . ~i

- p \; 5. 5
:\\

'

56-

0i' 5. ~)
'-

,

- :C1- L i (o . ?,, O' ~

i^p.;
e. . C 's *-$.. #.

n
. a A -- w .-

is hel #
%

',*e..
... .

j
' e :_,.

..o I.1.

.
c

f - $ 61 |
: t '. d =.,_.

- C.3 [ 7' T : g y'
| e

- c r *, 5.2 c .

'
-

; I. - -

- 010 0f i P
a- : -

*A*
. .

~
.. '-

- 015 3.3
| , . L, : ,
, ..I

, . f. *) , T
* -p

. s
,, ,, .. . . . . + . . - - * " * * " * " " ~ ' ' * ~ ' " * * * * * * * * * ' ' * * * * *

**8
, _ _ - - _ _



,

I. KO 4' ~
'

,

''N.a-ca;|< l,- 0FFeitc 'I
.

e: M-C5
.;:;., C xJ. W r<. - 7/>r/!f,

,

~ - .j -.UPLAC,t. .L M2 |g

b AMPLE tr W do) b**9h 0)(,4o |
1 .

,C$-tft( 1*- 6 # .3 C.g- g - Oq fo .')c

- :;* : 6. 4 -cG o G .1.,

4. i - c6 ( 5.i- :" 3 '

: ". 8 46 -04L G.li .

-cic | 5. 4_ - o43 5.f *

ni i 46 - eL 4 6, . 3 i
-

-n M
|' - oL S 6.T'-

.
'

* *!. 3 5.0
'

-OY 46-

O;A 51 f - cVi 4.o
,

''
' e '

; i c. a | -c66 5L |M-

,. I

in.r , e .,
* * hh - C)Q hah - '!.*

M C. 4.| Oli /s. O ! ;'

c
**;0 b, . S ~ O ~s *l,,, b, . h 5

*

,

*- . - /- . ,_.
.

, g,r
- - -

e.P . . I 4
. i -*

R.O - e l-)t .' m5- p *
.I. s 6 Q- w

.

, f. * - .. .*
. *P f

$I m -( C" Q* wR
'..

. . .e * %
t

. 4 ', 51 '

- C'( E#
3 4 o - C.i a .". - C 'i 7 44 !-

,

- ;11 - C i .:. ,3 c~5 ; s. s M
244 5. 5 :~d (c. C d-

-

;,

: 4. 5 5. o ! -cp 7. t j
'

. . - .e g. 4 .. '. c.e i e-
.

.

w -

-: 47 La '. :. j s.i .

. , . . , -
- ...

4 . -)
.

. .. .. ,. '
. ..

** [, J $ . *S
. 4 A N

is &. *.
'

s> .}
' *

;,i, s . -

e, ,,e .. j ~ , ,, s

- :. t t b3 i | -;b I.0o, .
*c, - $,4 .- : , 6.'

a '
.

... ,

d . '

c,;; s . t. :.:c. ,' t, . ,.
.. ,

g,
,

* * *
- .e

3 r |, I.@ ~0$ I 5~'

c
1 <

. ,. . '! $.1 - C .$ [ I'
5. 'l

, .

/ . %",
,"

: '; , L- * C E.,
-

, ;. ) 4 .s i-
i..

m --- -. - - . . . . . . -- . . . . , , ,



-e - . . nM-^ qnle +-9
.

U F F ? L e_. , m u - c- u l.tw- -

_ _ _ _ _

3 3,, ,3

c.*:J. h'o c WVfi1. ,

. .

| i|- - ~

li np ct.02.A la :

.If.MPLE. Y ld 9e | IANk .i LJQ,
'

i
,

1 i .

. cm-m eq4 7. o cs- M- it] | 6 . (,

j c4 5 41 - (tg | . to 5
! - Oh (c. 9 - (Lj 64

- c91 .f. 9 - e.o 4. L

ei$ $*i - ISI l. i
| : .cii (c. o - 15z 36

| - l oo ! 54 -133 ! 2.. $ ,

'
te l | 55 1 - 04 ! Z..B.

''
-

-- t e t ! 54 ! - es 3.3 .

- | '. 5? - 13G d.4 |
'

,

|
'

[04 | "l7. ! ~ O'i 3ji -

'i25 7. 3 ; - 13 9 3T-

,

-i n ! (, \ - 15 9 ; 2., o
,

I-\~~ t 5 - tf c S . 't
,

,:: 5. o- - d\ 1. ':--

-

| 2. 0 -14$ ,
53*i? !

~ it c i SS - c49 i 3. (, '
i

,.
| | ' i

- 5,i
.

6.) - 1 70 ~i . R -a

kI .
4*

.

i
-- -- ssi | >w w.- ;. , ;

ie 6.4 ) ! - 153 g , 3,
'

-

,

,.-.--.,I;- - t 54 ' 3. g.r c
.

- \, Q ' n , |- -
- - -

,

-

i d - 'A \ $. 3

. . - 2. '. 5.9 -

-

.

-

A /
- .* ' ! , i.

\L O .* M.4% f ? f &
'

g .,; s,4 y-.

- c. u
J 4.2 v''

v| .-t

-.c 43 a: -: ; .

-'i (. A sN ' i*

_* ogv -

'\
~

,

- i ' ". i .?g = ' ' d

/. ) M 'i** -..-. - - ,

, w , -
' '.'

<| 2- \ ta G.c ;
,

\~ ; ;,",1,< ' s27
, ; . ,-

.

,v / - i ,;,i b. ,

* *3-# i | <
-



Mb(r' A.I
-

- EncN Mc't. , s, h t..' '

.;

(i.c .) T p 6. @,d C. it OMTM -d* '

3
S oS7- O S-

C^;d. WW 7|W/Q(,
r

(d>-N !

< c u W) !
'

01.)Tc5 $ h (p ) W h) | +f-

! ;r8- 4-:: 4. \\c.9 5.t 9,91-
,

- ec t - \ L o. o 4 .') 11. %

-ccb . T l?..L 4.; ] . t.;
- 0 0 ") 113.o 44 $ .01

'
;
i

SFA.-4*03o-

h M bb 5
O!. !

i

S FA - f - o bt 4!b A M Fi'il
r.1-E i \q.f Lo !! . 5 : ,

*:41 Et \1$.! Cl L i 1. k I

I- ; 's 3 - Au:.: 5' Ex. \.

!-C' l. C1 \\9 3 ( 8, (1, 5 4,v

: t- \\S.J k1 i;.:Ie

- :c ! ' L t . '- i.< : 1. - 5

- O u 's l't.E 1 -i '{0Wi

- C' ' \\ E. 0 3. ') | ~W '
c .

-:v $ l' \ . t ;* 14.t1
-:c:- \\ o. . c. t1 .q , ;

< .. - ...

*

~ 0 "i 0 \ *,./. , {. 3i ,c..

* dli IU E $.i \ 'i i . 54
i

~ T* t -t&;0- '

. ,_ z
'

.y v

- 7 *. ". l 1 \ 2. 0. L 9.3 ~ . ' -
~

- O'll TLC.\ ]. $ !i."i

.*.:-t , u,. . o
, , O v . ~.

-

.-

15 115. > 7. o , J . : ~.i

:1': \\*.\ \c.c 1*.

-K1 \t1.A ', 5 ,5. i

' 1\ . > ! ', ''d ',- O'i $ .

#.0'.- 0 * ', \ 7.t . I 7.',

T b C. i , 7
L- _;

.

A s.

hd!-[' C el (re .w. (3 j
*~

j

.
I



- -n. - , ,

t,) h- \ t !

s

-

M !

] @ |
vg vs- e vs .

e p B ev $ 0 e
.

L
n :i 1:)w

.

;_ g f Ef E i f E
'.

f d- 6 6 fl@ 'bp , j) -l ;

m , mm .-, r !;u $ a . , . .

f4 JN # t-) ai z N'O b
'

t'*
\

U <C =' *v 4 k d,, tu o a.:)r *M Ib';' ''0' ~

=t s % M u $ v v %.% R cya. v. : 7/rds'm
=JE t- 6 b Q- 0- 0- 4- Mh S ' '-

g,> -(r-- .c w i e
Lt') == t

k r 4 [.~ h :U 's-| % |%^',' | O ,_C h = W '4) *Q |0'h|4 gi !'

I - ,

=; N '

'dh db h $ [ 7 T' D. C' --
. -

wg -;= v v v s e- e e- o 7 ;e3 ,
: -

..*. ~ -

G yD**

L, ;L a m. a.
e u-,

a. | ,- ,
- r

.

- -_.

r<
-- *..
=M *== C' N tu (y- r='. g= N f*'.,

. .

) * Z, b
*N .N

:-== m ~-

.s
-
-w -. ~ -.._ _-

1 C'U
1

i I
-

O :In
~

67
C' 2

-

1

I
i~ A o. 9 r- A. b t- A. d. A. 9U, J.- w_ . -

n w. oo e :a t4 N m a e
we <5

---

T a= tc. A to N .N
.

-- -- - ,
I:-

|b \ i e t-
.

%g (J [j^ |
l i !

5 ie wJ =r
. . . C. M T 29 4, '~ E_ _E b. c- W i

,
.

.

h J kj k 0* -
=.

.,,,

is =. : m m.,s\, =- swL a ~ _

3 i== . t 'j/. -,
p* ! **

> w.
- f. 1,|'

*

| t 8
i . -

-
.

t(| .,W * N. -

: e i .

C 0-'- F ' ,0 i N! 'IC (f,; IYg 7I |- h | i $I I
-

I "' E w--*

:
f it

t'- e: i 8. 6 dB:N' R % -| Lu, , !' ='

' 3
.e J ~!

-i ,- 'u i
4 ('~ :V, D G D' N ig M IN-. |

N
| J 1

'
0 i

j si - ;iga ;* s =|: iM.
s.. -s

I *4l s I" ''
|

-

- ~ ~S (+

f.$'s d f:'b ?a sY h|is b .:
-

U

!. h| N b I $Y,;
g N,) | w #' a

| t [ '

I l r~l
tha_b nlem ~'"., ("I| ;0' to; t

s s - -
. .. . .,

r g; P )s j V)
is no ' (~ i i :'-IN m'<

-
I > -. v- .; ; ! Q i i|v. ,

:-

'; ':

!, V j nj | |
'

ed.a.= .| , ,. i _, 1 , 3, | t
9

(, Q. ! .3 ?~-i, 3 'T-'
a . . s2

- ,.

', J'..

s = =i s sis |t Y < t r' - .

Y< T'
vr -

";
.-

j v1 i .
-

, ' es s*Iwa

x**: . - -|- 6 4 ; % 'T M 'T y, w w4 'f. ' . w.

. % 'T ;W g,1*

Q' ( -y..-- %
ys|

3.-

, ' '

f,C N '. !s ia ! +4 1M t= o I :|') i i s n'i ..

A ^ > :) c .* ." ci i
-

f- \C - ' a*. ga 3

N r. A i
'b ID g =J gi 0 .|" i i N.s i -

l

U4
qw %s. ! |

'\'y .e ; . 1A
fd V. i ,

i :r,'

sd'i
ps \, A;.< ..u

D

U s f J C t.'J g W, 4 9 ,'l ., 3 'M b
,* L wW4

-

$ -| '
-

'j'J' g W 3'N o k g i
.

l j )!
.

' R ' ; '053 1
.

,0''o N t r a t.3 a ! o. o j,t-i si i s ,

3 0 a
- .-

3 -: -

v i
a

:: v. v i .E t '+. s: t ,.! 3 N~si.y:n w. I g,
--

1 r=-
, u > nr q v. iw a i

~ .s

'3...u EC | | ''C ) E
D N w ,'1! .s .s d. 3 J :y .s - -| C' 7J h. .. t. . ., ( .s t ! [n ._du) 7n' .d , i ?' J O'

:-

| 1

-
.. _: w N 7, a m N,s. a = : u n e s :; o :: iu ,q u N. -.,

,3

& T "! -
,

h" | .' I C| -* ! C' |A *$ | EI Y| in I -i ~.

'
82~. ." %

-

c : . i %p i : s - :, c .

- - *- - - . 4 .. ,. .. > ,, ,

!s 'Y f ,# d _d !

""-* j ***
j 6 - r t :

.
-

;- - * .i ,0 = =| ._
n | i 4 j g . = , .; i .* ~ N? -- ' '

I ::i $ si k' e.M. SmG S & ! G I
.,

: .

m= _ 4 yM, __. -y ~- , : . .n.. .

! .- - O.__ ._ '/"
-,- . ." _"

,,
,,

_



.

j 1| v'
-

| t\-
-

N. n:
'

u w v1 sn un m a._ M 4,e u e v toe m
A m,r x rne-. . r r, i << . , . < .c ., e .c < _< ,,, y g>l. cd

.g, a :- - c_ c c_ c_ c- n. c_ c c_ m i.
-y .

.

N P. !!
J) G'. N. 9 @ O 9 O .V 4TI N-(-dIl-. s a s'. =;. y

"

|-- :. < -,_c-e6

.- . . . .. .

r 6 ff) 3 'S V & W r' r' @ c<b. % r/>t/tco- ;% . ain Q s5 C' c- T G' C' G~ G~ C' G~ G- Q [c I e i
--

O') s .~~yR W 4| N 9/t4.pfd.r/I.R ?tt iF w 922| | 6E fair z/ Wim
)!_ ' !F

m' @se
| yQ 4 n @ q O W

c-[c)
4 N .

ao o e e e e e e- iz
.- g :> 3 =
J w(c_g. g %
- ,

"|d g t # N G- W l.O 9' P & @ t- 7 E

D) zu ss 4 e ~i 6 e d e 6 d "s 4(
W

7 mt : s s a~ --- sNd = - - - - - - - --
,3 gy, -

d' ,

N @ d t- 'q T. IQC; 0 9 M C- P -

um a o = = = .: c: A tc
3.

a '- .

ayn n n e co n s= =|
m % eqy

,. a 3
- - - -=

| y gsu- - __

C .'| _ ...| 4 |
c i sn

C
$ !$, $ $ $^ s C5 b, d '['

a
^O C,e to O<D E E:c)

U' se
== i.

i
- - - c-,

-(. . . j. 5,,
, * -

I.
,

1 -

E _. T i .' T T. $ ; C~ ,! Z', |_- i. g g. , ,. . _.-
.

, , .

C[ ! .C5
, i : -! ! ,N ; w :!Q'j=i- r

-
i :

! l !
' i .! | | | | | |1 Q -.:

:''$ ' _ l , @ |
. 5 S: ':~

t= -
' .' _i ':-:- ! F- :

'
D*!

t.: : I
. ,

E: ': z : x. : n. .

t -- E.d !.3 0 : b
wv '

s w| R 5 ! .3 ' 3 j
,

WI R 0^ """" @;~ [i~ - - ~ ~~: J ,N A:| 5 '
f j

!C |D I ! | |! (*j
.

J "$C |D i 1 |U 'i

%. 5ss_ c,j< o:< s u._ p < m;c g.e o s g < g*s c.1 in W | e! e e,W. c.,G. +1 e i| - . cd i o !
.

i_ c 9._o
| s. <_

..d v. d y;b, [.,. = = =| v7 y l /' d i v1 E! # 4 .,'? +; A vid f:
. , (.0v c'_

,

"
. ._

| g
% '.'

|
-< :

' c :; -: =-v.- s c. ; , , w. ,. o. . .

S N '. I . af m a v 3

* 't ;d ; I
--

2% . e c$ l _ i Mg le i s ~|
! I'^ I5 t : ,. (e ! ;;'

'

O l 'I i
{ ' O"

~ 4y-
!

! |W 'U !r165 0 $ *Lv b .;:h 4 5"> k :h 5 !b 55 9 !$ 5 |u$ 5 !1h i
i r g

E .. y-

1 L J E uv av iu g ; ta l y N| -gg -r
,

i n g p< dtA s l e .3 1 u? e 0 2 |0 t !9 s !o t !a s a _s_s Ji =i -' #>,

| | g ._ -- 3 i
Jy ,t 1 : . 3 ;2 s .: "- - -~1., ;(-

| Y ; .i .~ u! -- U , e W 'My
i-

6 e
f ' *:j | 0

| ,. u.i ' .", . 1 ivvMV 'p i ""~ W .; l',/ \J.
'- - .

; Q :. ~ - =.' .- ,c . e- .1- ~

|
t, v, ;# .

. _f n
| v.

,. .e im i .m, i g.. .. .
... -. 1.t . ,. ., .

.
.y --

- - .. - _ -- a. .
. - - ._ __ -

.
' ' '"*

. - - -, +, .' ,

. ,
.

-, . n . .. .- .

7 C, C | b' b' ~
a- " .- "C '""' '""

[

h3 [ % ! *:$ 'C 2' "
! Z 2* . :: Y -[! $-- f' ''*

'

|

't '7 --

- % <- .iMi
'"

.- .:. .c c < < Q acc
u+ i V E: m. c. - i , -: - .p Vv s s, v e.,

~ * ~
* "') o S.,e

~ , .*e*.,r', ;. Q , . 3 y ' .* ~ar==..,e .

. -==~*~T,~%**'"'*- _a.--.. .*,9



t-.

L c:q if-i,

.5 * e e g e a $
"

..
;

5 '.o 4 N =. W v1 6 .c e e.

:c <-|c< c- 13 -,c' e- e. g,)(.c: , c. < <r.
:

1 E
--

| !,s ,

. ,.
s**.'. g -

| @{' '
- y) N Q @ ~

n 4 k .g (ya L0 c- CD h yq09- (-('j. .)wt Dc _ it - < -.
.

.i

osL 5 e 7 w- 7 7 Sc5 7-c,5 i
,

M3 ,

x' u , I
s= = t I I

$ ~

K.fif/ C 4'1 6 N ,f.?::t t-'i tr\ CK). W oc 7h f/ft
'

;: s w 3I
5: v i '

e. n o
--

u- ._
.

" U .>._ ,.- E[ 7 O G N 69
$ M'4

.

~~

-

-C': Zd : O 7 4 1 N
'' ~

:

)7w
'

s
-

.

wi ma W n 4 N o ~ . -
-

)g ; =5 N N s;

-U Q s'
- m_ -s !

-
- - -"' ~~

G || !
v i n n --.- -| i:

'

C i. R T. V. N. J M 'd
.

-

v,| .yu- . .

w t- m
)' . 35 A M Mg o - .-s pI Q

..

C
'

_~ ) |
, ..u .~sy

1 ,; h= - - - ,, -_

s-

"L.p

f 2 is| O O G G G 5 M
- ,

l
'

' ~r

z
5 5.:$ i d <S d 6 d si Q C s9 gm- I

- - - -

w =. t 1: )i _-
. -

.D. , 5'.. , , . .. . .. ,,a s. -

.i)
, . - r. r.

, . - i :.72 d :8 E ". ' j '* *
i %. I (. ! ''"""' b i .

>. , .,

#'1 c::
6 i tu , .i .i i d'= = -, '

, i
! M N -

.
=.

I4 , ;
-

'd' ; 5i K. l N. N
w.

0 g' e4 ' F' | ! : i

|- -= i i .e !
-

ic ::
, -

.i sA 1
- --

te. .I i.

9. .

.%, .

b .- a 2! 1 I .I w-;c !
.

W ' ,

2 \(', ! ! } !,

- 5: s : .-t % ./ : : i
._-w :; ; : :: -- ' ia =._: :: : n : :- ~ ? 1

| ;

m |... n:_3
-. s : c . - ei : 3 y

.i i -

, -

-. - n i 0 . ; '.3 v !0 0j .

.a i
-

r r. (n | i
iin i i !u .)

- .

ir ,-

h j;;; 7 j. l m: mi m 4 | | | ';

i
E. ! i. < b' j , 8 : <, S N 2. i , .^ ,
2,.

s '.Z : ic < El M i i !i y i i..-- .- .-
|i n.-- 1 0 x1m v:0 v_.> v ;ci v. .: . .

i.. . .
; ! ! i . .

.

f. h] | e. I f. .%n '
'y . . . . . , t. ,

.
, i.- i ;,J iC S |C ( .: !

9 9 '* ,*' - N :-i .

[?--'
I > d *J N- '. J .-- -% . v | l *

.4 | . uS N o ; e o iC3 g j v' C y . i
'

-;W
f' .9 v 9 ' u ::- u9 g :I ::| ' ' '= w-'

,l E : , -r e vi -v' - t.

,n d. p>.
.

e- S--'

::-

- . , ,I , s ' o 3 | o ),v r-
: -- < :% -

., I.-.2 :. , . v -

, s , a ~ .e> ~.
-. s, .

.~ n:
_ . , , s .

.

, s: : ~. . -

.* v :. . ,-
3 .o ; !

f)!
; l .' /',

--e .o e,,-

0 'C, O C e o j :0 ' * | t0 : i '**
i

:2 I M ! '
''

E - . :2 . '"|- : i .
1 p.'

1 i

.-'
- , k'

-

;; } n. | s ei | ! . . 'a '

& ;

.. - ', .
,1 t' > 1: > \,, . .

.
.

h
. ! = -- _- . v

h *? ! l d
* '*

"'' f .EN * I i $
'

i El = :::- *-
,

-

. .- . _ '.':"- .,:,. :. -~* ' '
_,

-
-c 4 . -

"" ! Q. 7 *

. .._ . '.- .' "';:'3.*- , = .
, -- _-- __

.,g,,* . - ~ . * ~.8'".g. .

.9 , t



,.

me

b i h'-'

.s.t. |s mm v r u e
e e o Ma =. .e .o::

e ,
... .- - <<< < < .c i- .

F.\)Cr
-5.Ej : i

; E
'

c_ c- c_ c c_ E c-.r- ,

; .-s %) ~ t s ,. e
t''n6 O in y) 5 E7g ,. y v s y

;; , y j ),[) d S $ N N V($-[t "" 2. '
* '

( > , " , - " e '-

s c- e e c- e c c-v, c-
Op. .== , q' _ y'S ;'- ''

) Q, // ',i,,| 4 .*/ 'i/ 7/ | # ' .'"f| O '4/ | 'Y_O h(, j g % c, 7g -

c % s == m v ce. v w a r -

Cd G u" *

y!
>w 5 5 4| m.

. .

CD G Cv N G 6,: V .y1 sn
.)
"" *

Q|f. } N
$ d (" -M N Y M d N

)Z-Zwi.t d d W W e=a e _d
a

== m s s N N e~

y , si = - -- - - -- . p

Y)C
y G r. _ -

N h'
'

O I' V 6 T--' '-- yq ,

b. G V $. W d d, N ri N c d~
a s \-

| *2 N N A i} N c' s (") %-

p0! w,. N N= *- - - - - - -
,

.

'

T|'
- y -

m. :w
D .g ,

; E E- 0 0 o C 0 ea t.0
-

- ..

O F_Gi 6 6 o 9 i e e JJ a
' ~

q, .- - ~ s s s s
=l q

9 Ld 1 :
2 N{ j ! j d

'_-" |!'
h ,

'
'-

1
i

.

, > > - , ' * .

I
,',*""3

-
t . >

q- c- i d D 'T ' ;- ! .N$ "3 5 UI 'N. - -

gl )- . s' W. d e! s, t: t., y e ;< ; i'i i -

x _:: t4 N N i N N N e. u , -

.ip g =|;
; r; , {. -- -- - % % ''--.-

|
-

t' ' ''

5
. .w-.- .

. .- .l' | 1 i
i i i i

t p 6 i l {

h. k<, b G.i D g|> \.
-

[ .f. $_. 'b k - 4! L |-v,

: at *d - i
i 1 .

${ dI f. 'I.'| 'A '.T V- -|q h g ( '-
i ,y; 5 ,,

}t
b

|
6 s. w s, 6. -

: :-
|

!
'

0 ' '
| p j

* '-

a' -
.V ,. .'-

i i , . j

f \ 7t

, k 5 E: '- ~ 0 '1 h 2 (, | k 5 ,s (m
* 'a

U
0 f !. g

..
'

C-

c.in. s
i in iI .=

0 ,y, - -
., ia. , . .

.

-

CC'

t I
-

i p. i ;
I !

-

.!'. -

t4 . d. C i ,s 4| . J. ,ta ,3;- ,'
-,
- ,

C 3. O R't,A (v aha
.-- '

0 a

l(q N
s -

d(J 2 O a*
N'
- t wd *- -

h
,'O O P-

-

i M,q- v c w ,:) '.
v

vi 4 v 't i ,o. m- e- w*. s

~@ y' E (g [ \;) 3 9N
>. - - - ... '

\0 * 'd 3 h $
'

D, i 7 ' w7 iQ % ' 33 75 '5 ' "L i
(ts.|

E! I e c3 3
X - 4 )?

-

gi-
g -. I u g 4 s O' w' '

i i
1

- ,L e i :: I A .I :.. N, d ' .4. '.a -',- 41 ;,g e e b,
- . .

h- - ,

g: y ', ,,:i in, ui' ' ,

is .: . sa, L, i 's ,.
-

h
4.: C! id 'o~- -y: * T.6 h :i-- y by b a3 | g I !

L :5
-

V 2y -c
-

:.' c :: '- :v , ! -
f 4 Nh' 4lJ S 1 1 E gA |<

i

3; .: - ' | }
,:: v i --: - 'e >

; ri a 'J
--

4 t- -
..i

,

.. , , , ; 0, !| :.. . *
'

,, ,-| 5 W = ! ; i . ' , .
I _;. . ; i ', & .-

I hi . Z .
* ",* ~.,,"" ' '

1
% * N N. -

.

' ,t ",' ,i % !( *
. ,

,. .\ , ! *
: m.. .u y ,

., -
. , . .. w . . . .-

[ ,,on . .i a :x~ . . - . ;;.s-..~,.-o.. ,

~ ~ _ . .,._ ,



_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . _ _ - - . - _ _ _ _ _ _ _ _

}.6 ( , ,%
*'a4 f tot. f I I* 4t Oftt'At3D

'
.

ORIGINAL o w' -

e. . ~
r Q n o me e s

'I iwi__(QNIRd(I .jj. ]O.C0 ,,uat'n e u njwi .i1;Ils 1__'"H' . 7 M :rc r : c S t a . 4 . G * rsi e m _. . . _ _ _ _ _ _
"Al E: w

,,

GREEN RIT/EP.. t iMH """""
*'

,'s' srnmra umn: w&._cc <. em_ou- m:4 z.
_ U ~ c. s> _ u t d c. _ c u .. i m. , , m t ate, _ 2d2,_ ___c4 c.:'rrena L . m_enns.tms ___ .. , . _ _ . . _ _

rilltvi; , Z or

a s f;I fin. l.ocA r t url I.tr l HY TYl'E OF IIAX. DitY IH'T ilitill liET DRY I'ERCF.lar flax. ItRY l' ASS /
11 0 . IIAll HI AI. DI;IIS I TY llul 511 tit E isEll5ITY DENSITY ll0I STifM E DEllSITT* 1 All.

kk ''it <>'or,05 LSV'I'Io Si h -
%II,f7 --ll M - . lh3 . Alb-G- -16Vit-5- @, -==ss Q2. 0 , Folt

,

u A-tem 7- -- Ucv. did( -

4.ccq 1
5_,,

. _ _ . -
.,

. .__ _ __-

:. lis%4o cs'rico , ~-% n . . .

| <,1 le ll t'6Y L |cv. 1808 ,d,1 m
, ,, ,5, , , , _ , , _ ,

rmunt... s s a. s s v s. np q. L i j Q 4. |}
.y 1- usasis e s<iico 0

c icy. 4 0,g, lif>.Z 12-3, 132.2, 11 0 . 0 12..Cy 99M Passd ic u m as.

w. <Isin - .__. - _ - - _

flyn*]5 CWe''O ' *M '
.-

05'') 6" " '
," , . o - -Ph66- Ict h II p;.7 g ciev. agog -j j d 7 i. , ,a 1 1 o,. <-- ^'I, , e *

u_ v.vm iu.
_

tI590AO EG9I00 i| 7.t - G'h'O k L- }-
si A f( OF{l Clev. 4101 -IIO 2 !23 -I267 'i S I 9! 99d #' T

I
% -

(/.-l)1,| n , ' 1. ,..o, I , .<w -
t,lG 9s.ts L S't2is t 01. E.- ? 1% <- >

;!- < t t.-II O f O c aesi. A tom i
|n> n n -- ^ <-~. v' Phdy f i> ,>,w . . .w - v v.t

'Unitt -. t. _ .
-

i
. .

lI G 'nz G % C '''t o*> o st h- G. r o n-.
h*l ,k ((y$d

s n o. z.-
10.A 12. 3 ivi.is 4H:Cr Q.4,1 A il 0-'I e ev. 4i03 4.cor, 't- E'"155~g,,,,

X 11 4 (.' 2 0 C 5 7 'Ic 5 St b- ss ,3
'

n s ,\ ( 71:'i,.)9*k il o.

, _

rht ]' n 1| > nI ; n .pt'_ p ,; ",
. . _ _ . . _ _ . . . A _re t _. ._. . . . _ ' ' ' _ ' _ ~ -_ || ! e.'->r >. - ~

, _ -

1 L|ess. ADO 1 % ss > ' *' ' s '- '- ' ' - ~
-_

: ' ' - , w.'-
1 __. . . _. _ _ _ _ . _

,3
t\
,N .

| ._ __ p N l . _._.51R_ d em. _ G te,i E Le me}_$1 A r., . cv_/ p ._ n _=rgi _rkint e ms. :5i 'A. -r:1_-saa' ' .ELg5ca eJ cas so.

-iI
. :. z a - r 1 < flo .m'A --ra cel t N)D 25 G$. t> o d 7 V it 5 G_ G v stcm.t- 61 4|dl ft - Nr*7 - JSr 9 d', ' '

=2'M.s ,_x ,.r.,L e aw cw _an -L5cuasa+~ - ~ -4 d "
,

T@M_f- 3 hM } "'|*[b'[ f
... . . .. ; % W

~~ ~^

s .-. - + s ''' ? *
'

. . . . . . . . . . . , .

. ., ,_ e ~ s v -- -__ - -- -_._____--.-._.____-_-_-----A



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ - - _ _ - _ _ _ _

_ _ _ _ _ ___
_

; i l.
- vgioingt . o.

.

fig i i et* '"r.8 stl e:O f.it *Cl$ . - ,-m1. - -. -

,

a,em udm ._ __ MercoNigAG 4 30';0- .< naismn^11:=.lon:

GREEN RIVER, UTAH ""~"*"~eis Sncn nanm: cc.w. me - u m _ a _ .i oaa
. , . x. e.a . . .. . w . . . . ..._ , . =.cc a_s.cz._ e m -c . _ . . . . . .

I UFs:lluvi; g

1858 11 0 I.t H:A l I f fli l'Il l it Y 'I Y l'E Ul" flax. Initt tH'TI ttlif t WET ItRY l'ERCI il t flak. DRY FASS/

11 0 IIA'll.HIAl. IstilS i l Y llO I S'IIIHE littlS I TY llEtaSITY INil5111N . IDEtISITY . Fall.

I
t j c,4g.g(,, () C *~>ct01O /" 'Y |l7 Z 11. 7 122.3 1(2 A G.e ti, cis.ct Pass"

o a n -ce gy mo3 sr,i I
- < o'/_,. __C.fyID N

^ QtJ59 S S3,0X0
,I n: tI- V1 A e e, s, S ' gm , ,g .,,,,], y ;y. e Ig,J 12 4:0 ll'h i s. 7 y cf 9,,{.- %

a

;.,,, ,s.v s.roox-'

, . ,

s> ss no a so,n, _m .4 .s, . . ., n
s,, a n 7.t sin is.s .S. Itz e 7.s- Q 96.z- ens.,c, . . s -et s eoav -s e a - .-

r. ~~a s ,,s. ~ e s s . s s n.,.4 . , . . . . . , ; ,.

. ll~f Z II.] 12 S.1 IIS.Nhs 8.] W '18 k 2- WS:;c,1 a l - v4t. C E'N ''I ' *'
,w7 9,

,
__ .__g_._...__

%s Q cgy. O.;- ri g>,Ho c s%rl s. S, ,, . 4 ,,; , , ,
,n, .g ,,,c, II 7.Z ll.~1 12(..I ll3.k~1 lo.') y ,,, 9 W9-:;c.\ ci- < ><l *\ e c< * d 4'o' FHS-

.

! -

s.s.Qcznaa . n ,._.wdo_ _h.n :<t.7 w .7_._ _ .oz . _sc> c'

- . . . . . . _ . _ - _ _ . . - . - . . . . ._.._ _

- 1st - .1 --i

L- i \- 2 - --- .S-
" :- v' cj J' L.C .) ( W' }l U} -s gn-

\,w .

} } S' tOn ) \(') 't f ' re gt( ( 4' - p \p-

_' m.
.

% 7
. . . - . . . . . . . _ ... . _ . ..

5 I._'

, . - - _ . - . . - . . .. - - - _ . . - ~ . -. . . .

.(' s I . i -

s ee i e .i t e ele :
* [ ' '[' <[ ' f*l.VtItil.It HV* ] fe g,

_

. '(g( ~

_ _ _ , , , _ , _ ,

. .

- . . . _ . . _ . .
___ _ ___.______.______.__j

- - ~ , - _



.

i n. -

UKibilN/\L pu ' Lawaa'ars.
. . .

,,,,...,,..........x.. -:
- " ' ~ - '- *

m m $' Air >sr.

- 4 4 Q R g g 't r r n i m y er
- zew frai, l .'iuce s>AiE:

9A ansev no. ( M-''MvI is vue..i n:

.., GREEN RIVER U.TAHI wl si.i a , i. a n...in: o m.>_nus n ..mr.. a . m.e.
..s.t.n__r.s 4 s. tdue.

. a . .xo. . (:<.. f c .e*.1 >...avt a :.,n ut __s.>. a.a_. 1
I liff

|! :f f H VF.

si ns inn. l.t H:A l s teil I.tl i st Y 1 Yl :: sir flax. list Y til'Tilliff! UET I)RY l'ERE! Ell flax. ItRY l' ASS /

lit t . IIAl titl Al. Ist:llS I I T litalS~lllitt: IIFil5 I TY ltEllSITY tit tl 5 IIIRI IDEllSITY . Fall.

|I6 4 12.3 126.9 I10.1 0,2 [ ol9.9 Ph%gf||l:| lisate35 tiSPMO St A -
* ^ n c v r.> < icg. .n o i ,, cc _

C

.l a u o e o u <v. 1101 \ h h 12-(.O 11 2 . 0 10 4 g'
., . _ . . _ _ .

!|G+tc.- io C4'll0D 95.6 PASSq

J._ _ _ .- [__ j ._.__ . _

- ___.

j'- )Jger41 % is't >ls
,

{2h,h | |[p.9 } h. 3 ( #[h .Cl Ib5'

il A II O * U (_ lev. ellOl
'

,

[;q
l/Get1G5 C_%4CSC ] 2,'{ ,q |]3,[g Q,[ Q(g, | PAqS

st A f f O il 171 Clgu, <1|c3 k ( ! - eat

|%
1 - -3.- l Ac;.q li<t. bl 10.l .(i 466 PASS

n g r. c.,
'.1:.

. . _ _

tis <u 220 c.seles S\h-__
<'', | l,(j

_.

'>y a A n o-o ci ci,v. iioa ,i.colg lIOh 2< , , '
- _ s n.:2 4 m.n.:i,

S'||jg
' n',

gg sctCO.> C %<t > %s S1 h -
e,, ,y 1 | 7. Z 11.~7 12<t.9 115.2 B. 4 5 90.3 Pass.;

.i A il r te cicv. <uoz. 4 gg)

a ti scis-s c s<tcu - p
n' ^ U o-"' C Icv. tin IZ(o.G 11 6. 3, 9. O f 99.2 Pass

,
,

rr.n<,co csvtso y*
t u

"- i n it w c ies. ellO3 127.O II(o.9 <l.3 y cl9.7 Pass'

.
~~~~~~

's,

, h' tI s el 1 3 0 C.s P P W <;I A .
h n it osi ucv. <uo.t (gg, S fl,[,3 11 7. 2 11. 7 12 62.7 ll(.>.2 9.C3 99.I PASS~

,3,

=O ri n.s s a s c c s..s w ss A - <w s.7 n '1.2 lo.s GO.I l!4.9 0.s g, too.(o Pass.

11y ni A lif>/ ucv. iioi ,; . gcq q,,,3
OC .J 7tQ :s 7 -

_$ "I.''
h*

AA tit af | t,% t 1. Ofs st'._ ( A* 4 e f.af .d r t. ;_ ./Trc At L (VL1 . $ # ;;.'c __ s .'p\ D II 2
{ j, ..(,' -(. - >l v,) ,{

O''

> - coi -
- -- - ,

g.

'- _ i $|_ g[hg',,,, _ ];j'g"
,. , ,

-

3 4,,,b('ss(' ) r,(> e s v s s sus e, s,Y:
.., e s a e. n -

..-

- , - - - , _ . , - . _ . . - . , _ . ,_ _ . , _ , . _ _ . . . - , . .



-

,- uu.
- ORIGINAL o l' = a 1, e u . ... .. . 0,e. ., n i

4-+Wl-CONiiAG il 30r0 *1"E_3ese Gml k.m DAY.::

GREEN RIVER, UTAH "*"""" "
1,n: _

n.si .sro:ii iCani rin: c.= m _oair- . m. - ^ _,xs3

. _ _ _ _ . C ' ( .' C O . I 4.'l C. ..... a 8 ... 8 <,c as- ! < e .4. L .. . s c. :.rlb.1 r _.- av. t ttst :. : utt.:. -_

I or'

I U; I ri , . l.ucAl lent I.tr i n T TfrE ol' ifAX. littY ul Tittistl UET liRY rERCEll flAR. I,MY PAS 5/Cetuvs:

Int. IIA'ItttI AI. Iti.IIS i l Y llOI SillitE lit.fl5I TY DF.NSITY llul 51'IfR DliHSITY * t t.lf.
~

II91 IO.6 121 6 II'I 1. 1S S, 95.Q> PhSSf lic/lb is E.s 9 0 e o StA- N' il,
'9 A II N L ice -110 3 .g.ocvt 9, I st

4

t n' tjcfl.,,fD C.%'lG'O
*

*

'
. '.. _. y.. . . ..

_.

1 lis93%D Ccy,n.go ;

Il 90O Citti. 'll(PI ( l 2b.b || G. #| 9,d h (D. 2, PhSS

0
l/G#1<t90 Cc,'tif>S M h- S~lli

#,IO II F 4' Clov ellO3 .t . CO2, ici !! O. 2, IO. h IZ7 2 }|7,5 O. 3 #} h. h> Eb8S
.

', - . .. -- . . .... . . . . . .
_

y
_

,.

m. e , .m

m us - s:ss a r 5 - sc s.w M -e alsD'L rrn
. _ _ ,

. . . . . .. . _ _ . _. ._ .. ..

*
-

.p A q.
. . - - . - . . . . . . . - . .. . .-

_@44?4
7,> w

i '' f\fL.E a e/ d )
-7 p

s % ,,, - - ',

l' ,. F \ -T __ _-

.,
. M1( mi . L,i.

.:i 1.

c'

.

i

,
'

I

. . . . . . . _ . .

1
I

-..enN.-

f

./ . - (' nvnnin av: I , w ,, ,M.y,1, 1_.
.

.. . . _ - , - . _. . -.-., ...,._ ._ _ _ . . _ _ . - . . . - , _ _ _ , _ _ _



- _. ,

v' h te -

w i v .. memrr i
4-G-eq CONTRACT :ll 3050% foR

.,s.1: _mse Gvuu iner nux:
GREEN RIVER, UTAlf""'""" "

ha ils, sn Cincu nens _c mc._ tar ug- h_a..s maxs "

,
.

s'. < . ') s . e ' > *t a.. l'* t <,,s . T e tats tw :tL.a * '( Y.*2 1.1 ; _d.$ [s [*L C3 *ee L11( W - - . .

' * n '

I lif'
__ . ..

O ,* . *c c s . . p

d als: tre s. l itt'A l l titt I .fil lt Y TYI'I; til* I, A X . IIRY 1sI'Titlerti stet DRY PERCEI I flax . DRY l' ASS /C,Ilt VE
' ' .

fit). IIAIERI AI. IIElI5 8 'i Y fittI S'118HE Dell 5ITY DELI 51TY fittl STill I. DEllSITY. l All.

''
,__

IlY1470 C$9F1C, Sl h - S'i||q iI4.1 1O. P> In9 il7.I ' 9,2 6 JB-L
. _ e 2.

M'55
jQ,E' ^ " c' ".7 o<v.moa .,.coz Lua

4 't

}/f A E C O C. S et2 6 0 '/, C Q '7. ~') PASS
\ |2f(,$ ||(,.

-
\ - - |- y

#

GI A fI MR - L ttv. 4101
7

q
-

,I s .4. u . o c y , n s j 12(3.0 IIS #1 B .~7 q 97.2. PASS

k,h A II Os's
h cist,. tion

m(2.[l)
t

4 PASSlicquio c.sc tts 12 1.5 11 4 . 5 '~). #1 $a

h-W A !! NO un .4 ion ( ( ( L _ a tst m

g'v1
:r iIcAePo cseelc< srA- ll 46.0 Pass

|Driill IIf61 Litv. 4:04 4.pg2-_ s~ ;do. . - .
_

p g |19. 2 10.22 12 2 .5 IH-5 '7.I
,

.

- . - - . - -

. _ . . . _ _ . _ . ____

~$ l'~C M t C t % . 5 !{!{. Q C $ ~ 6C' .'633* ~]. hip - []l!.h> [
'

.

.* -* *N e*+M*w
6 m eehw e- h.-m

O

o5 C-.

|
. _ . _ _ __ _ . . _ ._ _ .

.

. m _i q
- )

*

_ .. _ . - - --_
_ . -%

.I |1. . t f.*( { } h h.( , . . l : g.\ *
4 c-

.

. . . , . .

| Si r.y h-3r.
1.. . . . . _ **'-

, fg,, 7g,,4 _. __

;
,

,,,;,,,,,,,,,,Y.
. . . . . . . . .

. .- - _ . .- --. . - . . - - . . - . - . -.



i[v.M.ORR.tS.O..N...K.NU.D.SEN,3 s ,c4_y t uContract N3. 63 M-05 riie No.
ENGINEERS. INC. Sheet

~ 13. . .,.

. ,,, , W u, ' f c't 1 cf & M,.+'l* . Designed h M~ . Date "e6 3dli 8i*'
Feature
Item To pin tL t*' NM ' Cb'm E'4&''A Checked M8C Date _ Y#NM

T sJ P' h C E S u P F ~. L (: .m ,
.

n a p u " u , + ': n - p + - d |

j: ! Ya (,> < f ) |v)6,') { / b c - ?)
i

.
-

X 10. S 33 15 9

3.\ t ! 1 43 | 1.44! [ = - +' -- = -- -- ---r
='/S .' o.:17

'

o, n 3 c.sM'G$c

.---.

' |* f )-. . . - ~
-

___

i

I

G i

,

1



-

Ocmoennso.IS. ON-KN~U.D,SEN E3, GEERMORR 1te INC, Sheet Y~1Cs ;p ' ~7 Q Contract No. !,n- !~ # R File N3.
ms so -,, .

. Protect -m -

- Date D -} s *I " #! " " . ,
f 4- f* A k' M d ' \ 5 '- ''* " J+-

FerL ' 'h E'' A' ' Od '''2 ' W Ld ' O ^
Designed.c

item a^t Checked "' Date h e*
\-

. . uA .4; ' (. u~4 >
.

< |

5)) :l.:$ f^<rA. Gel)L k r. * ta \.s *E |'' t-.

a <> % 0|:an. ~><~ h 5 fv.h ;r n \ ~ g:- -

C w$ ;

b 4.J
b.\ ra

..

Y. . ,
~

4

s aac ~, = / _; d t,-
. <.

-a

I., /A u. h dr.i..c (3J N sb)W ddtbM) 3 f h Oc.
'

;,

.. . . .

e :.:\. p ~ ' , ':s.': r r : :m i &J 's, . Q ,,) .. % \.

a} , s-

.- i a .9 . ; -u.c .: , , -u u.x

,

.-

'',s : -.s

_ .: . :' -

,

c+ (i p 4
b- f

r i o ,' m ,c 6 ,W . ;) .3.. :||4 P" N/
'v -e . ,.: .a,..

- s -
- /

i: r v :. c . . .r e : cs. : n :1 >:L,' .n. . . .

4 . d u. ,
'~ . - >

a ,. y,g . on . ..: , .: .- e n ,ml e .;, s N/ : s f e.
, , -

, - . . - .m
.

) 1
.

r. --~

~. . w b d(.< (\.:$T D v ), : '~ . :.: c* .<.. .

- -

r.t
.w. ..

.

' ~ . . k.b 4.<as d *, . .c s4 : .1. . . J h;ad. A ''. . : : .-'
.. . .

. . . . , . . . .s. ,9. u \. . a.I
---.s - .t; a. .a, , ~~~e G ,4 .* .. *,. . .

. .

.

. --. . . _ . . _



-
..

.

$~M
. ,.

(v.M.O. RRIS..ON K.NUDSEN E
NEE, RS, INC. Sheet

- ,

U-\ ,# < N Contr:ct No. ., .. ,5 File N3. ;
.- ..r.. Project

, '

* - Feature a3M' 5 Dk * 5 ~W N8b * I i Designed M I '' Date d' 3''~ M !
.

*r'

h 9' th ?*P~ A r % *I' '^ ' N'* ^ Checked W' C- Date Thrite \
Item

i

1

. -

h Md !' -

TJ i9.T 'L 3A
ce t. WMd aJ) n.-w e s=,q i

ia z !-

I

i >'\. As T k b4 ) )* .3 0 70 7 . "- !
e ,

:
!C

f. 6 L h!,\i h .6 \ t . ~l !CNgh.
-

i

dr h.3 $ Ie h !b.b | $. k
;

r

!

?

!

d)'

:
'

s

.', L :i . i , ) 's t k \,Od *. ) i.4 ;* :,' . nktb :,f, nV.tr. t
' '' '

.

|

v} '\
J i i-( D". W., 0 $ e- !*

j* i +' yi.j' '

O #
,

,

. s

% $a I,...h' v. h t. Al *. M
, . .,,

,
, -

f**d .*.% e f(*M (4 j (J . ' ," *
,

:(M an f
\ t- .

A v , M t~ 01 "M- [h *, f.O d
8b

-

. \/ ; ..e. g.:C )& A J i i .

>( _ (s e, .,J ., y ,. s v.44 r ;u ., ,,.

v J s, ,
| !
! /

!
f

' -
|

}j-. " ) r d
*

,

W .- e .. .. ; y4 r -t m..A - .
.

. ew ..

| : n.1: : T .a .) Y; ..

r- - ,

*<* ;fd o J +v' TJr 'u% . C 'e, a

*s .. ,i

, ? * F. ,+ A e it k''

|
l.
I * 4 6 ' \ E '. 4

,o-

0 L~~

i , 7 . . _-
-

.

'

m .A

- .

_ - - _ _ _ _.



- -. ,

sheet $~kl,-
,v.MORR.ISON-K..NU.DSEN [tiGINEERS,INC*

.

(
' V Hs < +'- G % Contrac: N3. o e M ,' File No.-. n.. ..

-

' , ~ * Project -
P4 2 dEe Md'l5 Designed C '- Date H D4 I

*

Feature %\ ^3'' " h, ' . ,'

Ite m L T A LL- Pa m *d# e G4 nt Lt c * *+.aN r' Checked N7 C Date M?' !'

l -^ :.

I*

a

r
r

,

v. ..s

h, g

| Tk?E h(c.w [ .9

1

.s . . . e s u 1.M o.11-

:
C 1

55 k) . *1 h h b fw

I 5, ~N, i e \5 3 44 c . \1 -
e

!

t
t

?

t

( . c"*'
__

i

/k 7 ,J.bh '. m us's83 ~ \,I :.5 l ',pIaM .
. g i

9 4

** *

V- a ~us
een -

e

,

i

i
!
+

'

| b bb. )b
-.

E r

_ - _ _ _ _ _ _ - - _ _ _ _ _ -



i - N/

t. ORRIS..O.N.KNUD,SEN ENGINEERS INC. Sheet 4. Lr
t. -<

M'

' . , v( I
sm g @M - (% C:ntract No. M M*C i File N'

.

,% , . Project
^ ^8 5 Ofc4 _ ike hd it o ,signeo_ v 3r' Date 6 J41-'d s' |. *

Feature ] U Y te-We MNe CW' ce f * 6 s &e. Checked NdC' Date 7/* ^W |
<<'

ite m e

:. .

I

I !,
i d

N
tw M M hA!6 <cis

. . -
- ,

b

'

L
. ,

y 3

\''\+T' C , des $:sks %* k$~'

tS.u G'
!

8

.s\.a 5 !16 i t '4 \.%
0-

'

( 5 f.,. Q \tb l.%~. \,\h
< i

i. i

s

i A P.;C ( ts

1

-.'0 --$ M 6IC.' s-% <

. ;

- - w ouse

- * 11
jN. -| e

*\ f*
,-%

i ,. %

b M. fe . ( 2 ,' , ! . e.tf s' d ,.i s* ';(O .

! l"\( 1(\. | (. ,, ,
_-

- .
.

.-

. :. , | *5 A.L\ |.\ R'' "
,

,

4 ' i' ,

.r ~

4 S 5.b 6 0l't pd".
,

. . . .

t' w .g wm .-

h} f

i.e

e

5

- - - - - - - . _ . . _ - - - . _ - - - - . - - - _ _



__

1
*'M 'x-

M INC, sheetv c. ORRIS. ON.KN.U.D.SEN ENGINEERS,A
Contract No. e * e. '-: 5 File No.

( : i p' ' f. 4 - (- E,.. 'mc.

< -., -* - * * - Project
''C 'N/o * ' M M ' III'f't! Designed M j (- Date b -) ; C !#' ~

t <' Feature '

9 A U- YMM' l 'M O'i NS ^ Checked WOC Date #! #9'' 5

Item 2 \
..

,

i
-

|
'

: tJ $$20 j

%ta.hi*wdf= |
k. p, fA d .m jdAf i t.!ks M h4di^ o f#. e.

- e

k\Qie .V 3 v ./ $4.- t.1, ? whM j L' e.!. MJ Ae y;dsCj .t ;*

;k' 4 e' J . .
1c

L{ ~~

VJ .w) [/ (, C /.4. l .W '4 )*

. e

fneemd Qv. W k:(D 4..: b w e.ce.
..

l.use1. n, \4. v t .4 .-
.

s
~

ets * LO $ 1% 6 ( C of f ' f ' LV*=
v4 M .' s - V .1 .' E $p) t%e k* k' j

.h u d. : e ci .s d a A:r n ,0:E: v.a w 'J ..) :( % m :

s ) : M e) pe) 0.), b <'s.. sk ,Jhst
. :. .k_.h k t-

A.,'.N f .AN A'Go. . .-

,.- m i.. _ ..

m. Ma m6 \ cu.(. ,i or. u we 4,J needd ..J.c

* : ,h t..h ( .sd i
.: . .. ..% i! s []'; ,f ' . , .4g y 2ec . 4 .s) 13'-

e
* .# f g ,

4{h%
lh t'. ! f * m ,1 * * .*t.4 i ' . ) 7J /(,7 **

*. ' ' '#.i t_
, ,* v

= .k. t e absh(qv) YL :( u dftY 0 s2.1a

.

.

+

,

i

l-
i

|
|

!

.

Cm
_ _ _ . _ _ _ _ _ _ _ _ - _ _ - - - - - - _



, ..

,,

Sheet A-t5(*MORRISON-KNUDS N ENGINEERS,INC.gTy_c g.J Contract N3. , m,s_ File No.
'

<,. , . ., - - - - i
. , ,'* Project _ -.

Designed M M s. Date D d A ^
E W M'@'SU

'
' T ' \ ^t * M, _ ''4
. ,, ,

F Feature
-

1

% M# Mi' e4 Checked W4 Date MRItem T^FW P " < *> W

L ..

. ,

, ,
t-

i

-as

* * %,,

.

h

-

nl t .m w. An< ha b YA hud cr $ !TH D-(,9 $ f.c
|:( c. q .'d:rn h i- r VM h co d-re \ c : Q gh e- [ h,\.gg )

t |1
. ,

hp.b wj y,, {{c e %bt:, , |
O

:
1

.-

Qf v

*
A

f, N. -*II b
$ V 4 b ,vgg '' , % 4. (* . 'g' , .=. i

>

M #~hM

i^ , a C ' L';, / f.

I
4, | p a, r b., t e$ tUL *M MM + ! a '. ; o E -y p ra# ,

I
'.

--- - :A -
.

, i kA kb,
. ;; J v ,, 3.* .~4 h a w . $1 , b '. , ,' ' i? <th* -8 *

i

% 1

* Of
_

.

; z-

e a= r

,tbk O' $ \9. f fpu 'j a . < $ f $5 .= e*IN #*

, .. . - .
,

[ *9 I -
*I ft ** ' - [ . .I *. e. , g*,.ti, ' 4%*4E F I fh y' ,

1. A. . d.:
~

.. ;:;d a~ Y,s : . ..~.:\E5. nb :r' : .:.
- , .a ,.:

,

I .
*

M,a :* i: 4 ya ,Te < > 1 .
,

' . . .

t

r

If )
\. i

l

I

_



- ; J
~ ~

,-p- ' . s. Son-og

tt3hs17.i c r.,

uM h G40-

= \ miM*# exd . en 7/>rf.7.

s _

__
_

i | wt 8 * I
=

C c .. :co t ! C M C- s6 6=

G .t n i M l'z.O
.

-

s i

r un - c c \ ; \ c, z s ;.y !
- .

- e.~J.v"

; m.9 \c?.6r.:

m4 - co t- lb.T 99.5
c M - 0 7_.4 ! (44 1 o3. o

g (_ g _ 4 - o 7_ 5'
'

A\ .\ ( o 5. \

=) CM-4-c% M.o \04 6 i
'c.g a.- ez7 n.9 ( os. s

CM-d 316 ' 5. S 33.'o j,

cM-A-CIT i s .1 101.3
4.p.. - . -. --- --- . T W3 ---- ! " % 4 \m+ J @Mgg 4_o$t _ _ _ .

G v
- CM-A-o3's it.C |e4,4 ~

~

~ %- 4- o3 9 ! 1. S t o 3,5-

-
# ** )p # i - # s her

C h" A - C5 b .i.\ \ Ol. h
CM- 4 -c37 is, c )ci e

_

CM-4-CSS .f. 102.3
cm-4- - r? '- ' i: e _

-
** '. -- ? ''', } y n ,,o , t

~

- CN-A-Cd l. 3 ( O| . 2.i1

t --
,_''- , ,<1

_

'i
. ..3, -# . a '; e x,,y g 4 ,g ; ,E ,, L . - i

F
~ , : _e li. - c.f.,f. 3L3 .4- _ . g_ .. . ' 4 .' a.-

.- _ . p .._..._ _ _ ..; w ..,. _ 4
/

'

_ . _ . _ ..

K
y - '% \Q ~

,
- > ,,,o,.

m* *
%, *

Y% tf ' A * h *' 'f;
1 e

W _ _

-
, 23 ,7

. .. J a :n ..e .

== u. ~ '
. O .

_ ~ , '/
M J ,, ,k* O ,-Ct - - *

r ~ s - *a

,

~ ~. |* $ =
__ _, ts.f ,ym
m-

p

@ - 2. 1 * #

-
:

s . . - , , , #

__
** g

E O.8

.

(p. n .u. % ... n _,
. s

- - - - q



-mr,
g-

.

,

.

'

; . f ;.
ENGINEERS
AND'

' CONSTRUCTORS

M MK-FERGUSON COMPANY
A eBonnes0N ReeWoteN CO4BPANY

ME ADOUAR'ERS OF8 ICE
orvE EREVIEW PLAZA
CLEVELAND omOU $ A 44114
PHONE pts)6235ecorTELEX 985542 REPLY to Mu.fE ROU50N COMPANY

REMEDAL ACTIONS - -

CONTRAClOR UMTRA PROJECT
,

!
Po BOX 9136

,
ALBUQUEROVE NEW MERCO U S A 87119

'
- October 12, 1989 89-3050-773

iv;.

. Mr. Mark L. Matthewsy
Acting Project Manager
U.S. Department of Energy
Uranium Mill Tailings Remedial Action Project Office

'First National Bank Building
,

5301 Centra 1' Avenue N.E.
Suite-1700
Albuquerque, New Mexico 87108

SUBJECT: Green River - Permeability Tests

RE~EERENCE: Contract No. DE AC04 83AL18796

Dear Mr. Matthews: i

Enclosed for your records are two letters from Fox Consultants to
John Singleton, dated August 31,.1989 and September 27, 1989.

These letters provide a complete set of permeability tests performed
on radon barrier placed on the Green River cell.

If you have any questions, please contact Rob Cooney.

Sincerely,
r

MK-Ferguson Company

/.
s

M
|- J. t Oldhame

|- Pr ,3ct Director

JG0/JRB/kj a

|- Enclosures
1

cc: C. Watson, DOE /UMTRA (w/ enc.)
F. Bosiljevac, DOEfUMTRA (w/c enc. )

'

. J'

3562K

W= _ _-_|--.
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'

GEMECHNICAL. MATERIALS & ENVIRONMENTAL CONSULTANTS

D$NVER AJUQUEQ$

j 0137.
'

ACT {lNFC'

; J.slN3LETCN l Vi '

g[ Q, }.
e

j t,,,3ggy ; ;

! i .

@ SEP 1989 t,,_, ; e.tswis
-

o, mo:.nen ; :
August 31, 1989

2 RECT.1YdD @ t c.sTcwe ! I j
- Morrison Knudsen ; ino. ave:s>:E i J __:

f' Company, Inc. , 3,utgir iV i !

i IM-K Terguson Company
pg 8S2Mg ! rite 7. iPO Box 361 j'. .

'

Green River, Utah 84525
_ ,

Attention: Mr. John Singleton Job No. 1-4250-7993-10
.

Dates of Testing: August 11 through August 29, 1989 *

Subject: Field Sampling and Laboratory Testing, Radon Barrier, Green River,
Utah

Dear Mr. Singleton:

At ynur requast, an engineering technician was provided to obtain sa:ples for
laboratory testing at the subject project. The technician obtained
permeability block samples PB-1 through 4 and bulk samples GRN-3 through 6 ono-

'

August 11, 1989. Permeability block samples PB-5 through 8 and bulk sa:ples
GRN-7 through 10 were - obtained on August 24, 1989. The permeability block
samples were obtained in accordance with the Bureau of Reclamation
Earth Manual, Des. E-2, Part A. Sample locations are sho'rn on Figure 1. All
samples were returned to our laboratory for testing.

|
The results of enisture-density relations testing performed on bulk samples

b GRN-3 through 10 a:t presented on Figures 2 through 9. The results of
I permeability testing performed on per eability block samples PB-1 through 3 are

presented on Figures 10 through 12. The results of sieve analysis and
plasticity index testing performed en permeability block samples PB-1 through,

| PB-3 are presented on Figures 13 through 15. Test results have been summarized
on Table 1 for your convenience.

|

...'a

! ' DENVER OFFICE: 4765 inceoendence St. * Wheat Riege. Colorado 80033 * (303) 424 5578 FAX (303) 424 5578
,w_-_____-_-_-_-________-_-__

_-
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M-K Terguson Company
Attention:: Mr.' John Singleton i
Job No. 1-4250-7993-10
August 31, 1989 {

L Page 2-
| .

'Further laboratory . testing.is in progress and results will be transmitted to'

you as they become available. If we may be of further-assistance in evaluating
these data, please contact us at your convenience.

~

Respectfully submitted,

TCX CONSULTANTS OF COLORADO, INC. Rev wed by: ;

f. A
'

'

Mary S. Broncucia, C.E.T. Donald R. Clark, P.E.
'

i:. Principal Engineer -

MHB/nh

Copies: 3 o

Attached: Location Map, Figure 1 r*DONALDq,j
Moisture-Density Curves, Figures.2-9 Sj CLARK

:E/fPermeability Results, Figures 10-12 "g. 5280
Sieve Analysis / Plasticity Index, Figures 13-15-
Summary, Table 1 ..

OF d

L

.
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,' DAILY DI ARY- !
''

, .,

PROJECT: GREEN RIVER RADON BARRIIR

LOCATION: GREEN RIVER, UTAH

= SOURCE:

PROJECT NO: 1-4250-7993-10 REPORT No: N/A DATE: 8/11/89
!

. PROCTOR NO: N/A -TINE: N/A '

SANFLE N0: N/A ENGINEERING TECHNICIAN: BASHAM

,

. WORK PERFORNED:

The contractor, MK Terguson Company,- had. prepared.the north face of the radon
barrier cell prior'to my arrival on-site. I obtained four permeability block ,

- samples,- 1-4, and four bulk soil samples, 5-8, from the given locations and
elevations. The samples were returned to our laboratory for Proctor testing,
classification, moisture content, and permeability determinations.

The sample labeled as PB-1 has a- diagonal fracture line running through it.
Further: investigation at the site determined that this fracture line was caused by

| a~ thin line of undercompacted soil that-ran hori:entally along the embankment for
Eore.than six feet, the width of the test hole. I ' reported this to Steve Mart:
before leaving the site.

*f
,

l '.
g

l'
_

[
*

.,
. . ,

.

.

DAILY DIARY ,

' GECTECHNICAL. MATE 9tALs a

ENVIRONMENTAL CONSULTANT 3

DCR 1

. , . - - . . - - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ -___ ____ __--__-_ _ :
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- * 'D A1LY DI ARY

-PROJECT: GREEN RIVER RADON BARRIER

LOCATION: GREEN RIVER, UTAH
;

SOURCE:. RADON BARRIER

' PROJECT No: 1-4250-7993-10 REPORT N0: N/A DATE: 8/24/29

-PROCTOR No: N/A' TIME: N/A

SAMPLE NO:, N/A ENGINEERING TECHNICIAN: BASHAM

VORK PERTORMED:.

Permeability blocx' samples 5-8 were obtained along with bulk soil samples 7-10.
These samples and permeability blocks were transported to our laboratory for
Proctor value determination, permeability tests, classification, and moisture
content tests. The locations and elevations fer the samples are on the attached i
locations atp.

.

":_

L
.

RIMARKS:
,

} Steve Mart: made some elevation corrections on the permeability block sa:ples
obtained on the first trip, August 11, 1989.

Only four sa ples were obtained because or delays in the progress to- the north.
slope (5:1) of the cell. . Steve Mart: stated that high winds had dried the soil out
and.the contractor was reworking that area.

|

>

< ,
,

..

DAILY DIARY

GE0 TECHNICAL MATERIALS a
ENym0NMENTAL CONSULTANTS

DCRol-
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LABORATORY MOISTURE DENSITY TEST RESULTS..
.
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MOISTURE PERCEM OF DRY WEJGHT

MAXIMUM DRY DENSrTY : 119.0 pcf OPTIMUM MOISTURE CONTENT : 12.5%

SAMPLE DESCRIPTION : Bentonite Aix
LOCATION : Bulk Sample GRN-3, PB-1

1'
1

I AMT. OF MAT *L. FINER DIAN : *4 SIEVE *10 40 *200
1-

| ATTERBERG IDUTS : LL: PL: PI :

1 SWELLCONSO!JDATION RESULTS :

| UNCONFINED COMPRESSIVE STRENGT11:

. CHECK POINTS :
L

| LABORATORY MOISTURE DENSITY TEST RESULTS I Proctor No.

* I"
osersci ot.mrsaw.s a

M sNvWIONWENTAL CONSULTANTS Fene 2
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LABORATORY MOISTURE DENSITY TEST RESULTS<
'
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| MOISTURE - PERCENT OF DRY WEIGHT

MAXIMUM DRY DENWTY : 116.0 pcf OPTIMUM MOISRJRE CONTENT : 12.0%

SAMPLE DESCRFTION : Bentonite Mixo

LOCATION : Bulk Sample GRN-4, PB-2

AMT. OF MAT *L. FINER THAN : 84 SIEVE *10 #40 *200o

ATIERBERG LIMTTS : LL: PL: PI:

SWELIXONSOUDATION RESULTS :

UNCONFINED COMPRESSIVE STRENGn!:

CHECK PODUS :

LABORATORY MOISTURE DENSITY TEST RESULTS | Prociar No.

% Tm Proc.
americ, caursae a

J sunac>4uewra CONSULTANTS F,gure 3
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SAMPLE DESCRFTION : Bentonite' Mix
LOCATION : Bulk Sample GRN-5 PB-3
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AMT. OF MAT *L. FINER THAN : *4 SIEVE *10 e40 *200
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LABORATORY MOISTURE DENSITY TEST RESULTF., | Proctor No.
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MOISRJRE - PERCENT OF DRY WEIGHT

MAXD4UM DRY DENSITY : 118.0 pcf OPTIMUM MOISTURE CONTENT : 11.5%

SAMPLE DESCRF110N : Bentonite Mix

LOCATION : Bulk Sample GRN-7, PB-5

AMT. OF MAT'L. FINER THAN : *4 SIEVE *10 *40 *200

ATTERBERG UMTTS : LL : PL: P!:
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UNCONFINED COMPRESSNE STRENGTH :
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LABORATORY MOISTURE DENSITY TEST RESULTS | Proctor No.

E Comp. Test Pmc.
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MAXIMUM DRY DENStrY : 117.0.pcf OPTIMUM MOISTURE CONTENT : 12.0%

SAMPLE DESCRIPTION : Bentonite $1x
LOCATION : Bulk Sample GRN-9, PB-10

AMT. OF MAT'I FINER THAN : e4 SIEVE *10 e40 #200

ATTERBERG IJMTTS : LL: PL: PI:

SWELIAONSOIJDATION RESULTS :
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CHECK POINTS :
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UNIFIED SOIL CLASSITICATION
## O'

COBBLES SILT OR CLAY
coast | nw couetj umuu | rwc

U.S. 51 EVE IIZE Di DICHES U.S. FIANDARD SIENE No. NYD80Mri/ER

,
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CRAIN SIZE IN hrn rwrER

h h DESCRIPTIONgnrBOL BORING

O PB-1 N/A 34 11 CL A-6(Si
,

:

1
..

1

l

Remark : PERMEABIIIIY BLOCK SAMPLE PB-1 |

2-4250-7993-10 GREEN RIVER RADON BARRIER

FOX AND
GRAIN SIZE DISTRIBUTION Figure No.13
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SYMBOL BORING ) h DESCRIPTION
O- PS-2 N/A 28 15 CL A-6(8) |
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|
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l

Remark : PERMEABIIIN BLOCK SAMPLE PB-2 -

1

I2-4250-7993-10 GREEN RIVER RADON BARRIER

FOX AND
|GRAIN SIZE DISTRIBUTION Figure No. 14
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FOX AND
GRAIN SIZE DISTRIBUTION Figure No.15
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g Mornson.Kn:dsen' y

@k' Company, Inc.-September ~27, 1989 -i

S! GL s, % -

M-K Terguson Company I

PO Box 361
,

Green. River, Utah 84525

Attention: Mr. John Singleton Job No. 1-4250-7993-10
,

t

Dates of Testing: August 30 through September 26, 1989
.

Subject: Field Sampling and Laboratory Testing, Radon Barrier, Green River,
<

Utah

Dear Mr.' Singleton:,

, At.your request, an engineering technician was provided to obtain samples for
. laboratory testing' at the subject project. The technician obtained per-
meability block samples PB-9 through 12 and bulk- sar.:ples GRN-11 through 14 on

' August 30, 1989. .' Permeability block samples PB-13 and 14 and bulk samples GRN-
15 and 16 were obtained on August 31, 1989.- The permeability block samples .
were-obtained in accordance with the Bureau of Reclamation Earth Manual, Des.
E-2,'Part A. Sample locations..are shown on Figure 1. All samples were
returned.to our laboratory for testing.

The' results of moisture-density relations' testing performed on bulk samples
GRN-11 through 16 are presented on Figures 2 through 7. .The results of

'permeability testing performed on permeability block samples PB-4 through 14
are presented on Figures 8 through 18. The results of specific gravity testing
'are included on Table 1. The results of sieve analysis testing performed on
permeability block samples PB-4 through PB-14 are. presented on Figures 19

.through.29. Test results have been summarized on Table 1 for your convenience.

1

DENVER OFFICE: 4765 Incependence St. . Wheat Ridge, Colorado 80033. (303) 424 5578. FAX (303) 424 5578 is
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.M-K Ferguson Company.
' Attention: Mr. John Singleton
Job.No. 1-4250-7993 10

-September 27, 1989 i
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' '
All laboratory ~ testing scheduled has been completed. If we may be of further

'

-

assistance in evaluating these data, please contact us at your convenience.

Respectfully submitted, !

. FOX CONSULTANTS OF COLORADO, I IN Re '' twed by:

,# g*'

, .

Mary H. Broncucia, C.E.T. g| DO Dona R. Clark, P.E.
CLARK E ,

M 5280 g = Principal Engineer ,

,/MHB/nh = .

keff7d*[O$'Copies: 3 7
#"4Innmnu

Attached: Location Map, Figure 1
Moisture-Density Curves, Figures 2-7
Permeability Results, Figures 8-18
Sieve Analysis / Plasticity Index, Figures 19-29

. Summary, Table 1 *
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D AILY DI ARY ,

. -

I
-

; PROJECT:. GREEN RIVER RADON BARRIER

LOCATION: GREEN RIVER, UTAH
,

-SOURCE: RADON BARRIER

PROJECT NO: 1-4250-7993-10 REPORT NO: N/A DATE: 8/30/89
'

PROCTOR No: N/A TIME: N/A
,

-SANPLE NO: N/A ENGINEERING TECHNICIAN: BASHAM

-

,

i
VORK. PERFORMED:

Tour ~ permeability block samples- and four . bulk soil samples were obtained at the
given locations and elevations. All samples were transported to_our laboratory for
Proctor determination,- permeability testing, sieve analysis, and specific gravity

,

determination,

,

|

r

REMARKS:

Samples from locations PB-11 and PB-12 were obtained from the third lift before the
fourth lift was placed and compacted.

o

|

| DAILY DIARY
|

GECTECHNCAL MATEMALS &

ENVim0NMENTAL CONSULTANTS
|

DCR1
- . ., . _ _ _ _ _ _ _ - - _ _ _ _ - _ _ _ _ _ _ - _ _ - - _ - .
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'
- PROJECTt- GREEN RIVER RADON BARRIER-

-LOCATION: GREEN RIVER, UTAH '

L- ~ SOURCE: RADON BARRIER .

i

PROJECT Not. 1-4250-7993-10 REPORT N0: N/A DATE: 8/31/89.;

t >

'
PROCTOR Not N/A TIME: N/A ,

8ANFLE No: N/A ENGINEERING TECHNICIAN: BASHAM

p

VORR PERFORMED:.

Two permeability block samples and two bulk soil samples were obtained at the given
locations and elevations. All samples were transported to our laboratory for -

Proctor determination, permeability testing, sieve analysis and specific gravity
. determination.

;

REMARK : {

DAILY DIARY

E GECTECNNCAL. MATERIALS a
ENymCsuENTAL CONSULTANTS

. DCR 1
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Fcx Consultants of Colorado. Inc.
4 .

Green _ River Radon Barrier
"J .~; b No . 1-4250-7990-10

,

'S?.ptember 27, 1989

LABORATORY TESTING.5UMMARY
,

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

SAMPLE ' MAX.DFY OPTIMUM PERM. NATURAL _NATUFAL SFECIFIC
'I.D. PCF M.C.% CM/5EC. DRY FCF M.C % . GRAVITY.

,

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

GEN-11- 116.O' 15.0
GRN-12. .L15.5 14.5
GRN-13 .114.5 14.'5 ,

tGRN-14 313.0- 15'.O
(_ GRN-15 110.0 13.0

GRN-16. 116.0 12.5 ,

PB-4- 3.8X10E-9 112.5 16.8 2.70
PB-5 0.4X10E-9 118.5 14.9 2.65<

.FB-6 7.EX10E o 111.9 15.0 2.71
PB-7: 1.5X10E-3 120.8 16.6 2.70
;FB-S 2.EX10E-9 116.1 16.6 2.u7
PB-9 1,.3X10E-9 114.6 17.3 2.oS

,

. PB-la- $.!X10E-9 11E.1 16.1 'O.69
PB-11 2.QX10E-9 115.7 17.7 2.72 *

PB-12 1.7X10E-9 112,6 17.0 2.70
PB-1; 2.4X10E-7 109.5 18.5 2.66
PB-14 2.9X10E-7 115.9 17.5 2.63'

-
,

r

&

.
L

Tabbe1
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-LABORATORY MOISTURE DENSITY TEST RESULTS_
...
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11 15 20 25 30 35

MOISTURE PERCENT OF DRY WEIGHT
!

MAXIMUM DRY DENSTTY : 116.0 pcf OlmMUM MOISRJRE CONTENT : 15.0%

SAMPLE DESCRIPTION : Bentonite Mix

LOCATION : Bulk Sample GRN-11 PB-9

AMT. OF MAT *L FINER THAN : #4 SIEVE *10 #40 *200

ATTERBERG LIMTTS : LL: PL: PI : -

swell / CONSOLIDATION RESULTS

UNCONFINED COMPRESSIVE STRENGTH :

CHECK POINTS :

LABORATORY MOISTURE DENSITY TEST RESULTS Proctor No.

'

GECTECmCAL tuTERM &
E|FM SvWomeENTAL CONSu.TANTS Figure 2
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MOISTURE - PERCENT OF DRY WEIGHT

MAXIMUM DRY DENSTTY : 115.5 pcf OFrtMUM MOISTURE CONTENT : 14.5%

L SAMPLE DESCRIPTION : Bentonite Mix
|
L LOCATION : Bulk 3 ample GRN-12 PB-10
l-

AMT. OF MAT *L FINER THAN : #4 SIEVE *10 #40 #200

ATTERBERG LIMFTS : LL: Pl. : PI :

SWELI/ CONSOLIDATION RESULTS

| UNCONFINED COMPRESSIVE STRENGTH :

CHECK POINTS :

LAEORATORY MOISTURE DENSITY TEST RESULTS Proctor No.

osCTECHNCAL. MATE *W.S &

M ENvm0NMENTAL CONSULTANTS FWure 3
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MAXIMUM DRY DENSrTY : 114.5 pcf OPTIMUM MOISTURE CONTENT : 14.5%

SAMPLE DESCRIPTION : Bentonite Mix

LOCATION : Bulk Samole GRN-13 PB-11

AMT. OF MAT *L FINER THAN : *4 SIEVE *10 #40 *200

ATTERBERG LIMTTS : LL: PL: PI :

SWELIJCONSOUDATION RESULTS

UNCONFINED COMPRESSIVE STRENGTH :

CHECK POINTS :

LABORATORY MOISTURE DENSITY TEST RESULTS Proctor No.
_

E Comp. Test Proc.*
oEartemen. unraw.s a ,
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MOISTURE - PERCENT OF DRY WEIGHT

MAXIMUM DRY DENStrY : 113.0 pcf OPTIMUM MOIS1URE CONTENT : 15.0%

SAMPLE DESCRIPTION : Bentonite Mix

LOCATION : Bulk Sample GRN-14 PB-12

AMT. OF MAT'L FINER THAN : *4 SIEVE *10 #40 *200

ATTERBERG LD4fTS : LL: PL: PI :

SWELUCONSOLIDATION RESULTS

UNCONFINED COMPRESSIVE STRENGTH :

CHECK POINTS :

LABORATORY MOISTURE DENSITY TEST RESULTS Proctor No.
_

oaOTECmCA. auftme &
KM EmomONMENTAL CONSULTwTS Figure 5 ,

_ _ __
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MAXIMUM DRY DENSTTY : 110.0 pcf OPTIMUM MOISRJRE CONTENT : 13.0%

SAMPLE DESCRIPTION : Bentonite Mix

LOCATION : Bulk Sample GRN-15 PB-13

AMT. OF MAT *L FINER THAN : #4 SIEVE *10 #40 #200

ATTERBERG UMrTS : LL : PL: PI :

SWELI/CONSOUDATION RESULTS

UNCONFINED COMPRESSIVE STRENGTH :

CHECK POINTS :

LABORATORY MOISTURE DENSITY TEST RESULTS Proctor No.

E Comp. Test Proc.
os orEc m CAL. uAtta m a
ExvimoNMENTAL CONSULTANTS Fx;ure 6 |
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SAMPLE DESCRFTION : Bentonite Mix i

LOCATION : Bulk Sample GRN-16 PB-14

|

AMT. OF MATL FINER THAN : *4 SIEVE *10 .40 #200

ATTERBERG UMTTS : 11 : PL: PI :

SWELLCONSOUDATION RESULTS :

UNCONFRO COMPRESSIVE STRENGTH :

CHECK POOfTS :

LABORATORY MOISTURE DENSITY TEST RESULTS | Proctor No.

% h Proc.morEc= Ame .
M ENvm0NMENTAL CONSULTAMf5 Fkjure 7
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