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CHURCH ROCK URANIUM MILL

ENVIRONMENTAL REPORT

1.0 PROPOSED ACTIVITIES

United Nuclear Corporation's Mining and Milling Division, the
Applicant, with division offices in Albuquerque, New Mexico, and
corporate headquarters in Elmsford, New York, proposes to construct
and operate a uranium mill on its property 16 miles northeast of
Gallup, New Mexico° This report identifies, describes, and
quantifies the potential environmental impact of the proposed mill
and is submitted as "other related material" to the New Mexico
Environmental Improvement Agency for their use during evaluation
of Applicant's Radioactive Material License Application. The
mill will operate in conjunction with an underground mine currently
owned and operated by Applicant.

ACTIVITY SUMMARY

Mine

Applicant's mine was opened in February 1968 and began producing
ore in June 1969. The main shaft is 1788 ft deep with working
levels at 1500 ft and 1700 ft underground. The modified room and
pillar mining method is used in conjunction with both conventional
drilling and blasting, and a continuous mechanical miner. The
mined ore is trucked about 85 miles to a uranium mill owned and
operated by the Kerr-McGee Corporation.

The mine tailings, having insufficient uranium content for current
economical recovery, are placed in piles near the mine shaft.
These piles may later be leached on site or processed through the
proposed mill for uranium removal should either process prove
t.o be economically feasible. The remaining waste material may

v.-...be used as mine backfill at the.end of the operation,
".h2. -I

II iLJ . . . ..

M.Kill operoation is expected to begin June 1, 1977, and during the
....f..t 2 ers it will process 2000 tons of ore per day (TPD).

">T~h;•-eafter the mill will process 3000 TPD, the design capacity.
.- H~ow~eer, provisions are being made to allow for the expansion of

I•: iiproduction -to 4000 TPD. Consequently, environmental impact
lc U lations in this report use the 4000 TPD capacity in order

tO ).etimate fully. potential impacts.

li



The mill will employ the conventional acid leach, solvent
extraction process designed to produce a semi-refined uranium
compound commonly called "yellowcake." The uranium content of
the processed ore will range from 0.1% to 0.5% and average 0.2%.

During the life of the proposed mill, an- estimated 20,440,000 tons
of uranium ore will be crushed and chemically processed to yield
an estimated 46,000 tons of yellowcake. The yellowcake, after
further processing steps by others, will be available as fuel
for nuclear reactors to produce electricity.

The crushed ore, after the uranium has been removed, forms coarse
and fine wastes commonly called mill tailings. These tailings
will be pumped into a tailings pond. Some-of the coarse tailings
will be used to raise the height of the tailings dam, and some may
also later be recovered and used as mine backfill.

ENVIRONMENTAL IMPACT SUMMARY

Operation of the mine and mill will release natural uranium,
Th-230, Ra-226, and Rn-222 into the environment. Greater than
99% of the mine releases of radionuclides results from pumping
mine water into an adjacent arroyo. The remaining fraction of
1%, mostly Rn-222 and its daughter products, is exhausted
from the mine to the atmosphere.

The process chemicals, mill tailings and radionuclides will be
contained in a tailings pond. After solar evaporation, the 160
acre pond will be covered with soil and revegetated for
long-term stabilization and containment of these wastes. As a
result, liquid releases from the mill will evaporate into the
atmosphere except for limited seepage into the soil under the
tailings pond.

Boiler combustion products and trace quantities of process chemi-
H cals will be released to the atmosphere from mill activities.
Natural uranium, Th-230, Ra-226, and Rn-222 will be released to
the atmosphere from unprocessed ore piles, milling activities,
and from mill tailings.

People, living within a 5 mile radius of the proposed operations,.
will receive radiation exposures averaging less than 1.2% above
the natural background radiation contributions. These same people
may also be exposed to minute amounts of boiler combustion-
products and process chemicals,

1-2
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ACTIVITY BENEFIT SUMMARY

Construction and operation of the proposed mill will provide
employment for local personnel over a 17 year period, and
state. and local taxes. After further processing of the yellowcake
produced, the resultant nuclear reactor fuel will yield 1.6
trillion kilowatt-hours of electricityo An equivalent amount of
electricity generated from fossil fuels would require burning
2°6 billion barrels of oil or 0.6 billion tons of coal.

1-3

U





2.0 THE SITE

The proposed mill will be located in a sparsely populated, semi-
arid area approximately 16 miles northeast of Gallup, New Mexico.
The site is approximately 0.7 mile from the existing Church
Rock Uranium Mine operated by Applicant. The mill and tailings
pond will lie entirely on Applicant's property.

2.1 SITE LOCATION AND LAYOUT

The proposed mill and tailings pond will be located in Section 2,
Township 16N, Range 16W, of McKinley County, New Mexico. The
location of the proposed site with respect to state, county, and
other political subdivisions, such as farms, railroads, and high-
ways, is presented in Figure 2.1-1. The location of the plant
perimeter and the exclusion area' boundaries is presented in
Figure 2.1-2. The elevation contours in *the general vicinity of
the property are presented in Figure 2.1-3.

The Applicant owns a total of 602 acres of land and 360 acres of
mineral rights in the Church Rock area, In addition, Applicant.
leases 33,484 acres, of which 31,030 acres lie on the Navajo
Indian Reservation. The mine surface activity presently occupies
approximately 60 acres. The mill complex will occupy approxi-
mately 20 acres which will be leveled and graded. The tailings
pond system will occupy approximately 160 acres upon completion
of the project after an estimated 15 years of operation. As
soon as the proposed mill ceases operation, the tailings pond
area will be covered and restored as close as possible to its
natural state.

The perimeter of land Section 2, as described above, has been
fenced with barbed wire to exclude livestock. The mill will

•i be enclosed by a chain link fence 6 ft high topped with barbed
!•:wireo. Both fences will be posted with "No Trespassing" signs.

There are no other proposed uses or modifications for the property.

• The Kerr-McGee'Navajo Uranium Mine is located about 1 mile north
•-of the proposed mill site, Mine water from both the Kerr-McGee

Mine and Applicant's Mine is discharged into Pipeline Canyon
. which transverses Applicant's property.

4 ; _z.

•,-. State Highway 566 transects Applicant's property between the
--- proposed mill and tailings pond locations and ends at the mine.

0",-N"Mill tailingswill be pumped through piping beneath the Highway.
iFZ.•",The nearest railroad is approximately 10 miles south of the site.

2-1
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FIGURE 2.1-1 SITE LOCATION WITH RESPECT TO SETTLEMENTS,

FARMS, RAILROADS, AND HIGHWAYS
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2.2 REGIONAL DEMOGRAPHY AND LAND USE

Brief History

In 1879 or 1880 the westward pus-h of the Atlantic and Pacific
Railroad, now the Atchison, Topeka, and Santa Fe Rail'road,
marked the beginning of settlement in the area near Gallup,
New Mexico. Gallupcame into existence as a village around 1882.

In 1895 Gallup was selected as a divisional terminal for the
railroad, and consequently the area became a trading center
for settlers, ranchers, and Indians. By 1898 the coal industry
had developed and numerous companies were, organized.

The railroad is still important to the economy of McKinley
County, as is Interstate 40 (US 66), the main highway for east-
west .travel.

In the 1950s- sizeable uranium discoveries in, the Ambrosia Lake
District of McKinley County raised uranium mining to economic
prominence. Todoy,. mining -is still economically important*"in
the county and is expected to. expand as the demand for energy.
increases.

Section 6.1.4.2 describes the methods used to survey the
regional demography and land use. The resýults of the survey.
are presented below.

Pop.ulotion

McKinley County, like the rest of the State of New Mexico, .is
the home of several distinct cultures: Native American, such
as Navajos,, Zunis, and Hopis;Spanish American; and Anglo American.

Both the: county." and the state. of New Mexico. are sparsely popu-
lated.. In. 1970 .the population den.sity o.f McKinley .County was
7.9 persons/sq mile as compa.red.to, 8.4 persons/sq mile,-for
the: state and 56 persons/sq mile for the United States.
In 1970 Gallup acc.ounted, for approximately 34% of the coUnty's
population...

Populations for Gallup., McKinley County, the state,. and the
nation are presented in Table 2o2-1. Both the state 'and
McKinley County experienced con.siderable growth during the. 1950
to 1960 decade; in fact, each g'rew twice as fast as
the nation as a whole. During this some period Gallup, with7
a 55% increase in population, qrew three times as fast as the
nation as a whole.

2-5.I II



A TABLE 2.2-1

POPULATION: U.S., STATE, COUNTY, CITY(a)

Population (thousands) Percent Change
1950 1960 1970 1950-60 1960-70

United States 151,326 179,323 203,212 +18.5 +13.3
New Mexico •681 951 1,016 +39.6 + 6.8
McKinley County 27.6 37.2 43.2 +34.8 +16.-1
Gallup 9.1 14.1 14.6 +54.9 + 3.5

The state's population increase is related to two nationwide trends
that characterized the 1950s: accelerated urbanization, and a
general migration to the urban centers of the west. Du,:ing the
1950s, Albuquerque, the largest city in New Mexico, experienced a
population increase of 107.8%.

Other factors that influenced population increases of McKinley
County and Gallup include: a reduction in the infant mortality
rate due to the Bureau of Indian Affairs (BIA) public health
hospitals, a growth in the mining industry, and an annexation to
Gallup in the 1950s, which increased the city census count but
did not affect the county's census.

Projected populations for New Mexico and McKinley County are
presented in Table 2.2-2. Figures 2.2-1 and 2.2-2 identify the
current population distribution within 5 miles of the proposed
mill site.

E mployment

Data on the occupations of McKinley-County's and New Mexico's civilian
labor forces for 1971 are compared in Table 2.2-3. The em-
ployment pattern for McKinley. County is fairly consistent with
that of the rest of the state with one major exception: the
county provides only 3.9% of New Mexico's civilian labor force,
yet provides 12.2% of the state's mining labor force. In addi-
tion, McKinley County provides approximately 5% of New Mexico's
transportation labor force, which indicates that the Atchison,
Topeka, and Santa Fe Railroad is still important to the cou~nty's
economy.

(.a) University of New Mexico, 1972.
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TABLE. 2.2-2

PROJECTED POPULATIONCa)
(in thousands)

New Mexico

Albuquerque

McKinley County

1980

11.55

372

2000

1458

473

2020

1792

585

65-8547 54-59

Note- The projections in this table were
made mid-year 197.2 by the Bureau
of .Economic Analysis and Bureau of
Business Research, University of
New Mexico. The 1980 population
estimate of 47,OO0 for. McKinley
County had been reached by mid-1973.

(a) University of New Mexico, 1972.
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FIGURE 2.2-1 RESIDENCES IN VICINITY-OF MILL SITE
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FIGURE 2.2-2 NUMBER OF INHABITANTS WITHIN
5 MILES OF MILL SITE
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TABLE 2.2-3

CIVILIAN LABOR FORCE(a)

Civilian labor force

Employment

Manufacturing employment

Nonmanufacturing

Mining

Contract construction

Transportation, com-
munications, utilities

Wholesale and retail
trade

Finance, insurance,
real estate

Services

Government

Miscellaneous

Agricultural

New
Mexico

387,800

362,500

21,300

279,500

16,200

19,200

20,400

64,200

13,400

54,200

92,100

41,600

20,100

McKinley
County

15,199

14,255

633

12,117

1,982

406

968

2,560

233

2,271

3,697

1,147

358

% of
County

Civilian
Labor
Force

100.

93.8

4.2

79.7

13.0

2.7

6.4

16.8

1.5

14.9

24.3

7.6

2.4

County
% of
State

3.9

3.9

3.0

4.3

12.2

2.1

4.7

4.0

1.7

4.2

4.0

2.8

.1.8

(a) University.of New Mexico, 1972,
by Applicant.

Percentages calculated
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Employment in Gallup centers around retail and wholesale trade,
pettoleum refining, coal and uranium mining, light manufacturing,
transportation, tourism, and government services, which include
administrative offices for about 140,000 American Indians of the
Navajo, Zuni,and Hopi tribes. '

Pers~onal' Income

Per capita personal income figures for selected years in McKinley
County, New Mexico, and-the U.S. are presented in Table 2°2-4.
The per capita personal income of McKinley County is 35% below
the New Mexico average and 49% below the national average for
the years listed.

TABLE 2.2-4

PER CAPITA PERSONAL INCOME FOR SELECTED YEARS(a)

(Dollars)

Yea:r McKinlek County New Mexico U.S.

19507. 840 1177 1496
'1959 1604 1914 '2161
1965 1338 2242 2770
1969 1988 2848 3708
1971 .2489 3256 4195
1972 2669 3853 5041

Note: Adjusted for the number of residents.

Local Communities

The largest community near the proposed mill site is Gallup,
with an. estimated population in 1975 of .19,400. All other com-
munities'within 15 miles of the site are rural. Figure 2.2-3
locates these rural communities in relation to the mill site
and presents a current population estimate foratareas surrounding
the communities.

McKinley County covers an area of over 5700 sq miles and has
over 13,300 students from various cultural and linguistic back-
grounds. The county-wide school system consists of five high
schools, three junior high schools, and 21 elementary schools,
including special education for the handicapped. The parochial

(a) University of New Mexico, 1972.
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school system includes two high schools, three junior high schools
and five elementary schools. . In addition, many pre-school
children attend Headstort Schools, most of which are administered
by the Bureau of Indian Affairs. The locations of. the schools in
the vicinity of Applicant's proposed mill site are identified in
Figure 2.2-4, and the enrollments are listed in Table 2.2-5.

The hospital closest to the mill site is the 40-bed Rehoboth
Christ.ian Hospital, located 12 miles southwest of the project site.
Gallup has two hospitals:. the 80-bed McKinley General Hospital
and a 200-bed Public .Health Services Hospital, which provides
care for the American Indians in the area.

Transportation

The area surrounding the'proposed mill site is served by a system
of highways that range in quality from Interstate 40, through
state-maintained primary and secondary roads; to unsurfaced dirt
roads. The major artery from the proposed site is State Highway
566, which extends from the site 10 miles southwest to an i.nter-
section with Interstate 40 (US 66). Interstate 40 is the main
highway for east-west travel,

A 1973 traf fic count by the New Mexico State Highway Department
established an average of over 8880 vehicles/day passing a point
on 1-40 east of Gallup. U.S. Highway 666, approximately 15 miles
west of the site, is the main highway running north and south
from Gallup.

The Gallup area is serviced by the mainline Santa Fe Railroad
which includes Amtrak trains, by two transcontinental bus lines,
and by Frontier Airlines. The Gallup Municipal Airport has
lighted runways and a FAA.Flight Service Station. Other air-
strips in the area are located at Crownpoint, Grants, and Granadoa
* Major airline service is available at the Albuquerque Inter-
national Airport, 135 miles east of Gallup. Highway and rail-
road locations-are identified in Figure 2.1-1.

Land Use

* The Kerr-McGee Navajo Mine complex and -Applicant's mine are the
only industrial sites within 5 m"les of the proposed mill.
Kerr-McGee Navajo Mine is located approximately I mile north
of the mill site and employs 40 people. The Applicant's mine

". is less than a mile north of the proposed mill site and employs
172 people.
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FIGURE 2.2-4 SCHOOLS IN THE MILL SITE VICINITY



TABLE. 2.2-5

.,PRESENT. SCHOOL ENROLLMENTS,

AREA SURROUNDING MILL SITE(a)

Elementary Schools

Aileen Roat
Indian Hills
Jefferson
Lincoln.
Red Rock.
Roosevelt
Sky'City
Sunny Side
Washington
St. Francis School
Cathedral Elementary
Church Rock

.. Twin Lakes
Mariano Lake (BIA)
Standing Rock (BIA).
Rehoboth Christian

Jr. and Sr. High Schools

Location

Gallup
Gallup.
Gallup
Gallup
Gallup
Gallup
Gallup
Gallup
Gallup
Gallup
Gallup. •
Church Rock
Twin Lakes
Mariano Lake
Standing Rock
Rehoboth

1974

Enrollment

502-
3.05
406
302
426
316
'115.

127
308
148
340
391
313
88
28131

Gallup Jr. High
Gallup High
John F. Kennedy Jr. High
Cathedral Jr. and Sr. High
Rehoboth Christian Jr. and Sr. High

Special Education

Gallup
Gallup
Gallup
Gallup
Rehoboth

850
1433

834
126
128

Wilson Gallup 33

Headstart Schools

BIA
BIA
BIA
BIA
BIA
BIA

Coyote Canyon
Iyanbito
Mariano Lake
Pinedale --
Standing Rock
Twin Laies .

23
25
21
23-

" 18 .
S" 18

(a) League of Women Voters, 1974; Galindev, no date.
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In Ciniza, 12 miles south-southeast of the proposed mill, a
petroleum refining operation owned by the Shell Oil Company

employs 140 people. Approximately the same distance to the
southwest, a natural gas refraction and compression plant owned
by El Paso Natural Gas Company employs 137 people. The Depart-
ment of Army maintains the Fort Wingate Depot 16 miles south--
southwest of the site and employs 309 people.

A coal strip-mine operation is conducted in the area by Pittsburg-
Midway Coal Mining Company. In addition, bentonite, oil, helium,
lignite, and natural gas are obtained and processed in the out-
lying sectors of the Gallup area.

All of the territory within a 5 mile radius of the proposed mill
site is within McKinley County. Table 2.2-6 identifies the land
ownership in McKinley County and the State of New Mexico.

TABLE 2.2-6

LAND OWNERSHIP IN NEW MEXICO AND McKINLEY COUNTY(a)

Land Ownership

New Mexico,

Federal
Indian Trust
State
Private and other

Total

McKinley County

Federal
Indian Trust
State
Private and other

Total

Area, Acres

26,735,431

7,348,563
9,413,017

34,369,229

77,866,240

564,580
2,158,410

183,974
588,076

3,495,040

Percent of Total

34.3
9.5

12.1
44. 1

100.0

16.2
61.7

5.3
16.8

100.0

Most of the land within 5 miles of the proposed site is used for
livestock grazing. Approximately half of the land is on the
Navajo Indian Reservation. Though not within the reservation boun-
dary, the other half is inhabited almost solely by Navajo Indians.

(a) University of New Mexico, 1972.
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Figure 2.2-5 presents those boundaries where individuals,. if
continuously present, might be exposed to radioactive materials
in excess of 1% of natural background. The boundary delineation is
based on the calculated exposures in the prevailing wind direction
(WSW).at the proposed site. See Section 5 for the dose calculation
method.

Locations of Nuclear Fuel Facilities

There are 27 uranium mines within a 50 mile radius of the proposed
mill site. These mines are listed in Table 2.2-7 and are located
in Figure 2.2-6. With the exception of three mines, all of the
operating. mines are located in the Ambrosia Lake District, approxi-
mately 40 miles east-southeast of the site, The three exceptions
include: Applicant's mine adjacent' to the mill site; the Kerr-
McGee Navajo Mine, approximately I mile north of the mill site;
and the Homestake F-33 Mine, approximately 50 miles to the southeast.

Uranium ore is now processed by three mills in the Grants-Ambrosia
Lake area. A fourth mill in the area is no longer operating.
These mills are listed in Table 2.2-8 and are located in
Figure 2.2-6.

There are several nonproducing claims just north of the proposed
mill site on the Navajo Indian Reservation, Companies having
mineral claims in this area are Anaconda, Conoco, Earth Resources,
Gulf Oil, Humble Oil, Kerr-McGee, Mobil Oil, Nu-Beth, Phillips
Petroleum, Ranchers Exploration, and the Applicant,

203 REGIONAL HISTORIC, SCENIC, CULTURAL AND NATURAL LANDMARKS

Anthropologilsts calculate that New Mexico has been an inhabited
.area for some 20,000 years. Evidence exists that the Sandia,
"and Folsom people once roomed this region. Indians later built
:stone and adobe cities, the impressive ruins of which suggest a
high 'level of culture.

Two of these ruins in McKinley County are listed in the National
Register of Historic Places. These ruins and their locations
are as follows:

.
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TABLE 2.2-7 (Page 1 of 3)

URANIUM MINES WITHIN A 50 MILE RADIUS
OF MILL SITE

Mine and Status.

NE Church Rock Mine
United Nuclear Corporation
Underground, operational

Church Rock Mine #1
United.Nuclear Corporation
Underground, closed

Kerr-McGee Navajo Mine
Kerr-McGee Corporation
Underground, operational

Westranch Mine
HydroaNuclear Corporation
Underground, closed

Evelyn Mine
Clark & Company'
Underground, closed

Mac No. 1 Mine, Grants
United Nucleor-Homestake Partners
Underground, closed

Ann Lee Mine
United Nucle.ar Corporation
Underground, closed

Dog Mine
Four Corners'Exploration Company.
Underground, closed

Johnny M. Mine
Rancher Explorations & Develop-

ment Corporation
Underground, under development

Kerr-McGee Sec. 17 Mine
Kerr-McGee Corporation
Underground, operational

. Location

McKinley County

Church Rock
Sec. 35
T.17N, Ro16W

Church Rock
Sec. 17
T.16N, R.16W

Church Rock
Sec. 35
T.171, R.16W

..Smith Lake area
16 miles north of Prewitt,
20 miles west of Grants

Smith Lake area
12 miles north of Prewitt
on 1-40, 20 miles west of
Grants

Smith Lake area
18 miles north of Thoreau

Ambrosia Lake
NW-1 Sec. 28
T.14N, Rg9W

Ambrosia Lake

Ambrosia Lake
2 miles southeast of Sec.
36 mine

Ambrosia Lake
SW¼ Sec. 17
T.14N, R.9W

2-19 1
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TABLE 2.2-7 (Page 2 of 3)

Mine and Status Location

Kerr-McGee Sec. 19 Mine
Kerr-McGee Corporation
Underground, operational

Kerr-McGee Sec. 22 Mine
Kerr`-McGee Corporation
Underground, operational

Kerr-McGee Sec. 24 Mine
Kerr-McGee Corporation
Underground, operational

Kerr-McGee Sec. 30 Mine
Kerr-McGee Corporation
Underground, operational

Kerr-McGee 30 West Mine
Kerr-McGee Corporation
Underground, operational

Kerr-McGee Sec. 33 Mine
Kerr-McGee Corporation
Underground,'operational

Kerr-McGee Sec. 35 Mine
Kerr-McGee Corporation
Underground, operational

Kerr-McGee Sec. 36 Mine
Kerr-McGee Corporation
Underground, operational

Sandstone Mine
United Nuclear Corporation
Underground, closed

Sec. 25 Mine
Bailey & Fife
Underground, operational

Sec. 27 Mine
United Nuclear Corporation
Underground, operational

McKinley County

Ambrosia Lake
Sec. 19
T.14N, R.IOW

Ambrosia Lake
Sec. 22
T.14N, R.1OW

Ambrosia Lake
SWI Sec. 24

T.14N, R.IOW

Ambrosia Lake
Sec. 30
T.14N, R.9W

Ambrosia Lake
W¼ Sec. 19
T.14N, Ro1OW

Ambrosia Lake
Sec. 33
T.14N, R.9W

Ambrosia-Lake
Sec. 35
T.14N, R.9W

Ambrosia Lake
Sec. 36
T.14N, R.9W

Ambrosia Lake
Sec. 34
T.14N, Ro9W

Ambrosia Lake
Sec. 25
T.14N, R.9W

7 1 .!"

Ambrosia Lake
Sec. 27
T.14N, R.9W
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TADLE 2.2-7 (Page 3 of 3)

Mine and Status(a)

Spencer Mine
Kerr-McGee'Corporation
Underground, closed

UN-HP Sec. 15 Mine
United Nuclear-Homestake Partners
Underground, closed

UN-HP Sec. 23 and Mine General
United Nuclear-Homestake Partners
Underground, operational.

UN-HP Sec. 25 Mine
United Nuclear-Homestake Partners
Underground, operational..

UN-HP Sec. 29 and 32 Mine
United Nuclear-Homestake Partners.
Underground, operational

Location

McKinley County

;Ambrosia Lake
4 miles south of
Kerr-McGee mill

Ambrosia Lake
Sec. 15
T.14N, R..IOW

Ambrosia Lake
Sec. 23
T.14N, RolOW

.Ambrosia Lake
,.Sec. 25
T.14N, R.IOW

Ambrosia Lake
Sec. 29 and 32

.To14N, IR.9W

Valencia County

North of Grants
Sec. 33
T.12N, R.9W

F-33 Mine
Homestake Mining Company
Underground, operational

F~..

~r,.
~-1.

(a) Longacre, 1973.

£i

2-21



50 MILE RADIUS FROM PROJECT SITE

SMITH LAKE AREA

CLOSED, 15 OPERATING
AMBROSIA LAKE AREA

PETROLEUM CLOSED

A .

-UNITED NUCLEAR-
HOMESTAKE

F-33

0 MINES

El MILLS

FIGURE 2.2-6 NUCLEAR FACILITIES WITHIN A
50 MILE RADIUS OF MILL SITE
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TABLE 2.2-8

URANIUM MILLS(a)

1° Kerr-McGee Corporation Mill, Kerr-McGee Corporation;
P. 0. Box2.18, Grants, New Mexico, 87020.
Bill Stevens, Manager

Located in the Ambrosia Lake district
approximately 23 miles north of Grants on State Route

.509. The mill and related activities spread over the
entire sq mile of Sec. 31, T.14N, R.9W, N=M°B. and P.M.
This is approximately 42 miles ESE of the proposed
mill site.

2. Phillips Petroleum. Ambrosia Mill, in the Ambrosia Lake
District, approximately 2 miles from the Kerr-McGee mill.

Located in Sec. 28, To14N, R.9W, NoMoBo and P.M. The
mill is closed.

3. Anaconda Bluewater Mill, the Anaconda Company, New Mexico
Operations; P. 0. Box 638, Grants, New Mexico, 87020.
A.oJ. Fitch, Manager-

Located approximately 12 miles northwest of Grants on
Interstate 40 in T.12N, R.11W, NoM.B. and P.M. This
is approximately 41 miles SE of the proposed project
si.te.

4. United Nuclear-Homestake Partners Mill;
P. O.Box 98, Grants, .New Mexico, 87020.
PaulMo. Price, General Manager

Located 9 miles north of Grants by Route 66; by Route 53.
The Mill is 46 miles SE of the proposed projec.t. The
mill. is in Sec. 26, T.12N, R.IOW, NMKB. and P.M.

(a) Mills are shown on Figure 2.2-6.
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Manuelito complex
(scenic panorama of
sandstone cliffs
and prehistoric ruins)

Chaco Canyon National
Monument (prehistoric
pueblo ruins)

Manuelito vicinity 6 miles south of
Manuelito on secondary roads. Approxi-
mately 35 miles southwest of the project
site.

Ruins are in three separate areas of
McKinley County, the closest being
22 miles east of the project site in
the Crownpoint vicinity.

Location

Other properties in McKinley County that the New Mexico Planning
Office, Cultural Properties Review Committee regards eligible
for inclusion in the National Register of Historic Places are:

Heshotauthla Ruin
Zuni Pueblo
Zuni Mission Church
Soldado Ruin
Yellow House Ruin
Kechipawan .

Kwakimo
Kyakima
Matsaki
.Village of the Great Kivas
Tohatchi Village

With the exception of Tohatchi Village, all of these sites are
located from 20 to 40 miles south of Gallup on the Zuni Indian
Reservation. Tohatchi Village is 22 miles north of Gallup, or
approximately 19 miles northwest of the Applicant's proposed
mill site. Construction and operation at the site will not

affect these recognized areas.

While not of national significance, three archaeological sites
have been identified on the proposed project site. Two of
these sites, recorded as LA 11617 and LA M1118 in the Museum of
New Mexico Archaeological Survey Catalog , a) have been given
archaeological clearance surveys by the Museum of New Mexico.
The third unrecorded site is near LA 11618. The locations of
these sites are identified in Figure 2.3-1.

The LA 11617 site is apparently the remains of a one-room Indian
field house with very little associated pottery. The LA11618
site is less defined, containing pottery but no architecture.
The archaeological clearance survey of this site found that the
pottery is associated with a coal deposit and has a yellowish
color. This suggests the use of coal for pottery-firing.Il
(a) Museum of New Mexico Planning Office.
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Since LA 11618 and the undesignated ruin will be disturbed by
the tailings pond, excavation of these sites will be funded by
Applicant and conducted under the direction of the Museum of
New Mexico. The LA 11617 ruin site, adjacent to the proposed
mill, will be protected by Applicant in accordance with the
instructions from the Museum of New Mexico. Since none of the
sites will be disturbed by the construction, excavation could
begin after the mill's construction but must be completed prior
to the use of the tailings pond. Any archaeological discovery
made during construction will be preserved in place or excavated
in accordance with the instructions provided by appropriate
state author ities.

The Grants Lava Flow, known in Spanish as the Malpais, is the
only natural landmark in New Mexico listed in the National
Register of Natural Landmarks. It extends approximately 25 miles
south of Grants and is flanked on the east by State Highway 117
and on the west by State Highway 53. Other unlisted natural
landmarks in the immediate area include: Ram Mesa, I mile to
the south-southeast; White Rock Mesa, 6 miles to the southwest;
and Pyramid Rock, 9 miles to the southwest.

The proposed mill site is adjacent to the existing State Highway
566 and to a power transmission line, The short mill access
roads and utility lines will not interfere with known archaeolo-
gical sites.

2.4 GEOLOGY

The mill site is located in the northwest corner of New Mexico,
west of the Continental Divide on the San Juan Basin of the
Colorado Plateau. The basin is bounded at the north by the San
Juan Mountains, at the east by Sierra Nacimiento (Nacimiento Uplift)
and Rio Grande River (Rio Grande Depression), at the south by
Zuni Mou'ntains (Zuni Uplift), and at the west by Chuska Mountains
and Defiance Plateau (Defiance Uplift). These regional features
are presented in Figure 2.4-1.

The basement rock units in the San Juan Basin are of the precam-
brian era, which is some 600 million years old, and are generally
covered by sedimentary deposits of the Paleozoic, some 200 to
500 million years old, and younger eras. Major stratigraphic
and time divisions are presented in Table 2.4-1.
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TABLE 2.4-1 (Page 1 of 2)

MAJOR STRATIGRAPHIC AND TIME DIVISIONS

_______________________________________________________________________-- g -r

Subdivisions in Use by the U. S. Geological Survey

Era orEratheo System or Period Series or Epoch

lfol oceneQunternnry Phcistoceno

Pl1 iocene

Cenozo•o. c Miocene
Tertiary Oligocene

Eocene
Pateocene

Cretaceouc(e) Upper (Late)
Lower (Early)

Upper (Late)

Meý;ozoic Jurassic Middle)Lower ( E•,r! i_l____

Upper (Late)
Triasnic Middle (Middle)

Lower (Early)

Permian (e) Upper-(Late)Lower (Early)

(e) Upper (Late)
Pennsylvanian Middle (Middic)

Lower (Early)

~issi ~pinneP"e) Upper (Late)
Hissis Lower (Firly)

Upper (ite)
1'.-A eozo- c Devonian Middle (Middle)

Lower (Early)
" Utpper (t~nt,,

Silurian(e) Middle (Middle)
Lower (Early)

(Uppcr (Late)(e) Middle .(Middle)

Lower (Early)
Ce) Upper (Late)

Cambrian Middle (Middle)
Lower (Eirly)

Age e. t inites

commonly usL-d for
boundaries (in(b)

.million yr:ýr)
Cc) (d)

-1.5-2-

'-Ct. .7-
-26-7-

-37--38-
--53-•54---.

-- 65------

..136---

-190- 195--

-- 225-----

--280---..--

*-. .8 -
- 5.0--....-

-22.5--

-37.5--
53.5--

---- 65.-.- - -

"--345--....

-430-440-

----Ca.. 500Y-

Time subdivisionr, of the PrecambrIan:

Precambrian Z--base of Cambrian to 800 m..y.
Precambrian Y--800 r.y. to 1,600 n.y.
Precanibrian X--l,60O m.y. to 2.500 m.y.
Precambrian W--older than 2,500 m.y.

Precaubrian

.1..~

2-28



TABLE 2.4-1 (Page 2 of 2)

(a) USGS, 1972.

(b) Estimates for ages of time boundaries ore under continuous study and
subject to refinement and controversy. Two scales are given for
comparison:

(c)
(d)

Geological Society of London, 1964.

Berggren, W. A., 1972.

In -addition to these, a useful time scale for North American mammalian
stages is given by:

Evernden, J. F., etal, 1964. -Potassium-argon dates and the Cenozoic
mammalian chronology of North America: Amer. Jour. Sci., v. 262,
p. 145-198.

(e) Includes provincial series accepted for use in U. S. Geological Survey
reports.

Terms designating time are in parentheses. Informal time terms--early,
middle, and late--may be used for eras, for periods where there is no
formal subdivision into early,-middle, and late, and for epochs.
Informal rock terms--lower, middle, and upper--may be used where there
is no formal subdivision of on era, system, or series.

PROVINCIAL SERIES ACCEPTED FOR USE IN U.S. GEOLOGICAL SURVEY REPORTS

Series Age Regi on

Gulfian ----------- ---- Late Cretaceous---. ......--- Tex.as, Louisiana, OklAhoma.
Arkansas, HMisissippi, and

Comanchean ---------- --- Early and Late Creraceous- Alabama.

Coahuilan -------------- Early Cretaceous ---------- Texas, Louisiana, Arkansas,
Mississippi, and Alabama.

Ochoan ---------------- Late Permian -------------- Texas ard New Mexico.
Guadalupian ----------- Early and Late Permian-.--- Do.
Leonardian ------------ Early Permian ------------- Do.
Wolfcampian ------------ Early Permian ------------- Do.

Virgillan ------------- -Late Pennsylvanian --------
Hissourian------------ ---------- -do ---------------
Des Motnesian ---------- iddle Pennsylvanian------ Arkansas, Oklahoma, Kansas,
Atokan- -------------------------- do ---------------. Missouri, Nebraska, and Iowa.
Morrowan -------------- Early Pennsylvanian --------

Chester.ian ------------- Late MissiscippIan--------- Indiana, Kentucky, Tennessee,
MeramecLan------------- ---------- do --------------- Illinois, Iowa, and Missouri.
Osagean ------....... - Early Miss•sslppian. ------
Kinder hookian ---------- ---------- do --------------

Cayugan-.------------- -- Late Silurin ------------- -New York and Mlchig.on.
Hagarn-- & ...------------ Middle Silurian Do.
Alex.-ndrian ----------- Early Silurian ------------ Missouri, Illinois, and

Hichigan.

Cincinnatian ----------- Lte Ordovician------------ Ohio, Indiana, Kentucky,
Tennessec, Michigan, •iscon-
sin, and lowA.

Hohawkian ------------- -Middle Ordovician ---------- New York% Michipan, t.sconsin,
and Iowa.

St. Croixan ----------- Late Cnmbrian ------------- Iowa, Minnesot' •'tWIconnin.
and Michigan.
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The 5an Juan Mountains and the Sierra Nacimiento (Nacimiento
Uplift) consist primarily of terrestrial volcanic rocks of
Tertiary Ages, which are some 2 to 63 million years old. in
the area of the Rio Grande Depression, the rock units consist of

6,1:;• thick sedimentary deposits of the Late Tertiary Period and the
Quaternary Period, which are less than 2 million years old. The
Rio Grande Depression is bounded at the east by the Sangre de
Cristo Uplift, which consists primarily of Archean sedimentary
and volcanic rocks of the early Precambrian Era.

The Zuni Mountains and Defiance Plateau consist of rock units
similar to those of the San Juan Basin. However, both Uplifts
also contain sedimentary and volcanic rocks of the early Pre-
cambrian Era. The geology of the region is presented in
Figure 2.4-2, The faults and tectonic structure of the region
are presented in Figure 2.4-3. Normal faults, those perpendicular
to the formation in which they occur, are located along both the
western and eastern boundaries of the Rio Grande Depression as

well as along the Zuni and the Defiance Uplifts.

The Applicant"s mine and proposed mill site are located in Pipe-
line Valley, an incised valley system transecting the outcrops
of the southwestern rim of the San Juan Basin. The valley
system is bounded by three of the lower members of the Upper :o.

Cretaceous Mesa Verde Group: the Dalton Sandstone, the Mullato
Shale Tongue, and the Dilco Coal Members of the Crevasse Canyon
Formation. Figure 2.4-4 presents a stratigraphic column at the
mine shaft.

Bore hole cuttings from the tailings pond area show alternating
series of interbedded, continuous to discontinuous shale inter-
fingered with sandstone lenses to depths of-240 ft. This
formation is characteristic of the Dilco Coal Member.

The mine shaft collar has been poured at the approximate point
of contact of the Mullato Shale Tongue with the overlying
Dalton Sandstone, This places the mine shaft site somewhat
higher than the proposed mill site in .the stratigraphic sequence.

In the vicinity..of the project site, the steep vertical cliffs
bounding the Pipeline Valley are composed of the resistant
sandstone phase of the Dilco Coal, with occasional interruptions
of thin bands of black to gray shale and discontinuous coal
seams. Downstream, the valley widens into the valley of the
Rio Puerco of the West, which lies mostly in the Cretaceous

Mancos Shale,
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Soil

The alluvium of the Pipeline Valley is typical of this high,
semiarid region. The valley floor is a product of the erosional
and weathered disintegration of the Dilco Coal Member inter-
mixed with the windblown, disintegrated Mancos Shale topsoil
from the North Fork Valley of the Rio Puerco of the West. The
alluvium, a product of this mix of finely divided Manco Shale.
and silty Dilco sandstone and mudstone, carries a high percentage
of cloy. The typical composition is a brown, fine-grained,
medium-dense silty and sandy soil with sandstone fragments and
.thin interbedded clay seams. The soil has a coefficient of
permeability of less than 3.8 ft/year. The alluvium varies in
depth from 3 ft-at the north end of the mill site to over 106 ft
against the cliffs on the east side of the valley. Steep soil
.banks along stream channels may be more than 10 ft high.

The results of the explor-atory drilling and research of available
ground water data indicate that a general groýund water table does
not exist within the alluvium at the site. The ground water
encountered in some of the borings is believed to be perched on
the underlying rock. This water level probably fluctuates
considerably, depending upon precipitation. However, at some
point, downstream 'in the Rio Puerco drainage basin, the water
contained in the alluvium probably is in direct communication
with a .permanent, general ground water table.

S.tructure

The regional rock outcroppings.form part of the southwestern
edge of the San Juan Basin. The proposed site occupies a small
portion of one.such outcropping, the western margin of the. Chaco
Slope. The regional dip averages about 1 to the northeast

0.but due to localized warping, may approach 3 in the site area.

Jointing

Local jointing assumes two principal orientations, . N 65°W
and t N 25 0 E,..the N 65 0W pattern be•ing the dominant set. The
N 650 W set is a result...of the Zun~i "uplift and the N 25;E
set is an exp.ression of6U. he Gallup sag.
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EXPLANATION

METAMORPHIC ROCKS

PR9CAMBRIAN METAMORPHIC ROCKS

INTRUSIVE IGNEOUS ROCKS

TERTIARY INTRUSIVE BODIES

VOLCANIC ROCKS AND FEATURES

TERTIARY AND QUATERNARY VOLCANIC ROCKS

SVOLCANOES AND VOLCANIC CONES

SEDIMENTARY ROCKS

QUATERNARY AND UPPER TERTIARY SEDIMENTARY ROCKS

GEOLOGIC BOUNDARIES

BASE OF UPPER TERTIARY ROCKS

BASE OF LOWER TERTIARY SEDIMENTARY ROCKS

STRUCTURAL FEATURES

• NORMAL FAULT

EN ECHELON FAULT SYSTEM
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DESCRIPTION

Massive clean white to buff, medium to coarse-grained
sandstone. This sandstone outcrops at the site.

Chiefly dark gray mudstone and silty sandstone with
scattered thin beds of sandstone.

Chiefly irregular buff to gray medium-grained sandstone,
light gray clay, and lenticular coal beds and carbon-
aceous shales.

Predominantly a light gray to buff, fine to coarse-
.grained sandstone interbedded with gray siltstone and
mudstone; and minor amounts of coal.

Sandy marine shales and thin lenticular sandstones.

Generally buff to light gray, fine-grained and silty
becoming gradually finer grained towards the base
merging with the rather thick transitions zone which
comprise the upper 100 ft or so of the underlying
Mancos Shale.

Limey medium gray to black marine shale interbedded
infrequently with platey laminated light gray to
grayish yellow to white limestone and gypsum.

Continental and marginal marine. Uniformly fine-grained
well sorted gray to pure white sandstone, with some
interbedded siltsone and coal.
A green to grayish green mudstone of continental deposi-
tion, split occasionally by discontinuous sandstone lenses.

Gray to light grayish red to yellowish gray, locally
conglomeritic fine to course-grained sandstone character-
ized by scour-apd-fill crossbedding and by angular
grains of unweathered feldspar. Discontinuous lenses of
grayish green sandy mudstone are present.

Chiefly gray to light yellowish gray, fine to medium-
grained sandstone with some interbedded siltstone.

TWO WELLS
SANDSTONE

MEMBER PUMP STATION

DAKOTA FORMATION

POISON CANYON

MORRISON

FORMAT ION

.BRUSHY '
BASIN MEMBER

WESTWATER
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MEMB ER

COWSPRINGS"
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MEMBER

p

FIGURE 2.4-4 STRATIGRAPHIC COLUMN AT MINE SHAFT
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Transverse joints in the massive sandstone members are more
widely spaced than those in the mudstone units, which indicates
great variations in dimensional strength. Joints in claystone
and mudstone are abundant, but individual fractures are not as
persistent or continuous as they are in the massive sandstone
beds. The joint orientation differs considerably in super-
adjacent members.

The arrangement of the alternating sandstone and mudstone
stratigraphic series indicates severely limited intercommunication
of the formations by the passive jointsystems.

Faulting.

The USGS structural contour map, based on the bottom
of the Dakota Sandstone, shows no positive evidence of any major
faulting in the site area. However, valley development in the
area appears to have followed qnd been influenced by principal
fracture and jointing orientations.

Stratigraphy

The stratigraphic setting is confined to the Cretaceous and
Jurassic systems. Their various rock units and their thickness
in stratigraphic order are described and illustrated
in Figure 2.4-4.

A lithologic section along a portion of the proposed tailings pond
dam (Figure 2.4-5) shows the typical composition of the alluvium
in the upper part of the Dilco Coal Member. Numerous lenticular
beds of shale, silt, sand, and clays are apparent.

Ore Mineralization

The raw ore overages about 0o2% uranium with only trace amounts
of other minerals that currently fail to warrant commercial
interest. The processing of the Church Rock mine ore bodies
will not affect future utilization of other mineral resources.

(a) USGS, O.M. 158
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Ground Water

The hydrologic properties of Applicant's proposed site, such as

porosity and permeability, are discussed in Section 2.6,
Hydrology.

2.5 SEISMOLOGY

The proposed site is designated by the current Uniform Building

Code as Zone 2 on the Seismic Risk Map. Possible seismic effects

in Zone 2 are negligible damage in buildings of good design and

slight to moderate in well-built, ordinary structures. These
effects correspond to Intensity VII on the Modified Mercalli

Intensity Scale.

A computer search of reported earthquakes from 1931 to 1973

within 200 miles of the site was made through a file from the

U. S. Department of Commerce, National Oceanic and Atmospheric
Administration. The findings are shown in Appendix A. The

known earthquakes from 1852 to 1931 were also compiled from

Earthquake History of the United States. (ao To permit quantitative
analysis, the intensities of the historic earthnugkes were con-

verted to magnitudes by using Richter's method.ob) The data are

shown in Figure 2.5-1.

The majority of earthquakes have been related to faults along

the northeastern boundary of the San Juan Basin. These faults.

generally divide the San Juan Basin into the old basement rock

unit to the west and the uplift and depression of younger rock

unit to the east. Earthquakes along these faults have exhibited
magnitudes up to 6 on the Richter Scale and intensities up to

VIII on the Modified Mercalli Scale.

T-a- Coffman and Von Hake, 1973.
(b) Richter, 1958.
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FIGURE 2.5-1 EARTHQUAKE EPICENTERS SURROUNDING MILL SITE

SOURCE: U. S. DEPT. OF COMMERCE

NATIONAL OCEANIC & ATMOS. ADMIN.
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Other earthquakes originating from tertiary volcanic units for

southwest, of the site have exhibited magnitudes up to 5.5 and
intensities to VII. Two earthquakes with magnitudes of 3.9 and
4.4'have been recorded along the 50 mile long fault near the
Zuni Uplift. No recorded earthquakes have been associated with the
Defiance Uplift.

2.6 HYDROLOGY

2.6.1 Ground Water

Well Inventory.

Water supply wells in the vicinity of the proposed mill site are

identified on Figure 2.6-1. Data concerning the aquifer tapped,

the owner, principal use, and other available information are

presented in Table 2o6-1. Published information(a) is supplemented

by information from field checks and examination of Navajo Tribal
Water Development records. Information on the chemical quality

of water from some of the wells is presented in Table 2,6-2.

Aquifers

Alluvium

Water-bearing alluvium is present in the principal drainages
of the basin of the North Fork of the Rio Puerco° The allu-

vium has been topped by wells in a number of places (see

Figure 2.6-1 and Table 2.6-1) primarily for small quantities of
domestic and stock water, which are withdrawn by windmill or
hand-operated pumps. Water quality is highly variable because
recharge is derived from local storm flows in very small

drainages, but is ordinarily good to fair with total dissolved

solids ranging from less than 200 mg/liter to somewhat over

1000 mg/liter.

(a) Davis, et al, 1963.
Kister, L. R., and Hatchett, J. L., 1963.
McGavock, et al, 1966.

Shomaker, J. W., 1971.
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TABLE 2.6-1

WELLS AND SPRINGS IN THE VICINITY OF APPLICANT'S PROPOSED SITE
OF APPLICANT'S PROPOSED SITE

(Pogo I of 2)

(a)
Location nuwber and name

NBrA
Nwmber E1ev,

Depth, (b) Water level,
ft Aquifer ft date

Yield
during
test,

Drawdown
at yiold'
shown, ft

(c) (d)
Use of Type of
water pump

Conductance,
0,ho @ 250 C

,.1 /miI¶

I

16.15.11.331
16. 15.17.141

16.15.20.121
20.143
20.144
20.231
20.234 Pinedale TP

16.15.27.323
16.16. 1.112

16.16. 6.112
S 16.16. 6.121

16.16.11.442
16.16.14.111
16.16.14.242
16.10.15.432

16.16.16.422

16.16.17.214 Old Churchrock Mine
16.16.17.214
16•16.30.343 Springstead TP

16.17.15.232

16.17.25.113
S 16.17.2.8.133
S 28.433

16.17.33.422
S 17.15. 1.244 Rock Spring
S 17.15. 2.232 Oak Spring

17.15.30,341

17.16.32.112
17.16.35.414 Applicnt' , water

16T-509 7015
16T-348 6900

16T-514 6975
IGGS-105
l6GS-105
16GS-105

953 Kd,Jmw
410' Kd

496 Kd
Qal
Qal
Qal
Yin?

963.- Kd

Kcd

Qal
Qal

355 1960 8
flow 1957 8

87 1974
63 1959 24

320 1948 7

0.5

25
242

335

490

DS
DS

D

DS

DS

16K-319

14N-70

16T-513

16T-532

16T-510

16K-340

16K-336

1LT-303

14K-313

7178
7128

7010
7030
6855

6838

W 1290
N 960

1600

V 1060 cased to 956

436

6905 525 Jmw 54 1974
6875 318 3mw 181 1959

257P 1974
6799 Qal

144 1968
6808 Jmw 319 1974
6010 450 Kd
6870 505 Jmw,3cs 211 1956

601.8 680 Kd,Jmw 103 1960
253P 1974

6682 141 Qal 37 1954
6860 --- Xd " - ----
7010 --- Xd ... ....
6651 122 Qal 34 1955
6920 --- Kpl
6880 --- Kp --- -
7030' 614 Kg 305 1952

318P 1974
7010 622 Kg 235 1953
7180? 1650 Jmw-Kd?. 900 19G9

D,S33 20 DS P

S

26

23

15

23

20
20

240

68

28

50

128

D'S

DOS
U
U
D,S

W

W

W

1390

1500

1810

1330

3120 cased to 537

1780
499

D,S . W

D,S W
D P

well
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TABLE 2.6-1 (Page 2 of 2)

(o)nam~eLocation' number and
BIA

Number Elev.
Depth, (b)

ft Aquifer

hield
during Drawdown

Water level, test, at yield

ft., date gol/minshown, ft.

(c) (d)
Use of Type of
water pUMp

Conductance,
,pmho @ 250 C

17.17. 3.441

17.17. 7.233

17.17.16. •
S 17.17.21.221 Coal Mine Spring

17.17.33.411

14T-320 6379

14A- 79 6240

14A- 14
14N- 57? 6470
14T-321 7060

15T-535 6760

726

873

Kg? 434 1958 (5 31

Kcd flow 1952 82 ('51)
30 -('5!)

QaI 6 1955

Qal -------- 0. --

tf-Kce flow 1960 15 30

D's,r

7

1082 Km

D,S W

S
0

D,S

455

3370

.2700

400
211

19G7
1974

W

W
18.15.34.323

N)

Na

(a) S.designates Spring

(b) Aquifers: Qal, alluvium; Kcc - Crevasse Canyon Formation; Kcd - Dalton Sandstone

Mbr. of Crevasse Canyon Formation; Kmf - Menefee Formation; ipl - Point Lookout

Sandstone; Kg - Gallup Sandstone; rin - Mancos Shale; Kd - Dakota Sandstone;

Jmw - Westwater Canyon Sandstone Mbr. of Morrison Formation; Jcs - Cow Springs

Sandstone

(c) Use of water: D, domestic; S, stock; U, unknown; 1, industrial

(d) Type of pump: W. windmill; P, electric powered,' N, none

i



TABLE 2.6-2

SELECTED CHEMICAL ANALYSES OF GROUND WATER IN THE VICINITY OF PROPOSED MILL SITE

(constituents in milligrams per liter unless otherwise noted)

a

~ +

BIA (A ) Date a n c26 *d

Number Aquifer sampled

0
4.
a
C
o ~

04,

r f

0

-4 t

0 0
0 10 q0
'.-H 1r -4

.i U 4 fd

U I.. zLocation number and name
Conductance

pmho @ 250 C

16.15.20. Qal
20. Qal
20.234 Pinedale TP xm?

16.16. 1.112 16K-319 Kd
16.16. 6.112 14N- 70 icd
16.17.25.113 16K-340 Qal
16.17.33.422 16K-336 Qal
17.15.30.341 15T-303 Kg
17.16.32.112 14K-313 Kg
17.16.35. Kerr McGee Mine 3mnw
17.17. 7.233 14A- 79 Kcd
17.17.16 14A- 14 Qal

8-1949
5-1950
8-1949
6-1955
5-1955
6-1954
9-1953
6-1955
5-1955

11-1973
6-1949
5-1955

12
is
12
14
18
12

5.8
15
17
17

72
42

170
1.6

57
139

80
157
218
11
3

14 13
13 8
55 1161
1.9 262

20 0.9
44 264
19 227
89 504
99 72

8.4 131.6
0.9 105

258
160
359
518
130
890
776
297
271
220
237
409

0
0
0

39
0
0
0
0
0
21
0
0

43
40

590
74

102
314

91
1520
835
110
38

4.
2

50
8
9

24
26
16
11

3.6
4

32

0.6
0.2
0.4
1.4
0.4
0.6
1.4
2.1
0.8
0.3
0.2
1.2

2.2
0.1

24.0
1.5
0.0

13.0
0.3
0.6
0.0

0.5
0.3

288
199

1240
658
271

1250
832

2450
1390

412
268
530

480
331

1710
10O60
436

1810
1330
3120
1780

663
455

3370

Applicant's Mine Jmw 11-1973 17 2.2 0.3 121.4 215 31 45 5.2 0.2 --- 329 550

(a) hquifers:. Qal, alluviWi;'Kcc, Crevasse Canyon Formation; Kcd, Dalton. Eandstone Mbr. of Crevasse Canyon Formation; Xmf, Menefee Formation;

Kpl, Point Lookout Sandstone; Kg, Gallup Sandstone; Km, Mancos Shale; 9d, Dakota Sandstone; Jmw, Wostwater Canyon Sandstone Mbr. of

Morrison Formation;. Jcs, Cow Springs Sandstone



The nearest well that withdraws water from the alluvium below
the proposed tailings pond site is along the east line of Section
16 (well 16.16.16.442). The well taps alluvium in the main stem
of the North Fork of the Rio Puerco 0.5 mile below the con-
fluence of Pipeline Canyon and more than 2 miles below the proposed
tailings dam site. This well is equipped with a hand pump, and the
water is used for dompstic and stock purposes.

Sandstones of the Crevasse Canyon Formation

The Dalton Sandstone Member of the Crevasse Canyon Formation forms
the cliffs northwest of the proposed mill site and lies above the
water table throughout the vicinity of the mine and proposed mill
site. Accordingly, only geologic units below the Dalton will be
considered in the following discussion. See Figure 2.6-2. Several
sandstones below the Dalton, but still within the Crevasse Canyon
Formation, are potential minor aquifers. These lie within the
Dilco Coal Member, and near the mill site they total less than
50 ft in thickness. Water yields from the Dilco are expected to
be small, perhaps up to 20 gal/min, and are of variable but
generally poor quality because of their close association with coal
and carbonaceous shale.

Permeability of sandstone in the Dilco Coal Member has not been
determined. However, permeability and tronsmissivity values are
expected to be comparable to values obtained for members of the
Crevasse Canyon Formation. Field and laboratory measurements of
samples from the outcrop of the Crevasse Canyon formation indicate
a permeability ranging from 0.6 to 1.7 ft/dayo(°) These samples
should be representative of the material just beneath the proposed
tailings pond.

Aquifer tests for a 267 ft section of Gallup sandstone in the City
of Gallup's Munoz-lA water well (section 17, T.16N, R.18W) indi-
cated a transmissivity of approximately 2000 (gal/day)/ft.(b)
The permeability was approximately 1 ft/day. Electric logs
showed the Dilco sandstone units to be similar to those of the Gallup.

To) Cooley, et al, 1969.
(b) Mercer and Cooper, 1970.

I
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BENEATH TAILINGS POND AREA
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A-structural dip in the area of the proposed mill extends northward
at a rate averaging about 240 ft/mileo At the point where water
from the tailings pond will partially recharge the sandstone, the
gradient is steeper, but in a short distance the gradient flattens
to coincide with the bedding planes.

Based upon a permeability of about 1.0 ft/day and at a gradient of
240 ft/mile, water movement would be 0.24 ft/day or about 88 ft/year
downdip from the tailings pond in the zone above the point of con-
finement. Due to decreasing gradient, further movement would be less.

Gallup Sandstone

Tbe first sandstone unit considered to be part of the Gallup
Sandstone aquifer occurs 180 ft below the proposed tailings pond.
See Figure 2.6-2. This sandstone underlies a section of approxi-
mately 110 ft of sandy and carbonaceous shales, very thin lenti-
cular sandstones, and coal, which is below the Dilco sands and
assigned to the Dilco Coal Member of the Crevasse Canyon Formation.
The sandstones comprising the Gallup sandstone aquifer have a net
thickness of approximately 210 ft 0  The uppermost sandstone,
approximately 35 ft thick, is referred to as the Gallegos Member,
It is separated from the next major sandstone by approximately
45 ft of sandy marine shale and interbedded thin sandstones.
The second major sandstone, also approximately 45 ft thick,
is considered the lower part of the Gallegos Member. Near
the proposed mill site the Gallegos Member rests directly on the
"first Gallup Sandstone," which appears from electric log measure-
ments to include about 85 ft of sandstone. The first Gallup
Sandstone rests upon approximately 130 ft of sandy marine shale
and thin lenticulor sandstones assigned to the Mancos Shale which,
in turn, rests upon the "second Gallup." The second Gallup is
correlative with the "massive Gallup" that can be traced over a
large area in the Southern San Juan Basin0

All of these sandstones are considered part of the "Gallup aquifer0 "
The sandstones are assumed to be hydraulically connected, at least
in some areas toward the southwest where the intervening marine
shale tongues pinch out and the transgressive and regressive sandstones
merge0  From the logs of many wells drilled into the Gallupi-it is.
not possible to determine with assurance which particular sandstones
are providing water to the well 0

The upper sandstones described above are variable in thickness,

generally becoming thinner toward the northeast. The two
lowest beds, referred to as the first Gallup and second
Gallup, are the most persistent, but only the lower
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second Gallup continues as a massive sandstone into the
central part of the San Juan Basin. The upper sandstones of
the -Gallup aquifer are of irregular lithology and generally
are composed of light-gray to buff, or pink, fine-to-medium-
grained sandstone sometimes with coarser-grained channel fillings.
The upper units also contain a number of thin shale beds. The
two. lower sandstone beds are generally buff to light gray, fine-
grained and silty,.and the lowest, second Gallup, becomes
gradually finer-grained towards the base, .merging with the rather
thick transition zone which comprises the upper 100 ft of the
underlying Mancos Shale.

Although the Gallup is the principal aquifer in a number of wells
near the city of Gallup, including four supply wells at Window
Rock Junction, the Gallup aquifer has not been extensively
utilized in' the area of Applicant's mine, See Table 2.6-1.
Records show only-two wells completed in the Gallup near the mine.
These are well 17.16.32.112, approximately 3.5 miles north-
northeast of the mine, and well 17.15.30.341, approximately 2,5
miles northeast of the mine in the valley of Pipeline Canyon.
Neither of these wells penetrates more than 'a small part of the
Gallup aquifer. Specific capacities of these two wells are
0.15 and 0,46 (gal/min)/ft, respectively. Water quality is
only fair, with total dissolved solids being 1390 and 2450 mg/liter4
Water from both wells is high in sulfate concentration, See
Table 2.6-2.

Dakota Sandstone

The top of the Dakota Sandstone aquifer is approximately 1160 ft
below the tailings pond area. See Figure 2.6-2. The Dakota
is separated from the Gallup Sandstone by approximately 500 ft
of Mancos Shale, which is composed primarily of dark gray and
greenish-gray shales with thin in.terbedded sandstones. The
Mancos has very low relative permeability and is considered an
aquiclude..

The upper member of the Dakota. Sandstone,f termed the Two Wells
Member, is approximately 61 ft thick, It is composed of an
upper massive sandstone unit approximately 47 ft thick, a lower,
fairly massive sandstone about 8 ft thick, and an. intermediate.
shale zone, The massive sandstone units are highly resistive
and "clean" and can be assumed to contain relatively high
quality water,
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Below the Two Wells Member lies the Whitewater Arroyo Shale, which
is approximately 56 ft t:hick and is generally similar to the main
body of the Mancos Shale. The Whitewater Arroyo Shale, a tongue
of the Mancos Shale, merges with the main body north-eastward in
the San Juan Basin. Like the main body of the Mancos Shale, the
Whitewater Arroyo Shale has very low permeability. Beneath the
Whitewater Arroyo Shale is an unnamed member of the Dakota, approx-
imately 66 ft thick, made up of six ledges of clean, resistive
sandstone separated by marine shale. The net thickness of resistive
sandstone in this lower unit is approximately 38 ft.

Four wells in the vicinity of Applicant's mine draw water from
the Dakota aquifer. These wells are designated 16.15.17.141,
166.15.20.121, 16.16.1.112, and 17,16.35.414. The first well
mentioned is located about 1.5 miles north of Pinedale Trading
Post, 4 miles southeast of the Applicant's mine, and is equipped
with a windmill-and pump jack. The well is used for domestic and
stock water supplies. The second well mentioned is at the Pinedale
Chapter House, 5 miles southeast of the Applicant's mine, and is
equipped with a submersible pump. The well is used primarily as
a domestic water supply. The third well is about 1.5 miles east-
southeast of Applicant's mine and is equipped with a windmill.
This well is also used for domestic and stock water supplies.
The last mentioned is Applicant's water well which draws water .o,
from both the Dakota and, below, it, the Westwater Canyon Sand-
stone Member of the Morrison Formation.

Well 16.15.17,141 is open to only 10 ft of the aquifer and has
a specific capacity of 0.03 (gal/min)/ft. Water quality is fair
with a conductance of 160 umhos. Well 16.15.20.121 is open to
approximately 90 ft of the Dakota Sandstone aquifer, 55 ft of
which is in the Two Wells Member and approximately 35 ft of which
is in.the lower, unnamed member of the -Dakota. This well has a
specific capacity of 0,07 (gal/min)/fto Water quality-is
relatively poor, having a conductance of 1600 Mmhos. This poor
water quality is probably due to completion of the well in both
the upper and lower zones, The "shaliness" of the lower
zone can cause a high dissolved so-lids content,. Well
16.16."1.112 is open to only 7 ft of the aquifer, probably in the
Two Wells Member, and has'a specific capacity of only 0.01
(gal/min)/fto Specific conductance of the water is 1060 jmhoi,
Applicant's water well, 17.16.35.414, probably draws water from
both the Dakota and the Westwater Canyon Member of the Morrison,
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However, the similarity in quality between the water from the
well and the water pumped from the mine indicates that most of
the water pumped from the well is drawn from the Westwater Canyon
Member.

Water levels in all four of the wells mentioned above have declined
in the past few years. This indicates that there is some hydraulic
connection between the Dakota and the Westwater Canyon Member
from which water is pumped in Applicant's mine. This phenomenon
is discussed at greater length in, the following section.

Westwater Canyon Sandstone

The Westwater Canyon Member of the Morrison Formation is the most
significant aquifer beneath the tailings pond area. See
Figure 2.6-2. This sandstone lies at a depth of 1420 ft below the
proposed tailings pond and is separated from the base of the Dakota
Sandstone by approximately 75 ft of green shale interbedded with
sandstone. The Westwater Canyon Member includes approximately
135 ft of what appears to be relatively resistive sandstone with
a total thickness of 280 ft. The sandstone is typically light
gray to pale yellowish=brown with minor breaks of greenish-gray
shale, The sandstone is generally poorly sorted, ranging from
fine- to coarse-grained, and often contains channel fillings,
coarse-grained sand, and conglomerate.

The coefficient of transmissivity for the Westwater Canyon
Member generally falls in the range of 1000 to 2500 (gal/day)/ft
for wells in the Crownpoint and Borrego Pass area east of
Applicant's mine. Wells west of the mine indicate poorer
transmissivity for the Westwater Canyon Member. Aquifer tests of
the City of Gallup's Munoz-lA well indicate that neither the
Westwater, Canyon Member nor the Dakota contribute a significant
amount of water to that well.(a) However, toward the center of
the San Juan Basin the Morrison is a potentially important
aquifer. Strong water flows attributed to the Westwater Canyon
Member have been noted during uranium test drilling in a band
from Coyote Canyon through Standing Rock and at a point a few
miles north of Crownpointo

(a) Mercer and Cooper, 1970.
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Another well in the Westwater Canyon Member has been recently

completed in T.23 N., R.14 W. Municipal water supplies are

also drawn from the Westwater Canyon at Crownpoint. The quality
of water within the Westwater Canyon Member is typified by that-

pumped from the Applicant's mine. Quality is generally good with
conductance less than 700 ,umhos and total dissolved solids not
much more than 400 mg/litero

Comparisons were made of recent water level measurements with those
taken before pumping from the Applicant's mine began in 1968. See

Table 2.6-1. Examination of the water level 'data for the old
Church Rock mine indicates that a considerable cone of depression.
may be developing because of pumping from the Applicant's and

Kerr-McGee's mines. The water level in the old Church Rock mine,
approximately 3.2 miles from the Applicant's mine, has dropped
nearly 175 ft since pumping began. The levels in four windmill

wells tapping the Westwater Canyon also appear to have fallen.

The water level in well 16.16.15.432, approximately 2.6 miles

from the Applicant's mine, was measured in 1959 at 181 ft. By
August 1974 the level had dropped to 257 ft.

Well 16.15.17.141, approximately 4 miles from Applicant's mine,
was flowing at about 0.25 gal/min in November 1957. Based upon
the specific capacity reported when the well was bail tested i .'

1957, the shut-in head should have been about 8 ft above land
surface. In August 1974 measurements indicated a shut-in head
level of 87 ft below land surface., without pumping for at least

12 hours.

The water level in a well drilled in 1968,. No, 16.16.14o242, was
measured in August 1974 at 54 ft. Based on the two wells
mentioned above, that level seems higher than expected. Either

the cone is developing irregularly, or depending upon perme-

ability, pressure declines are considerably different in various
• zones of the Morrison and Dakota.

Deeper Aquifers

Several stratigraphic units which yield water in other areas
are present below the Westwater Canyon Member at the proposed
mill site. Howev~er, little is known about the aquifers' water-
bearing characteristics. These units include, in descending

order, the Bluff Sandstone, the Summerville Formation, the Todilto

Limestone, the Entrada Sandstone, all of Jurassic age; the

Wingate Sandstone and several sandstone units in the Chinle Forma-
tion, all of Triassic age; the San Andres Limestone and the
Glorieta Sandstone, both of Permian age. None of these units
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are tapped for water near the proposed mill site because adequate

supplies have been available from more shallow formations.

2.6.2 Surface Water

Characteristics of the Drainage System Near the Mill Site

The proposed mill site lies near Pipeline Canyon, which is a tributary
to the North Fork of the Rio Puerco in the drainage basin of the
Little Colorado River. See Figure 2.6-3. The North Fork of the
Rio Puerco drains approximately 280 sq miles, of which 18.7 sq.
miles comprise the drainage area of Pipeline Canyon above the
mill site. All of the watercourses within the North Fork drain-
age are normally dry arroyos except during storm runoffs. During
the dry season, the only measurable surface water originates
from Applicant's and the Kerr-McGee's mines.

No surface water diversions or control structures exist below
the mill site, and only one significantly large impoundment
exists above. This impoundment is capable of storing 10 acre-ft
of water for erosion control and stock needs. An erosion control
dam is located at approximately the center of the tailings dam site,

Downstream uses of surface water are limited to occasional live-
stock watering. The subflow in the alluvium in the North Fork is
tapped by several shallow wells. This water, technically ground
water, is derived from storm flows passing down the arroyos and
is pumped for domestic and stock-watering use.

Flood Frequency and Duration, Pipeline Canyon

The peak discharge of flood water in Pipeline Canyon is difficult-
to estimate except by comparison with similar drainage's. Dis-

charge per unit of drainage area can be plotted against the drainage
area in terms of "highest known discharge," regardless of record
length or recurrence interval. Such an envelope curve for the
Rio Puerco and its tributaries is presented in Figure 2.6-4.
This curve serves as an approximation because differences in the
characteristics of the drainage basins are not taken into account.
Based on the 18.7 sq mile drainage area of Pipeline Canyon above the
proposed mill site, a discharge of 6400 ft 3 /sec, 340(ft3/sec)/sq mile,

. is anticipated.

Chemical Analyses

The chemical analyses of surface water samples are presented in

Section 2.10.
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2.7 METEOROLOGY

Introduction

Most of the climatological data has •e~n taken from Climatolo-
gical Summary for Gallup, New Mexico.o7a Gallup has the nearest
national weather service station, approximately 16 miles south-
west of the proposed mill site.

The site area has an arid-to-semiarid continental climate with
sunshine approximately 70% of that possible. Rainfall is light
and occurs primarily during the summer. The mill site is located
in a valley that extends southwest through Gallup and then through
broken high-plateau country into Arizona. The ,country surrounding
the proposed site is rough and broken with rocky buttes and
ridges, and is crossed by many arroyos. The elevation at the
Gallup station is 6465 ft, compared with 7000 ft at the mill site.
Hence, wind data for the two areas are similar, and temperature,
humidity, and precipitation values should vary only slightly due
to the elevation differences. The Gallup data, therefore, provide
a close, approximation of site conditions.

Temperature,- Precipitation and Relative Humidity

Monthly and annual summaries of temperature means and extremes
at Gallup are presented in Table 2.7-1 for the period from 1938
to 1960. Because of the elevation, summer days are generally
cool, with highs in the mid-80s. Winter temperatures are low,
with minimum readings of 0 F or below for an average of 10 days/
year. Rapid daytime warming to above freezing is typical during
the winter.

Table 2.7-2 presents monthly and annual precipitation, including
snowfall, data for the area. The mean annual precipitation is

10.7 inches, with 43% of the annual moisture falling during the
period of July through September. Most of this summer moisture

falls during brief but occasionally heavy, summer thunderstorms.
Extended rains or cloudy periods are uncommon. Much of the
winter precipitation falls as snow, with snowfall depths commonly
4 to 6 inches.

Relative humidity data are not available for the Gallup area.
The U.S. Weather Bureau estimates that because of the lower
temperatures associated with the elevation of the area, relative

(a) Department of Commerce, 1972.
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TABLE 2o7-1 MEAN AND EXTREME TEMPERATURES

GALLUP, NEW MEXICO 1938-I960 (a)

Temperature (OF) Mecn number of days

Means Ext remes
Doily

Month Max.
Daily
Min.

Record
HighMo.

Record
Year Low

Temperatures
Max. Min,

90-& 32•'& 32& 0OT & '

.above below below below

N)

01

Jan

Feb

Mar

Apr

May

June

July

Aug

Sept

Oct

Nov

Dec

42.7

46.2

52.6

63.3

72.9

83.3

87.2

84.4

79.2

67.2

53.3

45.6

13.9

17.5

22°9

31.0

37,6

45.6

52.9

52,6

44.9

33,5

19.9

14.5

28.6

32.1

37.9

46,9

55,2
64.5

70.0

68,2

62,0

50.4

36.4

29.9

65

69

75

83

95

99

99

97

99

87

73

65

1954+

1957

1946

1943

1946

1956

1958

1954

1950

1953

1953+

1949+

-18

-23

-6

8

15

24

36

26

14

12

-15

-17

1955+

1951

1948,

1945

1953

1950

1949

1948

1950

1949

1952

1945

0

0

0

0

7

11

5

1

0

0

0

3

2

1

0

0

0

0

0

0

0
1

3

31

27

28

19

7

1

0

0

1

15

28
30

4

2

0

0

0

0

0

0

0

1
3

Year 6 4 . 8 (b) 3 2 . 2 (b) 4 8 . 5 (b) 99 July .23 Feb1958+ 1951. 24 1 187 10

*Less than 0.5 day but greater than 0 day.

+Also in earlier years.
(a) Department of Commerce, 1972.

(b) average
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TABLE 2.7-2 PRECIPITATION, GALLUP, NEW MEXICO~a)
(1938- 1960) "

Precipitation Totals (Inches)
Snow, Sleet, Mean No. of Days

Mon
Greatest

th Mean Doily
Max. Greatest

BO
U'

Jan

Feb

Mar

Apr

May

June

July

Aug

Sept

Oct

Nov

Dec

0.64

0.69

0.78

0.65

0.55

0.46

1.74

i.81

1.05

1.000

0.51

0.77

0.62

0.93

1.09

0.83

0.60

0.94

1,90

1.27

1"64

1.50

0.60

0.75

Year

1952

1948

1954

1952

1954

1952

1954

1947

1941

1941

1940

1955

Mean Mo. Year Daily

5.7

5,7

5.9

2.1

0.3

0

0

0

T

T

2.2

6.8

12.0

15.0

17.8

9.5

3.0

0

0

0

T

T

16.5

15.5

1960

1939

1945

1945

1944

6.0

8.0

5.0

5.0

3.0

0

0

0

T

T

5.0

8.0

1945

1942

1945+

1945

1944

3

2

3

2

2

1

4
5

3

2

Precipitation Equals
Year or Exceeds 0.1 Inch

1945

1959+

1952

1941

1945

1959+

.1952

1955

Year 10.65 1.90 July 28.7 17.8 Mar Dec
1954 1945 8.0 1955+

T Trace, an amount too small to measure

+ Also in earlier years
(a) Department of Commerce, 1972,



humidity at the proposed mill site should be higher than the
relative humidity which occursin the lower desert regions. The
average annual relative humidity for the site is estimated to
be 55%, based on U.S. Weather Bureau data. Diurnal variations
are expected to range from 70% in early mornings to 30% later
in the day.

Wind Speed and Direction

Wind speed and direction measurements for Gallup, obtained from
the National Climatic Center in Ashville, North Carolina, were
available only for January 1973 through February 1974. Table
2.7=3 and Figure 2o7-1 summarize the annual frequency distributions
for these data. Wind records prior to January 1973 are not
available for Gallup. Average monthly frequency distributions of
wind speed and direction are presented in Figure 2.7-2. Based
on these data, the surface wind speeds in the area are generally
moderate,, averaging 6.9 mph. Wind speeds are greatest in the
spring, averaging 9.l mph in April and least in winter, averaging
5°3 mph in January. The maximum wind speeds reported during
this period were approximately 35 mph, gusting to 46 mph. The
most frequent winds are southwesterly through westerly, with a
total frequency of 48%. The available data are not sufficient
to summarize monthly and annual Pasquill stability classes.

Severe Weather.

Prolonged rains or cloudy periods are rare. However, summer
cloudbursts can produce excessive runoff and local flash flooding
in the rough, sparsely vegetated terrain. During the summer,
hail is occasionally associated with thundershowers, No tornado-
has ever been reported in the Gallup area.

Most winter storms are not accompanied by excessive wind; thus,
heavy drifting or blizzard conditions rarely occur, Temperature
extremes are presented in Table 2.7-Lo

"*: Local Meteorology

A mechanical weather station has been installed at Applicant's
proposed mill site and has been recording meteorological data
since May 1975o These on-site wind data indicate that prevailing
winds are southwesterly through westerly and are in agreement
wit-h the Gallup data.
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TABLE 2.7-3 WIND DATA, GALLUP, NEW MEXICO, RELATIVE FREQUENCY DISTRIBUTION
(o).FROM JANUARY 1973 TO SEPTEMBER 1974

Direction 0-3 mph 4-7 mph 8-12 mph 19-24 mph Over 24 {;eph Ave. mph

U'

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW"

W

WNW

NW

NNW

1.63

1.32

1.26

1.76

1.41

.61

.93

.90

2.66

3.26

6.16

6.65

4.28

1.83

.87

.72

1.29

1.23

1.45

1.43

1.25

.70

.88

.87

1.97

1.57

2.15

2.61

10 87

.84

.54

.48

1.12

.77

.61

1.24

.79

.21

.41

.51

2.00

2.84

3.58

3.85

2.58

1.32

155

.50

.39

.30

.19

.40

.31

.16

o15

.21

.62

1.12

4.12

3.96

2.39

1.03

.46

.22

.01

.04

o01

.03

.06

.01

.01

.02

. 11

.24

1.03

1.37

.59

.12

,03

o02

.00

00

.00

.00

901

.01

.00

.01

.01

.06

.17

.22

.09

.01

.00

o 00

5.6

5.4

4.9

5.5

5.4

5,3

4.9

5.6

5.9

6.8

8.2

8.2

7.6

7.1

6.7

6.0

6.2Average
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2.8 ECOLOGY

Site Description

The proposed mill site is located on sparsely populated, semiarid
land. Applicant's mine has been operating near the mill site for
6 years, and the potential stresses that may be imposed by the
mine on the region's ecology are included in the survey of the
region's ecology. The survey was conducted during the summer
1974 and provides a baseline upon which potential environmental
stresses imposed on the region's ecology by construction and
operation of the proposed mill can be evaluated.

Two major soil associations are found in the area. First, the
Rock Land - Travessilla association, on approximately two-thirds
of the area is characterized by steep canyon walls and escarp-
ments with sloping fans and valley floors below the canyon walls
and escarpment5. Second, the Lohmiller - San Mateo association
comprises the central portion of the area and is characterized
by level to very gently sloping flood plains and swales.

Vegetation
!w

Vegetation was sampled using line-point sampling for aerial
coverza and botanical composition.(b) A total of 24 sampling
locations were selected in the three major vegetation areas as
described below: alluvial valley and plains, 10 locations;
sagebrush-grassland, 5 locations; pinyon-juniper, 9 locations.
Figure 2.8-1 is a map of the vegetation areas.

Alluvial valley and .plains: Vegetation on the alluvial valley
and plains area is dominated by grasses. See Table 2.8-1.
Blue grama (Bouteloua gracilis) and sand dropseed (Sporobolus
cryptandrus) equally dominate the area, with western wheatgrass
(Agropyron smithii) prevailing in a few. locations. See Table-2.8-2.
Perennial vegetative cover is relatively low, but varies from
areas void of plants, i.e. flooded areas, to areas having
nearly 100% cover, such as an area covered by red muhly
(Muhlenbergia repens). Annual forbs are common in this area
and Russian thistle (Salsola kali) is the most abundant. In
some parts of the'plains area broom snakeweed (Gutierrezia
sarathrae) dominates, and rubber rabbitbrush (Chrysothamnus
nauseosus) is common.

(a) Heady, et al, 1959o
(b) Owensby, 1973.
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VEGETATION TYPES

Z Alluvial Valley and
Plains- Grassland

Sagebrush-
Grassland

Pinyon -
Juniper

SCALE: 1" -800'

FIGURE 2.8-1 VEGETATION TYPES ON THE APPLICANT'S PROPERTY
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TABLE 2.8-1

SUMMAKY OF PLANT COMPOSITION
AND AERIAL COVER OF PERENNIAL VEGETATION

Vegetation Types
Alluvial Valley

and Plains
% Comp % Cover

Sagebrush-
Grassland

% Comp % Cove

Pinyon-
Juniper

% Comp , Cover!-

Understory

Grass
Fo rbs
Shrubs

Total(a)

82.3
0.0

16o7

99.0

17,1
0.0
3.7

20. 8

50.2
3.6

46.2

100.0

9.6
0.0
17.0

26.6

39.0
35.6
24.5

99.1

4.2
0.0
3.9

8,1

Overstory

Oneseed juniper
Pinyon pine

Total

1.2

1.2

3.9
11.5

15.4

SPercent comoosition maovnot odd to 100 due to rounding errors.



TABLE 2.8-2 (Page 1 of 3)

PLANT COMPOSITION AND AERIAL COVER ON ALLUVIAL
VALLEY AND PLAINS, SAGEBRUSH-GRASSLAND AND

PINYON-JUNIPER AREAS

Alluvial valley Sagebrush-
and plains grassland Pinyon-luniper

Common Names % Comp. % Cover - Comp. % Cover I Camp° % Cover,

Grasses

Blue grama 35.5 9.9 31.4 8.2 20°8 2.8
Bottlebrush
squirreltail 0.1 0.4 0.1

Brist legrass X (a)
False buffalogra:ss 1.8 0.5
Fescue 0.4 0o4
Foxtail barley X
Galleta 0.1 08 10.1 1.2
Indian ricegrass 0.4 4,6 6°0 0.1
Inland saltgross 0.7 0.5
Muhly 001
Needle and-thread X
Re&, muhly X
Sand dropseed 37.8 5.7 2o8 0.4 1.5 0-1
Sixweeks grama X
Subalpine needlegrass X
Western wheatgross 5.9 0.5 9.8 1.0 X

Total grasses 82.3 17.1 50.2 9,6 38.9 4.3

Forbs

Aster 0.8
Aster, babywhite 3°6 10.0
Annual bursage X.
Bladderpod X
Cholla X
Common dandelion X
Common ragweed X
Deer's tongue 2.5
Desert baileya X
Eaton penstemon X
Fireweed summer cypress X
Fleabane X
Fleabane horseweed X
Four-o'clock 0.1
Gianthyssop X
Gilia 4.5
Globemallow
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TABLE 2.8-2 (Page 2 of 3)

Alluvial valley Sagebrush-
and plains grassland Pinyon-juniper-

Common Names % Comp. % Cover % Compo % Cover % Comp. % Cover

Forhs (continued)

G lobemallow, scarlet x
Gumweed X
Hedgehog cactus X
King lupine X
Lambsquarter X
Lemonweed X
Mammillaria X
Mentzeiia 0.4
Milkvetchgrandcover X
Milkvetch, Rusby 0.9
Pingue X 1046
Prickly pear X X
Purslane X x
Redroot pigweed
R.ockymountain beeplont x x
Russian thistle K K
Salsify X.
Sand verbena X
Silverlead nighshade X
Thistle
White.margin spurge x
White prairie clover X X
Wholeleaf Indian paintbrush x X
Wild buckwheat
Wild buckwheat, James X 3.1
Wild lettuce K .
Wild potato.
Wright deervetch X
Yucca, dotil x
Yucca, soaptree 0.3

* Total forbs 3.6 33.2
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TABLE 2.°8-2 (Page 3 of 3)

Alluvial vaiiey Sagebrush-
and plains grassland Pinnyon-juniper.

Common Names % Camp. % Cover % Compo % Cover % Camp. % Cover

Shrubs"

Big sagebrush 0.8 0.1 28.8 13.6 4.7 1'..9
Black sagebrush X X
Broom snakeweed 13..8 2.5 16.2 3.0 12.7 1.4
Condalia X X
Fourwing saltbush 0.2 0.2 0.2 0.2
Fringed sagewort X 0.6 .6.3 0.4
Gambel oak X,
Gray horsebrush X X
Mexican cliffrose 0.2
Mountain mahogany. 0.1
Rubber rabbitbrush 1.6. 0.9 0°2 0.2 0.2 0.1
Threadleaf groundsel" X
Whitethorn acacia X
Wild-buckwheat X
Winterfat" 0.3 0.2 X
Wright sagewort 0.3 0.1

Total shrubs 16.7 3.7 46.2 17o0 24.5 3.9

Trees

Oneseed juniper X 3.9
Pinyon pine 1.2 11.5
Ponderosa pine X X

Total trees 1.2 15,4

(a) An "X" means the species were found growing in the vegetational area,
but was not recorded on any transect, Generally these species are
not common,
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Sagebrush-grassland: Over one-half of the plant composition
in this area is grass, with an aerial cover of less than 10%.
See Table 2.8-1. Shrubs dominate the vegetative aspect and
have 17% aerial cover. The most abundant shrub is big sage-
brush (Artemisia tridentata), which is often found associated
with broom snakeweed. Blue grama is common in the area, and
western wheatgrass is occasionally found. Trees are relatively
uncommon in this area; however, there is some invasion of
pinyon pine (Pinus edulis) and oneseed juniper (Juniperus
monosperma) into the upper slopes of the sagebrush-grassland.

Pinyon-juniper: Of the three vegetation areas studies, this
area had the least understory cover. See Table 2.8-1. The
trees which dominate the area have over 15% aerial cover.
Ground cover varies from sparse to fairly dense •cover in which
broom snakeweed and sages are common. However', in some parts

S~there is only bare ground and rocks under the trees. The
grasses, the most common understory plants, are dominated by
blue grama and galleta (Hilaria *amesii) over much of the
area, with Indian ricegrass (Oryzopsis hymenoides) existing
in part of the area. Forbs comprise over one-third of the
botanical composition but contribute very little to the aerial
cover. Pingue (Hymenoxys richardsoni) and babywhite aster
(Aster leucelene) each contribute 10% or more to the total
understory composition. Gilia (Gilia sp.) and James wild
buckwheat (Eriogonum .)amesii) are also found in parts of the
pinyon-juniper area,

A listing by scientific name of all species found is presented
in Table 2.8-3.

An estimate of grazing capacity(a) for the three vegetation areas
is presented in Table 2.8-4. Excluding the highway right of way,
the estimated grazing capacity is 4.5 animal unit years (AUY) for
the area. An AUY is the 1 year forage requirement of a 1000
pound cow with calf. The low grazing capacity for this rainfall
regime is due to the low, vegetative productivity, caused by
excessive livestock grazing in the past.

(a) Collier, et al, 1937; Gould, et al, 1972; Pickford, 1940.
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TABLE 2.8-3 (Page 1 of 3)
PLANT SPECIES FOUND ON APPLICANT'S PROPERTY

Scientific name Common name

Grasses

AgqopyJ'on. zmtth-
BoutetLowt ba~ba~ta
&Watetowt g'utacZL

Futucax sp.
HiIAAa1 t~ jameA4,
Ho~dewnm jubatum
Muhtenhe~gitz &epen4
Muht.enbe~g&t sp.
Muwvwe ~squAodvwa
04yzO'pP..i hypneno-Zde
Se~taAia .sp.
Sitan-Lon hy.6t'tix
Spo'wbotws6 c'tgptand'tus
Saipa cotumbilana
SZ-4xt comata

Ab'wn.Za pwLiJa.
Agazta~che. sp.
Aniw~nn1hus uLef" o 6texLL6
Amb~'o6iai wt~tem"Zi6oZ & oL
A~teA Zeuceteene

A6tg atu hwniAtA'ataA
MAa4Lgatus Lus'tbq-
8ai.teycL mattika~diata
Cazttee1jat inte~g'uz
CkenopodLwmi atbum.
Cteome seAmuta.ta
.CVL4i -Lnsp.
C&ypttn~tha MnuesL5epa&ta
Echimn car-tus:
E~Lig vwn candensiA
Ei'ig ewn *sp.-
E'2ogonun jam e4LZ
E~iogonum sp.
EuphoxbLa. atboma9na~ta

Forb s

Western wheatgrass
Sixweeks grana
Blue grama
Inland saltgrass
Fescue
Galleta.
Foxtail barley
Red muhly
Muhly
False buffalograss
Indian ricegrass
Bristlegrass
Bottlebrush squirreltail
Sand dropseed
Subalpine needlegrass
Needle and.thread

Sandverbena
Gianthyssop
Redroot pigweed
Common ragweed-
Babywhite aster
Aster
Groundcover milkvetch
Rusby milkvetch
Desert baileya
Wholeleaf Indianpaintbrush
Lambs quarter
Rocky mountain beeplant
Thistle
Deer's tongue
Hedgehog cactus
Horseweed 'Flea'oane
Fleabane
James wild buckwheat
Wild buckwheat.
Whitemargin spurge
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TABLE 2.8-3 (Page 2 of 3)

Scientific- ne-e Common name

F/i-ajt eAt-ý aca;?IUICca,,pa~
G-iL~a sp.,
G'~Znde~ijt aph-aizatci
Hqrn enoxs tich.1,,d~soni
Kochi&t 6c.opctzW
Lac~twyz s-o.
Lesquvxettaz sŽ.-
Lotus wutZgh~ti
Lupinw kbigii
Mammn-LUrAg Sm.
MenltzZeLUL a-.

Opuntia sp.
PectU,s pappo~sa
Penstemoni eat-cn~i
Pe~tao~ temon candid-&hn
Poattueziza oZevtzciz
Satz~ota kacLCi
Sotayuium, eftagi;t jo~itsn
SoZctnwil jaine.64,
Spha~eAal-c~ea coccinea
Sphaexatcea 51c*
Tezatxacian o 'ýcinaJte
TAtagapogon 510.
Yu~c~ca bacc!ata.
Yuccaz e~a-ta

Acacia. constita
A'Ltemi-sia. ,',zc~da.
A.ttemimza- wvet
A,%temi&~ia tv-de;L.tat

.At~tZp?_Pz capte-3cens

Ch,%yoth'wirmw.t ntatLeosws
Co;tdatia Sr

Annual burs age
Gilia
Gumweed
Pingue
Fireweed summercypress
Wild lettuce
Bladderpod
Wright deervetch
King lupine
Mammillaria
Mentzelia.
Four-o'clock
Cholla
Prickly pear
Lemonweed
Eaton penstemon
White prarieclover
Purslane
Russian thistle
Silverleaf nightshade
Wild potato
Scarlet globemallow
Globemallow
Common dandelion
Salsify
Datil yucca
Soaptree yucca

Whitethorn acacia
Fringed sagewort
Black sagebrush
Big sagebrush
Wright sagewort
Fourwing saltbush
Mountain mahogany
Rubber rabbitbrush
Condalia
Mexican cliffrose

Shrubs
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TABLE 2.8-=3 (Page 3. of 3)

Scientific name Common name

EurJgonun~? -z.
EUAwtiaZa&tac

Gutmteiaza.-at~a
QuvAcus garw' be-C,
SoteciLo tongitobu.s
re~utadtma cane-5 cen6

Jwtipvtus monospevxna
Pin us eduWZ
PRbua pondeiwsc

Wild .buckwheat
Winterfat
Broom snakeveed
Gambel oak
Threadleaf groundsel
Gray horsebrush

Trees

Oneseed Juniper
Pinyon pine
Ponderosa pine

(a)Ccmmoa names are mostly taken from A. A. Beetle, 1970. Recommended
piant nanes. Res. J. 31. ý Agric. Exp. Sta. Univ. of Wyoming.
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TABLE 2.8-4

GRAZING CAPACITY AND ACREAGES
OF THE ALLUVIAL VALLEY AND PLAINS,

SAGEBRUSH-GRASSLAND,. AND PINYON-JUNIPER AREAS

Forage Acre Forage
Acres Factor AcresTyp e

Alluvial valley
and plains

Sagebrush-
grassland

Pinyon-juniper

Total

208

135.

277

620(a)

0.0639

0.0665

0.0225

13.29

8.98

6.23

28.50

Animal
Unit Years

2.1

1.4

1.0

4.5

(a) The highway right of way,
included in the above.

approximately 20 acres, is not
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J
Normally, the only surface water on the mine and proposed mill
site originates from Applicant's and Kerr-McGee's mines and is
discharged into an unnamed arroyo adjacent to the site. Conse-
quently, a survey of aquatic plants was not considered relevant
to the environmental, impact of the fa.cility.

Animals

A sample of the small mammal population present on the mine and
proposed mill site was obtained by trapping animals. Only the
deer mouse was observed in large numbers on the site. Based-on
the trapping results, an estimate of the small mammal density
is presented below:

Small Mammal Population
Species per Section

Deer mouse 723
Pinyon mouse 26
Western harvest mouse 26
Little pocket mouse 52

A survey of other wildlife on the site was conducted by visual
observations of both the animals and the signs of their presence-
A complete listing of the observations is presented in Table 2.8-5.

Important Species,

Based on teireational and limited monetary value, the only
important 1 a) wildlife species in the area is the mule deer, which
is not abundant. Signs of these animals were observed in the
pinyon-junip.er area along the south and east side of the proposed
site, Some tracks were observed along an erosion control dam
near the center, of the site. 'The animals apparently were going
to the arroyo for water,

A few mourning doves were observed using the flood plain to feed
and to consume gravel. Non.e of the rare or endangered avian
predators were observed in the area, However, both the bald and
golden eagles may periodically frequent the steep bluffs,
None of the remaining species seen in the area are restricted to
the habitat types of the area, No sheep, goats, or cattle were
observed on the mine and proposed mill site, and in the future

(a) AEC, 3,8.
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TABLE 2.8-5

FAUNA OBSERVED ON OR NEAR APPLICANT'S PROPERTY

COMMON NAME SCIENTIFIC NAME NUMBER OBSERVED

MAMMALS

Black-tailed jackrabbit
Desert cottontail
Cliff chipmunk
Deer mouse
Pinyon mouse
Western harvest mouse.
Little pocketmouse

BIRDS

Red-tailed hawk
Common raven,
Sparrow hawk
Mourning dove
Pinyon Jay
Brewer's blackbird
Red-shafted flicker
Western kingbird
Western bluebird
Cliff swallow
Chipping sparrow
Rock wren

Lepu6 cafzi~otic~us
SyJvitagwm auduboni
EutLam&L6 da'uLo.ZW
Pexo nys6 c. manicu/ttus
Pe.•omyscm• t•ue

ReitkAodonto ms megatatLZ
Peu gnathu sZongimerneniz

Buteo jamz.cenZ6-
Cot uuA co% va x
Fa•co ApaAwe~iu
Zenaid wE macAo uaa
Gymnorhina cqyanocephata
Eupha9u6 cyanocephatuA
Cotaptes ca6eA
Tq-unmwz v~c~utZA
S-iýýZ me ianat
PeocheLUdon py'uhonota
SpizetLa pazze/ina
Satpinctez ob6ote-tus

2
3
3

29

11

1
6
2

18
numerous

11

7

5
8

<5

REPTILES

Prairie lizard

SIGN NOTED .

Seetoporua unduatu6 conobAinwu 1

Signs Observed

Mule deer
Coyote
Porcupine
Badger
Woodrat

Odocoiteus hemionus
Cani, tat,,nz
Erethizon doratum
Taxidea taxusS
Neotom sp.

6
1

sets tracks
set tracks

numerous

4 burrows
3 dens
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all forms of livestock will be excluded from the area by fences.
Aquatic animals are not present on the site because of the
absence of a suitable habitat.

Plant species used as feed for the deer are not considered

"important species" because neither the deer nor the grasses
and shrubs used as food are limited to the mine and proposed mill
site. No plant or animal species have been identified as critical
to the structure and function of the ecosystem, nor have any rare
or endangered species as defined by the Uo S. Fish and Wildlife
Service been observed in the area.

Environmental Stresses

Before mill construction environmental stresses in' the area have
resulted from mining activities, construction of State Highway
566, installation of a gas line, and overgrazing of domestic
animals. No histories of infections or epidemics have been
identified. The presence of arroyos indicates a history of
flooding and erosion. Additional environmental stresses which
would be placed on the area by the presence of the mill are

described below.

Except for the areas where vegetation will be destroyed by the
construction of the mill and the tailings pond, the productivity
and density of vegetation should increase with the exclusion of
livestock. This should have favorable effects, for increased
vegetative cover will stabilize the soil and improve the habitat

for local wildlife species,

Mule deer, th'e only identified "important species" in the area,
are not confined to the proposed site for food and water. Their

principal source of radiation exposure will be through the
ingestion and.inhalation of radionuclides released in ventilation
air from the mill, in the ground water discharged from the mine,

and. from ore dusts. Radionuclides obtained from such sources will
not pose a significant environmental stress on the mule deer. See

Section 5.1.

The acidic nature (pH 1.5-2.0) of the water discharged to the
tailings pond will make the water unpalatable for animals in the
area but should not harm them through direct contact, Other
forms of wildlife will move out or be destroyed by construction
activities but they should not be further affected by the opera-
tion of the mine and proposed mill.
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2.9 BACKGROUND RADIOLOGICAL CHARACTERISTICS

Radiological data collected under Applicant's preoperational

effluent and environmental monitoring program are presented below

for each medium monitored. Additional data will become available

for review as sampling is conducted under the proposed schedule

presented in Section 6, However, information collected to date

provides substantial data for evaluation of the background

radiological characteristics of the proposed mill site.

Surface Water

Most surface water originates from the mine, passes through the

series of mine water settling ponds, and discharges to an arroyo
which receives an equal volume discharge from the Kerr-McGee mine,

located northeast of Applicant's mine. Results from samples of
mine water, settling pond water,:and arroyo water are presented

as mine and surface water quality data in Table 2.9-1.

Ground Water

The two ground water sampling wells that will be located next
to the proposed tailings pond have not been drilled, but will
be available for ground water sampling before the mill becomes
operational. Mine water quality data are presented in Table 2.9-1,
and ground water quality data collected by the Kerr-McGee

Corporation are presented below:

Depth U3 0 8  Ra-226
Location Formation ft iiq/liter pCi/liter

Church Rock Gallup 1263 <0.1 5.0

HZ shaft well

Old Church Rock mine Dakota 450 0.2 5.0

Well (16.16-,-7-*212)

East. Puerco River Dakota- 318 '0.1 2.0
Well (16.16.15.432) Westwater
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TABLE 2.9-1

MINE AND SURFACE LWATER QUALITY

Date
Collected

5-28-71
5-28-71
5-28-71
5-28-71
5-28-71
5-28-71
5-28-71
5-28-71
5-28-71
11-8-71

10-24-72
12-22-72
12-22-72
12-22-72
12-22-72
12-22-72
12-22-72
12-29-72
12-29-72
12-29-72
12-29-72

4-2-74
10-10-74
10-10-74
10-10-74
10-10-74
10-10-74
11-27-74

3-3"75
3-4-75
3-5-75
6-4-75
6-3-75
6-3-75
6-4-75
6-4-75

Average

Alpha Beta
dpm/liter dpm/liter

Th-230 Ra-226
pCi/liter pCi/liter

107
32

1251 (a)
62

2.5
2

67.2
2.2

10.4
6.1

Natural U
Pg/liter

51
2100
5500
400

25
17

400.

Sompling Location (b)

I

3431
4443
.3667
6825,
5396

1132
18
98

3729
1410

557
1341
1068

2543

1041
1279

768
1354
678

1023
139

64
160
151

670.

5
4

225
75
80

5.
60

2

36.
73
14
56'
10

46

* 1.6

8.2

11
20
18

7
4

18
5

10
32
41
0.53
3.9

13
64

22

1700 ft-level
1500 ft level
1500 ft level
1200 ft Level
1700 ft level
1500 ft level
1500 ft level
1200 ft level
Settling pond

Settling pond
Settling pond
Settling pond
1500 ft level
1700 ft level
1700 ft level
1700 ft level
1700 ft level
1700 ft level

.1700 f t level
1700 ft level
Settling pond
Settling pond
Settling pond
Figure 6.1-1
Figure 6.1-1
Figure 6.1-1
Figure 6.-1-1
Settling pond
Settling pond
Settling pond
Settling pond

Figure 6.1-1
Figure 6.1-1
Figure 6.1-1
Figure 6,A-1
Figure 6.1-1

1400

1126
1466
1494
1636
1664
1343
1013
805
743

2310.
1600
920'

1540
1450

1426

#1 inlet
#1 inlet
#2 outlet
site #2
site #3
site #4
site #5
#1 outlet
#1 outlet
#1 outlet
#1 outlet

site #1
site #2
site #3
site #4
site #5

#1.
#1
#1
#1

inlet
inlet
inlet
inlet

(a) Datum not included in average.
(b) The levels presented are for mine depths.
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Airborne Radioactivity

The following data o, background, airborne, particulate radio-
activity were collected at the locations specified in Figure 6.1-1.

Gross Gross
Date Alpha Beta Th-230

Collected pCi/m 3 p.Ci/m 3 pCi/m3

Natural
Ra-226 U Sample
pCi/mn3  :g/m3'. Location

1

2
3
4

10-2-74
10-2-74
10-2-74
10-2-74
6-3-75
6-3-75
6-4-75
6-4-75

0°0000
0.0000
0.0000
000003
0o000
00000
0.000
0.000

0.000
0.000
0.000
0.000
0.020
0.010
0.015
0.021

0o0000
0o00000
0.00000
0000000

0°00000
0o00000
0.0021
000107

0.013
0°068
0.018
0.009

1
2
3
4

The combined concentration of short-lived radon daughter, products(a)

was measured May 2, 1975, at given downwind distances from the two
operating ventilation shafts of Applicant's mine. Shaft No. 2 is
currently closed. The findings presented below are expressed in
working levels (WL). Working levels measure the concentration
of all short-lived radon daughters in a liter of air. One WL is
defined as the total alpha particle energy in a liter of air
from the complete decay of 100 pCi of each of the short lived
daughter products. Current federal regulations specify that
miners shall not work for more than 168 hrs in any given month
in mine atmospheres averaging more than 0.1 WL.

Downwind Distance.
from Ventilation

Shaft No. 1
WL WL

Sample 1 Sample 2
WL

Sample 3

0 ft 0.2 0.2 a 2
(as close as possible)

50 ft • 0.4 0.4 0.4
•100 ft 0.0 0.0 0.0
150 ft 0.0 0.0 0.0
200 ft 0.0 0.0 0.0

All determinations from ventilation shaft No. 3 measured 0.0 WL.o

(a) The short-lived radon daughter products are:
Po-218, Pb-214, Bi-214, and Po-214.
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Soil

Soil samples were obtained from the locations specified in
Figure 6.1-1. The samples were'segregated into two layers,
surface samples 0 inch to 2 inches deep and subsurface samples
2 inches to 4 inches deep. The samples permit identification
of both surface contamination and penetration of radionuclides
through the soil. Soil data are summarized below:

.Date Alpha Beta Th-230 Ra-226 Nat U Sampling Location
Collected dpm/d d2!g pCi' pCig !i_ and Type

Surface Samples

10-16-74 405 3.9 0.0 0.0 4. #1
10-16-74 5.6 5,3 0.47 0.25 2 #2
10-16-74 10.4 4.7 0.47 0.62 4d #3
10-16-74 26.7 3°9 0.43 0.91 41 #4

6-3-75 6.0 3.7 0o44 0.54 1.4 #1

6-3-75 10.2 8.9 0,63 1o13 2.1 #2
6-4-75 6.8 7,3 0.65 0.60 1.7 #3
6-4-75 12.7 3.3 0o43 0.41 2o5 #4

Average 10.4 5.1 0.44 0e43 4.1,7

Subsurface Samples

10-16-74 5.5 3,9 0.25 0.43 ,1 #1
10-16-74 12.7 5°6 0.41 0,39 7 #2
10-16-74 7°9 3.9 0.39 0°49 7 #3
10-16-74 27.9 4.3 0.43 0.72 al #4

6-3-75 5°9 3.1 0,39 0.47 1.9 #1
6-3-75 20.7 10.0 0.57 0,39 1.6 #2
6-4-75" 15.1 7.4 0.60 0.71 1o7 #3
6-4-75 12.8 6.0 0.49 0.69, 1.6 #4

Average 13.6 505 0,44 0,54 42.9

Vegetation

Samples of local vegetation were collected at the sites specified
in Figure 6.1-1. Each sample was selected as representative of.
the leafy green plant* material favored by mule deer. The data
are summarized belowz
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Date Alpha Beta Th-230 Ra-226 Nat.U
Collected dpm/q dpmlg pCiqg pCi/.a, V Sampling Location

10-16-74 3.3 7.9 0.0 0017 -1 #1
10-16-74 0.0 8.9 0.0 0.00 -1 #2
10-16-74 0.0 13.6 0.0 0.00 -1 #3
10-16-74 3°0 • 9.8 0.0 0.00 -1 #4

6-3-75 0.0 30.2 0o0 0.0 0.9 #1

6-3-75 0.0 25*3 0*0 0.0 1.1 #2

6-4-75 0.0 26o4 0.0 0.0 0.4 #3

6-4-75 0.0 12.3 0.0 0.0 0.2 #4

Average 008 16.8 0.0 0.2 0.08

Background Dose Rates

The backgroundwhole body dose rate has been estimated using
thermoluminescent dosimeters (TLD) placed at the locations
specified in Figure 6.1-1. The average dose rate is 189 mrem/yr,
based on data acquired from.October 17, 1974, through April 17,
1975. Individual sample results are presented below:

Location Dose mrem

#1 93
#2 100
#3 88

•#4 96
#5 (a)

Average dose for 6 months 94.5
Average annual dose rote 189

2010 OTHER ENVIRONMENTAL FEATURES

The chemical composition of surface water samples taken, from the
arroyo receiving water .discharged from both Applicant's and Kerr-
McGee's mine is preseunted in Table 2.10-1. The Samples were
obtained ..from locations specified in Figure 6.1-1,.

The chemical analysis of. ground water samples has been presented
in Table 2.6-2.

(a) The TLD at location #5 was vandalized.
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TABLE 2.10-1

CHEMISTRY OF SURFACE WATER

(mg/liter)

SAMPLES COLI FCTFn 10n-10-74 SAMPLES COLLECTEDi6-3-75 AND 6-4-75
Analysis

Bicarbonate

Calcium

Carbonate

Hardness

Magnesium

Nitrate

Phosphate

Potassium

,a Sodium

Sulfate

Suspended
SIlids
Arsenic

Beryllium

Cadmium

Copper

Lead

Mercury

Selenium

Zinc

pH

Loc #1

195.

2.38

15.1

7.1

0.7

<0.1

0.36

0.66

136.

81.

68.

Loc #2

203.

3.87

8.5

9.8

1.2

':0,1
1.00

0.86

136.

85.

318.

Loc #3

197.

6.47

12.3

13.4

3.1

0.1

1.84

0.94

105.

98.

566,

Loc #4

203.

7.77

5.0

38.1

2.6

0,.1

0.20

1.78

105.

98.

2312.

Loc#5

209.'

17.06

<1.0

68.4

3.5

0.4

0.28

3.54

104.

112.

5660.

Loc #1 Loc #2 oc 3ý Loc #4 Loc #5 Average

205.

16,9

12.5

9.7

2.3

0.6

<0. 1

0.36

137.

59.

356.

203.

89.6

1.2

421.

88.1

2.1

<0. 1

1.4

149.

474.

8900.

196.

227.

<0.1

555.

144.

5.0

<0.1

2.o

144.

656,

7200.

201.

28.7

9.6

90.3

24.1

0.6

<0.1

0.58

107.

140.

1600.

202.

24.0

10.7

87.4

11.5

0.8

<0.1

1.0

130.

56.

3400.

201.

42.4

7.6

130.0

28.1

1.0

0.4

1.3

125.

186.

3038.

<0.01

< 0.001

< 0.001

0.01

< 0.001

< 0.0004

< 0.001

0.01

8.64

<0.01

< 0.001

< 0.001

<0.01

<0.001

< 0. 0004

< 0.001

<0.01

8.68

<0.01

< 0.001

< 0.001

< 0.01

< 0.001

< 0.0004

< 0.001

0.02

8.70

<0.01

<0.001

<0.001

<0.01

<0.001

< 0. 0004

<0.001

0.01

8.54

< 0.01

< 0.001

< 0.001

0.01

< 0.001

< 0.0004

< 0.001

0.04

8.32

0.01

<0.001

<0.001

0.020

0.002

<0.0004

0.02

0.18

8.90

0.01

< 0.001

< 0.001

0.008

< 0.001

* 0.0004

0.03

0.11

8.37

< 0.01

< 0.001

< 0.001

0.033

0.009

< 0.0004

< 0.01

0.376

8.41

0.02

<0.001

<0.001

0.018

< 0.001

< 0. 0004

0.02

0.272

8.81

<0.01

< 0.001

< 0.001

0.009

< 0.001

< 0.0004

0.01

0.14

8.68

< 0.01

< 0.001

< 0.001

0.01

0.002

< 0.0004

0.01

0.12

8.61
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3.0 THE MILL AND MINE

This section describes the proposed mill's appearance, processes,
and effluents, and the current mine operation and its effluents.

3.l EXTERNAL APPEARANCE OF MILL

The prominent features of the proposed mill will be the main
process building, the six outside thickener tanks, the solvent
extraction and leaching equipment, the garage and shop, and the
administration building0  The plant buildings and equipment layout
including the exclusion area fence, are shown in Figure 3o1-1.

Although the location of the proposed mill is remote and the plant
will be visible only from one road that ends 0.5 mile north of
the mill, the architectural design and color scheme of the mill

will be harmonious with the environment. Figure 3.1-2 presents

an artist's conception of the mill.

Cuts and embankments will be landscaped'to provide a pleasing
appearance that will also protect against erosion. Trees and
shrubs will be planted to enhance the appearance of the mill
complex.

The design of the proposed tailings pond will be such that the
tailings will not protrude above the skyline. Gently rolling
surfaces and flat side slopes will further present a pleasing
view when the area has been replanted with native vegetation at
the completion of operations.

3.2 MILL CIRCUIT

The initial design capacity of the proposed mill is 3000 tons
per day of ore (TPD)o During the first 2 years of operation,
however, the mill will process approximately 2000 TPD while under-
going operational optimization of the uranium extraction process.
Provisions have been made to allow expansion of innput to 4000 TPD
should the need arise.

The proposed mill will contain seven operating sections illustrated
in the simplified flow chart presented in Figure 3.2-1. Added
flow chart details are found in Figure 3.2-2. Quantitative mill
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TABLE 2.10-1

gt! e e s i , o jU F C E W A T E R

SAMPLES COLLECTED 10-10-74 SAMPLES COLLECTED 6-3-75 AND 6-4-75

Bicarbonate 195. 203. 197. 203. 209., 205. 203. 196. 201. 202. 201.

Calcium 2.38 3.87 "6.47 7,77 17.06 16.9 89.6 227. 28.7 24.0 42.4

Carbonate 15.1" 8.5 12.3 5.0 <1.0 12.5 1.2 • 0.1 9.6 10.7 7.6

Hordnoss 7.1 9.8 13.4 38.1 68.4 9.7 421. 555. 90.3 87.4 130.0

Nagn ... 1. 0.7 1.2 3.1 2.6 3.5 2.3 88.1 144. 24.1 11. 6 28.1

Ni tr a t e < 0. 1 < O . 1 O . 1 0 . 1 D. 4 0 . 6 2 . 1 5 . 0 D. 6 0. 8 1 . 0

Pho sphate 0 .36 1.00 1.84 0.20 0.28 <0.1 < 0.i <0.1 < 0. 1 <O.l 0.4

Po t assiu m 0 .66 0 .86 0 .94 1.78 3 .54 0. 3 6 1.4 2 .0 0 .5 8 1.0 1.3

"9Sodium 1P6. 136. 105. 105. 104. 137. 149. 144. 107. 130. 125.

Sulfate 81. 85. 98. 98. 112. 59. 474. 656. 140. 56. 186.

Suspended 68. 318. 566. 2312. 5660. 356. 8900. 7200. 1600. 3400. 3038.

S.1ids

A rsenic • 0.O1 . 0.O1 <O.01 <0.01 <0.01 0. 01 0. 01 € 0. 01 0.02 <O.01 • 0.01

Be ry llium ý 0 .00 1 < o.00 1 < 0 .0 01 < 0 .00 1 < 0 .00 1 <0 .00 1 < 0 .00 1 -O .O0 1 , 0 .00 1 < 0.00 1 < 0.00 1

C a d m iu m < 0.O 0 1 < 0 . 00 1 < 0 . 0 0I AFO .0 0 1 4 0 .0 0 1 < 0 .0 0 1 ý 0 . 00 1 < 0 .0 0 1 < 0 .0 0 1 < M• 0 1 IC 0 . 0 0 1

Copper -0.01 < 0.01 <0.01 <0.01 0.01 0.020 0.008 0.033 0.018 0.009 0.01

.Lead < 0.001 -<0.001 < 0.001 <0.001 <0.001 ;0.002 < 0.001 0.009 < 0.001 < 0.001 0.002

Mercury < 0.0004 < 0.0004 < 0.0004 <0.0004 <0.0004 <0.0004 c 0.0004 < 0.0004 < 0.0004 < 0.0004 < 0.0004

Sol..!.. • 0.001 c 0.001 < 0.001 ý0.001 •0.001 0.02 0.03 < O.01 0.02 0.01 0.01

Zinc 0.01 < 0.01 0.02 0.01 0.04 0.18 0.11 0.376 0.272 •0.14 0.12

pH 8.64 8.68 8.70 8.54 8.32 8.90 8.37 8.41 8.81 8.68 8.61

-07 •• •", ._ , ...
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FIGURE 3. 1-2 ARTIST'S CONCEPTION OF APPLICANT'S MILL 3.3
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input and output values are presented'in Figure 3.2-3. Projected
material balance values are presented in Tables 3.2-1 and 3.2-2.

The quantified material balance, input, and output values represent
best estimates for current design. When the, mill begins operation,
these estimated values may change as a result of operational adjust-
ments designed to minimize chemical consumption and to maximize.

yellowcake production.

The mill will extract uranium from the Church Rock ore by way of
the following generalized process. The mill will grind the ore in
water to form a slurry. The slurry will be routed to leaching
tanks and mixed with sulfuric acid and sodium chlorate to dissolve
the uranium. The resultant mixture of ground ore, acid and water
will be transferred from the leaching tanks to the thickeners which

ore also called the countercurrent decantation section, Here the
uranium bearing liquid will be separated from the ore solids that
will be pumped to the tailings pond. The uranium-bearing solution
will be filtered and then routed to the solvent extraction section.

In the solvent extraction section, the uranium-bearing water solution

will be brought into contact with an organic solution composed of
kerosene, an organic amine, and isodecanolo The amine will form

an oraiaie

a chemical complex with the uranium, holding it in the organic
solution, This organic solution will then be routed to the
stripping section. The water solution, called raffinate, will be
routed to the countercurrent decantation section for recycle.

The stripping solution will be composed of water containing
ammonium ions, Here the uranium will be re-extracted from the
organic solution into water and routed to the precipitation

section where ammonia will be added to precipitate the uranium as
ammonium diurnate (ADU)o The ADU will be heated in a dryer to
drive off water and traces of ammonia to form yellowcake, the .
final product. Then the yellowcake will be packaged and shipped
off site for further processing by others into nuclear reactor
fuvel.,

A more detailed description of each major mill circuit is pre-

sented below,
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Point Where Added

Ore

Grinder

Leaching

Leaching

Leaching

Thickener

TABLE 3.2-1

MATERIAL BALANCE MILL INPUT

Polyacry-
Solids Water H2 SO 4  NaC10 3  lomide
lb/m , gal/m bm lb/m lb/min

5555 74.

546.

3.12 3.89

1.38 153.25

36.(a)

40. 0042

6.

12.

4.5

5555 723. 153.25 3.89 0.42

(6001
lb/min)

Kerosene Amine Isodecanol
gal/min lb/mm lb/min

NH3
lb/mnin

Solvent extraction

Stripping

Precipitator

ADU thickener

Centrifuge

Dust collector

0.42

0.42

0.06

0. 06

0.22

2.43

4.83

Total 0.22 7.26

(a) As steam



smug=
I!l

Point
of Release

Leaching

Thickener

Extraction

Sand Filter

Dryer

Total

To Atmosphere

Gaseous CO2

lb/min-

61.93

TABLE 3.2-2

MATERIAL BALANCE MILL OUTPUT

To Tailings Pond Product
Polyocry-

Solids Water H2 SO4  NaC1 lomide Kerosene Amine Isodeconol NH3  Yellowcake

lb/mmn gal/min lb/mmn lb/min lbi Sol/in- lb/mmn lb/mmn lb/mmn lb/mmn

-.

0

5607.37 441.4

263.

22.5

5607.37 727.

(6033.
lb/min)

15.33 2.13

0.42 0.06 o.22

7.26

0.42

12.08

7.26 12.0861.93 15.33 2.13 0.42 0.42 0.06 0.22



Ore Handling and Storage

Ore trucks from the mine will be weighed and then will dump the
ore onto a 30,000 ton capacity ore pad. A 4.5 yd front end loader
will then transfer the ore to a receiving hopper equipped with an
apron feeder and a grating (grizzly). A conveyor belt will. trans-
fer the ore~from the hopper to the grinding section.

Grinding Section

The grinding mill will be a semiautogenous mill 18 ft in diameter
by 6 ft l6ng. A total of 500 gal/min of mine water will be added
to the ore in the grinding section. The semioutogenous mill dis-
charge will be .directed to a cyclone from which the denser material
will be returned to the grinder and the slurry, containing 50 to
55% finely ground. solids, will be routed to the leaching section.

Leaching Section

The seven to 10 tank leaching section will combine the slurry from
the cyclone with sulfuric acid (H 2 S0 4 ) and sodium chlorate (NaCIO 3 )
to dissolve the uranium from the ore. The pH and oxidation
potential will be monitored. Sulfuric acid will be used to adjust
pH, and sodium chlorate will be used to adjust oxidation potential.

Complete dissolution of the uranium is expected to require 55 lb
of sulfuric acid and 1.4 lb of sodium chlorate per ton of ore.
Steam, equivalent to 36 gal/min water, will be added to heat the
leach solution. The pulp will flow by gravity from one tank to
another, each tank being 15 inches lower than the preceding tank.-
The expected retention time will be approximately 10 hr. The
discharge, 50% solids with a pH of 1.2, from the final leach
tank will be pumped to the countercurrent decantation (CCD), or
thickener section,

Countercurrent Decantation (CCD) Section

The term countercurrent describes two phases that pass through a
process in opposite directions. In the CCD section, solids from.
the leaching section, along with some liquid, will enter the
number one thickener tank, They will be pumped to each tank

serially and will be disposed of as tailings from the number six
thickener. In contrast, raffinate, a byproduct from the solvent
extraction section, will be introduced at the number six thickener
and will pass through the CCD section to the number -one thickener
which will wash the uranium-bearing solution-from the solid
particles. This flow pattern assures that solids sent to tailings

3-11
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ii
are given a final wash witha solution that is relatively free of
uranium. Raffinate is used instead of mine water to reduce the
volume of waste generated.

The thickeners will be designed to separate more solids per square.
foot of area than c~nVentional thickeners. The settling area is
designed for 0.4 ft /ton in 24 hr. Each thickener will be 45 ft
in diameter. The suspended solid content of the overflow from the
first thickener is expected to be less than 400 mg/liter. The
underflow of the last thickener, containing approximately 4 mg/
liter of U 0 in the solution and approximately 0.005 to 0.01%

3 8
U 0 in the solids, will be pumped as 50% solids the 4000 ft to
t•e tailings pond. The only chemical addition in the CCD section
will be polyacrylomide, a flocculant. used to accelerate settling.
The anticipated use is 0.15 lb/ton of ore.

The overflow from the number one thickener is the uranium bearing
solution from the CCD section. The solution will pass through
sand filters before transfer to the solvent extraction section.
The sand filters will be periodically backwashed and the backwash
water returned, at about 17 gal/min, to the mixer of the number
two thickener. Two sand filters will operate at all times. The
other filters may be removed from service for backwash.

Solvent Extraction and Stripping Sections

The solvent extraction .section will receive the "clarified pregnant"
aqueous solution from the CCD section, The uranium will first be
extracted into an organic phase consisting of kerosene with about
2.5% each of organic amine and isodecanol. This uronium-bearing
organic solution will then be pumped to the stripping section where
the uranium will be .re-extracted into water containing ammonium
sulfate. .These two processes will use liquid ion exchange to pro-
vide uranium in a water solution free of other minerals in-the ore.
Extraction into and later out of the organic phase is a function
of the acidity in the aqueous phase. Both the solvent'extraction
and stripping.sections will use countercurrent flow.

The solvent extraction section will consist of four rixer-settler
units, .Each mixer tank will ha-ve a volume of 380 ft , and'each
settler will provide about 1800 ft 2 of settling area,

The filter effluent, from the CCD circuit, carrying approximately
07.g/liter U3 08 , will be pumped to the first mixer-settler." This

pregnant aqueous" solution will mix with the organic solution in
the first mixer. After settling, the aqueous solution will be
pumped to the second mixer. By the time the aqueous solution
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leaves the number four settler, the .U 0 8concentration will be-

reduced to 0.003 g/liter or less. This acidic, "barren
aqueous solution, called raffinate, will be recycled to the CCD
section or routed to tailings. About 1900 gal/min of the organic
solution from each settler will be recycled through the mixer of
the same number. The organic solut'ion will advance through the

extraction section at. approximately 500 gal/min and will extract

uranium to-a final concentration of approximately 2.5 g/liter

U3 O8o

The "pregnant" organic solution will then be pumped to the stripping

section, the second portion of the purification process. The

stripping section will also consist of .our mixer-settlers. Each

mixer unit will have a. volume of 380 ft , and each settling unit-,

will provide an area of about 500 ft

The strip solution will contain about 130 g/liter of ammonium sulfate

in water and .will flow at 51 gal/min. The flow rate difference

between the aqueous and organic solutions will result in a 10 fold

concentration of uranium to about 25 g/liter U 0 in the strip

solution..38

The barr.en organic solution from the stripping sections will be

recycled to the extraction section. Before the solution is reused,

kerosene, amine, and isodecanol may be .added to replace, that
lost. Anticipated consumption rates fo'r kerosene, amine, and

isodecanol are: 0.15 gal, 0.02 lb, and 0,08 lb, respectively, per

ton of ore. The uranium bearing strip solution will be routed to

a holding tank, and then to the precipitation section.

Precipitation and Washing Sections

The uranium-bearing strip solution will be heated to 160 F and
routed to the two stage precipitation section, where gaseous

ammonia will be added, The uranium will precipitate as ADU, which

is primarily a mixture of uranium hydroxides and ammonium

diurinate, The precipitation process will be monitored by careful

pH control,

The ADU will be separated from the water and impurities in a

two-stage yeilowcake thickener s.ection,* Slurry from the precipi-
tators will be pumped to a primary thickener 35 ft in diametero.
The underflow, containing about 33% solids, will be mixed with
wash water and. transferred to the second thickener 17 ft in diameter.

The underflow from the second thickener will be transferred to a

cyclone se.perator or centrifuge for further dewatering. The
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slurry from the centrifuge will contain about 60% solids and will
be routed to the dryer. The excess water will be returned to the
second yellowcake thickener.

The overflow of the second, or washing, thickener will be pumped
to the first thickener. The overflow of the first, or primary,
thickener will poss through a second sand filter system. The
solids from the filter backwash will be collected in a holding
tank and pumped to the first precipitator to reclaim the uranium.
The solution effluent of the sand filters will be pumped to
the number four mixer of the stripping section or to the tailings
pond.

Drying Section

A cascade, dual-hearth dryer will be fired by either No. 6 fuel
oil or propane gas to approximately 800 F. The drying process will: drive off some of the ammonia and most of the water to convert the

ADU to yellowcake. The yellowcake will then be transferred by
screw conveyors to packaging drums, Large chunks of yellowcake will
be crushed before packaging.

The 55 gal drums will be vibrated to insure complete filling.
Filled drums will be sampled, weighed, and sent by roller conveyor
to storage until shipped. Dust from the yellowcake handling and
drying operations will be collected by a wet scrubber and returned
to the process. Based on 4000 TPD input, the mill will produce
about 18,000 lb of yellowcake/day.

Tailings Disposal.System

Uranium occurs in nature as low grade ore, Consequently,, 99.8% of
the material removed from the mine will become a waste product.
In addition, the use of chemicals in the extraction and purifi-
cation of the uranium will add chemicals to the liquid wastes,
These wastes will be .routed to a tailings pond. See Section 3.4.

About 900 gal/min of tailings slurry,...containing about 55% solids,
will be pumped from the mill to the tailings pond, Most of this
waste comes.from the CCD section, The slurry will be discharged
through cyclones at the crest of the dam, The overflow of the
cyclones, containing most of the very fine solids and liquid,
will be discharged into the pond for settling,

The coarse material, mostly sand, will be used for raising and
constructing the dam and for backfilling in the mine during the
later stages of.the project.

I
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Construction of the dam will continue throughout the life of the
project and will consist of placing, spreading, and compacting
the coarse sands from the cyclone underflowo The centerline of
the dam will remain constant.

3.3 SOURCES OF MILL WASTES AND EFFLUENTS

The solid and liquid waste from mill operations will be combined
for disposition at a single location. Gaseous effluents from
each process will be treated as necessary and discharged from two
stacks. The generation and composition of these solid, liquid, and
gaseous effluents is discussed in the sections which follow.

Solid and Liquid Waste

Solid and liquid waste from the mill process will be pumped to
the tailings pond. See Section 3.4. A tailings sampler will be
provided downstream of all effluent sources that empty into the

tailings pond.

The tailings slurry will consist of water, solids from the ore,
,. and relatively small amounts of chemicals from the mill process.

The slurry will carry particles ranging in size from very fine
slimes to coarse sands. A partial separation of the coarse sands
from the water and slines will be performed at the crest of the
tailings dam by cyclone separators. The coarse sand will be used
to raise the height of the dam. The slimes, as well as most of
the liquid, will be deposited near the center of the tailings pond.
The solids will settle, adding to the clay liner. The liquid
will evaporate.

The chemicals in the tailings pond liquid will originate from the
mill process. The anticipated quantities are presented in
Table 3.2-2. The mill process will use sulfuric acid to dissolve
the uranium i n.the ore and the by-products will be calcium sulfat~e
and some hydrogen and sulfate ions. Most of the hydrogen ions
will react in the process with carbonate in the ore to yield water.

"'and, carbon dioxide, and the remaining hydrogen ions, as well as
the sulfate ions,, will be discharged into the tailings pond.

Sodium chlorate, an oxidizing agent, will be reduced' in the process
to sodium chloride which will be discharged into the tailings-
pond. Ammonia, used in the precipitation stage, will ultimately.
be discharged into the tailings, pond yhere the ammonia will *com-
bine with sulfuric acid to fo'rm ammonium sulfate.
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Polyacrylomide, the flocculating agent, will enter the tailings

pond in its original chemical form and is expected to decompose.

Kerosene, isodecanol, and amine will be recycled in the mill

process. Some loss of these materials is expected because of

their emulsificiation and dissolutions with aqueous solutions

which will be discharged to the tailings pond. Separation of

these materials hbs not been observed in tailings ponds of

currently operating uranium mills. These chemicals are expected

to decompose in place, though some of the more volatile components

may evaporate.

The uranium content of the tailings solids will be approximately

0.005%. The quantity of other radionuclides in the tailing pond

is discussed in Section 5.1o2.

Gaseous Effluents

The gaseous effluent discharge locations from the proposed mill are

illustrated in Figure 3.1-1. The quantity and concentration of

gaseous effluents is presented in Table 3.3-1 along with appli-.

cable air quality standards.

3.4 CONTROL OF MILL WASTES AND EFFLUENTS

The effluents emitted from the proposed mill will be minimized to

the extent practicable. The "better features of Current practice,"

as stated by the Environmental Protection Agency, a) are incorporated

in the design of the mill. The control methods used on the various

gaseous effluent streams as well as the plans for solid and

liquid waste retention are discussed below.

Gaseous Effluent Control

The ore stockpile and ore handling conveyors will be sprayed with

water as necessary to minimize dust. Since the grinding operation

could generate considerable dust, mine water will be added to the

ore before it is ground. In addition, the grinding area will be

serviced by a wet scrubber and an exhaust stack, which- will also
service the leaching section. All.stacks from the proposed mill

will bevlprovided with sampling ports for air sampling should it

become necessary in the future.

The precipitator, dryer, and yellowcake handling areas will be

ventilated through a wet venturi-type scrubber. This high

efficiency wet scrubber will consist of a series of. impingement

baffle plates wetted from above. The air drawn in from the bottom

(a) EPA-520-9-73-3-B.
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TABLE 3.3-1

GASEOUS NONRADIOACTIVE EFFLUENTS

Gaseous Effluent
Discharge Point

Prior
Treatment

Potential
Contaminant Volume of Gas

9000 ft 3 /minStack'from precipitator,
dryer and yellowcake
handling

Stack from grinding
area and leach tanks

Stack from laboratory

Solvent extraction
outdoor facility

Ore piles and conveyor

Tailings pond

Venturi-type
wet scrubber

Wet scrubber

HEPA
filter

None

Kept wet

Kept wet

NH3

Contaminant
Concentration

11.1 mg/m3

Near zero

Quantity of
Contaminant
Discharged

9 lb/day

Trace

Trace

62 lb/min

NA

Ore dust 7000 ft 3 /min

Acid mist
Co2

Misc
chemicals

NA(c)

18%

NA2000 ft 3 /min

State Air
quality Standards(a)

None

60 ug/m 3 AGM(b)
ambient air

None
None

None

0.19 ppm hydrocarbon
3 hr average
ambient air

60 gu/m 3 AA1(e)
. ambient air

0.19 ppm hydrocarbon
3 hr average
ambient air

NJ Kerosene NA; open air
process

NA Trace

TraceDust

Kerosene

NA

NA

Near zero

NA Trace(f)

(a) State requires any source releasing more than 2000 lb/year of any contaminant

to register as an air pollution source and requires a permit for untreated

contaminant releases of 10 lb/hr or 25 tons/yr. See also Section 12.

(b) Annual geometric mean.
(C) NA - not applicable or unknown.
(d) High efficiency particulate air filter.

(e) Annual.brithmetic mean.
(f) Most of kerosene used stays in tailings.



of the scrubber will be accelerated as it passes through holes in

the plates, imparting kinetic energy to both the particulates and

scrubber solution. This process will separate the water into tiny
droplets to more efficiently capture particulates in the air. The
air and water stream will then impinge on small plates mounted
above holes in the baffles. By coalescing the droplets, this
impingement will provide efficient dissolution of soluble gases.
A fixed blade moisture eliminator will be mounted at the top of
the scrubber to insure that water droplets are not carried out the
stack with the cleaned air.

Liquid Effluent Control - Tailings Dam

Mill tailings, including all process liquid effluents, will be
pumped to an on-site tailings pond located in the southeastern half
of the property. See Figure 3.4-1. The tailings pond will be
formed by a tailings dam, built from native clays and compacted
coarse tailings. In addition to receiving liquid, slimes, and
coarse tailings from the proposed mill, the pond will also collect
stormwater runoff from the downstream face of the tailings dam and
treated sanitary sewage in freezing weather. Except for the very
small quantity of liquid that will percolate into the ground, the
tailings pond liquid will evaporate. A portion of the coarse
tailings will be used either as mine backfill or for dam construc-
tion, and the remainder will be retained within the pond area._.

Construction of the. tailings dam will continue throughout the
operating life of the proposed mill. Beginning as a starter dam,
with an average height of 12 ft, the dam will be raised to a final
average height of 70 ft. The completed I am will provide a storage
capacity of approximately 365 million ft . The available evapo.ra-
tion area of the tailings pond will be approximately 160 acres.
During operation of the mill the tailings pond will always contain
liquid. After operations cease the tailings pond liquid will
evaporate and the pond bed will be covered with soil. The entire
area will then be revegetated. Design considerations and construction
of the tailings dam are discussed below.

Evaporation Rates

Average monthly evaporation rates for the tailings pond were ob-
tained arim an evaporation map for shallow reservoirs in New
Mexico. This map indicates an evaporation rate of 50 inches/
year at the mill site. Average monthly evaporation and precipitation
rates are listed as follows:.

(a) Hale, et al, 1965.
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Month

January
February
March
April
May
June
July
August
September
October
November
December

Tot al

Evaporation, in

0.5
0.5
2.5
4.5
7.0
8.5
8;0
7.0
6.0
3.0
1.5

1.0
50.0

Precipitation, in

0.84
0.90
1.02
0.85
0.71
0.60
2.25
2.34
1.36
1.30
0.67
0.99

13.83

During part of the year water may evaporate from the tailings
pond at a faster rate than water is added, Sprinkling will
prevent the drying of the-fine mesh tailings and dispersion by
the wind.

Precipitation

Design monthly and annual rainfall is based on rainfall records
for Gallup, New Mexico, from 1938 to 1972. Records for 1938.
to 1960 were obtained from the U. S. Wzather Bureau and for 1961
to 1972 from a consulting hydrologist.oa)

..The design annual rainfall of 13.83 inches/year was calculated
by projecting the consecutive 15 year averages of annual rainfall
for the recorded period to a 100 year return frequency using the
Gumbel method of extreme values. Design monthly rainfall-was.
obtained by proportioning the design annual rainfall with the
average monthly rainfall for the period of record, See values.
listed above..

A maximum probable, storm of 20.inches was used for design of-the
tailings pond. This value was based on designs of similar uranium
tailings dams which have been approved by the State of New Mexico,
Since flood-runoff will be routed toward the. Rio Puerco by a
series of diversion canals, only water falling within the pond
boundaries will be retained, The maintenance of. a minimum 5 ft
freeboard will prevent tailings pond overflow during flood condi-
tions,

.(a) Shomaker, Consulting Hydrologist.
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Percolation

Borehole permeability tests were performe'd at three locations on
the proposed site as described in Appendix D. Data indicate the
site is underlain by a layer of alluvial deposit, with thickness
from a few feet to more than 100 ft. Permeability coefficients
of 3.8, 4.0, and. 27.0 ft/year were measured, with the higher
value corresponding to horizontal permeability due to stratifica-
tions of silty sands. The vertical coefficient of permeability
is probably less than the lower value. The coefficient of permea-
bility of the compacted starter dam has been estimated to be 1
ft/year or less. Laboratory tests on a sample of tailings
processed to simulate the dam shell indicate a coefficient of
permeability of 2375 ft/year. Thus, although the starter dam is
relatively impermeable, the completed dam will be free draining.

Sta-bility

The alluvial deposit under the proposed site consists of layers of
medium-dense, fine-to-medium sand and silt, and medium-stiff clay.
The bedrock generally consists of moderately weathered sandstone,

The relative density of the sand was determined by a count of
standard penetration blows to reach one foot.(a) Above a depth of
20 ft, the lower bound relative density varies from 80% to 45%.
At depths greater than 20 ft, the relative density is approximately
45%.

Settling

Consolidation and classification test data, along with general
experience with the types of deposits involved, indicate that
much of the alluvium present at the proposed site would.be sub-
stantially weakened by saturation, Under stresses that will be
imposed, relatively large settlements will likely occur. Based
upon the' consolidation test data and assuming 90 ft of compressible
alluvium,'settlements of approximately 1.3 ft are estimated for-
the storter dam, with -settlements ranging to approximately 2.2 ft.
for the ultimate- height of the dam. Settlements in areas of
shallow rock will be slight; thus, transition zones between areas
of deep alluvium and solid rock will be subjected to relatively
larger differential settlements.

Construction of the dam to its final height will take place over
15 years and will use saturated tailings. Consequently, the
settlement should not cause any structural weaknesses. The starter

(a) A count of standard penetration blows is the number of times
a 140 lb weight is dropped on a 2 inch 0aDo blunt nosed shaft
to penetrate I ft.,
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dam will not become saturated until the start of mill operation.
Observation of the starter dam during.early stages of operation
will enable Applicant to perform any maintenance that may be
necessary.

Liquefaction

When saturated sand is subjected to vibration it decreases in
volume, with a loss of water. This water release results in
increased pore pressure. If the pore pressure equals the over-
burden pressure, the soil looses its strength and behaves like
a liquid. This phenomenon, called liquefaction, is a possible
consequence of an earthquake. The bedrock acceleration from the
maximum probably earthquake is evaluated in Appendix A.

Liquefaction is possible only when the soil is saturated. The
liquefaction potential of the soil decreases with increased over-
burden pressure and relative density. The downstream portion of
the dam will be made of compacted coarse tailings having a relative
density of 70% or more. In addition, drainage will be provided so
most of the structure will not be saturated. Under these condi-
tions, potential for liquefaction and/or significant strain during
an earthquake of 0.1 g maximum ground acceleration with 10 or less
significant cycles will be essentially nonexistent.

The liquefaction potential of the downstream (toe) area of the
proposed dam was evaluated because the soil there may become
saturated at a shallow depth, and the overburden pressure is
relatively small. The results indicate that liquefaction is
unlikely during an earthquake with the maximum ground acceleration
less than 0.1 g and less than 10 significant cycles. See Appendix A.

The foundation soils beneath the dam would have much higher over-
burden pressure and therefore lower potential for liquefaction
than the dam itself has. The tailings in the pond will consist
mainly of saturated silt and sand. Analysis indicates that the.
tailings in the storage area would very likely liquefy when sub-
jected to the aforementioned earthquake. Consequently, the dam,

'will be constructed to retain the liquified contents in case of

an earthquake.

Dam stability was analyzed by using Bishop's Modified Method, the
Ordinary Methods of Slices, and a computer program, STABR,
developed at the University of California at Berkeley. This
program is able to locate the critical slip surface and to calculate
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the minimum factor of safety. Due to the high potential of
liquefaction during an earthquake, the tailings behind the proposed
dam were assumed to have zero strength and a density of 100 lb/,ft 3 .

For the dam and foundation materials, approximately 90% of the peak

ultimate strength values were used in the analyses. The calculated
minimum static safety factor of the proposed dam is 1.5.

In addition to the assumption of complete liquefaction of the
tailings, a pseudo-static force of 10% of the vertical weight
(0.1 g) was assumed to act horizontally on the center of gravity

of each slice to simulate the earthquake loadings. For the

critical slip circle, which was previously determined in the

static analyses, the safety factor is slightly greater than 1.1.

Construct ion

Prior to starter dam construction, the surface of foundation's
soils will be cleared of undesirable matter and properly compacted.
Before mill operations begin, the starter dam will be constructed

of on-site soils and clays. The dam will have a crest width of.
3 ft and a crest elevation of 6,956 ft above mean sea level (MSL).
The dam's height will range from 0 to 46 ft, with an average of12P ft, and will be approximately 5,000 ft long. The dam will

provide storage area' for a 6 month's accumulation of tailings°'
slurry and enough freeboard to contain the probable maximum flood,
even if the intercept ditches along the southeast pond limit fail.

After mill operations begin, the starter dam will be periodically

raised by the spreading and compaction of coarse tailings, 0.15 mm
diameter and larger. The dam will be raised according to the
centerline method of tailings dam construction, and the coarse
tailings will be compacted to a minimum of 70% relative density.
A filter blanket will be provided beneath the coarse tailings
portion of the dam to lower the phreatic water level in the dam.

The tailings slurry from.the mill will be routed to cyclones
operating on the dam crest. The cyclone overflow, consisting

of fine sands, slimes, -and liquid, will be discharged into the
pond. The underflow, coarse tailings, will be stockpiled near
the crest of the dam for eventual use either in the dam itself
or as backfill in the mine,

Table 3.4-1 presents the minimum required growth .of the dam for
storage of tailings, The minimum growth rate will be 7 ft/year

for -the first 3 years and 3 ft/year for the remaining 12 years.
The actual growth rate will be somewhat greater so that dam con-
struction and planting on the downstream face can be completed
while the mill is operating,
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TABLE 3.4-1

TAILINGS POND DAM GROWTH

Years
from

Startm

0

0.5

1

1.5

2

3

4

5

6

7

8

9

10

Accumulated
Tailings(a)

(Million ft 3 )

0

15.6

.24.7

33.8

42.9

9008

116.5

138.4

162.1

184.0

.205.9

227.8

249.7

273.3

295.2

317.1.

339.0

365.3

Min Crest
Elev
ft MSL)

6956

6959.5

6963

6966.5

6970

6977

6980

6983

6986

6989

6992

6995

6998

.7001

7004

7007

7010.

7014

Recommended Crest
Elev for Early

Planting (ft MSL)

6956

6959,.5

6963

6966.5

6970

6977

6982

6987

6992

6997

7002

7007

7012

7014

Maximum(b)
Surface Area

(L lion ft2)

1.9

2°2

2.9

3,3

4.3

4o6.

4.9

5.2

5.4

5°6

5°8

6.0

6.2

6.4

6.,6

6.8

7.0

U

r. Includes tailings liquid and solids and storm water runoff.
"" ... .) Based on minimum crest elevation.
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The downstream face of the dam will be maintained at a 3 to I

slope. Construction will consist of hauling, placing, spreading,

and compacting coarse sands in successive lifts beginning at the

downstream toe of the dam and ending at the upstream shoulder of

the crest.

Construction of the upstream face of the. dam will consist of

(1) .removal of excess stockpile underflow so that only a 5 ft depth

of consolidated sand deposits remains on top of the previously

compacted material, and (2) compaction of the remaining deposits.

The tailings will be placed to form a 1 to 1 slope from dam crest to

the pond surface. Construction will not take place during winter

months when snow and ice might prevent adequate compaction of fill.

The completed tailings dam will have a maximum height of 100 ft

and a crest elevation of 7014 ft above MSL. See Figure 3.4-1 and

Appendix I for Design of Tailings Disposal Systems.

Instrumentation and Monitoring

To monitor the tailings dam stability, piezometers will be installed

in the downstream face of the starter dam and in the tailings dam

as the dam is raised. Settlement gages will not be necessary

since the crest elevation of the dam will be continually rais'ed.

Monitoring wells will be installed on the north and south sides

of the pond. These wells will provide a means for regularly

sampling ground water to detect possible seepage of tailings pond

liquid. See Section 6.2.

Drainage Systems

Dam integrity and safety considerations require construction of a

flood channel to control natural runoff crossing the property,

intercept ditches to-prevent runoff from entering the pond, and a

system to collect runoff from the downstream face, of the dam.

A 60 ft wide flood channel, with 2 to 1 side slopes, will collect

runoff from the 18.7 sq mile watershed north of the property and

direct it to the arroyo. This flood channel will parallel the

existing main road 15 ft east of an El Paso Natural Gas Company

easement, which contains two pipelines. The flood channel will

have a capacity of 8,650 ft 3 /sec and will be riprapped for

erosion protection. See Section 2.6.
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A diversion-channel along t-he northeast side of the tailings dam
will intercept drainage collected from a 580 acre watershed to the
east of the property. This drainage will be diverted to the north
by a diversion channel; whichtwill join the main flood channel at
the north side of the property. Design capacity of the diversionchannel will be 2500 ft 3 /sec. In, addition, the westerly bank of
the diversion channel will be diked to further protect "the tailings
dam from east watershed runoff. - Both the diversion channel 'and
the east face of the dike will be riprapped.

The first intercept ditch along the southeast pond limit will be
constructed at an elevation., of approximately. 6975 ft MSLo. As.the
pond elevation- increases, two more intercept ditches. will- be con-
structed outside the pond limit,. The design flow for these
ditches will. be 630 ft 3 /sec,:based on a 96 acre watershed.
See Section 2.6.

A runoff collection system for the downstream face of the tailings
dam will also collect seepage through the dam and route the seepage
to a retention basin. The seepage will be pumped from the reten-
tion basin back to the tailings pond....

Plant-ing

As the proposed tailings 'dam is raised, the downstream face will
be continually covered with compacted tailings. Soon after the
final-dam height is reached, the downstream face will be planted
*t.o prevent erosion, During the-life of..the mill, test beds of
tailings. will; be prepared. Experimentation with-different depths
of soil cover :,and specimens of local flora will determine the
depth of sioil cover necessaryi to insure continued healthy growth
without. irrigation.,

Tailings Pond. Containment

The potential for tailings pond water to reach ground water is
"eval.uat;ed below, Also see Appendix B.-

S~ince. water-bearing. alluvium is restricted to the valleys-, only
alluvium downstream from, the mill site- could be affected by

- Applicant-..ýs activitieso Water pumped from the mine tends to re-
c.harge a-lluvium. -S.eepage: from, the proposed tailings -pond: will

".have, the- same :effect, although t:he volumn will be -much lesso. -
Permea.bility of approximately 0.01 ft/year is expected-for
liquid.. from the t~ailings pond". Total infiltration should be- only
.. J ew gal/in per acre after. the pond has been o perat-ing a -few
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years. Water movement, once in the alluvium,, is expected i:o be.
very slow, a few inches per year, given the horizontal perme-
ability of 3.8 ft/year discussed previously. Even if there
were sufficient infiltration to produce surface flow in the arroyo
below the pond, this surface water would rapidly re-enter the
alluvium and move down gradient at a far slower rate. Due to
low permeability, the isolated lenses of silty sands, and the
sealing quality oT tailing fines, no channeling of pond liquids
into the ground is expected.

The sandstones that underlie the arroyo channel at the toe of
the dam are probably part of the Dilco Coal Member and, if infil-
tration from the pond were significant, some water could move
into them. However, the relatively low infiltration rate would
preclude appreciable liquid from this source. The dip of the
bedrock near the outcrop determines the direction of ground water
movement. Surface drainage flows opposite the bedrock dip in
Pipeline Canyon so little or no water could enter the Dilco from
tailings water in the arroyo.

Beyond the influence of the ground water mound, created by infil-
tration from the tailings pond, ground water within the sandstones
of the Dilco is expected to flow down at a rate determined by the

likely to be saturated very for downdip, and thus, artesian con-'

ditions probably would not-.be established.

Only one existing well could conceivably be reached by water from
the tailings pond. This well, No. 17.15.30.341, is approximately
1.6 miles from the north boundary of the section containing the
pond, Section 2,.T.16 N., R.16 W. See Figure 2.6-1. This well
tops the Gallup aquifer at a depth of 480 feet, and is cased
through the Dilco sandstones and the upper part of the Gallup to
a depth of 537 ft. Water from the tailings pond could only
enter the well by flowing down between the casing and the soil,

P Direct water entry from the tailings pond.to the Gallup sandstone
.aquifer is unlikely because of the thick section of relatively
impermeable material between the Di-lco sandstones-and the first
unit of the Ga.llup aquifer. A remote possibility exists that
water would enter the Gallup from the alluvium in Pipeline Canyon.
If a significant amount of water were to enter the alluvium, it
would recharge the Gallup at the point where the alluvium crosses
the subcrop of the Gallup in the canyon floor. However, any
water entering the lower- most-continuous Gallup sandstones would
do so at least 0.5 mile southwest of the proposed tailings pond
where the outcrop of this sandstone crosses the canyon floor.
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Presumably, water in the lower Gallup sandstone beneath the tail-
ings' pond is under artesian co~nditions; thus, the aquifer would
not be recharged.

Except for stock watering use near the southern rim of the San
Juan Basin, the Dakota Sandstone is not an important aquifer,-
There is virtually no possibility of tailings water entering the
Dakota from the'pond. The only effect on the Dakota will be a
lowering of piezometric surface by pumping from Applicant's mine.
The Kerr-McGee mine also pumps from this aquifer.

A thick, relatively impermeable Mancos Shale overlies the Dakota-
and the WestwaterCanyon Formations* For this reason and because
of the heavy. pumping from the Westwater Canyon, little or no
possibility exists that water from Applicant's mine or proposed
tailings pond will reach the Westwater Canyon aquifer.

Except for the San Andres-Glorieta system (see Section 2.6), none
of the deeper aquifers are considered good aquifers within many
miles of the proposed mill site. The possibility is remote that
tailings pond water will enter any of these units because of the-
thick, impermeable rocks intervening.

3.5 SANITARY AND OTHER MILL WASTES

Sources and control of mill wastes that directly result from the
mill processes are discussed in Section 3.3 and 3.4.. Sanitary
wastes:, solid wastes other than tailings, storm water runoff, and
boiler effluents are discussed below.

Sanitary Wastes

Sanitary wastes from the proposed mill will be treated by screening,
aeration, secondary clarification, and chlorination in a'package
type, aerobic digestion treatment plant approved by the National
Santiation Foundation, This plant will be located on the east

-:" "edge of the mill area near the fuel oil storage tank. See Figure, i-3.1=1. The plant Qill be capable of 80% B0Dreduction and will
provide a secondary treatment type.of effluent. The effluent
will be sprinkled on vegetation around the mill's perimeter or"in

. freezing, weather will be discharged into the tailings pond. The
mine Sanitary waste system consists of a septic tank and a-sanitary
tile'field.o

Protective.clothin.g worn for yellowcake handling operations will
'be laundered, and the wastes returned to the process fo.*r ýuranium
reclamation or discharge to-the tailings pond.
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The small volume of wastes from the supporting chemical laboratory

will be discharged into the tailings pond upstream of the sampler.
This effluent will contain small amounts of laboratory reagents.

Solid Wastes

Solid wastes such as construction debris, office wastes, lunchroom
wastes, and packaging materials will be disposed of in a public
sanitary landfill about 10 miles south of the proposed site.

Before process machinery is discarded in the sanitary land fill,
the machinery will be acid cleaned and surveyed for removal of
radioactive material. The acid used in cleaning will be recycled
to the mrill process.

Stormwater Runoff

Rainwater runoff at the mill will be discharged to the arroyo in
Pipeline Canyon, except for the small quantity trapped within
tank impoundments. This water will either evaporate or percolate
into the ground.

':f Boiler Effluents

Process steam and some building heat will be provided by two boilers
fired by No.6 fuel oil. A single stack 57 inches in diameter and
70 ft tall, will serve both boilers. Applicable State air quality
regulations are discussed in Section 5.4 for emissions summarized
in Table 3.5-1.

Calculated from emission factors for -similar equipment,(a) boiler
emissions assume a maximum sulfur content of 05% for No. 6 fuel
oil and a stack flow rate of 40,000 .ft 3 /mino

3.6 MINING ACTIVITIES

The Mine

The Applicant's mine is located in Section 35, Township 17.N.,
Range 16 W. See Figures 2.1-2 and 2o1-3. The ore is currently
trucked approximately 85 miles to a uranium mill near Ambrosia
Lake, New Mexico. With the opera-ion of the proposed mill, the
truck route will be' reduced to approximately 0.5 mile each way.

ii (a) EPA,. 1972.
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TABLE 3.5-I BOILER EMISSIONS

Substance

Maximum(a)
Emission

Rate, lb/hr

11.2

38.1

Anticipated(b)Annual(b)
Emission Avg Concn

103 lb/yr Mgu/liter

46 268

157 1599

Ambient Air
Quality Std

60 Mg/m3 AGM(C)

0.02 ppm AAM(d)

Particulates

Sulfur
dioxide

Sulfur

trioxide.

Carbon
monoxide

Hydrocarbons

as. CH 4

Oxides of
nitrogen as
NO 2

Aldehydes as
HCHO

0.49 2 20.4 none

0-10 0.4 4.1 none

1.5 6 61.. 1 none

38.8 160 1629 O.05'ppm AAM

0.49 2 20.4- none

Based on 485 gal/hr maximum.
.8as.ed on 2,000000 gal/year..
Annual..geometric mean.
Annual arithmetic mean.
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The ore body lies in Sections 34 and 35 of .Township 17 N. Range 16 W.,
and in Section 3 of Township 16 N. Range 16 W. -The ore body occupies
a portion of the Westwater Canyon Sandstone Formation, which is
greater than 200 ft thick at the mine location. Horizon widths
vary from 2400 ft to 50 ft and extend over 5700 ft in a northeast
to southwest direction.

The mine is served by a three-compartment, concrete lined production
shaft 1788 ft deep, and 14 ft in diameter. Currently, the 1500 ft
level and the 1700 ft level are mined. A second production shaft
is planned at the southwestern end of the mine.

Underground ventilation is provided by large ground-level exhaust
fans which draw air down the main vertical shaft, through the
working areas, and out two large vertical ventilation shafts. The
ventilation provides mining personnel with fresh air and removes
radon gas, radon daughter products, diesel exhaust fumes, and
combustion gases from explosives.

A mechanical continuous miner transfers ore by conveyor to 10 ton
capacity, rubber-tired trucks. 3Ore that is mined by blasting is.
loaded onto the trucks by 2 yd3 front end loaders. The trucks
haul the ore to strategically placed stope-ore passes. From
the stope-ore passes the ore is hauled by diesel locomotives
pulling 5-ton side-dump cars, which deliver the ore to measuring
pockets at the shaft, The mine operates three shifts a day, 7
days a week.

For each ton of ore produced, an average of 0.033 ton of low-grade
ore and 0.052 ton of waste are also produced. The low grade ore
is segregated and stockpiled in anticipation of improved technology
and economics. This low grade ore may be subsequently leached on

site or processed through the mill for uranium removal.

The mine waste is presently used as fill to extend the level
land area in the vicinity of the mine. After consolidation and
revegetation, this land will become a permanent part of the land-

) scope.

During the final retreat mining operations, portions of the mill
tailings and mine wastes may be used as backfill in the mine,

Liquid Waste

Approximately 1400 gal/min of water is pumped from the mine to
permit mining operations. This water flows through three settling
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ponds and is discharged into the nearby arroyo. The proposed mill
will use part of this water, which will then be discharged into the
tailings basin. Mine water will also be used for sprinkling the
exposed faces of the tailings dam, and for the mill's fire
protection system.

Water discharged from the mine into the arroyo does not reach the
Rio Puerco except during the rainy season. This discharge is
sanctioned by an EPA discharge permit. See Section 12 and
Appendix H.

Gaseous Effluents

The air exhausted through the mine ventilation shafts contains
virtually all of the radon gas and combustion fumes generated
by the mining activities. Dust is minimized by the natural high
moisture content of the ore and exhausted air. No increase in

.environmental radioactivity resulting from mine activity is (a)
expected outside the immediate vicinity of the ventilation shafts.
See Section 2.9.

Other Mine Wastes

Sanitary wastes are discharged to a septic tank and sanitary tile
field. Trash and other solid wastes are currently placed in a
sanitary landfill adjacent to the mine surface operations. After
completion of the proposed mill, mine waste will be disposed of
in the county sanitary landfill, approximately 10 miles southwest.

(a) WASH-1248.
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4.0 ENVIRONMENTAL EFFECTS OF SITE PREPARATION,
MILL CONSTRUCTION, AND MINE OPENING

The effects of construction activities on land and water
resources in the area are discussed in this section. The commit-
ment of resources for mill construction are discussed in Section
5.6, along with commitment of resources anticipated for the
entire life of the facility.

4.1 SITE PREPARATION PLANT CONSTRUCTION

The surface activities of the mine have disturbed approximately
60 acres. In addition, the proposed mill site will occupy approxi-
mately 20 acres and the tailings pond approximately 160 acres.
Construction activity will be confined to these areas. Construction
of the mill will require some grading on the mill site and earth-
moving for the starter dike of the proposed tailings dam.
Essentially all of the flora in these areas will be destroyed.
Plant life will be re-established in the.tailings pond area as a
part of Applicant's restoration and reclamation efforts at the
close of mill operation.

Approximately 1200 ft of road will be constructed in three segments.
Approximately 400 ft will extend from State Highway 566 to the
mill's parking area and administration building. A separate
road from State Highway 566 to the ore truck receiving pad will
be 200 ft. The third segment, approximately 600 ft long, will
be from the highway to the tailings pond. The ore storage pad
will occupy nearly 4 acres. Much of the remaining area around
the mill will be surfaced for the operation of light trucks.

Construction activities and the consequent destruction of flora
within these 20 acres will cause either the displacement or loss
of local vertebrate and insect populations. Such disturbances
should not affect the regional wildlife populations, for these
populations are not limited to the site. Except for incidental
use by local fauna, the proposed site is not known to be a
nesting, breeding, or nursing area, or part of a migratory route.

The temporary environmental effects of construction activities
will include environmental releases from diesel-powered con-
struction equipment, noise, and dust. Noise and hydrocarbon
emissions from construction equipment will have minimal impact

on local fauna and area inhabitants. Except for the 43 individuals
who will be relocated during the proposed mill's construction, the
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nearest resident lives more than a mile away. The impact from
noise and hydrocarbon emissions should be similar to, but less than
that of the trucks presently hauling ore from Applicant's and
Kerr-McGee's nines. Dus.t raised by construction activities will
be minimized by sprinkling with mine water.

Impact upon or inconveniences to users of the road will be minimal,
since traffic oi the road is essentially limited to traffic to
and from the Applicant's and Kerr-McGee's mines. State Highway
566 dead-ends at Applicant's mine less than I mile from the pro-
posed mill site,

Forty-three people currently live in a trailer court adjacent to
the mine surface facilities. This trailer court will be moved
during construction. to a new location designated as "the old
Church Rock mine site" in Section 17, T.16 N, R.16 W. This new
location, 10 acres or less, is approximately 4 miles from the
proposed mill site and is closer to the recreational, educational,
and shopping centers of Gallup.

Water is currently pumped from Applicant's mine at a rate of
1400 gal/min and discharged to an adjacent arroyo. A similar
quantity of water from the nearby Kerr=McGee mine is also dis-
charged to this arroyo. These combined discharges flow down
Pipeline Canyon 2 to 5 miles before evaporating and/or seeping
into the alluvium. Without these discharges the arroyo and
canyon would normally be dry. By using only a small amount of
the total mine water discharged into the arroyo for dust

control, site preparation and construction activities will have
minimal impact on wildlife. Evidence of aquatic life in theHarroyo has not been observed. See Section 2.8.

Currently, drinking water is trucked to the area and mine water
is used for other sanitary purposes. One or two wells will be
drilled to supply sanitary water to the proposed mill and mine
complex0 The well withdrawal will be from the deeper confined
aquifers and, consequently, will not affect the ground water table0

Portable chemical toilets will be used by the construction crews
until the mill sewage treatment: plant is in operation.

Trash, garbage, and other construction debris will be disposed of
in the county sanitary landfill located approximately 10 miles

I ?southwest of the proposed site.

4-2



!
Three archaeological sites are located within the area. However,
none of these sites will be disturbed by construction activities.
See Section 5.5.

The proposed mill buildings will have a low profile and will be
painted to harmonize with the terrain. Man-made cuts and
embankments will be landscaped for aesthetic appeal as well as
erosion control.

Explosives may be required for site preparation. However,
Applicant and its designated contractors will be appropriately
licensed and will adhere to stat.e regulations for the use
of explosives. A minimal environmental impact would be expected
for the proposed site is isolated and Applicant has extensive
experience in the proper use of explosives..

4.2 RESOURCES COMMITTED

The mine site, approximately 60 acres, and the proposed mill
site, approximately 20 acres, are considered a short term
commitment of land. The construction in these areas will result

in destruction of flora and displacement or loss of fauna.

After all operations have terminated, the mill and visible
structures will likely be dismantled, and the mine and mill areas
will be revegetated. To assist natural reclamation of the
land, Applicant will establish landscape and erosion protection
by grading and stabilizing the exposed mine tailings and settling
ponds, and finally, by replanting native vegetation.

Construction of the starter dam will disturb approximately 100

acres and will also result in the destruction of flora and dis-
placement or loss of fauna. Additional information on resources
committed is given in Section 5.6. See Section 9.0 for
reclamation,
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5.0 ENVIRONMENTAL EFFECTS OF MILL AND MINE OPERATIONS

Normal operation of Applicant's proposed mill and the existing mine
will produce liquids, gases, and solids that contain small but
measurable quantities of stable and/or radioactive chemicals.
Equipment described in Section 3.4 will prevent or minimize such
releases as far below the applicable standards, set by the State

of New Mexico, as is practicable.

The Applicant's sampling program, described in Section 6°0, has
been designed to determine the types and concentrations of stable
and radioactive chemicals in mill and mine effluents. If, during
the course of proposed mill operations, an abnormal increase in
effluent concentrations is found, an investigative review of.the
release would be initiated. Should the observed increases be valid,

corrective actions would be taken. In the unlikely event that
release concentrations exceed the State of New Mexico standards,
the source of the release will be determined and that portion of

the mill operations will be suspended until. necessary repairs are

completed.

5" , RADIOLOGICAL IMPACT .ON BIOTA OTHER THAN MAN

This section covers the possible impact of radionuclide releases
from plant operations on biota other than man. As discussed in
Section 2.8, the mule deer is the single most important species
known to live in this area. Becaus-e of its feeding habits and
habitat, the mule deer has the highest potential for exposure
to ionizing radiation, -

.5,1,1 'Exposure Pathways

-I_.-Figure 5.1-1 illustrates the various environmental exposure
Liy-pathways by which biota may receive radionuclides released from

t•he mill and mine. For mule deer, the principal exposure pathways
,-"Or'e inhalation of radionuclides in air and consumption of con-
1A.taminated foliage and ýwater.

"borne radionuclides will originate from mine tailings, from
1 he mill ventilation stacks and vents, from piles of unprocessed

fre, and from the tailings pond. Particulates and radon gas dis-
v.harged in the mine ventilation air are comparatively minor
•&•ources of exposure, as discussed in subsequent sections, Airborne
'Particulates released from the mill could settle out on vegetation

hat might be consumed by mule deer. Although the. fences around
'5..-.
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FIGURE 5.1-1 POTENTIAL EXPOSURE PATHWAYS TO
BIOTA OTHER THAN MAN
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the mill and land Section 2 are not expected to prevent access to
vegetation around the mill, foraging by deer will be discouraged,
by milling activities once they begin. Vegetation around the mill
will neither be extensive nor the sole source of food for deer in
the area.

The water -discharged from the mine into'the, arroyo draining
into Pipeline Canyon may serve as a source of drinking water for

mule deer (see Section 2.8) and is therefore a potential source
of radionuclides. Algae and the limited plant life. which grow
in or near the mine water settling ponds and the arroyo provide
little food for deer in the area. Consequently, these exposure
pathways are of limited importance.

Mill liquid discharged to the tailings pond will be sufficiently
unpalatable, pH 1.5-2.0, to prevent animals from using it as
drinking water, especially when mine water is available in the
arroyo. The chemical content of the tailings pond water is not
known to be conducive to plant life, and few plants which might
serve as an animal food source are expected to grow on the banks
of the tailings pond.

Sprinkling mine water on the tailings pond dam for dust control
may promote some plant growth, but this source of water will not
contain radionuclides in levels higher than those that occur in
the natural environment. Consequently, no significant exposure
pathways from radionuclides contained in the tailings pond are
anticipated. H

5.1.2 Radioactivity in the Environment

Since 1969 water from Applicant's mine has been pumped into an
unnamed arroyo. The concentrations of natural uranium, Th-230,
and Ra=226 in the water vary considerably with the quality of ore
through which the water passes and with the residence time of the
water in the ore body. Average concentrations are measured in
themine water, in water flowing into and out of the mine water
settling ponds, and at specified downstream locations as the
water flows down the arroyo and interacts with the soil.

-. Section 2.9 presents the data, and Section 6 describes the moni=
-- Ž. troing programs.

15-
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Current discharge rates from the mine are estimated at 1400 gal/min
of which approximately 700 gal/min will be used by the proposed
mill as a minimum requirement under full operation. The remaining
700 gal/min will discharge into the arroyo. The Kerr-McGee mine,
located northeast of Applicant's mine, discharges approximately
1400 gal/min to the same arroyo. During the dry season, the total
water discharged from both mines, 2800 gal/min, seeps into the
ground before the arroyo joins the normally dry Rio Puerco, within
an estimated 4 miles from Applicant's mill site. During the rainy
season, however, the mine water may enter the Rio Puerco, which is
not a potable water supply or a navigable water way, and then the
water in an extremely diluted form may enter the Little Colorado.

As the mine water percolates into the soil underlying the arroyo,
the fine particles of yranium'ore and soluble radionuclides are
removed by the soilo(a) Although the mine water may eventually
reach the water table, this water has been partially stripped of

the radionuclides present at the time of discharge into the arroyo.
A buildup of radionuclides in the arroyo near the mine site
results from the above process,

Natural uranium, Th=230, and Ra-226 are the radionuclides of potentia
concern. The other radionuclides in the decay chain of U=238, the

.03Ii main component of natural uranium, are either too short-lived or
are present in such low concentrations that they do not substantially
accumulate in the environment.

Estimates of the maximum number of curies of each radionuclide
J introduced into the arroyo are obtained from the average concen-
trations observed in mine and surface water and from the anticipated

9 flow rates before and during mill operation . The accumulation
rates and the total number of curies introduced into the arroyo
by ,the Applicant from 1969 through the estimated lifetime of the
proposed mill, 1978-1993, are presented in Table 5.1-1o An
estimated total of 45 curies will be dispersed downstream from
the mine settling ponds and throughout the soil at the bottom of
the arroyoo Plants grown in soil containing both uranium and
radium incorporate but do not concentrate these radionuclides.
The level of acquired radium in the plants is 1 to ??rders of
magnitude less than that which resides in the soil.oa)

) WASH-1248o
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TABLE 5.1-1
I:

ACCUMULATION OF LONG HALF-LIFE RADIONUCLIDES
IN THE ENVIRONMENT FROM MINE AND MILL OPERATIONS

..Average
Concentration Curies/Yr Curias4Yr Total
pCi/Liter 1969-1977 1978 - 1993 Curies

Mine water discharged to arroyo~b)

Natural uranium(c) 1426. 2.7 1.3 42.
Th-230 46. Oo .0.1 2.
Ra-226 22. 0.1 '0. 1 1.

Mill slurry discharged to tailings pond

Natural uranium 800. 0.0 1.1 16.
, Th-230 22000. 0.0 30.6 429.

Ra-226 350. 0.0 0o5 7.

Atmospheric releases(d)

jjCi/sec
- Natural uranium 0.0072 0.0 0.2 3.

Th-230 0.0022 0.0 0.1 1.
Ra-226 0.0022 0.0 0.1i 1.

*i.. . s.. • .?

,'.,Estimated startup date for the proposed mill is June 1977,
_but initial operational systems shakedown needs will
probably delay planned full scale operation until 1978.

(b') *r* Average concentrations reported in Section 2.9°
: . S••pecific activity of natural uranium is 6.77 x 107 Ci/g,

- ":'•!O: CFR 20.
Yd) Reported values-for an operating mill, EPA-520-9-73-3-B.

5See Section 5 Addendum.
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Operation of the mill for 365 days/year will also release measurable
concentrations of radionuclides into the immediate environs. For

purposes of impact assessment, natural uranium, Th-230, Ra-226,

and Rn-222 are the radionuclides of interest.

All of the liquid effluent, approximately 700 gal/min, from the

milling process-will be released to the tailings pond for solar

evaporation. The, projected rate of accumulation and total quantitie:

of radionuclides in the tailings pond after the mill ceases opera-

tion are presented in Table 5.1-1,

A small quantity of the tailings pond water will leak through the

tailings dam into a collection ditch around the base of the dam.

This water will be pumped back into the pond. Another small

quantity of the water is expected to seep into the soil underlying

the pond.

Pond seepage into the soil and through the dam will result in some

buildup of radionuclides in those areas0  However, most of the

estimated 452 curies discharged to the pond during the lifetime

of the mill will remain in the pond bottom. After mill operations

cease and the pond water has evaporated, this radioactivity will

remain under the earth fill used for stabilization and restoration,

See Section 5.3.

The Applicant's mine ventilation system controls the mine's atmos-

pheric concentrations of Rn-222, radon daughter products, and

diesel equipment exhausts. Because of the high relative humidity

in the mine, the ventilation air contains very little dust and,

consequently, very little Th-230 and Ra-226 associated with ore

dusts.

"The BEIR report and the U. S. Environmental Protection Agency

Report, Estimates of Ionizing Radiation Doses in the United States

1960-2000, both conclude that, while uranium mining activities

increase the amount of surface uranium and its d ecay products,

it does not cauae measurable increases in e'nvironmenta • adio-

activity outside the immediate vicinity of the minGso"a) Measure-

ments taken of the radon daughter concentrations in mine ventila-

tion air, document the very low concentrations released, 0.4 WL and

less. See Section 2.90

Atmospheric releases of long-lived radionuclides from milling

operations will include natural uranium, Th=230, and Ra-226.

Other radionuclides in the U-238 decay chain have either such a
short half-life or are present in such low concentrations that they
do not -substantially accumulate in the environment.

(a) WASH-1248o
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The estimated atmospheric release rates of natural uranium, Th-230,
and Ra-226 are based upon observed emissions from -operating
uranium mills and are adjusted for a 4000 tons/day capacity millo(a
Anticipated release rates and the total quantity of radionuclides
released from 1978 to *the termination of proposed mill operation
are presented in Table 5.1-1o

The atmospheric diffusion equation described in Section 5 Addendum
P was used to calculate long-term average concentrations for each

source term. A source term quantitatively describes which radio=
nuclides are released. The proximity of the sources allowed
computation of atmospheric dispersions by assuming a ground level
release from a single point midway between the tailings pond and
the mill., To assume that all emissions occur at ground level is
a conservative approach to the calculations and maximizes the
dose rates calculated 'for yellowcake dust emissions from the
yellowcake dryer stack0  For Th-230, Ra-226, and Rn-222 the
assumption o.f a ground level release represents actual conditions
that will be present at the mill site,

Geometry factors in the diffusion equation account for differences
between point source emissions of natural uranium from the stack
and area source emissions from the tailings pond and ore piles
of Th-230, Ra-226, and Rn-2220  See Section 5 Addendum0  The
meteorological data used in the diffusion equation were available
only for January 1973 to August 1974 for the Gallup, New Mexico,
areao See Section 2.6. Since wind stability data were not avail-

..able for the Gallup area, neutral wind stability Class D was used in
' th. diffusion equation as recommended by Turnero(b)

The concentrations of radionuclides dispersed in the atmosphere,
., as a function of both the distance from the source and the
..:a.Verage meteorological conditions, are presented in Tables 5.2-1
!i$~ hrough 5.2-4 and discussed in Section 5.20

Oirect radiation !exposures from gamma rays produced from radionuclides
.'99 oeas®d to the environment by Applicant's activities will be low.
F ,0.Iures exceeding a few mrem/hr will be rare, even at the surface

•--io:m11 process vessels. Gamma rays from this so r e will not
c",'0,G.FUit in measurable radiation exposure to biotao'

a.EPA-5 20-9-73-3-e and Section 5 Addendum0

.2< .-Turner, 1970.
EEPA-520-9-73-3FB
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TABLE 5.2-1
CONCENTRATIONS AND DOSE RATES AS A CONSEQUENCE

OF NATURAL URANIUM RELEASES

Source Term = 0.0072 pCi/sec(°)

Wind (b) (C)1 1 (C)115 D
Direction f u XB (CB)(I0 14) DB XR (CR)(1O- 5 ) DR

N 4.4 2.5 851 1.1 3=2 1824 0.3 0.9

NNE .3o7 2°4 910 0.9 2.6 2006 0.2 0.7

NE 3.5 2,2 760 1.2 3.5 1702 0.3 0.9
ENE 4.9 2.4 610 2.2 6°7 1884 0.3 1.0

E 3.8 2.4 610 -1o7 5.2 7242 0.0 001
ESE 1.7 2°4 670 007 2.0 6080 0.0 0.1

SE 2.4 2.2 550 1.4 4o3 7000 0.0 0.1

SSE 2.5 2.5 456 2.3 6.9 1776 0.2 0.5

S 704 2.7 425 7.3 22.0 800 1.9 5o6
SSW 9.1 3.0 456 6.9 21.0 8045 0.0 0.1

SW 17.2 3o7 550 6.2 19.0 4800 0o4 0.7
WSW 18.7 3.7 912 2.8 8.4 3344 03 1.0

W 11.8 3.3 730 2.9 8.6 1824 0.6 1o8
WNW 5.1 3.0 790 1.2 3.6 3648 0.1 0.3

NW .2.5 3.0 851 0.5 1.5 2796 0.1 0.2

NNW 1.9 2.7 912 0°4 1.2 2736 0.1 0.2

i:

[

X

C

D

f = Percentage of time wind blows in specified direction,
including calms

u = Mean wind velocity in specified direction (m/sec)

B Distance-from center of site to site boundary (m)

B = Concentration at boundary (CCi/cc)

B = Dose rates to critical organ (lung) from continuous
__• I• -L . . .. U. . /. . .

ioccupancy at site ooundary kmrem/yeau

XR = Distance from center of site to near

CR = Concentration at nearest residence (.

DR = Dose rates to critical organ (lung)

occupancy at nearest residence .(mrem,

a Source term is based on observed emis

uranium mills, adjusted for 4000 tonsl
.. (EPA-520-73-3-B).

(b) Exposure locations are in opposite di
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TABLE 5,.2-2
CONCENTRATIONS AND'DOSE RATES AS'A CONSEQUENCE

OF THOR]

Source Term

[UM-230 RELEASES

= 0.0022 pCi/sec(a)

Windkb)- x 14 D X (CR)(10' 5 ) D
Direction f B (CB)(0 R R R

N 4.4 2.5 851 1.1 5.5 1824 0.5 2.3
NNE 3.7 2.4 910 0.9 4.4 2006 0.3 1.7
NE 3.5 2.2 760 1.2 6.0 1702 0.5 2o3
ENE 4.9 2.4 610 2.3 11,3 1884 0.5 2.5

E 3.8 2.4 610 1.8 8.8 7242 0.1 0o2 .

ESE ..1.7 2.4 670 0.7 3.4 6080 0.0 0.1
SE 2.4 2.2 550 1.5 7.4 7000 0.0 0o.1
SSE 2.5 2.5 456 2.3 11.7 1776 0.3 1.4
s 7.,4 2.7 425 7..4 36.9 800 lA. ] 2

SSW 9.1 3,0 456 7.1 35.4 8045 0.1
SW 17,2 3.7 550 6.3 31.5 4800 0.6
WSW 18.7 3.7 912 2.8 14.2 3344 0.5

W 11.8 3.3 730 2.9 14,6 1824 0.9
WNW 5.1 3.0 790 1.2 6.2 3648 0.1
NW 2.5 3.0 851 0.5 2.6 2796 0.1

NNW 1.9 2,7 912 0.4 2.0 2736 0.1

.. f = Percentage of time wind blows in specified direction,

-. including calms

' " Mean wind velocity in specified direction (m/sec)

B Distance from center of site to site boundary (m)

.B = Concentration-at boundary (pCi/cc)

., , = Dose rates to critical organ (lung) from continuous

occupancy at site boundary (mrem/year)
x

• Distance from center of site to nearest residence (m)

C"
R Concentration at nearest residence (pCi/cc)

- R Dose rates to critical organ (lung) from continuous
occupancy at nearest residence (mrem/year)

6):'Source term is based on observed emissions from operating
uraonium mills, adjusted for 4000 tons/day ore input
(EPA-520-73-3-B)o

(Ob): Exposure locations are in opposite direction.
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TABLE 5.2-3
CONCENTRATIONS AND DOSE RATES AS A CONSEQUENCE

OF RADIUM-226 RELEASES

Source Term = 0,0022 VU/seci°)

Wind~b)Direction XB (CB)(10-14) DB XR (CR)(10-1 5 ) DR

N 4.4 2.5 851 1.1 0.8 1824 0.5 0.3
NNE 3.7 2.4 910 0.9 0.7 2006 0.3 0.3
NE 3.5 2.2 760 1.2, 0.9 1702 0.5 0.3

ENE 4.9 2.,4 610 2,3 1.7 1884 0.5 0.4

E 3o8 2o4 610 1.8 1,3 7242 .0.1 0.0
ESE 1o7 -2.4 670 0.7 0.5 6080 0.0 0.0
SE 2.4 2.2 550 1.5 11 7000 0.0 0.0
SSE 2.5 2.5 456 2.3 18 1776 0o3 0.2

S 704 2.7 425 7,4 5.5 800 208 2.1
SSW 9.o1 3.0 456 7.1 5.3 8045 0.1 0.0
SW 17.2 3.7 550 6o3 4°7 4800 0,6 0.3
WSW 18.7 3.7 912 2°8 2.1 3344 0.5 0o4

W 11.8 3.3 730 209 2.2 1824 0.9 0°7
WNW 5.1 3.0 790 1.2 0.9 3648 0.1 0.1
NW 2.5 3.0 851 0.5 0.4 2796 0.1 061
NNW .1.9 2,7 912 0.4 0.3 2736 001 " 0.1

f = Percentage of time
including calms

wind blows in specified direction,

iU

XB

CB

DB

= Mean wind velocity in specified direction (m/sec)

= Distance from center of site to site boundary (m)

= Concentration at boundary. (OCi/cc)

= Dose rates to critical organ (lung) from continuous
occupancy at site boundary (mrem/year)

= Distance from center of site to nearest residence (m)

= Concentration at nearest residence (jjCi/cc)

= Dose rataes to critical organ (lung) from -continuous

X R
CR
D R

~i . 4 occupancy at nearest residance (mrem/year)

(0 o) Source term is based on observed emissions from operating
uranium mills, adjusted for 4000 tons/day ore input

(EPA-520-73=3-B).
(b) Exposure locations are in 'opposite direction.
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TABLE 5.2-4
CONCENTRATIONS AND DOSE RATES AS A CONSEQUENCE

OF RADON-222 RELEASES
(a)Source Term = 17ol pCi/seca_ .

Wind(b x _1 1
Direction f B *(CB) (O' 4 4 ) DB XR (CR )(IO15)DR

N 4.4 2.5 851 0.6 0.3 1824 2.4 1.2

NNE 3.7 2.4 910 0.5 0.3 2006 1.8 0.9

NE 3.5 2.2 760 0.7 0.3 1702 2.4 1o2
ENE 4.9 2°4 610 1.3 0.7 1884 2,6 1.3

E 3.8 2.4 610 1.0 0.5 7242 0.3 001
ESE 1.7 2.4 670 0.4 0.2 6080 0.1 0.1

SE 2°4 2.2 550 0.9 0.4 7000 0.2 0.1

SSE 2.5 2.5 456 1.4 0o7 1776 1.4 0.7

S 7.4 2.7 425 4.3 2.2 800 14.7 7,3
SSW 9.1 3,0 456 4o1 2.1 8045 0.3 0.2
SW 17.2 3.7 550 3.7 1o8 4800 3.0 1.0

WSW 18.7 3.7 912 1.7 0.8 3344 2.5 1.3

W 11.8 3.3 730 1,7 0.9 1824 4,8 2.4
WNW 5.1 3.0 790 0°7 0.4 3648 0.7 0.4
NW 2.5 3.0 851 0.3 0.2 2796 0.6 0.3
NNW 1.9 2.7 912 0.2 0.1 2736 0,5 0.2

f = Percentage of time
including calms

u Mean wind velocity

wind blows in specified direction,

in specified direction (m/sec)

i';;:i" "-
•.,:. •:

4

,t,. .7,.-

XB= Distance from center of site to site boundary (m)

&CB= Concentration at boundary (pCi/cc)

DB = Dose rates to critical organ (lung) from continuous*
-. occupancy at site boundary (mrem/year)

j.-.R = Distance from center of site to nearest residence (m)

R' .CR= Concentration at nearest residence ()JCi/cc)

:.R =•Dose rates to critical organ (lung) from continuous
occupancy at nearest residence (mrem/year)

, ' Source term is based on observed emissions from operating
uranium mills, adjusted for 4000 tons/day ore input

N':•..' ( EPA- 520- 73-.3-=B)o

Exposure locations are in opposite direction.
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In summary, mine water discharge and atmospheric dispersions from
the mine will continue to be sources of radionuclides in the environ-
ment. After the mill begins operation, additional sources of
radionuclides in the environment will be the mill, ore piles, and
the tailings. Table 5.1-I and Section 5 Addendum present summaries
of .the releases and the atmospheric diffusion equations respectively.

5.1.3 Dose Rate Estimates

For locations up to 5 miles from the proposed mill, atmospheric
concentrations of natural uranium, Th-230, Ra-226, and Rn-222 are
estimated from aver'age annual meteorological data and observed
emission rates from existing milli. The highest dose rates to
mule deer will be t-o their respiratory .tract from airborne radio-
nuclides. The magnitude of these respiratory dose rates will be
similar to those calculated for man. See Section 5.2.3. Exposure
from ingestion of the airborne radionuclides deposited on forage
and in water discharged into the arroyo is not expected to add
sufficiently to the respiratory dose rates. The total dose rate
will not result in a measurable risk to the mule deer.

5.2 RADIOLOGICAL IMPACT ON MAN

,The radiological impact on man from mine and proposed mill opera-
tions and from transportation of radionuclides is evaluated in
this section, The evaluations indicate that the radiological
effects of mine and mill operations represent only a small
fraction of the dose to man from natural background radioactivity.
The dose rates are well within the dose guidelines and limits
established for protection of the public.(a)

5.2.1 Exposure Pathways

During normal operation of the mine and the proposed mill, small
quantities of natural uranium, Th=230, Ra-226, and Rn-222 will be
released to the environment, The external gamma exposure from
these radionuclides is low, rareyy exceeding a few mrem/hr at

the surface of process vessels," but the radionuclides can
be inhaled and cause an internal radiation exposure.

(a) NMEIA, 1973; 10CFR 20.
(b) EPA=520-9-73=3-B.
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Since the main exposure pathway is through the respiratory tract,
dust that could be generated from the proposed activities is a
primary concern. Dusts containing Th-230 and Ra-226 could origi-
nate from the piles of unprocessed ore and from the banks of the
tailings pond. These potential sources of dust will be controlled
by the use of sprinkler systems.

Rn-222 will originate from the tailings pond, from ore stored or
.being processed at the mill site, and from the mine ventilation
shafts. Natural uranium will originate from the ventilation
exhausts of the yellowcake handling areas of the proposed mill.
Each of these. sources is discussed in detail in Section 5 Addendum.

Presently, drinking water is transported to the site from an off-
site location. In the future drinking water may be obtained
locally from wells or from mine water. If necessary, drinking
water from local sources will be treated to remove suspended and
dissolved radionuclideso Thus, the intake of contaminated water
is not considered a major exposure pathway 'for humans.

Since no edible crops are grown within 5 miles of the proposed
mill site and none are anticipated, the transmission of natural
uranium, Th-230, and Ra-226 from edible crops to man is not
anticipated.

Deer that are foraging or passing through the immediate vicinity
of the proposed mill are expected to ingest and/or inhale small bi
measurable quantities of Th=230 and Ra-226, Any dose to people
consuming meat from such deer would be extremely small because:

1) Th=230 and Ra-226 tend to deposit in a deer's skeletal
system, which is not consumed.

2) The affected vegetation area will be small, and deer are
scarce and transient.

3) Hunting regulations and the scarcity of deer make it
unlikely that an individual will consume a large quantity

of meat from several deer,

. .6Sect'ons 5.3 and 5,5 of Applicant's application for a Radioactive
Materials License address the problem of possible contamination
of ' -f ood in the proposed mill. Administrative controls will be
used to limit this exposure pathway. The potential exposure

:•athways to man are illustrated in Figure 5.2-1.
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The potential exposure pathway from ore dust during transportation
from the mine to the mill has been evaluated as part of the ore
dust potential at the site. All shipments of yellowcake will comr- 11
ply with the applicable Department of Transportation regulations
for packaging and shipping a)radioactive materials. An analysis
of possible'transportation accidents and the resultant environ-
mental impact is presented in Section 7.2.

5°2.2 Liquid Effluents

Liquid effluents from the mine and from the proposed mill will
contain natural uranium, Th-230, and Ra=226° The radionuclide
concentrations in these effluents and the ultimate fate of both
the liquid and the radionuclides are discussed in Section 5-1o2.
Transmission of radionuclides to man directly from drinking water
or through a food chain has been determined to be insignificant
in comparison to the small but measurable exposures from gaseous
effluents discussed below,

5o2,3 Gaseous Effluents

Computational methods and assumptions used to estimate long-term
average concentrations of gaseous effluents in the lower layers
of the atmosphere are presented in Section 5 Addendum. Dose cal-
culations are derived from the manimum permissible concentrations
in air (MPC) for insoluble radionuclides associated with ore dust
and.for radon gas. Dose rates for individuals are expressed in
mrem/yr and for populations in man-rem/yr.

The concentrations of and corresponding doses from natural
uranium, Th-230, Ra-226, and Rn-222 are presented in Tables 5.2-1
through 5.2-4. The concentrations and doses are listed for
each of the 16 points of a compass and for the distances from

.. ;"ahe source to the site boundary and to the nearest resident.
The concentrations and dose rates calculated from the atmospheric

.diffusion equation must be considet "best estimates" and
-iorrect ithin a...factor of 2 or

T....The dose rate estimates presented in the tables are expressed
to the nearest tenth of a unit to avoid the implication of zero

(OOVA 49 CFR 10199.
. b) Turner, 19700
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II,"
dose rate at a given distance from the proposed mill. Consequently,
the final digit signifies no more than a given valueas relationship
to a zero dose rate. The lung has been determined to be the
critical organ, and the dose rates to the lung are calculated for
continuous occupancy at the specified locations0  E~ttrnal whole
body dose rates have been shown-to be close to zero a for
individuals who might be exposed to effluents from mill operationso

Potential lung dose rate values for continual occupancy by an
individual at the specified locations are presented in Table 5°2-5°
In summary these values are:

1) 66.6 mrem/yr;'-the maximum ground level dose rate at the
site boundary;

2) 25.5 mrem/yr, the dose rate at site boundary in the direction
of the prevailing wind (WSW to ENE);

3) 66.6 mrem/yr, the dose rate at site boundary nearest the
emission source, 425 meters;

4) 5.2 mrem/yr, the dose rate at nearest residence in the directio|
of the prevailing wind (WSW to ENE);

5) 29.2 mrem/yr, the maximum residential dose rate 800 metors
from the emission source.

All dose rates were calculated using the equations presented in

Section 5 Addendum and for a single ground level release point

on the road midway between the proposed mill and the tailings pond.
The dose rates are all well below the maximum allowable exposure
of 1500 mrem/yr to the lung of an individual under 18 years of
age. b

Food crops are not grown in the area, and radionuclide deposition
on forage and grazeland is discussed in Section 5ol1-

5.2.4 Exposure Pathways

The inhalation of airborne radionuclides released from the propo@s@d• mill will be the ..largest expoeure pathway to man. Y•t, @von to

the population living within 5 mil@Q of the mill facilities,
this pathway will result in low dose rates, to the lung@.
The calculated total dose rates for this pathway are presented
in Table 5.2-5. The dose rate value@ arG given as mKem/yr at the
site boundary and neaoro t iesidences for each of thQ 16 wind

4i directions.

(b) NMEIA, 1973,. 10 CFR 20, 10 CFR 500
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TABLE 5.2-5

RATE TO-CRITICAL.. TOTAL DOSE ORGAN (LUNG)

Wind(a)
Direction

N
NNE
NE
ENE

E
ESE
SE
SSE

S

SSW
SW

W

WNW
NW
NNW

xXB

851
910
760
610

610
670
550
456

425
45.6

.550
912

730
790
851
912:

D B ,

9.8
8.0

12.1
19.0

15.8
6.1

13.2
21. 1'

66°6
63.8
57.0
25.5
26,3

407
3.6

R

1824
2006
1702
1884

7242
,6080
7000
1776

800
:8045
4800
3.344

1824
3648
2796
2736

4.7
3.6
4 7
5°2

0o4
003
0.3
2°8

2902
0.6
3-o7
5.2

9°6
15

1.0

II

II

j.1

I
I

X = Distance from cent'er of site to site boundary (M)

DB= Dose rates to critical organ (lung).from continuous
occupancy at site boundary (mrem/yr)

XR= Distance from center of site to nearest residence (m)
i..-.•.;i.'i D=Dose rates to critclogn(ug from continuous.

occupancy aot nearest residence (mrem/yr)

l.(a, Exposure locations are in opposite direction.
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The population dose rates from the airborne pathway for
individuals within a 5 mile radius of the site are presented in
Table 5.2-6. The population dose rate values are expressed as
man-rem for:

1) Natural uranium, Th-230, Ra-226, and Rn-222, both
individually and collectively, and

2) For each of the 16 wind directions*

For calculative purposes, dose rates less than 001 mrem/yr were
equated to zero. See Section 5°2.3 for a discussion of. the
accuracy of dose rate estimateso

An estimated 1195-people reside within the 5 mile radius around
the mine and proposed mill. These people receive (189 mrem/yr)/
person from natural background radiationo Based upon a 4000 TPD
dry uranium ore processing rate for the mill, an average dose rate
of (2.2 mrem/yr)/person will be received by the same people.
This would represent an increase in annual dose rote of less than
1.2% within theý 5 mile radius.

5.2.5 Summary of Annual Radiation Doses

The total population dose rate for people continuously residing,
within a 5 mile radius of Applicant's mine and mill will be
2.7 man-rem/yr. This value represents the total population dose
rate from all exposure pathways, recognizing that gaseous effluents
are the only substantial pathway for exposures. The annual
population whole body dose rate from natural background radiation,

for the same people, is 226 man-rem/yr.

If the population remains constant, the 50.year dose commitment
H in the 5 mile'radius would be the product of 2.7 man=rem/yr
I times 15 yr of operation, 40 man-rem. After operations

cease in 1993, restoration and reclamation of the area will
• effectively eliminate all exposurse pathways. Yellowcoke will no

longer be diacharged to the atmosphere. The tailing@ pond will be
dry and atabilixed with soil and vegetation to prevent the for-
motion of dust containing Th-230 and Ra-226o The soil will

iretard .the diffusion of Rn-222 from the tailinga to the atmosphere.

t5-18
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TABLE 5.2-6

POPULATION DOSE RATE. DISTRIBUTION

WITHIN A 5 MILE RADIUS. OF THE MILL SITE

(ma- ~r/ear) I

Wind (a ) Uranium
Direction Natural Thoriu'm-230 Radium-226 ' Radon-222 Total

NNE

,N:E •

ENE

E
ESE
SE
SSE

,0.,032
0.021
0,.O10
0.012

0.004
0.002
0.003
0.012

0.081
0.0 52
0.026
0.029

0°007
0.002
0.003
0.034

0.653
0.0
0.119
0.075

0•.081
0.051
0o.022

0.012 0.042
0 .008 0,027
0:004 0o014
0.005 0.015

O9 0 0 O,004

0.0 '0.002
O0,005 06003.0.o005 0. 017

0. 167
0..108
0. 054
0.061

0.015
0.1006
0..009
0.068

.S
SSW
SW--
WSW

WNW
NW

0.256
0.0
0.049.
0.075

0.031.
0.021
0.009

0.096
0. 0
0.021
0.012

0.334
0.0,
,0. 070.
0.039

1 0339
0.0
0.259
0.201

I
'31

A

0.012
0.008
0:004
0.004

0.191

NNW 0.009 0.028

Total 0.546 .1° 263

)Exposur locations •e•.in

0.042
0.1 027
0012
0.014-

0.662

0. 166
0. 107
0,047
.0.055

2.662

opposite-direction,
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III
Should the population of the area double in the next 50 years,
the 50 yr dose commitment would be approximately 46 man-rem.
See Table 2°2-2 for the projected population increases for the

S county.

5o3 EFFECTS OF CHEMICAL DISCHARGE

Due to the relatively remote location of the propoued aite, the
air quality is generally unaffected by industrial or municipal
pollution so'orces• Ambient air quality measuremento for
pollutants, other than sulfur dioxide and total particulates,
have not been made in the area. The State of Now Mexico Environ-

imental Improvement Agency data on total suspended particulate@
and on SO concentrations in northwestern New Mexico are .presented
in Table 5o3-1o

502 measurements were made at Formington, north northeast of the
proposed mill, and at Shiprock, north of the mill. In addition,
SO2 measurements were made in the northwest corner. of the State
at Beklabito, near the Four Cornere area, an area of extensive
fossile fuel use. The 502 concentrations in the area of the pro-
posed mill are expected to be considerably lower than those in the
northwest corner of the state.

Effect of Plant Emissions on Air Quality

Mining and proposed milling activities are not expectod to con-
tribute significantly to the du@t problem in tho aor@@ Dust
from mill construction and operation will be minimized by sprink-
ling graded surface@, th tailings dam, and ore pileso, and by
keeping grinding operation@ wet. In addition, prevention of
livestock grazing on Applicant%' property will give ground covzr
vegetation an opportunity to grow, which ahould decr(ase the
amount of duot from this pgeviously overgrazed area.

Emissions from the two oil-fir'd boilers to be used in the

propoased mill aro discusgsd In Section 3.5 and 5.4.

IEffect of Tailings Basin Seepag. on Water 0Qualit

The proposed mill facilities have bean designed to discharge
virtually all. proc@s wa@sto and any @pilled or leaked process
reagents into the tailings pond for long-term storageo SeG
Section 3.3. However, minor amouotiz of the tailingo baoin liquid

may seep into the underlying soil and rock strata, See
Section 3.4.1.
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TABLE 5.3-1

TOTAL SUSPENDED PARTICULATES AND S02
CONCENTRATIONS IN NORTHWESTERN NEW MEXICO

Distance (miles)
and Direction

from Applicant's
Proposed Facility

Total
Suspended
Pa rt ic u lot es

Avg3 Max 3

_ M=

Number of
SamplesLocation

Gallup
Sandatee
Gallup
Gallup
Beklabito
Grants
Toha6tch

Date

1971
1972
1972
1974
1974
1974
1974

15.6
51.0
15.6
15.6
85.5
48.0
19.5

S W
NNW
Sw.
SW
NNW
SE
NW

141.4
127.4
190.1
119.0
57.0
56.0
24,7

460.4
556.0
400.9.
228.4'
114.9
85.2
85.8

31
37

7
22
17
10
10

Avg2 m
Avg - pm

Beklabito 11/73
1/74

.2/74
3/74
4/74
5/74
6/74
7/74

P

8505

78.0

75.0

NNW -0.000
0.001
0.000
0.000
0.000
0.000
00002
0.001

502

0.004
0.074
0o048
0.033
0o000
0.001-
.00035
0.018

480
656
496
564
518
493
369

92

I,.

I.

I,

I

Farm in

Shipro

I.• .

• .. '- . . •

gton 12/73 NNE 00000 0.066 669
€ck 3/74

.. /74.

5/74
6/74
7/74.

N 0000
0000
0.000
0000
0000

0.07

0°0600 06
0.08
0005

466
506
605
6.28
214
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Adverse environmental impacts are not anticipated from tailings
pond seepage for the following reasons:

1) The very fine or colloidal particulate composition of the
tailings slurry provides an inherent sealing characteristic.

2) The fairly i'mpermeable Mancos shale above the Dakota aquifer

I and underlying the tailings pond will retard seepage to a

very low rate.

3) The seepage that does occur will have particulates and silt
removed by filtration through or absorption on the soil

4 prior to reaching the Dakota aquifer.

4) The soil and rock underlying the tailings pond will
neutralize the acid in the seepage water. The extent of
neutralization can be approximated by considering the
quantity of acid that ultimately may reach the pond and
by estimating the soil's neutralization capability. The
proposed mill may use os much as 782 million lb of sulfuric
acid during its operational lifetime, The ore in the leaching
process will neutralize approximately 90% of this total,

1 : allowing 78 million lb of acid to reach the tailings pond.1 0' Assuming .that the native soil and rock have a neutraliration
capacity equal to that of the ore, 50 lb of acid/ton,
complete neutralization of all the acid in the pond would
require 1.6 million tons of soil. This amount of soil
represents a 3.1 ft thick layer over the bottom of the

Ay 160 acre pond area. Consequently, even though the low

I seepage rate may not be uniform, the availability of 1200
ft of soil between the pond floor and the Dakota aquifer
precludes contamination of potable water.

5) Dissolved chemicals present in the tailings pond liquid will
partially be removed by the soil through absorption and
ion exchange processes.

Organic Materials in Tailings

Organic materials such as kerosene and amine from the pro-
posed mill will be discharged in the tailings slurry to the
tailings pond, The organic materials will emulsify in the
tailings slurry so that separationof the organic from non-organic materials will not occur in the tailings .pond. Some
limited evaporation of volatile organic solvents, such as
kerosene and isodecanol, may occur but is not expected to have
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an advers.e impact on local air quality. Seepage of organic
materials into the water table is not expected for the
reasons described above.

Organic compounds in the tailings ore expected to decompose
naturally. Degradation products and remaining .organic materials
will be buried when the tailings pond area is stabilized with
soil. Consequently, environmental impacts from organic
materials are. not anticipated by Applicant.

5.4 EFFECTS OF SANITARY AND OTHER WASTE DISCHARGES

The mine and proposed mill waste management systems have been
.designed.to discharge process wastes and effluents directly to
the-tailings pond. Sanitary sewage.from toilets, sinks, and
showers will be treated in a conventional sewage treatment
plant with-an 80% or greater BOD reduction. The treated
effluent will be used to water plants around the mill site.
However, during freezing weather, this effluent will be dis-
charged to the tailings pond. No adyerse environmental effect
is anticipated from disposal to either location,

Effect of Stormwater Collection System

Areas of the proposed mill that contain chemical and radiologic
conta.minants will be surrounded by earth and concrete dikes to
impound stormwater and washdown watero In the areas of the

:... "barren organic holding tank, pregnant aqueous holding-tanks,
the ra.ffinate tank, and thickeners, the impounded water will
be pumped back into the process. Impounded water from the

.sodium chlorate, sulfuric acid, and fuel oil storage areas
will evaporate or percolate into the ground.

-Other:stormwater runoff from areas 'within the mill will be
idverted to the arroyo in Pipeline Canyon. Stormwater runoff

-.i.a• Applicant's mine will flow by gravity to, natural drainage

" 'han4nlso No adverse environmental effects are anticipated
frono these runoffs,

. . _,••Effact of-, Solid Waite Dis•posal

s....Solid waste consisting of garbage, trash, and packing material
,,,.Il be transported to a county sanitary land fill as discussed

4.• Zq i.-Sect ion 3.5. Minimal environmental effects are anticipated
by • 6he addition of Applicant's wastes to the county's wastes.
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Effects of Combustion Products

The boilers for the proposed mill will consume an estimated
2 million gal/year of No. 6 fuel oil. See Section 3.5 for
the analysis of boiler effluents. Air quality impact from this
.source is expected to be negligible. However, a permit from
the state covering particulates, SO2 , and NO discharges has.
been applied for and will be obtained prior ao construction.oa)
If required, registration certificates for other pollutants
will be obtained within 180 days after startup of the proposed
mill.

New Mexico Air Quality Standards and Regulations for oil-burning
equipment apply to units having fuel inputs equivalent to or
greater than 1,000,000 million BTU/year. The Applicant's two
units each will have 225,000 million BTU/year input; therefore,
these regulations are not applicable.
Nonradioactive gaseous effluents and applicable state air

quality standards are listed in Table 3.3-1 of Section 3.3

5.5 OTHER EFFECTS

Three archeological sites, LA 11617, LA 11618, and an unrecorded
Navajo site, are located within the area. Two of these sites
will be disturbed by the tailings pond, and consequently,
will be excavated under the direction of a professional archeo-
logist prior to the beginning of mill operation. The third
site will be excavated or protected as directed by the Museum

of New Mexico.

Operation.of the mine and proposed mill will generate noise
that will be heard on site and in the surrounding vicinity.
Noise sources will include mine-ventilation fans, hoist equip-
ment, ore conveyor, ore trucks, front-end loaders, semi-
autogenobs grinder, boiler units, .and various mill process units
The-proposed mill has been designed to maintain noise levels
in the work areas to within the requirements set forth by
occupational -ealth and safety regulations. The Applicant

anticipates that noise levels at times may exceed 95 db

within 3 ft of individual pieces of process equipment. However,

(a) New Mexico Air Quality Standards.
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noise levels outside the mill will not exceed 80 db. At the
nearest residence the noise will be for below nuisance levels
even when combined with the noise produced by the neighboring
Kerr-McGee mine.

5.6 COMMITMENT OF RESOURCES

Natural and human resources committed by the construction and
operati-on of the proposed mill will include ground water,
uranium, land, fauna and flora, construction materials, chemi-
cals, oil, man hours, and capitalinvestments.

Ground water has been pumped by the Applicant from the water table.since 1969 and will continue to be pumped until 1993. During
that time interval, 11 billion gal of ground water will be pumped
into the arroyo adjacent to the mine, and- 515..million gal of ground
water will be pumped to the tailings pond.

Approximately 20.4 million dry tons of uranium ore will yield
approximately 46,000 tons of yellowcake from the proposed
mill. The yellowcake will be shipped'to other locations for
further processing and eventual use as fuel for nuclear
reactors. Most of the coarse tailings will be used to con-
struct the tailings dam or to bockfill the mine. The fine and
liquid tailings will be dispersed in the tailings pond.

Approximately 200 acres of land will be utilized-during the
lifetime' of -the proposed operation. Assuming 30% of New
Mexico is semiarid area, Applicant's land will occupy 0.006%
of that semiarid area. This land is considered undesirable-

. for agricultural, use and is sparsely populated. " However,
.• Applican's land does support indigenous flora and fauna. See

Section 2.8. Restoration and reclamation measures will be
-instituted at the close of the proposed mill's operation.
Se~e Section 9.0.

:The proposed tailings pond area, 160 acres, is cons'idered a
o-dg term commitment of land, Prior to completion of the"
p r•posed-mill's operation, the tailings dam will be raised

-tbits final elevation, and the downstream face will be
,Qip•,"- bilized •nd" planted with native vegetation, After mill
o-•pratio.'•o s cease, the talings pond -area will be covered with

:'so.i•il• and a growth of native vegetation established.

h e, stabilized tailings pond area will require long term
".r, ict•ion that prohibits both habitation and the growth of

ood crops. -Since the general' area i'' sparsely populated
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and poorly suited for farming, these restrictions are not
expected to present significant human hardship. The displaced
animal and. insect life is expected to re-establish in this area.

Natural resources committed during construction of the proposed
mill will include 1300 tons of construction steel plus that used
in prefabricated items such as the grinding mill, tanks, and
boilers. 2Construction will also utilize 129,000 yd 3 of concrete,
34,760 ft of concrete blocks, assorted lumber, and roofing
materials.

Construction of the proposed mill will take approximately 2 years.
Direct labor cost to the construction contractor is estimated
at $1.4 million, based on an average salary of 510/hr and 45%
overhead; this corresponds to approximately 40 man-years. An
additional $8.1 million is estimated for subcontracted work,
much of which will be labor costs. The mill operation will
require 117 people, and over the projected 15 year lifetime,
1755 man-years will be devoted to its operation. Given the
above estimates, the proposed mill's construction and operation
will commit, in terms of human resources, approximately 1810
man-years.

Operation of the proposed mill over the 15 year projected
lifetime will utilize 420,000 tons of sulfuric acid,, 11,000
tons of sodium chlorate, 4600 tons of ammonia, and lesser
quantities of kerosene, isodecanol, amine, and polyacrylomide.
The operation will also use 226 million kw-hr of electricity
and 30 million gal of No. 6 fuel oil. Equivalent resources
would be used by the mill currently processing the ore from
Applicant's mine or by any other uranium mill.

Operation of the proposed mill will eliminate the need to truck
ore 85 miles to another mill. After startup of the proposed
mill, the ore will have to be trucked .about 0.5 mile. This
shorter distance will save an estimated 9 million gal of
diesel truck fuel over the lifetime of Applicant's mill and
will reduce road maintenance, highway noise, and air pollution.

The capital investment in the proposed project is estimated at
$31.2 million for construction and $57 million for 15 years of
operation. This financial investment will return 46,000 tons
of yellowcake, a resource which will yield approximately 1.6
trillion kw-hr of electricity from nuclear power generation.
To produce an equivalent amount of electrical power, a utility
company would have to burn approximately 2.6 billion barrels of
oil or 0.6 billion tons of coal.
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SECTION 5 ADDENDUM

I. ATMOSPHERIC DIFFUSION CALCULATIONS

-Diffusion in the lower layers of the atmoyphere for long-term
average concentrations is described by: a!"

2 0oOlfQ'G _h2tU 2 (.lh
n

.where:

C = concentration of gas or particles less than 20 diameter
(yCi/m 3 )

f = percentage of time wind blows in specified direction
including percentage of calms

Q= ='source term (Yci/sec)

' -z= standard deviation of plume concentration distribution in
the vertical plane

U = mean wind velocity in specified direction including per-

centage of calms (m/sec)

" distance from source term to location where C is calculated

n number of sectors in wind rose

h height of plume centerline when it becomes essentially
.level (m)

, " - ;geometry factor

341il by .set-ting' ný16 and h=O, the equation simplifies to-
....... c: . •}•-'-..:ombining .... constants, converting the units of C ino cc

*~±. 8 f G2 _0 3 x 10-:!• ,•.'.._• z UX

tz 5

) hade, 1968.

5-27

•,.A .. .



II
Source tirms are based on emissions from operating uranium
mills.(•a Each value is adjusted for the anticipated 4000 tons/
day ore input:

Source Term
Radionuc-1'ide in jCi/sec Note

Natural uranium 0.0072' A
Th-230 0.0022 B
Ra-226 0.0022 B
Rn-222 17o1 C

A. The uranium source term assumes a 95% efficiency scrubber
on the exhausts from the yellowcake handling areas of
the proposed mill.

4. B. Dust containing both Th-230 and Ra-226 will originate
from piles of unprocessed ore, transportation of ore
from the mine to the mill, and from the banks of the
tailings pond. Granular material discharged to the
tailings pond will be kept wet by a sprinkler system,
when the surfaces are not frozen, to minimize dust.
The source terms for Th-230 and Ra-226 have consequently
been reduced by a factor of 2 to adjust for the planned
dust controls,

C. The maximum size of the tailings pond at the end of

,: - milling operations. is estimated to be 160 acres which
will release 13.5 uCi/sec, based on estimates from the
referenced EPA report. Additionally, an estimated 10,000
tons of ore at any one time either will be passing through
the mill or stored above ground in preparation for processing.

* These 10,000 tons of ore will release an estimated 3.6 pCi/sec
'i for a total Rn-222 release rate of 17.1 AJCi/sec.

Geometry factors were introduced into the atmospheric diffusion
calculation to correct for the differences betweAn a point source
release, G=1, and a release from an area source,.a For radium
and thorium dust particles, a factor of 1/3 was assumed at the
site boundary and a factor of 1/2 was assumed for concentrations
at the nearest residence. For radon gas, a factor of 1/4 4was
used at the site boundary and 1/3 at the nearest residence, For
uranium, a point source of exhaust air from the yellowcake handling
area of the mill a factor of I was used.

(a) EPA-520-9-73-3-B.
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Since stability wind rose information was not available the (a)
neutral wind rose stability Class D, as specified by Turner,
was used for atmospheric diffusion calculations.

II. DOSE RATE CALCULATIONS

Radiation dose rates were calculated from C, the concentration
of gas or particles by:

D = C (1500)

MPCo

.whe re:
mrem

D dose rate (mr)yr

1500 = maximum permissible exposure/year to the lungs of indi-
viduals in the general population

MPCa maximum permissible concentrations in air from releases to
unrestricted areas. Values were obtained from IOCFR20
Appendix B, Table II, Column I, for insoluble radionuclides

-1 :. : L -
".: OUb:U• U.LU .U WJ.LLII UJ.• UU•

Radionuclide

Natural uranium
Th-230
Ra-226
Rn-222

-- -" I.T MAN-REM/YEAR CALCULATIONS

s~ or ra onUJII

MPC in jCi/cc

Unrestricted Area-12

x -13

3 x 10-13

2 x 10-2

3 x 109

?opulation density in a 5 mile radius from the center of Appli-
_.Vnt.'s proposed facility was presented in Section 2.2 as a circle

nitaining 80 areas, The number of man-rem/year was calculated
or each area by multiplying the population of each area by
~t~her (1) the dose rates to the lung from 24-hours/day occupancy.

,b..pt•"the nearest residence, or (2) the dose rates calculated
6fo occupancy at the center of each area. A lower limit of

F.- mrem/year was selected as the minimum dose rate; consequently,
dalulations involving lower dose rates were set equal to zero.

Turner,
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6.0 EFFLUENT AND ENVIRONMENTAL MEASUREMENTS AND
MONITORING PROGRAMS

The methods for collecting baseline environmental data and
Applicant's programs for monitoring the impacts of proposed
activities on the environment are described in this section.
Pre-existing site characteristics are those characteristics preva-
lent prior to any mine related activities. However, current mining
activities by the Applicant preclude a comprehensive survey of
these characteristics. Preoperational site characteristics are
those characteristics prevalent on the Applicant's site prior to
.construction and operation of the proposed mill, and are descriptive
of existing environmental conditions.

6.1 APPLICANT'S PREOPERATIONAL ENVIRONMENTAL PROGRAMS

The program for the collection of preoperational environmental data
is described in the following subsections for surface waters,
ground water, air, land, and radiological parameters of the area.

6.1.1 Surface Waters

A pre-existing characteristic of Applicant's mining and proposed
milling sites is the nearly total absence of surface waters.
Occasional storms cause runoff and erosion in the semiarid terrain,
but these transient phenomena do not produce bodies of surface
water t.hat could be affected by Applicant's mining and milling
activities.

During the development stages of Applicant's mine, 1967-1969, only
a few gal/min of water were discharged from the mine into an
unnamed arroyo draining through Pipeline Canyon to the Rio Puerco.
Since the startup of the mine in 1969, approximately 1400 gal/min
of water have been discharged from the mine into the arroyo. An
adjacent mine owned by Kerr-McGee Corporation currently discharges
water into the same arroyo at the same rate as the Applicant's
mine.

Other than natural precipitation, the water discharged from the
mines is the only source of surface water in the area, An authori-
zation to discharge the water, a National Pollutant Discharge
Elimination System permit, has been obtained from the U. S.
Environmental Protection Agency. a) In compliance .with the EPA
permit, the Applicant samples the discharge water and each calendar
quarter forwards the analytic results to the EPA.

(a) EPA, 1974; see also Appendix.H.
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The sampling loc tions, parameters to be measured, sensitivities
of measurements, • sampling. frequencies, 'and sample size or type per
sampling location are summarized in Table 6.1-1. The samples are
collected in plastic jugs, labeled, and promptly shipped to a
commercial laboratory for analysis of those parameters not measured
at the sampling locations. Specific instrumentation and analytic
procedures represent state of the art and will be updated as new
and better techniques evolve. Thus, where possible, the sensitivity
of each measurement technique, rather than lists of instruments
and procedures, is presented in Table 6.1-1.

In addition to the effluent sampling program required by the EPA
discharge permit, Applicant employs an environmental sampling
program. This program for surface water discharged into the arroyo
is presented in Table 6.1-I, with sampling locations designated in
Figure 6.1-1. These water samples are collected at 6 month intervals
and are analyzed to provide more detailed water quality data than
is provided by samples obtained and analyzed for compliance.with
the EPA discharge permit.

If drinking water is supplied from the Applicant's site, samples
will be analyzed for the radiological parameters specified in
Table 6.1-1. State or federal public health regulations will
govern the monitoring of. other parameters.

6.1.2 Ground Water

Ground water samples will be pumped from two sampling wells to be
drilled near the tailings pond prior to startup of the proposed
mill. The samples are intended to detect seepage from the tailings
pond. The location and depths of the wells will be as follows.
See Figure 6.1-1.

1) 1000 ft south from north line, 600 ft west from east line of
Section 2, depth 120 ft. Perforated casing will be used from
50 ft to 120 ft. This well will monitor water which might
enter the Dilco Formation sandstones and be moving downdip.

(a) The analytical sensitivity of a specified parameter is the
minimum detectable level of that parameter.

j..
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TABLE 6.1-1 (Page I of 2)

PREOPERATIONAL EFFLUENT AND ENVIRONMENTAL. MONITORING PROGRAM

MEDIUM

Effluent Sampling
Surface water

Environmental
Sampling
Surface water

0%

SAMPLING LOCATIONS

Discharge point of final
mine water settling pond
I site

Arroyo adjacent to mine,
see Figure 6.1-1
5 sites

PARAMETER
MEASURED

Flow rate
Temperature
Total suspended solid
Natural uranium
Dissolved Ra-226
Total molybdenum
Total selenium
Total vanadium

Gross Alpha
Gross Beta
Th-230
Ra-226
Natural Uranium
Arsenic
Beryllium
.Cadmium
Copper
Lead
Magnesium
Mercury
Nitrate
Phosphate
Potassium
Selenium
Sodium
Sulfate
Total suspended solid
Zinc
pH

SENSITIVITY

22 gal/min
I C

s 1.0 mg/liter
0, .ug/liter
0.02 pCi/liter
0.001 mg/liter
0.1 mg/liter

0.01 mg/liter

1.0 pCi/liter
0.5 pCi/liter
0.02 pCi/liter
0.02 pCi/liter
0.1 ug/liter
0.01 mg/liter
0.001 mg/liter
0.001 mg/liter
0.0001 mg/liter
0.001 mg/lit er
0.001 mg/liter
0.001 mg/liter
0.1 mg/liter
0.003 mg/liter
0.001 mg/liter
0.1 mg/liter
0.001 mg/liter
0.01 mg/liter
1.0 mg/liter
0.001 mg/liter
0.02

SAMPLING.
FREQUENCY

Continuous
Weekly
Weekly
Monthly
Monthly
Monthly
Monthly
Monthly

Semiannually

SAMPLE SIZE OR TYPE
PER SAMPLING LOC.

Continuous
Grab
24 hr composite,
24 hr composite,
24 hr composite,
24 hr composite,
24 hr composite,
24 hr composite,

I
i
I
I
I
i

gal
gal
gal
gal
gal
gal

I gal
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TABLE 6.1-1 (Page 2 of 2)

PREOPERATIONAL EFFLUENT AND ENVIRONMENTAL MONITORING PROGRAM

Drinking water
obtained from
Applicant's Site

Groundwater

Applicant's Site

See description
Section 6.1.2
2 sites

See Figure 6.1-1
4 sites

Air

Meteorology

0%

See Figure 6.1-1
1 site

.See Figure 6.1-1
4 sites

Gross Atlpna
Gross Beta
Th-230
Ra-226
Natural Uranium

Some as arroyo
surface water

Gross alpha
Gross beta
Th-230
Ra-226
Natural uranium

Wind speed
Wind direction
Temperature
Humidity
Precipitation

Gross alpha
Gross beta
Th-230
Ra-226
Natural uranium

Gross alpha
Gross beta
Th-230
Ro-226
Natural uranium

Environmental
gamma dose rates

0.005 pCi/m3 Semiannually
0.002 pCi/mr

0.02 pCi/total vol.
0.01 pCi/total vol.
0.01 mg/total vol.

1.0 pCi/liter
0.5 pCi/liter
0.02 pCi/liter
0,02 pCi/liter
0.1 Pig/liter

Some as arroyo
surface. water

Semiannually

Semiannually

1 gal

I gal

Soils

0.5 mph
22.5 degrees at
-25F to 125F
0-100%
0.01 inch

0.1 pCi/g(dry)
0.05 pCi/g(dry)
0.01 pCi/g(dry)
0.01 pCi/g(dry)
0.1 mg/g(dry)

0.1 pCi/g(dry)
0.05*pCi/g(dry)
0.1 pCi/g(dry)
0.1 pCi/g(dry)
0.1 jjg/g(dry)

9 mrem over 90
day exposure

Approx 2 ft 3 /min for
168 hr or high volum.
air sample

continuous
1 mph

Semiannually

SemiannuallyVegetation See Figure
4 sites

6.1-1
i

1000 g for each soil
layer: 0-2 inch

2-4 inch

2 liter compressed
grasses + green leav
from plants used for
forage by mule deer.

3-LiF dosimetersEnvironmental
Radiation

See Figure 6.1-1'
4 sites

Semiannually

II II I I * .. . . .. . . .. . . . ,i •" .... . . "m
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2) 950 ft north from south line, 350 ft east from west line of
Section.2, depth 150 ft. This well will monitor water which
might enter the alluvium in Pipeline Canyon and subsequently
enter the water-bearing strata. Measurements of water quality
and possibly the gradient of the phreatic surface in the wells
are planned. 'Perforations will be from approximately 60 ft
to 950 ft. Some natural runoff may enter the well as bank
storage dissipates after an exceptionally wet period. Portable,
submersible pumps-w-ill be used to sample each well at 6 month
intervals. The wells will be pumped until recharge of the
well water sufficient-ly insures that fresh ground water is

being sampled.

56. 1.2.1 Physical and Chemical Parameters

The physical and chemical parameters to be measured and the
sensitivities are shown in Table 6.1-1. Additional indications
of ground water quality are obtained from the effluent sampling
program for surface water,

6.1.2.2 Models
*1 .0I

The Applicant's monitoring program for ground water is a com-
prehensive method of environmental assessment. Extensive models
used to predict changes in ground water characteristics are not
warranted at this time, for little change is predicted. See
Sections 2.6.1, 3.4, 5o.12, and 5.2,2.

6.1.3 Air

j- Preoperational air quality monitoring is conducted at 6 month
intervals to establish background air quality data, Sampling
locations are designated on Figure 6.1-1. The parameters
measured and the respective sensitivities are presented in
Table 6,1-1. The air samples are analyzed by a commercial
laborqtory. The methods for predicting the dispersion of
effluents in the atmosphere are discussed in Section 5,2 and in

'I Section 5 Addendum,

i6Ii.
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6.o13o1 Meteorology

Summaries of meteorological data on temperature and precipitation
in Gallup, New Mexico, were published for 1938-1960.a) For
1961-1974, data supplied by the National Weather Service in
Albuquerque, New Mexico, was reviewed and analyzed. Hourly
surface wind observations for January 1973 through August 1974
for Gallup, New Mexico, were obtained from the National Climatic
Center, Ashville, North Carolina and compiled by the Applicant.
.The Applicant is presently c l ecting meteorological data from
a mechanical weather stationbJ located near the proposed mill
site. See Figure 6.1-1. The parameters measured and their
respective sensitivities are presented in Table 6.1-1.

6o1.3.2 Models

Actual measurements of meteorological data have been used whenever
possible to predict the diffusion of airborne effluents. Where
measurements were not available, as in the case of wind stability
categories ionservative assumptions were made as recommended
by Turner.(c- See Section 5 Addendum0  The diffusion equation
used tQ calculate dose rates in Section 5 is published by the
AEC .(d)

6.1.4 Land

Data collection programs for the terrestrial environment are dis-
cussed in the following sections on geology and soils, on land
use and demography, and on ecology.

6• 1.4.1 Geology and Soils

A complete geology, seismology, and stability analysis of the
A•Aplicant's proposed- tailing dam is presented in Appendix A.
Section 2.4 summarizes the geology of the region and Section 2.5

. summarizes the seismology.

.T", ta•• ilings dam monitoring program will be instituted after
* • o.nO.sitruction of t.he tailings dam. The program will include the

"1J.U of eight sets of piezometers installed 400 ft to 1000 ft
;t in the downstream face. Each set will consist of two

:PIOZ'ometers located 20 ft and 75 ft downstream from the centerline
O Kf..e dam. The piezometers will measure the level of the phreatic

O0:k:'ac'e in the downstream side of the dam, andall measurements

,..-Department of Commerce, 1972,
(b'-.wat'her Measure Corporation, Sacramento, California.,

.ýM;Mechanical Weather Station Model WS755..
1970.

(d) hade, 1968.
$ n.



will be recorded and plotted graphically for analysis of the dam's
stability. The frequency of measurements will vary depending on
the observed fluctuations of the phreatic surface.

Liquid seeping out of the tailings pond may alter the soil con-
ditions under the tailings pond. The environmental ground water
monitoring program, described in Section 6.1.2, will monitor two
wells adjacent t'o the tailings pond and will indicate alterations
of the soil conditions imposed by proposed operations.

Preoperational soil monitoring will continue to be conducted at
6 month intervals, with samples taken from the locations-illustrated
in Figure 6.1-1. The measured parameters and their respective
sensitivities are presented in Table 6.1-1. Analyses are performed
by a commercial laboratory. The samples are stratified ,into soil
layers from 0-2 inches deep and from 2-4 inches deep. The quantity
of effluent and its migration rate through the surface soils is

then evaluated.

6.1.4.2 Land Use and Demographic Surveys

Land use information presented in Section 2.2 for the environs'
of the proposed mill was obtained from the Gallup, New Mexico,
Chamber of Commerce. Although changes may occur as the mill is
constructed and operated, no alterations are foreseen that would
increase the environmental impact of the proposed mill.

Data on the demography of the region were obtained from the
Bureau of Business Research at the University of New Mexico, from
the Gallup Chamber of Commerce, from the Gallup-McKinley County
School System, and from field and .aerial surveys of the area.
Estimates of the number of inhabitants within a 5 mile radius.
of the proposed mill site were compiled through use of the grid
pattern illustrated in Figures 2.2-1 and 2o2-2. The number of

inhabitants in each of the 80 areas of the grid pattern was
*calculateV ty multiplying the average number of people each
household a) by the number of households in .each areao--- All
other demographic information presented in Section 2.2 was com-

piled. from sources referenced in Section 2.2.

6.1,4.3 Ecological Parameters

Assessments of the ecological characteristics o.f the proposed
site have been completed by a consultant, The survey was con-
ducted during the summer 1974 and provides a baseline for assess-
ment of potential environmental stresses imposed by the

(a3 Values obtained from University of New Mexico, 1972, or
. directly established in field surveys..

(b) Values obtained from USGS topographic maps or from aerial
surveys.
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construction and operation of the proposed mill. Fauna, flora,
soil types, and vegetative productivity were surveyed by direct
observation, observation of animal signs, trapping, and by.vege-
tation line point sampling for aerial and botanical composition.
Appendix C presents additional details of the sampling methods.
Vegetation samples were collected in October 1974 and in June 1975,
The samples were forwarded to a commercial laboratory for analysis
of the parameters and sensitivities specified in Table 6o1-1o
The vegetation samples taken from the locations designated in
Figure 6.1-1 consist of grasses and green leafy material favored
as food by mule deer, which are the most important species in the
area. See Section 2.8. Subsequent sampling of vegetation will
occur at 6 month intervals.

6.1o5 Radiological Surveys

Preoperational radiation levels in the environs of the proposed
mill are surveyed at 6 month intervals using packets of thermo-
luminescent dosimeters (TLD) placed at locations identified in
Figure 6.1=1, The TLDs are supplied and read by an analytic
laboratory retained by Applicant. The parameters measured by
the TLD and the analytic sensitivities are presented'in Table
6.1=1o Analysis of radionuclides in surface water, ground water,
air, soil, and vegetation is outlined in Table 6.1-1.

6.2 APPLICANT'S PROPOSED OPERATIONAL MONITORING PROGRAM

The operational monitoring program will be implemented after the
* proposed mill becomes operational.' The data collected from the

operational monitoring program will be compared to data from the
...preoperational monitoring program. Such a comparison will quantify

any environmental impact caused by operation of Applicant's mill,
The operational monitoring program consists of both an effluent

. sampling program and an environmental sampling program. Effluent
,' sampling is designed to quantify significant mine and mill

-- " of Kluents for compliance with Federal and State regulations. The
-- ..:;environmental sampling program will measure the impact of mill

"nd mine operation on the local environs and will identify any
.. ,,unplanned adverse impacts to facilitate rapid correction-o-

"Th e Proposed operational sampling and monitoring progrm .may be
"..'died.. by Applicant after the first 'year of. operation.to more
'acurately. characterize environmental. releases and the resultant

n.v....i.vronmental impact.
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6.2.1 Radiological Monitoring

Detailed description of the sources and release points for radio-
active material from the mine and proposed mill are provided in
Section 3.3. The effluent and environmental monitoring program
is summarized in Table 6.2=1.

6.2.1.1 Mill Effluent Monitoring System

The primary source of airborne radioactive particulates is .he
stock from the yellowcake dryer. At monthly intervals Applicant
will measure the flow rote and isokinetically sample the exhaust
air as outlined in Table 6.2=1. Other airborne radionuclides
released to the environment by the proposed mill will be evaluated
in the environmental sampling program.

Within the mill, working zone breathing air samples will be taken
according to the program specified in Table 6.2-1. Laboratory
instrumentation used to determine alpha and/or beta radioactivity
emitted from radionuclides collected on air filter samples will
be selected and purchased by Applicant prior to startup of the
proposed mill. A typical system would utilize a gas proportional
counter with the following capabilities:

-o

Background,
Counting Mode Counter Efficiency Sensitivity

Gross alpha 0.1 CPM 40% 1 x 10=7 pCi
Gross beta 20.0 CPM 40% 2 x 10- 5Ci

If air samples are collected by filtering 10 liters/min for 168 hr,
with a collection efficiency of 95%, the sensitivities for a
typical gas proportional counter Would correspond to I x 10-15

PCi/ml for alpha emitting radionuclides and 2 x 10-13 jjCi/ml for
beta emitting radionuclides. These minimum detection levels are
well below the MPC values specified by New 'Mexicota) as
presented below, a

MPC , Restricted MPC, Unrestricted
Radionuclide Area, UCi/mi Area, pCi/mi

1012
Natural uranium 1 x lo- 5 x 1013

Th-230 2 x 10-12 3 x 10=13

Ra=226 5 x 1017 2 X 10-12

Rn-222 l x 107 3 x 10

Ta),, NMEIA, 1973.
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TABLE 6.2-1

O.PERATIONAL EFFLUENT AND ENVIRONMENTAL MONITORING PROGRAM

Medium Sampling Location
Parameter

Measured Sensitivity(a)

Measuring or
Sampling
Frequency

Sample Size

or Type per
Sampling Location

EFFLUENT
SAMPLING

Air Yellowcake dryer
stack, 1 site

Air Work locations
within proposed
mill, various
sites

Air Work location in
I mine, various sites.

Water Discharge to tail-
ings pond, 1 site

Gros~ralpha
Gross beta
Ammonia
Flow rate

1 X. 10-15
4x 10-13
1 ppm

&iCi/r
IJCi/V

Gross alpha 2 x 10-15 uCi/V
Gross beta 4 x 10 13-"Ci/um
Rn+daughters 0.1 WL(b)
External gamma. 5 mR/hr

Rn+daughters 0.1 WL

ml Monthly
nI Monthly

Monthly
Monthly

ol Monthly
ml on each

shift
Monthly

on'each shift
Quarterly

on each shift
(c)

Continu o;
Weekly0C )

(c)
(c)

Continuous
Continuous
Grabsample

30 min
30 min
30 min
30 min

sample
sample
sample
sample

pH
Natural U
Th-230
Ra-226

0.02
(c)
(c)
(c)

(c)Filter sample

Continuous
grab sample
grab sample
grab sample

Water Discharge paint
from final mine
water settling
pond, 1 site.

Same as preoperational effluent sam.pling program, see
Table 6.1-1

ENVRIONMENTAL Same as preoperational environmental sampling program, see Table 6.1-1.
SAMPLI.NG AND
MONITORING

(a) Specified sensitivitie's are the minimum detectable levels of the parameter measured and
are intended to be representative of commercially available instrumentation for use-in
uranium mills.

(b) WL - Working level is a unit that delineates the combined concentrations of short-lived
radon daughter products in a liter of air.

(c) To be determined by operational needs.
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Other sampling and counting systems may be selected by Applicant
based on the best available technology, cost, reliability, and
ease of use, but the system selected will be able to measure con-
centrations below MPC values for radionuclides specified above.

Should -the concentration of radionuclides in air or water effluents
exceed federal or state MPC regulations, corrective action will
be taken by the Applicant to bring the effluent concentrations
back within prescribed limits. The corrective actions would
involve determining the cause of the excess concentration,
halting theprocess in question, and repairing or modifying the
faulty equipment.

All liquid effluents from the proposed mill will be the discharge
to the tailings pond. Numerous samples of process liquids will.

i: be taken in the mill. for process control as well as to estab-
lish the inventory of radionculides discharged to the tailings
pond.

6.2.12 Environmental Radiological Monitoring

L1  The operational radiological monitoring program is an extension
of the preoperational radiological monitoring program summarited in
Table 6.1-1, See Table 6°2-1 for the Operational Monitoring Program.

The environmental monitoring program for surface water measures
radiological and chemical parameters at five downstream locations
in the arroyo that receives water discharged from the Applicant's
mine. Prior to discharge to the arroyo, the water passes through

* three settling ponds and is sampled at the discharge weir of the
final pond for the parameters specified in the EPA discharge permit.

4 iL The Applicant's monitoring +program is designed to complement
the EPA effluent program by providing analysis for a greater
number of chemicals at less frequent intervals,

All water samples are analyzed by a commercial laboratory' for the
aparameters and the sensitivities listed in Table 6.1=1. The

A~ results of the effluent sampling program are forwarded to the
EPA in accordance with their requirements, The surface waterenvironmental sampling results will be evaluated by the Applicant
and New Mexico State officials for compliance with the maximum( 0 )

permissible concentrations in water (MPC) as presented below;

(a) NMEIA, 1973.
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MPCWI Restricted MPCw, Unrestricted

Radionuclide Area, uCi/m. Area, pCi/ml

Natural uranium I x 10-3 3 x 10-5

Th-230 5 x 10-5 2 x 10-o

Ra-226 4 x 10- 7  3 x 10-8

Rn-222 ....

If drinking water is supplied from the site, samples will be
analyzed as specified in Tables 6.1-1 and 6.2-1.

The radiological monitoring of ground water from two proposed
wells next to Applicant's tailing pond is designed to detect
any seepage of tailings pond liquid into ground water. The
well samples will be likewise analyzed by a commercial labo-
ratory and the results evaluated by both Applicant
and State officials for compliance with MPC criteria.

w

Environmental monitoring of air quality is designed to comply
with MPC criteria for unrestricted areas. In addition, the
soil anda vegetation samples will be used by Applicant to ascertain
the environmental impact of radionuclides that may enter the
food chain of mule deer in the area. See Section 2.8.

6.2.2 Chemical Effluent Monitoring

The nonradioactive chemical effluent. monitoring program proposed
by Applicant is -summarized in Table 6*2-1. Ammonia gas released.-
from the yellowcake dryer will be monitored by monthly
samples and flow rate determinations.

State and federal regulations do not address release rates of

..'ammonia. However, the state requires that all facilities releasing
o.,.re than 2000 lb/year be registered as an air pollution source. If

. Oadverse environmental effects result from the ammonia releases,
A".plicant. will institute corrective actions to decrease the-

ielease rate.

-'; he sampling of boiler emissions is not planned because releases
'.can be calculated from.the quantity and quality of fuel consumed.

CO2 formed in the reaction of sulfuric acid with the carbonates
"in the ore will not be monitored because CO 2 is neither toxic nor
cOnsidered a pollutant or contaminant by New Mexico.

6-13
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The use of kerosene in the proposed mill does not pose an
occupational orhealth hazard that would necessitate an operational
sampling program. Mill wastes discharged to the tailings pond
will be monitored as described in Table 6.2-1.

Most other nonradioactive chemical effluents from the mill will
be discharged with the tailings slurry to the tailings pond.
These chemicals will include chlorates, chlorides, sulfates,
residual sulfuric acid, flocculants, isodecanol, ammonia compounds,
laboratory chemicals, lubricating oils including hydraulic fluid,
organic amines, treated sanitary wastes during the winter, and

F, all the nonextracted components of the ore. Since .the quantity of
chemicals permanently retained in the tailings pond can be evaluated
from the amount of chemicals used, no sampling of the tailings pond
slurry is planned beyond that required for operational control.

6.2.3 Meteorological Monitoring

)'V: The. Applicant's environmental sampling program includes meteoro-
logical monitoring from a weather station located between the
proposed mill and taoilings pond. See Sections 6.1 and 6.2.

6.2.4 Ecological Monitoring

The environmental sampling program has been designed to evaluate
the environmental impacts from Applicant's activities on
mule deer. The analyses of water, vegetation, and soil samples
will indicate the type and magnitude of environmental impact
on the deer. Should these analyses indicate that the deer are
being adversely affected by Applicant's activities, Applicant
will determine the cause of the impact and take corrective
actionb Additional ecological surveillance will be instituted
as necessary.

6.3 RELATED ENVIRONMENTAL MEASUREMENTS AND MONITORING PROGRAMS

The Applicant's site lies within a region where environmental
measurements and/or monitoring programs are carried out by
public agencies as specified below:

1) Demographic "and land use data are continually being
collected and updated by the U. S. Census Bureau,
University of New Mexico Bureau of Business Research,
and by the Gallup Chamber of Commerce.

6-14
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2) Meteorological data are continuously being collected,
analyzed, and summarized by the U. S. Department of
Commerce, the National Weather Service in Albuquerque, and
by the Notional Climatic Center in Ashville, North
Carolina.

3) Air, water, and radiological data are analyzed by the
New Mexico Environmental Improvement Agency.

The ongoing programs and data collected by the above agencies
are available to the Applicant should the need become evident
in the future. Likewise, the Applicant will be available for
the exchange of environmental data with federal, state, and
local public agencies.
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7,0 ENVIRONMENTAL EFFECTS OF ACCIDENTS

The environmental consequences of selected accidents have been
evaluated for the mine and proposed mill. Although potentially
very serious in terms of loss of life and destruction of equipment,
mine accidents are not expected to have off-site environmental
impact. The accident potential during milling operations is
comparable with that of other industrial operations, but the
potential environmental consequences of accidents are lessened
because of.the facility's isolated location.

7.1 MILL.ACCIDENTS

The types of accidents that have been considered include: flooding
or collapse of mine walls, mine ventilation failure, release of
mine drainage water from settling pondsi fire in the mine, leaks
inmill piping, operator errors, scrubber failure, fire in the
extraction solvent, ammonia release,, utility loss, tailings
release, and transportation accidents. Major catastrophic natural
events and combinations of accidents which would far exceed the design
capabilities of the proposed mill have not been considered, for
they are highly improbable and would result in an environmental
impact no more severe than that from other industrial or chemical
processing facilities.

Except for radioactive shipments, no substantiated probability
values have been published concerning accidents in uranium mining
and milling facilities. Therefore, three accident categories
have been established. These categories are listed in Table

The storage of significant quantities of any chemicals or hazardous
materials presents an accident potential. The maximum quanotity of
chemicals to be stored by the proposed mill, their use rates,
and their environmental or toxicological data are listed in
Table 7.1-2o

Category I Accidents (Expected)

Minor Leaks

A typical category 1 accident would be a leak in an uncovered
pipeline resulting in the release of. a few gallons of radiblogi.a.
cally or chemically contaminated solution. Since 6 leak of this
type would be visible inside the mill, it would be quickly
detected, and corrective action, such as isolation of the leakihg
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TABLE 7.1-1

ACCIDENT CATEGORIES

Category Definition .Cause Examples

ON SITE

1 Expected to-occur during
facility life

Possible but not expected
to occur during facility
life

2

Pipe leaks, operator errors, exhaust scrubber
failure, minor spills, utility outages,
pump failures.

Bulk chemical storage container break,
tailings pond breach, fire, explosion, loss
of'utilities, tornado, earthquake, collapse of
mine walli mine flooding.

ý4

OFF SITE

3 Radioactive shipments Vehicle accident



TABL

CHEHIC

E 7.1-2

AL STORAGE

. Storage
CaaocityChemical and Form

Ammonia (liquified) 15,.000 gal

S-

Kerosene (liquid)

Sodium chlorate
(solution)

Sulfuric acid
(liquid)

Fuel oil (liquid)

1ý,200 gal

109,300 gal

109,300 gal
each (2 tanks)

130,000 gal

-Daily
Use Rate

2400 lb

600 gal

5600 lb

110 tons

5500 gal

TLV (threshold limit value) 400-700 ppm
in air; ta.r exposures cause no serious
effects.• -a ReI mended TLVO5 ppm in air;
3 hr exposure, .
LD50 rabbits (letha• .ose to 50% of rabbit
pop.) 28.350 mg/kg.k'C Moderate fire hazard.

Local irritationd)

3 (b)TLV 1 mg/m 3 air.

Moderate fire hazard. Toxicity unknownd)
TLV I ppm air; 3 mg/m (air b)

LD50 rabbit~ ?8O350 mg/kg~c) Moderate
fire hazardtdJ.

Severe fire hazard; moderate to dangerous
general explosion hazard,

Environmental or Toxicological Data

Chlorine, for water
treatment (gas)

Diesel oil, stored
at the mine (liquid)

Dynamite (solid)

200 lb 0.4 lb

1800 gal

6000 1b

500 gal

2500 lb

(a) Manufacturing Chemist Data Sheet SD8.
(b) American Conference of Governmental and
(c) Merck Index, 1968.
(d) Sax, 1968.

Industrial Hygienists, 1973.



line section, would be taken. If the spilled liquids were of
value operationally, they would be returned to mill process
streams. -Otherwise they would be pumped to the tailings pond.

Oil and chemical spills too small to efficiently route to the
tailings pond or back into mill circuits will be cleaned up
using the most efficient and environmentally acceptable techniql
available.

A leak in exposed piping outside the building would be quickly
detected and corrected. Any spilled process liquids would be
cleaned up, and no environmental releases would result.

The only buried line that will transport liquid other than watei
will be the fuel oil supply line. Since the fuel will be No. 6
fuel oil, which must be heated in order to flow, a leak in this
line would deposit oil in the immediate vicinity of the line
but would not contaminate significant land areas or water
supplies. Environmental consequences of such a leak are con-
sidered negligible 0

Release of Uranium-bearing Material to Tailings Pond

Since all milling processes will be closqly monitored, a signif.:
cant release is unlikely. The quantity' released would be
accurately determined from the tailings sample and, if economicc
the uranium would be reclaimed from the tailing liquid.- No
off-site environmental releases would be expected, and the incri
in radioactive material deposited in the tailings pond would
neither significantly increase dose rates off site nor complical
final restoration of the site.

Scrubber Failure

Partial failure. of the wet venturi scrubber on the yellowcake
,dryer exhaust could result from a water pump failure, a clogged
water line, or a loss of water supply0  Even with a complete
loss of water to the scrubber, partial removal of yellowcake
would occur by impingement within the scrubber0  However, maxi-
mum permissible concentrations of yellowcake in the stack,
exhaust would probably be exceeded for a short time during a
complete scrubber failure 0
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Detection of the failure would probably be by direct observation
of yellowcake dust, the smell of ammonia escaping, heating of
ventilation equipment, or by the routine monitoring discussed in

Section 6.2. Corrective actions would involve an immediate shut-
down of the dryer and its exhaust until the necessary repairs

or alterations are completed.

Monitoring of yellowcake contamination and cleanup following
such an incident might be necessary. The environmental impact of
a scrubber failure and subsequent yellowcake release would require
evaluation but would be small. Ammonia would also. be released
during a failure of the scrubber. However, ammonia, at concen-
trations below the odor threshold, 50 ppm in air, is not toxic and
for short periods of time can be tolerated with -no deleterious
effects t9 •ersonnel at concentrations between 400 and 700 ppm
for I hr.a

An analysis of Category 1 accidents has shown no conditions which
would result in a significant environmental impact.

Category.2 Accidents (Possible but not expected)

Major Leaks

Because of Applicant's proposed detection and correction procedures,
major leaks or tank ruptures occurring inside the buildings

should not causeimpact to the external environment. Rupture of
outdoor storage tanks should likewise have minimal off-site impact
because the tanks will be diked. The contained liquids would
be reclaimed from the diked area for recycle to process systems

.... or disposal to the tailings pond. The only. potential environ-

.-mental effect would be contamination of the soil immediately

j ý:ý:.below the tanks.
9 . - y ,.

-n .accidental- mine fire involving large quantities of petroleum
S.Muel is possible but unlikely because of industrial safety pre-

c "u tions. Such a fire could release combustion products, but
.. -:'_-,'*Adioactive material releases above normal operational levels

" •Should not result,

.. Man;• acturing Chemist Data Sheet SD-8o
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Since kerosene and other flammables will be used in the proposed
mill, careful attention will be given to fire prevention and
protection. Kerosene will be stored above ground. Its. use will
be limited to the solvent extraction system that wil'l be isolated
from other facilities and will be equipped with a foam fire-
fighting system.

The foam systemwill be composed of a main storage tank, con-
taining approximately 2000 gal of high-protein foam, and a main
header fed by the mill water system. The foam will be injected
into a branching system of pipes with individual nozzles at the
surface of areas where kerosene is used. The fire protection
system will be activated by strategically placed heat-activated
devices, which will automatically activate the necessary valves
and pumps.

If the fire protection system were to fail and a large kerosene
fire were to occur, the radiological environmental effects would
be confined to within a few hundred feet of the building.
Recovery of uranium scattered by burning uranium-bearing solvent
would require a survey of the site and some limited removal of
contaminated soil. Contaminated soil might be processed as ore;
very slightly contaminated soil might be buried in place.

In 1968 two solvent extraction fires occurred in uranium mills.
Between 2000 and 3000 lb of uranium were involved in each fire°
Damages from the fires totaled $1 million0  However, neither fire
resulted in appreciable release of uranium to the unrestricted
environment, a d essentially complete recovery of the uranium
was predict.ed0 zo• Consequently, the impact from such an event
at the Applicant's facility would be limited to (1) a small
cleanup of contaminated soil, (2) replac.ement of destroyed mill
components, and (3) a short duration release of nonradiooctive
combustion products to the atmosphere,

Ammonia Release'

The probability of any accident releasing ammonia from the
storage vessel Is extremely low oince the vessel will be pressuretested and isolated from other facilitieso However, a failure

! of the relief valve or a fire around the vessel could result in
an ammonia release. Aesuming a 50. ammonia concentration in the
r-elease area and an aeolian dilution factor (X/Q) of 10•3 for
a ground level release, the expected concentratione 4ould be
less than 500 ppm 100 meters from the source0  Ammonia concen-
trations of 400 to 700 ppm for 1 hr ordinarily have no permanent
effect on humans. Since the nearest inhabitant io at least 0o5

(a) WAS 1248.

7.6

~ ti *17



mile from the tank, off-site consequences should -be
nregligible°

Utility Loss

S Complete loss of water or power to the mill could cause a scrubber
failure, mine ventilation failure, .or the pumping failure des-
cribed earlier. Other, more serious environmental consequences
are not anticipated.

A prolonged loss of electrical power at the mine is considered
unlikely since two diesel generators supply emergency power
to the pumps and exhaust fans. Failure of these generators
during a prolonged power outage could leave the mine without
ventilation or pumping of ground water. Resumption of mine ven-
tilation after a power failure could result in a transient condi-
tion during which higher than normal concentrations of radon
would be- discharged to the atmosphere. Such an occurrence is
not expected to affect measurably the off-site environment.

Wind Damage

Extremely strong winds are not common in New Mexico. In the
2 years for which data have been accumulated for the Gallup
area, the highest recorded gust was 46 mph.

Winds of this magnitude are not expected to damage plant facilities
or the environment. A much stronger wind would raise waves on

C. ' the tailings pond., but they would be contained by the 5 ft
freeboard.

Highwinds might cause some liquid to be spilled from the
thickener. tanks, but such a spill would be contained by the

'- ,> impoundment dike,

.T•.. -he most significant environmental impact from wind damage would
Occur in the case of. sufficiently strong tornado picking up

*-.iquid from the tailings pond, thickeners or leach tanks, and
dis• dspersing it to the environment. The dispersed liquid would

,h~ave a pH between. 1°5 and 2.0 and contain some-uranium, radium,
S ond/or 'thoriumo -The liquid dep.osited in this manner should not
-arm plant or-animal life, A slight increase in background

.-oadiation-could result, .but the.increase would not exceed a
' ' f:pe rcent of natural: background in the dispersal -area..

7-7
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Floods

During the summer months, New Mexico occasionally experiences
short periods of heavy rainfall. Since the natural arroyo now
present in the proposed tailings pond area will be diverted into
a channel along the highway, flood waters will bypass the pro-
posed mill and tailings pond without causing damage. Drainage
from the mill site will flow through an existing culvert under
the road into this channel.

During periods .of heavy rainfall, a portable pump may be used to
transfer storm runoff from the tank impoundment areas to the
tailings pond. The only expected flood damage at the mill site
could occur during the construction phase of the project. Heavy
rainfall during construction could result in on-site erosion and
could increase the turbidity of the runoff water in Pipeline
Canyon. Erosion damage would be repaired by bulldozing, and no
long-term damage is anticipated. After construction of the mill,
embankments will be landscaped to minimize stormwater erosion.

A flood large enough to disrupt the mine water settling ponds is
improbable. If such a flood occurred, the arroyo in Pipeline
Canyon would receive the settling pond contents. These contents
would be so diluted, however, that no drinking water standards
would likely be exceeded should the settling pond contents
reach potable water supplies.

Break of Tailings Dam

The tailings dam has been designed to withstand all meteorological
and seismological conditions which are probable at the site.
Section 3o4 discusses the structural and geological features which
make a breach of the tailings dam highly improbable. Section 6o0
describes the seismic sensors which will be placed on the face
of the tailings damto detect slight shifts before serious
cracking or loss of containment result. In spite of these preo-
cautions, a finite probability exists that some natural event
or unforeseen accident might cause a break in the-tailings
dam.

Tailings dam failures are reported in the literature.(a) Of six
tailings dam failures that occurred between 1959 and 1971, one
was attributed to flooding conditions, one was the result of
erosion from a break in a'tailings pond slurry line, and the
other four were apparently due to poor structural design. None

(o) WASH 1248.
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* of these failures resulted in measurable releases of radio u~1ides
to natural waterways in excess of the Federal regulationso

The Applicant's tailings retention system has been designed to
withstand any Flooding or earthquake conditions which are remotely
possible in the area. A release of tailings pond liquid due to
equipment malfunction or human error is not likely. In the event
of a small release, the pond liquid would be deposited over a
relatively short distance in Pipeline:Conyon. An extremely
large release might flow the 4 miles to the Rio Puerco
before the spilled liquid was absorbed in the soil or evaporated.
Both Pipeline Canyon and the Rio Puerco are dry most of the year,
which would facilitate recovery of spilled tailings.

Mine Failures

• Pump failures, flooding, qr mine wall collapse could halt mining
operations. During recovery, the required increased pumping rate
might temporarily increase total suspended solids in the mine water,
After passage through the third settling.,pond, however, the total
suspended solids should be reduced to the concentrations observed
during normal operations. Before the contaminated water would be
discharged into the arroyo, the increased levels of natural
uranium, Th-230, and Ra-226 would have to meet the discharge
limitations set by the EPA. (b

j 7.2 TRANSPORTATION ACCIDENTS

A serious traffic accident involving a yellowcake shipment presents
a potential for release of yellowcake.

•.o-Yellowcake will be shipped in sealed drums built to withstand
normal handling and minor accidents, Each drum will contain

i .approximately 900 lb of product. Between 40 and 50 drums will
",!'be shipped in each closed van. The drums will be sealed and
marked with the standard radioactivity symbol, and the trucks

--ill be properly marked. Because most of the radioactive
iid.aughter products of, uranium are removed in the extraction process

VA "n d radioactive buildup of daughter products is extremely slow,
*yellowcake has a very low level of radioact.ivity and is, there-

rfore, classified by the Depar ment of Transportation as a low
.•.iPecific activity material.(c)

R) '10CFR 20
') See Appendix H.

49 CFR 173
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The probability that a transportation accident will occur is
about 10-6 per vehicle mile; the probability decr eases to about
1013. per vehicle mile for very severe accidents.(a)

The environmental impact of a transportation accident involving
the product would be very small. Even in a severe accident, only
a few drums would likely be breached, and since yellowcoke has
a very high density, approximately 4 g/cm3 , it would not easily
disperse. More than likely, the drums and any released material
would remain within the damaged vehicle.

Even if the yellowcake were to spill out of the vehicle, it
could, be detected easily by its distinctive color and by the use
of survey equipment. Thus, the yellowcake could be reclaimed to
prevent any significant environmental impact 0  At most, the cleant
operation would involve removing small amounts of topsoil and
vegetation in the immediate area of the accident 0

743 OTHER ACCIDENTS

Sections 7.l and 7.2 include all postulated-accidents for the
Applicant's mine, proposed mill, or transportation-asoociated
with yellowcake. The potential for other accident@ that would
produce an environmental impact has not been identified.

I a)_WAS`H- 124 8
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CHURCH ROCK URANIUM MILL

ENVIRONMENTAL REPORT

SECTION 8.0

ECONOMIC AND SOCIAL EFFECTS

OF MILL CONSTRUCTION AND OPERATION

8.1 Benefits

8.2 Costs



Section 8.0 of the Church Rock Uranium Mill
Environmental Report is not required by the
New Mexico Environmental Improvement Agency.
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900 RECLAMATION AND RESTORATION

Current plans for reclamation and restoration of the tailings pond
on termination of milling activity provide for stabilization and
revegetation to prevent erosion, access restriction, periodic
inspection, and monitoring. The pond area will be graded for
aesthetic compatibility with the surrounding terrain. Mine
tailings and/or topsoil will be used to cover and stabilize the
graded tailings pond area. The stabilized surface will be planted
with local vegetation. The choice of vegetation and the depth
of soil will depend on results of experimental plantings conducted
during mill operation. If necessary, irrigation water for the
establishment of vegetation will be provided from either the mine or
or a new well(s).

Diversion channels and intercept ditches constructed to protect
the tailings pond will be maintained and riprapped as necessary
to protect the stabilized tailings from erosion. See Figure 3.4-1.

The tailings pond area fence will be maintained and posted with
appropriate warning signs to prevent public access to the tailings.

The land for the proposed mill operations is owned by Applicant
who has no intention of selling. However, a description of the
restricted use area, tailings pond, will be provided to the
county land registrar for inclusion in the deed,

Periodic inspections and environmental measurements for radio-
activity will be made of the terminated site. In addition,.
careful inspection of the site will be made following any unusual
natural phenomenon such as floods or earthquakes. If needed,
appropriate maintenance will be provided to keep the. stabilized
area intact.

A technical and feasibility assessment of methods and cost for
• *•:iii-•":-'i' stabilizing the tailings retention system was not made since the

method described in this section is the practice currently
accepted by both the industry and regulatory authorities.

The exact method of funding for the tailings pond stabilization
and maintenance has rot been finalized.

* *. 9-1
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1

1000 ALTERNATIVES TO THE PROPOSED ACTION

The need for uranium to meet thetelectrical power generation
requirements is well-documented in available literature, and
the alternative of not operating Applicant's mine has not been
considered.

Alternative Mill Sites

The first alternative for milling of Applicant's ore is to continue
trucking the ore 85 miles to the Kerr-McGee mill in the Ambrosia
Lake area. This mill uses the acid leach process, but will pro-
bably reach full capacity within the next few years. Although
presently necessary, transportation by truck is both costly and
a nuisance to other users of the road.

A second alternative is to resume trucking the ore 65 miles to
the United Nuclear-Homestake Partners'mill, also in the Ambrosia
Lake area. The capacity of this mill is inadequate for the total
output of Applicant's mine, and the mill uses a carbonate leach
process, which is less efficient than the acid leach process of
the proposed mill. Consequently, this alternative would result
in less yellowcake extracted per ton of ore and les's total uranium
for electric power.

The third alternative is to construct a new mill immediately
adjacent to Applicant's mine, but the need for a tailings
storage location excludes this alternative.

The proposed site was selected for its general proximity to the
mine, its isolation, its suitable area for tailings storage, and
its accessibility by a paved road.

Alternative Mill Processes

A carbonate leach process was .considered but rejected in favor
of the more efficient acid leach and solvent extraction process.
The construction cost of the acid leach type mill is higher;
however, operation costs are lower and uranium recovery is
higher.
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Section 11.O of the Church Rock Uranium Mill
Environmental Report is not required by.the
New Mexico Environmental Improvement Agency.
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12.0 ENVIRONMENTAL APPROVALS AND CONSULTATIONS

Federal, 'state, and local authorities require specific licenses
and/or permits for construction and operation of a uranium mill.
The licenses and permits currently obtained and those to be obtained
are outlined below.

An EPA permit, No. NM 0020401, has been issued effective
from January 28, 1975, through January 27, 1980.
The permit allows discharge of mine waters into an unnamed arroyo
draining to the Rio Puerco. There will be no surface stream dis-
charge from the proposed mill other than natural storm runoff.

The Applicant currently owns water rights for the property involved.
The water rights exceed the quantities needed for mill operation.

Appropriate construction permits, including those for highway
encroachment and the sewage plant, will be obtained by Applicant
from local authorities before construction begins.

Individual construction contractors will be required to obtain
their own contractor licenses and/or permits.

License s, permits, and/or registrations required for mill operation,
such as a laboratory x-ray machine license, will be obtained after
construction is completed. An application for an air pollution
discharge permit was submitted in July 1975. See Sections
3.3, 3.4, and 5.4.

The Applicant is holder of Federal Tax No. 06-0765269 and New
Mexico Tax No. 01-605170-00.

No meetings have been held with environmental or other citizen
groups. No meetings or consultations concerning the economic
development of the area have been held with state, regional, or
local planning authorities. The license application posting and
review period should provide ample opportunity for such meetings
and/or consultations.

Consultations have been held with state licensing officials
regarding the EPA discharge permit and requirements for the Radio-
active Materials License. In addition, the Museum of New Mexico
has been contacted and funded to excavate or direct the excavation
of archaeological sites on Applicant's property.
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GEOLOGY, SEISMOLOGY AND STABILITY ANALYSES
CHURCH ROCK URANIUM TAILINGS DAM

CHURCH ROCK, NEW MEXICO
FOR UNITED NUCLEAR CORPORATION

I. INTRODUCTION

It is proposed to cOnstruct a tailings dam to retain the waste from uranium
mining at Church Rock. The dam willibe approximately 70 feet high and two
miles long. The project site is situated at some 10 miles northwest of Gallup,
New Mexico. The latitude and the longitude of the site are approximately
350 35' N and 1080 35' W, respectively.

The tailings will have a production rate of about 4,000 tons per day (dry
weight) for 20 years. The contents will consist of abount 10% larger than
the #28 sieve, 30% passing #100 sieve and 18 to 2091 passing the 200 sieve.
The coarse portion of the tailings, that portion retained on #100 sieve,
will be used for dam construction and mine backfilling. Separation of the
-]DOsieve size from the +100 sieve size will be by means of cyclones.

To assure continuous confinement of the uranium waste and to prevent their
release to the environment, the U. S. Atomic Energy Comnission has specified
acceptable methods of analyzing the embankment stability and the minimum
acceptable safety factors under both static and seismic conditions. Such
analyses require the study of the geological and seismological characteristics
of the site. The details are given in Regulating Guides 3.11, 3.8 and 3.5.

The purpose of this study is:

1. To collect and to compile the relevant historical earthquake data
and, where possible, associate the seismic events with the tectonic
and geologic features

2. To determine the vibratory ground motion for seismic analysis

3. To evaluate the potential of ground instability, including lique-
faction, under static and seismic conditions

4. To provide.design in-put for the tailings dam in compliance with
the AEC's criteria

To assist in making the study, the following information was available:

li. A draft geology report dated June 6, 1974, prepared by M. MacRae
of the United Nuclear Industries, Inc.

2. Two sets of boring and testing data dated August 6, 1974, and
September 10, 1974, prepared by Sergent, Hanskins and Beckwith.
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The study was performed under the supervision of Dr. H. B. Seed, the earthquake
engineering consultant, and Dr. B. Bolt, the seismology consultant. A letter
from Dr. B. A. Bolt dated September 17, 1974, is included in Appendix A as
a reference.

II. REGIONAL PHYSIOGRAPHY & GEOLOGY

The site is situated in a general region located in the northwest corner of
New Mexico and to the northwest of the Continental Divide. The region, which
is situated on the San Juan Basin of the Colorado Plateau, is bounded at the
north by the San Juan Mountains, at the east by Sierra Nacimiento (Nacimiento
Uplift) and Rio Grande River (Rio Grande Depression), at the south by Zuni
Mountains (Zuni Uplift) and at the west by Chuska Mountains and Defiance
Plateau (Defiance Uplift). These regional features are shown on Plate I,
"Major Basins and Structural Features." The regional topography and dam
location is shown on Plate II, "Topographic and Dam Location Plan".

The basement rock units in the San Juan Basin are of Precambrian Era (some
600 million years old). The basement rock is generally covered by sedimentary
deposits of Paleozonic (some 200 to 500 million years old) and younger eras.

The San Juan Mountains to the north and the Sierra Nacimiento to the east
consist of terrestrial volcanic rocks of basically Tertiary Ages (some 2 to
63 million years old).. In the area of the Rio Grande Depression, the rock
units consist of thick sedimentary deposits of Late Tertiary Period and
Quaternary Period (less than 2 million years old). The Rio Grande Depression
is bounded to the east by Sangre De Cristo Uplift, which consists of basically
Archean sedimentary and volcanic rocks of early Precambrian Era.

The Zuni Mountains to the south and the Defiance Plateau to the west consist
of similar rock units as the San Juan Basin. However, in both Uplifts,
there are sedimentary and volcanic rocks of early Precambrian Era.

There are numerous faults in
faults and are located along
Rio Grande Depression to the
Defiance Uplift to the west.
tectonic structure are shown
Uranium Mill".

the region. The faults are generally normal
both the western and eastern boundaries of the
east, the Zuni Uplift to the south, and. the
The location of the faults and the regional

on Plate III, "Tectonic Map, Church Rock

III. SITE GEOLOGY

The geology of the site has been described in detail by M. MacRae in a report
dated June 6, 1974. Basically, the site is located in Pipeline Valley,
an incised valley system transecting the out crops of the southwestern rim
of the San Juan Basin. The Valley, which consists of mainly Mancos Shale
and Gallup Sandstone of Upper Cretaceous Period, is bounded to the north by
Crevasse Canyon Formation of Mesa Verde Group in the Upper Cretaceous Period
and to the south by Morrison Formation of Lower Cretaceous Period (some 135
million years ago). The valley floor is topped with alluvium soil, with the
thickness varying for a few feet to more than one hundred feet. The alluvium
soil in general consists of decomposed or degraded mixture of shale and
sandstone. The various formations and their boundaries are given in Plate IV,
"Geology Map, Church Rock Uranium Mill".* 1111
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IV. REGIONAL & SITE SEISMOLOGY

The site and its general region is situated in Zone 2 on the Seismic Risk
Map in the current Uniform Building Code, which means that the area has
experienced in the past, and thus may experience in the future, moderate
damage corresponding to Intensity VII of Modified Mercalli Intensity Scale.

Numerous earthquakes have occurred in the historical times. A computer
search of all reported earthquakes from 1931 to 1973 within 200 miles of
the site was made through a file from the U. S. Department of Commerce,
National Oceanic and Atmospheric Administration. Their catalogue consists
of some 88,000 earthquake events throughout the world.. In addition, the
known earthquakes from 1852 to 1931 were compiled from a publication entitled,
"Earthquake History of the United States", published by Jerry L. Coffman and
Carl A. Von Hake. It may be noted that some of the data were described by
magnitudes and some by intensity. To permit more quantitive analysis, the
intensities of the historic earthquakes were converted to magnitudes using
Richter's suggestion showing intensity as magnitude ("Elementary Seismology",
1958). The data were then plotted on Plate V, "Earthquake Epicenter Data
(1883 to 1973)."

While the data shown on Plate V may not be complete, the data show strong
correlation with the regional physiography, geology and structure. It may
be seen that the majority of the earthquakes were closely related to the
faults along the northeastern boundary of the San Juan Basin. These faults
generally separate the San Juan Basin (with a rather old basement rock unit)
from the uplift and depression of younger rock unit to the east.

The earthquakes on these faults have magnitudes up to 6 (Richter Scale)
and have a maximum intensity of VIII.

Numerous other earthquakes fall on the tertiary volcanic units to the far
southwest of the site in Arizona. These earthquakes have magnitudes up to
5.5 and a maximum intensity of VII. There are no earthquakes that are known
to have occurred around the Defiance Uplift. However, there are two earth-
quakes that were noted near the Zuni Uplift where a normal fault of
approximately 50 miles in length is present as shown on the tectonic map.
These two earthquakes have magnitudes of 3.9 and 4.4, respectively. There
are earthquakes that are noted to have occurred in other areas of the region.
Their magnitude and intensity are not known.

In order to provide ah estimate of intensity that might occur at the site,
three cases for possible earthquake sources were evaluated as follows:

Case i: An earthquake of magnitude 6.5 (or a maximum intensity of VIII)
with an epicenter located on the fault system to the east (some
90 miles away if the shortest distance from this fault system
to the site was used).

Case 2: An earthquake of magnitude 4. 5 (or a maximum intensity of VI)
centered locally near the site.

Case 3: An earthquake with a magnitude of 5.0 to 5.5 (or a maximum

intensity of VII) centered along the normal fault around the

Zuni Uplift (some 20 miles to the southeast of the site).

A;
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Since the tailings dam is considered more or less a permanent structure, the
earthquake recurrence interval was not considered.

V. VIBRATORY GROUND- MOTION

An assessment of the level of the vibratory ground motion is required for
the design of the dam structure as well as for the evaluation of the seismic
stability of both the tailings and the foundation soils. The probable-.
surface ground motion and the rock motion for the three cases were thus
analyzed. Based on the above data and some correlations by others., including
the recommendations given by Dr. Bruce A. Bolt, it may be concluded that
the maximum ground surface acceleration at the site would be on the order
or 0.1g. , The predominant period of the rock motion would be on the order
of 0.2 to 0.3 sec. The duration of the earthquake could vary for 10 to
20 sec., with a bracketed duration of high intensities of less than 10 sec.
The significant cycles of the earthquake would be less than 10, probably on
the order of 5.

It may be pointed out that the O.lg is also the minimum vibratory ground
motion required by Atomic Energy Commission as the Design Basis Earthquake
for Nuclear Power Plants.

VI. LIQUEFACTION POTENTIAL OF THE FOUNDATION SOILS AND THE TAILINGS

The subsurface conditions of the site and its vicinity were explored by
42 borings in July and August, 1974. The field exploration and the sub-
surface investigation was performed by Sergent, Hanskins & Beckwith. While
the report is not yet currently available, preliminary results were given
in the two sets of data dated August 6, 1974, and September 10, 1974,
respectively.

The data indicate that the site is underlain by a layer of alluvium deposit,
with thickness varying from a few feet to more than 100 feet. The deposit
consists of inter-layers of medlum-(ense, Iine-to-meQium sane ana slat, ana
medium-stiff clay. The underlying bedrock generally consists of moderately
weathered sandstone. The ground water was encountered during drilling in a
few borings at a depth ranging from 42 to 58 feet below the glound surface.

The relative density of the sand was evaluated based on the standard
penetration blow count. It was found that the lower bound of the relative
density of the sands varies from 80% to 45% above a depth of 20 feet. At
depths greater than 20 feet, the relative density is approximately 45%.

When a saturated, fine, granular soil, such as sand, is subject to ground
vibration, it tends to decrease in volume. Drainage through these materials
is unable to occur in such a short time interval during an earthquake and the
tendency to decrease in volume would result in an increase of the pore water
pressure. When the pore water pressure builds up to a point where it is
equal to the over-burden pressure, the soil loses all its strength and behaves
like a liquid. Such phenomena have caused numerous failures in sands and
soil-structures during earthquakes.
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The liquefaction potential of the soil decreases with increased over-burden
pressure and relative density. Further, liquefaction would only occur when
the soil is saturated. The downstream portion of the dam will be made of
compacted coarse tailings having a relative density of 70% or more. In
addition, drainage is provided so the bulk of the structure will be in a
non-saturated state. Under these conditions, potential for liquefaction
and/or significant strain during an earthquake of 0.lg maximum ground
acceleration and 10 or less significant cycles is very remote to non-existent.
The liquefaction potential of the downstream toe area of the dam was
evaluated because the soil there may become saturated at a shallow depth
and the over-burden pressure is relatively smalL The results indicate that
liquefaction is unlikely to occur during an earthquake with the maximum
ground acceleration not to exceed O.lg and with the number of significant
cycles of less than 10.

The foundation soils beneath the dam and the tailings would have much higher
over-burden pressure and would, thus, have lower potential for liquefaction.
The tailings in the pond will consist of mainly saturated, silty sand and
sandy silt and the analysis indicates that the tailings in the storage area
will very likely liquefy when subjected to the aforementioned earthquake.
Thus, the dam must be constructed to retain the "heavy fluids" in the storage
area during earthquake conditions.

VII. STABILITY ANALYSES OF THE DAM SECTION

For economic reasons, tailings are often employed for the construction of
the tailings dams. There are basically three construction methods for
tailings dams, namely, the Upstream Method, the Downstream Method and the
Centerline Method. All methods begin with a starter dam to initially retain
the tailings.

As filling of the pond progresses,. the tailings dam is built on top of the
beach-deposited tailings when using the Upstream Method. By this method,
as the crest elevation increases, the crest of the dam moves further and
further upstream over tailings deposited in earlier stages. The net result
is a thick dam shell' overlying the fine tailings. The starter dam by this
method becomes the toe of the final dam. The Upstream Method is not selected
for the project because of the high liquefaction potential of the tailings.

By the Downstream Method, the starter is the heel of the final dam and-all
subsequent dam building is done downstream of any tailings deposits. By
the Downstream Method, all the sections of the dam will be compacted and
the final dam will consequently be much more stable.

In the Centerline Method, the crest of the dam is maintained at the same
horizontal position as the crest of the starter dam as the height of the
dam is increased. The dam is raised by spreading and compacting additional
coarse, tailings on the top of the upstream shoulder. and on the downstream
slope. More than half of the final dam will consist of compacted material
and the dam would also be more stable than the Upstream, Method.

Due to stability and other considerations, the Centerline Method is selected
for the project. The final dam will have a maximum height of approximately

90 feet. The dam will have a downstream slope of 3 to 1. (horizontal to

Ii
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vertical) and an upstream slope of approximately 1 to 1, with tailings more
or less filling the pond volume at all times. The dam section will be
constructed of coarse tailings (retaining on #100 Sieve), compacted to a
minimum of 70% relative density. A drainage blanket will be provided under
the dam to lower the pheatic water level in the dam. The surface of
foundation soils will be cleared of any deleterious matter and properly
compacted prior to the dam construction.

Dam stability was analyzed by using Bishop's Modified Method and the
Ordinary Methods of Slices using a computer program, STABR, developed
at the University of California at Berkeley in 1971. This program is
able to locate the critical slip surface and to calculate the minimum
factor of safety. Due to the high potential of liquefaction during an
earthquake, the tailings behind the dam were assumed to have zero strength
but with a unit weight of 100 pounds per cubic foot For the dam and
foundation materials, approximately 90% of the peak ultimate strength

*values were used in the analyses. Under such conditions, the calculated
minimum static safety factor of the dam is 1.5.

In addition to the assumption of complete liquefaction of the tailings, a
pseudo-static force of i0% of the vertical weight (0.1g) was assumed to

act horizontally on the center of gravity of each slice to simulate the
earthquake loadings. For the critical slip circle, which was previously
determined in the static analyses, the safety factor is slightly greater
than 1.1. .

It may be noted that the pseudo-static method which was used in the analyses
is not necessarily the most sophisticated approach that could be used.
Methods such as dynamic finite element analyses are often required for
more complex studies. For this rather straight forward case, the site has
been assumed to experience a maximum gr6und acceleration of 0.1g. The
maximum acceleration, of course, would occur for only one or a few cycles,
with other significant cycles having lower values of acceleration. It may
be demonstrated that to assume a constant static force of .lg would be
conservative. In addition, as stated earlier, the tailings behind the dam
have been assumed to have zero strength due to complete liquefaction.
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Dr. Robert Wo 0
Kaiser Engineers
300 Lakeside Drive
Oakland, California 94604

150P Le Roy Avenue
Bierkeley-, Californla 94,708

September. 17, 1974

Church Rock (3 500 1080 )10)
UranTum MVine Tailing Dam Project

(New Mexico)

Dear Dr. Wong.
As you requested I have considered the evidence

of seismicity and geological structure which you provided-.

In order to provide an estimate of intensity
that might occur at the site I have taken three cases for
possible earthquake sourceso These cases are based on the
recent recorded seismicity and general occurrence of faultso
The estimates have been made on the side of caution both
because the structure needs to remain effective over a long
period of time, perhaps without maintenance 0 and because the
expense of doing avery detailed field study to reduce perhaps
the assumed levels is not warranted.

Case lo Earthquake centered along the eastern active zone
some 100-150 km awayo Assume magnitude (Ms) 6.5.

I assess a peak horizontal acceleration of about
Oo10g with a (bracketed) duration of 1-3-sec (AccNOo05g0 freq! 2Hz)o

This is similar to the Ferndale record of 19414 with
peak acceleration Oo0O8go

Case 2. Earthquake of sparse occurrence centered locally
near the siteo Assume M. 4 .o5

I calculate a peak acceleration of about 0o10g with
duration ,(see above) of 2-5 sec.

The San Francisco records of 1957 give some guidance here.

Case 3o Earthquake centered- along thrust faults mapped to
south-east about 70.km away-from site. Assume M. from 5>5 to-6a0o

Again the attenuation estimates available suggest a
peak acceleration of about 0.10g at the .siteo The duration



(as de-fined .in Case. I) would*&ain be likely to be 2-5 seco.

The El Centro record of 1934 Is helpful for this caseo

Yours sincetrelyo

Bruce A Bolt

.........¼.i.. .7

4T'. . .. 2*p

- p.

., .I~' ? ~,

.~ 
. K ~.'*

1.

..
'~' ~.

... 
. . ,..,

----- a-



APPENDIX B



~40FS~t~ 3' i4'0-.'~'~-ar,'~gOU?4') GikLLUP 9 ;IoNo'q30540 M~OC3OD ~V

SCURCE7 .)ATET

E. . -A 4 *

-GS

"GS

CBS

crss
cgs~
CGS-
.;65,

CBS-S

CBS-8n

CBS-9
.GS-8

7-3. 6., a)* C * i a0.,li ,ý , i

*v~ - A. 0. "I.34N;1 .IC

191.: 3) alS: s. a* 4.To 0ý A'&54.0to00t4al

*709' .380 17 20. IS £325D zze..75C
* *.0 010V39 89, 39' i '. 0 3.20 za - 116 60 0 M-

tv ev n~ Z3 3 35 6 9Oe g3,eO "- 8 4 a sotp-
0 ta1, 3 5, 0b.2'84~0 S3. to ol IL 0 f, 60 0 -

IL It ~38 8.9 00 03.aO .-12.3600% 104.43014*
i -it 30 10 26: L~o 0 2I2,96o 1 i6 670Cf -

2? 11-38 OC a 1. 4. a 33.620% 139.0003W'-
Rd 12 34. .2? Z. Dr 2. t 3 3.Gi a A 109*00ow.-

A..G IS &Z-0 33. loiGý t )140 C 00C
T? 07. 39 -06 5:6' 30.0 E3.460i 145'SOOW

* 2802 .106 19,: tC.4.. c, 3 W!39.0c .,
.@1, II5 2i 25' uo,D .6.3 DO_ 111.60tw

~31:59 081 5.j dO 1.500
22 07-60.- ff '93Q0.ý 0

28 a? :0 '. 'It & 24'.4 S'.24GOO 116. .So il-

U .It. fg.. 06 05 ~osm.$ oaN7.a
.. 3 0?. 61 07. fib 1 GO5 33.60.1h S.360oct-

6 5 02 b2 1'. v~ 5'.1 3820 . 9.lUH ?.6O0tl- 025
1?~ 03 .62 as 1 & 0 a UG 04t6.01VCO- 033
It 9.19 63i35S '*1.. 0 3 3.23* G'p 110 .. ?OONW- 033
07 at: oS L-Z23, OL.3 3.. lE.i0i',Ll2.20CbV 03i

2301: '2 62.3" 35 17,DI0N :L07. 30,6, D
* 23 0. 'D . .Q 134.3. 6 ~ 0

Z3 01~ 'a~ .. I.3.O174C 3

al3s0c NENOMENJ

a S r 0 D 7
V~c 9 .

C* c

M FO.

14 v

NAL E~ a

%4 . v

H N

G
c

AU

GeV
RqG

OF
F
F
V~F

VI
V

VZ

;050 PaS OF v I
F V

F

L

96

.496

496

'@S6

1*96

4956
956

4@95

".95

6*96

-96
006 '45
0,05 1*79
015 49'55
007 04.2
082 .479
108 '@79

.009 496
.005 4 i6
005 '.79
0.39 ;.,)6
11 i -

5.1• PAS
5.00 PAS

5.0S BAK'

F.F

OFOF
CF
OF

vi
v
v
v

V-1 USE
V1

.0,2

F- v

F

OF VI I 'USE

F iiIt

F



CGS-3
CGS-3

^,GS-8
3GS-8

CGS-3
CGS-3C4S-9

'GS-CGS-B
CGS-8

•6S-B
OGS-B065-8.

0G$-s
:6S-s
0GS-9

CGS-

CGS-S
CGS-@

3*3-9

* 00-9

CGS-9

CGS-$
0GS-8

CGS-8

'GS-8

:GS-1

;65-9
CGS-8

.GS-9
CGS-8

:05S8
CG5-8

:GS-B

'GS -9

ZGS-3

.GS-'3
:GS-3

:G$-B

.GS-8

.0GS-B
:GS-a
,6S-a^,GS --

.•GS-3
CGS-3

;G$-9

:GS-3
*GS-3
,•GS-3

:GS-4
:"S-8

?3 '1 7 z , I? . ..; 1,
Z3 ;I zc. 07 -. 1 .
e3 41 Ic ý3 1.
Z301l ; I. J 1 3'.1
?J at 6$ 12 1,4 t,;.0

Z3 01 6b 12-,3 1. z8.oZ3 Cl 6i ZC 16Z 1So$

23 41 66 Z? -5 1Zo.,
Z3 01 66 23 vp 31.1
Zv' Cl 65 01 31 ?a.?
Z4 01 6$ as O0 30.3
it 0 U 6 .. 2z a6SO.
E5 at 66 07 50 5'*.a

as 01 i6 10 35 05.0
25 at 66 15 32 q8.45
Z- 01 66 1I 53 12.0
Z7 01 66 00 '.9 5M.

z 01 66 0? 6e Z4.7
V,. 01 6aW. o9 0 9 0o.i (
29 01 6 045 32 10.7

R9 01 Ob 06 55 O0.6
29 01 66 104 53 03.0

29 01 66 to 38 4.8.c
29 01 6b 19 25 05.8

2) 01 66 ,0 01 51.7
30 01 66 02 34 53.2
.32 31 56 15 '.3 5Z.3

06 4Z 66 17 33 37.2
& 1 02 66...0 ý Z 17.7
It 02 06 12 08 03.0
13. 0Z 66 at 01 ZT.5
13 02 66. OE 21 31.0

14 02 66 19 29 43.1
V7 02 ib 17 55 16.1
27 0Z 66 1i 07 51.5
L' t 03 66 05 ? 2'b. 065
R4. 03 66 26 10 59.3
L-4 0'. 6§ LE 07 29.F
23 04 56. 11 07 2o.9
0'. 05 66 05 005 37.5
01 05 re 17 !3 3,.3
08 05 56 17 50 3o.1
09 05 b6 01 Z6 e,5.0
09 Of 66 02 08 53.,-
0) 05 So 02 57 23.;
L.9 05 6" I0 Z6 42.z
21 ;6 06 17 17 120
JZ 96 6E at1 ') Lt.ob

3,, •0t 6b it ei So.5
3'. 0' 66 11 3'3 i32•.

21 3t. 66 2$ 2.. 3O.2

2'. aT b6 32 v.9 M0e

12 00 bb 09 10 SM.
O. 39 66 0a 52 D005
a S 09 PO 17 03 5 00

3" t.o 5 it 01 53.'ý
1- U , 3 F 0 0 '9.9.

~1 02. 7 1 .- 1 .. '

; L . iJý 0

It . 0 90
16,030•
36.33017.o300

1b. 300a
36. WO0
36. 13 0
36.300
)b. 3)0a
37. Jac
36, 300'
36. S0o
36. so00
IE.430'
S7.Z20

37 .300hPJb.,DOO4

36, 000•36.300
16. 'D00 P
36. 80O

57,.100N
37.0004
37.30 ON
37.30ON
36.800s
36. )0ON
37~ . 00.14
36.)30 ON.
36.-W0 ON
36.900h
17.300'

37.000%36,.9P0 0 i

37,000ti
16.900%
36.M00N
37.00ON
16.JJONP
37.43O0'
17.100%
16.3004
HE .10014
31.100%
17.000N
16.30,O
17. JOON
16.401S

36 .930%

It. *90'

A. 300%

b..5, '50%

1, ; +32\

N1', -. $53r w

I2l. fit wv 137. 1CC'

1 107.100'
t. ?O.LOcki

sI a 7 . 2 C tk4 t0o .Zccwv
N t "'.00cu
14 1037.230'.N 1Q,.OCtdSto1. 10 cu
%I to ? .10a1c t
%I L) F .30:ti
N 107,10C0

L317.iOOt2
4 10.lOctd.N t07,t000

W0?10t Il
06.901OU

&,0 7,. Z0 C
to1 07,C00'
1079100'
t 17.10014

0 10630 0 i

0 7. )at
107.200W

1i6. )b0c
1o0.00o'.

106.g0ocu
107.000'.106.900ti

1t6.910'.

106.,900u
o06. a00't

107.00014
107. I Ca
131. 0Icw
137.00o't
107.100ts

10? .00014

11-7 . .11j r u

106.*40EW
107.r00'.
13i.10'.
137.500'.
137NI e0 1
110.aC'w

137 :.2"C

1f, .1 )00'

0W.

1.17.V00''

005 4,3

005035

005 ""

005...

005--.o

005
005 -

0205 --09S'

005*..
005-....
005 -.--.

gas

005

005 -

305--

005
00,
005---

005-

005
005 -

005
005

0055
006 --

005
005

033 -
005

.005
005
005 -
005

00:5- .,.6005

305 .--

,^05- .,9

035
005 --

0335 --

.,05 --- o

0)05 -- 3.0+

035 --
035 --
335 -- 3 .

03-
3053 A. z
02 j 1 v

F

F

F
F

F
F

F

F
F
F
F

F

F

p
F
F
F

30

all
0.1t
007
010
007
005

005
006
007
011
006
005
005
405
006
005
005
005
005
00$
005
005
005
005

005
005
006
005
006
005
005
006
005
006
006
005
005

006009
012
005
007
008
011
005
005
012
005
005
005,

0.005
OC6
005
Cos
005
005
005
010

N 310

'96

406

'.96
,,79
496
.96
',96
,496

..96
'.79
496
,.96
,.96
4'96
4,79

496
4.96
4.96
.096
4.96
"96
'.79
'.79

,',96
-679;. 7

0.56
-96

'."9.79
.79
;-96
ý,79

.79
.79
'.96

"79
.96
-79
479
.56

.79
4,.7 9j'.7e

.96
-7S

'.56

'.66

'.96S.6
496-.96
%.96

'.96-96

,.719

F



ZGS-3

:GSP'6
035S-3
'GS-3

G3SP3E

ZGSPOE
.GS 1i
CGS ,*8
CGS 65
CGS 6-
.GS 1..

C.3S 61
N4CS 8,.

4•OS 3c

NOS .4
134S V?
'J3S 27

S3 z 33
14OS 37
-: L 3r
E .;L 33
E.3L 9F,
E;,. 1T0
ER L 13
ERL 30
3S 60
35 52

12
G?

23

2J.

13
30

23

Cl

33
2-
.1

1-
2-
.3

22
2.

Z01 67

C3 i7
0" W7

07 07
0 7

01 67
01 69
G7 6

12 69
02 70
CC 70

12 7 0
J1 71

0'71
3. 71
0'. 7'1
171
11 71
L 2 71
12 71

• ??
CE 73

-3 2 73
.312 73
12 73

0 E1C

03
22
i9
It
13
23
19
05

0 5
1i
tt
37

37
11

11

17
07
23
a 2

22
11

295

'33.

31
00
51
27
33
17
43
41
43
59
z4
.97
'.0
L. 7

39
1.9
36
11

15
58

35

20

0 ")0 1

13.4

00.1
37..,

3:S

.3.3,7J .7

12.2

13.7

loo3

37.0
3505
35.8
11. 9.

37.ý72h
37,,N731

37,29IN

1..23,1.O1E.1330
3.?36 ON
36.?001
J4.?9IN

36. •,? IB
34.o a16N

33.36 2h

3.*.,6 18N

3EII. 35 7N*
35 . 326 N

15.374N

15. 322h

lE .4? 81
35 .73&6 h
16. 60 1k
15.Z2 01
ie a 06461

350431hI

36 .037N.

35c 2581

19 7o4 %cw
13 r,. 0 0 2h

III . 3E 4Wlit .,?32%4

107 . 754 W.
113. 381w
t10o5654

11 2t10 w
t11.700 w

107 .2001.tot o 0 381W
106,o8801

108069!W
110.6o.5w
105.311it
110, .51 stw
I 12. 27314
10 .6SBLtf
111°t0EV.

106. 911.
105o?12w
11o.437W
135,.563 14
110. 481 w

131-.3211.
111.6hew
111o,"!5W

106.16eW
116, 35715
107o 739W.

.333-- '.o1

01'. ---- .9
005 -.
033-- ,.5
033
009-- 3.8
033
033
000 - .1
000 -- 4o.1

G10 - 00
033 - 3.9

033 C
000O06 -- 'C36

209." 5
005
0.39--" *.o7

095 -3.7
005
005 --. • o0

005 -

0 "3 ... 5a05 -

005 - .2
005
005 -- 3
N35

005-
a18 498

3 .o8 6:; SL 5

5.1G ML CGS

N .3G3
14 .105

Ot2
.G 006 *

N 013
N 005

305
100
0 06
077
0•7

G OCO

3022
N 005
G 035

007
013

G 007
013

G 0S5
G 005=
G 007

G C I

G 012
G 008c
G 013
G 006

008 '9
G 006

015

.47S
'•45
'495
'797
;97P

4S95

,7.

"'.?
'.516

•-,5

.96
495

.95
496'995

'.96
'.g6

3.00
3.80
2. SO

2.2z0
3.00

3.*70
3. 20
3.00

ML NOS
ML N0S
ML NOS

F v

,C"F

ML
)IL
ML
ML
ML
ML

NO S
ALO
NOOS

EPL

F
OF

F

F
3,20 ML FRL

3.1C ML GS
4.Ilt ML GS

TWIS ;UN ZONTAINS 13. HITS

PREPAIE3 6V NATIONOL GEOP.47SI.A[ . &NO SCG.At-TEREST1.9IAL CATA .,FT4T.%.

5N I0 M N...L EF~.VL5--------- - - - - - - - - - --- w.. .... . . ... .... .... ... .. .... . . . . e .T1O.. OtE'•'!C i1N 8 1*:CPH_€IC ,MINISTEATICN

F N rNt L- -- - -------------- .-- -..... .....-.. ' . " . ................-

I



HYPOCEITER DATA FILE .-

1900-1973: .88,100 events world'wide in total files.

Abbreviations used -

M'aoqnitdes: BRK, Berkeley, California; C../.,OS, Cornt ard Geodetic
Survey/Witional Ocean Survey, GO., .Golden, Colora•o; OXF, Oxford,
fississ.ippi; PAL, Palisades, New. York; PAS, Pasadena, California;
.SLM, St. louis, Missouri; TUL, Tulsa, Oklahoma..

Ncn-tectonic phenomena: E, explosions (accidental or controlled)
or suspected explosion; R, rockburst;.C, coal bump or ýockburst-in

coal mine.

Effects on man: C, casualties; D, damage; F, felt. Incomplete
1963-1967.

Isoseismal map by: USE, United States Earthquakes; EQN, EarthquaPe
Notes; POE, Preliminary Determr,iýnation of Epicenters.

Depth control: D, restrained to agree with reported depth phases;
G, restrained by geophysicist; N, restrained at normal depth (33 kn)
when data are not sensitive to depth for a shallow focus.

Quality: Authority A, U.S. Atomic Energy Conmmission; 3, Jesuit
Seismological Association (St. Louis); M, hypocenter based on
macroseismic information; S, a special solution based on a local
crustal model or use of dense local networks,

Intensity incomplete 1963-1967.
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Quality Indicators, Column 72

IndicaLes that the epicenter has been determined from incomplete or
less reiiabie data so that it is riot considered as accurate as the
computed solution would seem to indicate (the absence of this or any
other symbol is intended to indicate that inaccuracies in the hypo-
center determination are thought to be due primarily to the travel,

time curves, network bias and methods used rather than the quality
of the data).

A Parameters of explosion supplied by U.S. Aromic Energy Connission
* (AEC)'.

E, Some or all parameters of explosion (controlled or accidental)
supplied by any group or individual other than AEC.

B Parameters of hypocenter supplied by University of California at
Berkeley.

P Parameters of hypocenter supplied by California institute of
Technology.

G Parameters of hypocenter supplied by the U.S. Geological Survey
(U.S.G.S.) for any area other than Island of Hawaii.

H Parameters of.hypocenter supplied by the U.S.G.S. Hawaiian Volcano

Observatory.

J Parameters of hypocenter supplied by St.. Louis University.

M Hypocenter based on macroseismic information.

R Parameters of hypocenter supplied by University of Nevada.

S An NEIS solution based on use of dense local networks, a local
crustal model, or other methods not routinely applied by NEIS.

W Parameters of hypocenter supplied by University of Washington.

I.
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INTRODUCTION

This report was prepared at the request of United

Nuclear Industries, Inc. who is in turn preparing an envir-

onmental report for the United Nuclear Corporation Church-

rock Millsite. This report was prepared primarily to sat-

isfy the Atomic Energy Commission Regulatory Guide 3.8 en-

titled, "Preparation of Environmental Reports for Uranium

Mills", to recommend a monitoring well program suitable for

determining any effects of infiltration by water from the

tailing ponds and to determine the hydrologic suitability

of the proposed pond sites.

Data for the report was taken from information in

the writer's files, published material, information from

the files of public agencies, and through field checking

of water levels and on-site geology where appropriate.

GROUND WATER

Well Inventory

An effort was made to locate each water supply well

in the vicinity of the millsite (see Fig. 1) and determine

the aquifer tapped, the owner, the use, and other available

information for each. Published information (Kister and

Hatchett, 1963; Davis and others, 1963; McGavock and others,

1966; and Shomaker, 1971) was supplemented by field checking

and examination of Navajo Tribal Water Development Department



records. The inventory is shown as Table 1 and chemical

quality data are shown in Table 2.

Aquifers

Alluvium

Water-bearing alluvium is present in the principal

drainages of the basin of the North Fork of the Puerco River.

It is tapped by wells in a number of places (see Fig. 1

and Table 1) primarily for small quantities of domestic and

stock water which are withdrawn by windmill or hand-operated

pumps. Water quality is highly variable because recharge is

derived from local storm flows in very small drainages, but

is ordinarily good to fair with total dissolved solids ranging

from less than 200 ppm to somewhat over 1,000 ppm.

Because water-bearing alluvium is restricted to the

valleys, only alluvium downstream from the millsite could be

affected by mine and mill activities. The principal potent-

ial effects are:

(a) Recharge to the alluvium of water pumped from

the mine and consequent change in quality

(b) Recharge of water to alluviuim through seepage

from tailings and evaporation ponds, and

(c) Recharge of poor quality water released by

accidental breaching of the tailings dam

or evaporation pond dikes

Though mine waters are being pumped into the surface

drainage at present (at a rate of some 1,400 gpm), it is

anticipated that no water will be released after mill .

-2-
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TABLE 1. Records of Wells and Springs in the Vicinity
of United Nuclear Corp. Churchrock Millsite

Yield
during Drawdown

BIA Depth, 2/ Water level, test, at yield Use of Type of Conductance,
Location number and name Number Elev. ft. Aquifer ft., date gpm shown, ft. water pump u mhos @ 250 C

16315.11.331
16.15.17.141

16.15.20.121
20.143
20.144
20.231
20.234 Pinedale TP

16.15.27.323
16.16. 1.112

16.16. 6.112
S 16.16. 6.121

16.16.11.442
16.16.14.111
16.16.14.242
16.16.15.432

16T-509 7015
16T-348 6900

16T-514 6975
16GS-105
16GS-105
16GS-105

7178
16M-319 7128

14N-70 7010
7030
6855
.6838
6905

16T-513 6875

953 Kd,jmw 355 1960
410 Kd flow 1957

87 i974
496 Kd .63 1959

Qal
Qal
Qal
Km?

a 25
8 242

24 *335

D,S
D,S

D

W 1290
W 960

1600

963 Kd 320 1948 7 490 DS W 1060 cased to 956

Mcd 0.5 D'S

525
318

16.16.16.422 6799

16.16.17.214 Old Churchrock Mine 6808
16.16.17.214 16T-532 6810
16.16.30.343 Springstead TP 6870

16.17.15.232

16.17.25.113
S 16.17.28.133
s 28.433

16.17.33.422
S 17.15. 1.244 Rock Spring
6 17.15. 2.232 Oak Spring

17.15.30.341

17.16.32.112
17.16.35.414 UNC vater well

16T-510 6818

16K-340 6682
6860
7010

16K-336 6651
6920
6880

1ST-303 7038

14K-313 7010
71807

450
505

680

141

122

614

622
1650

Qal

Jmw
Jmw

Qal

Jmw
Kd

Jmw, Jc s

Kd, Jmw

Qa1
Kd
Kd
Qal
K•l

Kg

Kg
Jmw-Kd?

54 1974
181 1959
257P 1974

144 1968
319 1974

211 1956

33

M

DS
20 D,S

5

P

436

1390

103
253P
37

34

305
318P
235
900

1960
1974
1954

1955

1952
1974
1953
1969

26 240 D,S

23 68 D,S
-5 28,U

-- U
1528 D,S

W 1500

W

W

1810

1330

23

20
20

50

128

D'S

D'S
D

W 3120 cased to 537

W
P

1780
..499



TABLE 1. Records of Wells and Springs in the vicinity
of United Nuclear Corp. Churchrock illsite (continued)

Yield
durinc Drawdown'

Y BIA Depth, 2/ water level, test, at yield Use of Type of Conductance,

Location number nd nm Number Elev. ft. Aquifer ft., date gpm shown, ft. water pump u mhos @ 259 C

17.17. 3.441

17.17. 7.233

14T-320 6379 726

14A- 79 6240 873

Kg? 434 1958 65 31 DS W

KCd flow 1952 82
. 30

17.17.16.
S 17.17.21.221 004 Nine Spring

17..17.33.411

14)- 14
14N- 57? 6470
14T-321 7060

15T-535 6760

7

1082

Qal
Qa1

ftsf-Kcc

6

flow
400
211

1955

1960
1967
1974

('5;)
(.55)

0.5 --
15 30

D,S,I

S
D

D,S

455

3370

2700W

18.15.34.323 S W

see explanation of numbering system in text

Aquiferss gal, alluvium; Kcc - Crevasse Canyon Formation; Kcd - Dalton Sandstone
Mhr. of Crevasse Canyon Formations Xmf - Menefee Formations Kpl - Point Lookout
Sandstone; Kg - Gallup Sandstonej Xm - Mancos Shales Kd - Dakota Sandstone;
imt - Westwater Canyon Sandstone Mbr. of Morrison Formation: Jcs - Cow Springs
Sandstone

S--.------- --...---..------..---.----..-



TABLE 2. Selected Chemical Analyses of Ground Water in -he Vicinity of United Nuclear Corp. Churchrock Millsite
(Constituents in parts per mil.ion unless otherwise noted)

0

00 4)kU o

B IA y ate: r ~ M. 2 .2 2~''"~n~cae
'4~ .4 0% U A4 '-4 Wf Codcac

Location number and'name Number Aquifer Sampled Mt go o :3 A 0 4 ...4
U U2 W. z xi mhos @25

0 C

16.15.20,
20.
20.234 Pinedale TP

16.16. 1.112
16.16. 6.112
16.17.25.113
16.17.33.422
17.15.30.341
17.16.32.112
17.16.35. Kerr McGee
17.17. 7.233
17.17.16-

16K-319
14N- 70
16K-340
16K-336
S1T-303

14K-313
Line

14A- 79
14A- 14

Qal
Qal
2m?
Kd
acd

Qal
Qal
Kg
Kg
Jmw
Kcd
Qal

8-1949
5-1950
8-1949
6-1955
5-1955
6-1954
9-1953

12
15
12
14
18
12

5.8

72
42

170
1.6

57
139

80

14. 13
13 .8
55 161
1,9 262

20 0.9
44 264
19 227
Do CrA

258
160
359
518
130
890
776

0
0
0

39
0
0
0

43
40

590
74

102
314

91

4
2

50

9
24
26

0.6
0.2
0.4
1.4
0.4.
0.6
1.4

2.2
0.1

24.0
1.5
0.0

13.0
0.3

288
199

1240
658
271

1250
832

480
331

1710
1060

436
1810
1330

United NuclearChurchrock Mine

1'

y

see explanation of numbering system in tex

Aquifers: Qal, alluviumKI Kcc, Crevasse Ca
Kpl, Point Lookout Sandstone; Kg, Gallup
Morrison Pormation; Joe, Cow Springs Sand

5-1955 17 218 99 72 271 0 835 11 0.8 0.0 1390 1780
11-1973 17 11 8.4 131.6 220 21 110 3.6 0.3 --- 412 663
6-1949 -- 3 0.9 105 237 0 38 4 0.2 0.5 268 455
5-1955 .. .. ...... 409 0 --- 32 1.2 0.3 530 3370

11-1973 17 2.& 0.3 121.4 215 31 45 5.2 0.2 --- 329 550

Xt

nyon ?ormation; Kcd, Dalton Sandstone Mbr. of Crevasse Canyon Formation; Kmf, Menefee Formation;
Sandstoneg 2Cm. Mancos Shalet KXd, Dakota Sandstone; Jmw, Weatwater Canyon Sandstone Mbr. of
Istone



operation begin. Some infiltration into alluvium will take

place from the tailings and evaporation ponds because of the

permeability of the material which will be introduced into

the tailings. A monitoring well program will be suggested

in a later section of this report to determine the effects

brought about by infiltration from tailings.

The writer has been informed by Kaiser Engineers that

a permeability of about 0.01 feet per year can be expected

for the tailings which will be deposited in the pond. Using

this value, it would appear that total infiltration would be

only a few gpm per acre after the pond has been operating a

few years. Rates of water movement within the alluvium are

expected to be very slow, on the order of a few tenths of

one foot per year, given the horizontal permeability of 4

feet per year determined by Kaiser.

Even if there were sufficient infiltration to result

in some surface flow in the arroyo which borders the toe of

the dam, it is expected that, after a short distance, this

would re-enter the alluvium and move downgradient at the far

slower rate.

The nearest well which withdraws water from the alluv-

ium below the proposed tailings pond sites is along the east

line of.section 16 (well 16.16.16.442). It taps alluvium

in the main stem of the North Fork of the Puerco about one-

half mile below the confluence of Pipeline Canyon, and more

than 2 miles below the proposed tailings dam site. It is

equipped with a hand pump and water is used for domestic

-3-



and stock purposes.

Sandstones of the Crevasse Canyon Formation

The Dalton Sandstone Member of the Crevasse Canyon

Formation forms the cliffs behind the millsite and lies

above the water table throughout the vicinity of the mine

and millsite; accordingly, only geologic units below the

Dalton will be considered in the following discussion (Fig. 2).

Several sandstones below the Dalton (but still within the

Crevasse Canyon Formation) are potential minor aquifers.

These are within the Dilco Coal Member and near the mill-

site they total less than 50 feet in thickness. Yields

from the Dilco can be expected to be small--perhaps up to

20 gpm--and quality is probably quite variable but gener-

ally poor because of the close association with coal and

carbonaceous shale.

The sandstones that underlie the arroyo channel ad-

joining the evaporation ponds are probably part of the Dilco

and if infiltration from the ponds were significant, there

could be some movement of water into them; however, the rel-

atively low water movement rate seems to preclude serious

contamination. The dip of the bedrock (and hence the gen-

eral direction of movement of groundwater near the outcrop)

and the direction of surface drainage are opposite. Thus

little or no water is likely to enter the Dilco as a result

of dike failure under flood conditions.

There is a possibility of water entering the Dilco

from the evaporation ponds through infiltration from saturated

-4-
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alluvium which overlies some part of the DilcO section below

(downstream from) the evaporation ponds.

The permeability of the sandstone is typical of the

rather massive beds in the Dilco at the millsite and has not

been measured directly. The values used in this report are

taken from field and laboratory measurements of permeability

and transmissivity of similar rocks in the vicinity and must

of course be considered only approximations.

Cooley and others (1969) list a range of values of 0.6

to 1.7 feet per day for laboratory-determined permeability of

the "Crevasse Canyon Formation". Presumably the data applied

to somewhat weathered outcrop samples of sandstones within

the formation and may represent the situation just beneath

the tailings ponds fairly well. Mercer and Cooper (1970) con-

ducted aquifer tests in the Munoz-lA water well of the City

of Gallup (in section 17, T. 16 N., R. 18 W.) and for a 267-

foot screened section of Gallup Sandstone indicated a trans-

missivity on the order of 2,000 gpd per foot or somewhat less.

The indicated permeability would have been around 1 foot per

day; electric logs showed the Dilco sandstone units to be very

similar to those of the Gallup.

Beyond the influence of the groundwater mound created

by infiltration from the tailings pond, groundwater within

the sandstones of the Dilco can be expected to move downdip

at a rate commensurate with the gradient imposed by the dip

of the rocks. It is not likely that the rather massive'sand-

stone beds would be saturated very far downdip and thus

-5-
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confined (artesian) conditions probably would not be estab-

lished.

The structural dip in the area is northward at a rate

averaging about 240 feet per mile and that can be considered

a maximum overall hydraulic gradient for practical purposes.

Near the ponds, where water is being recharged from the source

directly above the sandstones, the gradient would be steeper,

but at any significant distance the gradient would flatten

and probably almost coincide with the bedding planes.

Still further from the point of recharge beyond the

points of saturation and confinement the gradient would be

less steep. The artesian situation at well 17.15.30.341

(15T-303) in which the water level is at least 160 feet above

the top of the aquifer (Gallup Sandstone) illustrates this

point. Based upon a permeability of about 1.0 foot per day

and at a gradient of 240 feet per mile, water movement would

be 0.24 feet per day or about 88 feet per year downdip from

the tailings pond in the zone above the point of confinement.

Presumably the rate would be lower further downdip.

At present only one well exists that could conceiv-

ably be reached within many decades by water from the pond.

It is well 17.15.30.341 which is about 1.6 miles from the.

north line of section 2 (T. 16 N., R. 16 W.) in which the

pond is to be. That well produces from the Gallup Sandstone,

which was reportedly reached at a depth of 480 feet; the well

is cased through the Dilco sandstones and the upper part of

the Gallup to a depth of 537 feet. Only if water from the

M -6-



Dilco is entering the well by flowing downward between the

casing and the hole could there be an opportunity for direct

-contamination.

Gallup Sandstone

At a depth of perhaps 180 feet below the tailings pond

area occurs the first sandstone unit which may be part of the

Gallup Sandstone aquifer (see Fig. 2)_ This sandstone under-

lies a- section of approximately 110 feet of sandy and carbon-

aceous shales, very thin lenticular sandstones and coal which

are below the "Dilco sands" and assigned to the Dilco Coal

Member of the Crevasse Canyon Formation. The sandstones

which comprise the Gallup Sandstone aquifer constitute a net

thickness of about 210 feet in a total section of approxi-

mately 490 feet. The uppermost sand, about 35 feet thick,

is probably correlative with the "stray" sandstone of some

authors. It is referred to the Gallegos Member by geologists

of United Nuclear Corporation. It is separated from the next

major sandstone by a thickness of about 45 feet of sandy mar-

ine shale and interbedded thin sandstones. The second major.

sandstone, also about 45 feet thick, is considered the lower

part of the Gallegos Member by United Nuclear Corporation

geologists, and near the location at the millsite it rests

directly on the "first Gallup Sandstone" which appears from

electric logs to include about 85 feet of sandstone. The-

first Gallup rests upon approximately 130 feet of sandy

marine shales and thin lenticular sandstones assigned to

the Mancos Shale, which in turn rests upon the "second Gallup"

-7-
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which is correlative with the "massive Gallup" that can be

traced over a large area in the southern San Juan Basin.

All of these sandstones are considered together as part of

the "Gallup aquifer" because it is assumed that all are hy-

draulically connected, at least in some areas toward the

southwest where the intervening marine shale tongues pinch

out and the transgressive and regressive sands merge, and

because in the logs of many wells drilled into the "Gallup"

it is not possible to determine with assurance which part-

icular sands are providing water to the well.

The upper sands described above are all variable in

thickness, generally becoming thinner toward the northeast.

(i.e. depositionally seaward) direction. The two lowest-

beds .(referred to as the first Gallup and second Gallup) are

the most persistent but only the lower continues as a massive

sandstone into the central part of the San' Juan Basin. The

upper sandstones of the "Gallup aquifer" are of irregular

lithology and generally are composed of light-gray to buff,

or pink, fine- to medium-grained sandstone sometimes with

coarser-grained channel fillings. The upper units also con-

tain a number of thin shale beds. The two lower sandstone

beds are generally buff to light gray, fine-grained and

silty, and the. lowest (second Gallup) becomes gradually finer-

grained towards the base merging with the rather thick trans-

ition zone which comprises the upper 100 feet or so of the

underlying Mancos Shale.

Although drilling has indicated the Gallup is a good

--8--



aquifer throughout much of the area along the southern rim

of the San Juan Basin, and the Gallup is the principle aquifer

in a number of wells near Gallup including four supply wells

at Window Rock Junction, the Gallup has not been extensively

utilized as an aquifer in the area of the Churchrock Mine

(see Table 1). Records show only two wells completed. in the

Gallup near the mine. These are well 17.16.32.112, about 3.5.

miles north-northwest of the mine, and well 17.15.30.341 about

2.5 miles northeast of the mine in the valley of Pipeline Can-

yon. Neither of these wells penetrates more than a small part

of the total thickness of the Gallup aquifer. Specific cap-

acities of these two wells are 0.15 and 0.46 gpm per foot,

respectively. Water quality is only fair, total dissolved

solids being 1,390 and 2,450 ppm; water from both wells is

high in sulphate (see Table 2).

It is not likely that any water from the tailings pond

could enter the Gallup directly because of the thick section

of relatively impermeable material between the Dilco sand-

stones and the first unit of the Gallup aquifer. There is

a rather remote possibility of contamination entering the

Gallup by way of the alluvium in Pipeline Canyon. If a sig-

nificant amount of contaminated water were to enter the alluv-

ium it would recharge the Gallup to some degree at the point

where the alluvium crosses the subcrop of the Gallup in the

canyon floor.

Any contaminated water which would enter the lower-

most and most continuous of the Gallup aquifer sandstones

L. •,. -9-
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would do so at least one-half mile southwest of the proposed

tailings pond at the point in the canyon where the outcrop

of this sandstone crosses. Presumably water in the Gallup

is under artesian conditions beneath the tailings pond and

therefore there would be no recharge into the Gallup in that

area.

Dakota Sandstone

The following discussion of, the Dakota Sandstone follows

the stratigraphic nomenclature of Marvin (1967). The top of

the Dakota Sandstone is at a depth of about 1,160 feet below

the tailings pond area (see Fig. 2). The Dakota is separated

from the Gallup Sandstone by approximately 500 feet of Mancos

Shale which is composed primarily of dark gray and greenish-

gray shales with thin interbedded sandstones. The Mancos has

very low relative permeability and for all practical purposes.

can be considered an aquiclude. The upper member of the Dak-

ota Sandstone,.termed the Two Wells Member, is approximately

61 feet thick and is composed of an upper massive sandstone

unit approximately 47 feet. thick, a lower fairly massive sand-

stone about 8 feet thick and an intermediate shale zone. The

massive sandstone units are highly resistive and "clean" and

can be assumed to contain water of relatively good quality.

Below the Two Wells Member lies approximately 56 feet of shale,

generally similar to the main body of the Mancos Shale lying

above the Two Wells Member and referred to by Marvin as the

Whitewater Arroyo Shale. The Whitewater. Arroyo is a tongue

of Mancos Shale which merges with the main body to the north-

:6

II~i
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eastward in the San Juan Basin. Like the main body of the

Mancos Shale, the Whitewater Arroyo has very low permeability.

Beneath it is an unnamed member of the Dakota approximately

66 feet thick which is made up of 6 ledges of clean, resist-

ive sandstone separated by marine shale. The net thickness

of resistive sandstone in this lower unit is approximately

38 feet.

Four wells in the vicinity of the Churchrock mine

draw water from the Dakota. These are wells 16.15.17.141,

well 16.15.20.121, well 16.16.1.112 and well 17.16.35.414.

The last mentioned is the United Nuclear Corporation water

well which probably is completed in both the Dakota and West-

water Canyon Sandstone Member of the Morrison Formation which

lies below it. The first well mentioned is equipped with a

windmill and pump jack and located about 1.5 miles north of

Pinedale Trading Post and is used for domestic and stock

water supplies. The second well mentioned is at the Pine-

dale Chapter House and is used primarily for domestic supplies.

It is equipped with a submersible pump. The third well is

about 1.5 miles east-southeast of the Churchrock mine and

is equipped with a windmill and is used for domestic and

stock water supplies.

Well 16.15.17.141 is open to only 10 feet of the aqui-

fer and has a specific capacity of approximately 0.03 gpm/ft.

Water quality is fair with a conductance of 160.. Well 16.15.

20.121 is open to approximately 85 feet of the Dakota Sand-

stone'aquifer 55 feet of which is in the Two Wells Member

-ii-
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and approximately 35 feet of which is in the lower unnamed

member of the Dakota. This well has a specific capacity of

approximately 0.07 gpm/ft and water quality is somewhat poor

with a conductance of 1,600. It may be that the poorer water

quality is due to the fact that the well is completed in both

the upper and lower zone. The "shaliness" of the lower zone

probably contributes to the higher dissolved solids content.

Well 16.16.1.112, a recompleted oil test, is open to only 7

feet of the aquifer, probably in the Two Wells Member, and

it has a specific capacity of only 0.01 gpm/ft. Specific

conductance of the water is 1,060. Though well 17.16.35.414,

the United Nuclear Corporation water well, probably is draw-

ing water from both the Dakota and the Westwater Canyon

Member of the Morrison the similarity in quality between the

water from the well and the water pumped from the mine indi-

cates that most of the water being pumped ,from the well is

being drawn from the Westwater Canyon Member.

The fact that water levels in all four of the wells

mentioned above have declined in the past few years indicates

that there is some hydraulic connection between the Dakota

and the Westwater Canyon Member from which water is being

pumped in the Churchrock mine. This phenomenon will be dis-

cussed at greater length in the consideration of the Westwater

Canyon Member.

Except for stock water supplies near the southern rim

of the San Juan Basin the Dakota Sandstone is not an import-

ant aquifer. There is virtually no possibility of contaminated

-12-



water entering the Dakota from the tailings pond and except

for the lowering of piezometric surface with respect to water

in the Dakota by pumping from the United Nuclear Churchrock

mine and the Kerr-McGee mine there is little or no potential

adverse affect on water supplies.-

Westwater Canyon Sandstone Member

The Westwater Canyon Member of the Morrison Formation

is probably the best aquifer beneath the tailings pond area

(see Fig. 2). It lies at a depth of approximately 1,420 feet

below the tailings pond and is separated from the base of the

Dakota Sandstone by approximately 75 feet of green shales in-

terbedded with sandstones assigned to the Brushy Basin Member

of the Morrison Formation. It includes approximately 135 feet

of what appears to be relatively "clean" resistive sandstone

in a total thickness of approximately 280 feet. The sand-

stone is typically light gray to pale-yellowish brown with

minor breaks of greenish-gray shale. The sandstone is gen-

erally poorly-sorted ranging from fine- to coarse-grained

and often contain channel fillings, coarse-grained sand and

conglomerate.

The coefficient of transmissivity for the Westwater

Canyon Member generally falls in the range between 1,000

and 2,500 gpd/ft. for wells east of the Churchrock mine in

* the area of Crownpoint and Borrego Pass. Wells west of the

Churchrock mine seem to indicate poorer transmissivity for

=i the Westwater Canyon Member and in the City of Gallup

Munoz-lA well there was very little difference between an

-13-
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aquifer test of the entire well producing from the West-

water Canyon Member of the Dakota Sandstone, and the Gallup

Sandstone and a test restricted to the Gallup Sandstone

which indicated that neither the Westwater Canyon Member

nor the Dakota contributed a significant amount of water

to the well (Mercer and Cooper,. 1970). To the north, to-

ward the center of the San Juan Basin, the Morrison seems

to have potential as an important aquifer, however. Strong

water flows have been noted in uranium test drilling in a

(1 band from Coyote Canyon through Standing Rock and a point a

few miles north of Crownpoint. An important well finished

in the Westwater Canyon Member has recently been completed

in T. 23 N., R. 14 W., and municipal water supplies are

drawn from the Westwater Canyon at Crownpoint. The quality
.6

of water within the Westwater Canyon Member is typified by

that pumped from the United Nuclear Corporation Churchrock

mine (see Table 2). Quality is generally good with conduct-

ance less than 700 and total dissolved solids not much more
than 400 ppm.

Because of the considerable thickness of relatively

impermeable Mancos Shale which overlies the Dakota and the

Westwater Canyon and because of heavy pumping from the West-

water Canyon there is little or no chance of contaminated

water entering this aquifer because of activities at the

Churchrock mine or mill; however, the pumping does produce

an effect on the aquifer in the form of a decline of the

piezometric surface.

351,
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Comparison of recent water level measurements with

those taken before pumping from the United Nuclear mine

began in 1968 (see Table 1), and examination of the water

level data for the old Churchrock mine indicate that a very

considerable cone of depression may be developing because

of pumping in the United Nuclear and Kerr-McGee mines. The

level in the old Churchrock mine, about 3.2 miles from the

new mine, has dropped about 175 feet since pumping began, and

the levels in four windmill wells tapping the Westwater Can-

yon also appear to have fallen. Well 16.16.15.432, about

2.6 miles from the new Churchrock mine, was measured in 1959

at which time the water level was 181 feet. In August 1974

the level was 257 feet. The latter measurement was made after

the pump had operated a few strokes, but the storage tank was

almost dry. Well 16.15.17.141 is about 4 miles from the new

mine and was reported to be flowing about .25 gpm when fin-

ished in November 1957. Based upon the specific capacity

reported when the well was bail tested at that time, the

shut-in head should have been about 8 feet above land sur-

face. A measurement in August 1974 indicated a level of 87

-feet below land surface and there had been no pumping for

at least 12 hours.

S•The new well drilled in 1968 (16.16.14.242) and pumped

* very little since being equipped with a pump jack rather than

- a windmill was measured in August 1974 and the water stood

at 54 feet. That level seems somewhat higher than might be

expected based on the two wells mentioned just previously

-15-



and it may be that the cone is developing irregularily or

that pressure declines are considerably different in various

zones of the Morrison and Dakota depending upon permeability.

Deeper Aquifers

Several stratigraphic units which yield water in other

areas are present below the Westwater Canyon Member at the

millsite (see Fig. 2); almost nothing is known of their water-

bearing characteristics there, however. These units include,

in descending order, the Bluff Sandstone, the Summerville

1' Formation, the Todilto Limestone, and the Entrada Sandstone

(all of Jurassic age), the Wingate Sandstone and several sand-

stone units in the Chinle Formation (of Triassic age), and

the San Andres Limestone and Glorieta- Sandstone of Permian

age. None of these units are tapped near the millsite be-

cause adequate supplies have been available from shallower

rocks'.

.Except for the San Andres-Glorieta system, none of

the above-mentioned are considered good aquifers within many

miles of the millsite. The possibility of any contaminant

entering any of these units from the tailings pond is extremely.

remote because of the thickness of impermeable rocks inter-

vening.

There is considerable likelihood that all of the Jur-

assic rocks mentioned above, and the Wingate Sandstone as

well, are-hydraulically connected to some degree with each

6. other-and with the Westwater Canyon Sandstone Member. There-

fore it is probable that pumping from the United Nuclear and

-16-



Kerr-McGee mines will result in decrease of artesian press-
,I;

ure within these units. However, no water-users are likely p
to be affected.

SURFACE WATER

Characteristics of the Drainage

System Near the Millsite

The millsite lies near Pipeline Canyon, which is

tributary to the North Fork of the Rio Puerco in the drain-

age basin of the Little Colorado River (see Fig. 3). The

North Fork of the Puerco drains some 281.3 square miles, of

which 18.7 square miles comprise the drainage area of Pipe-

line Canyon above the millsite. All of the watercourses

within the North Fork drainage are arroyos which are nor-

mally dry except for storm runoff, or carry only very small

base flows in unconnected reaches. Except for storm flows

the only significant surface flow is water pumped from the

United Nuclear Churchrock mine and diverted into Pipeline

Canyon and thence to the North Fork.

There are no surface water diversions or control Ii
structures below the millsite, and none above the millsite

except for small impoundments for stock water and erosion

control. Only one could exceed 10 acre-feet, and then only

during a very wet period.

There are no downstream users of surface water for

many miles, except in the sense that subflow in alluvium in

the North Fork is tapped by several shallow wells. This

water, technically groundwater, is derived from storm flows

-17-
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passing down the arroyos, and is pumped for domestic and

stock-watering use.

Flood Frequency and Duration,
Pipeline Canyon

The peak discharge which might be expected in Pipe-

line Canyon is difficult to estimate except by comparison

with similar drainages. In terms of "highest known dis-

charge", regardless of record length or recurrence inter-

val, recorded peaks can be plotted in terms of discharge

per unit drainage area against drainage area. An "envelope

curve"t can then be drawn which defines the limit of peak

discharges. Such a curve for the Puerco and its tributaries

is shown as Figure 4. The curve is not well-defined, and

does not take into account differences in the characteristics

of the drainage basins. Used as an indication of the maxi-

mum flood, the curve would lead one to expect a discharge of

perhaps 6,400 cfs (340 cfs/sq. mi.). Obviously, a larger

number of stations and longer record periods would be re-

quired before the "envelope curve" could be considered even

a moderately precise estimating tool. An "envelope curve"

encompassing the highest known peaks for all stations in

New Mexico in the Puerco, Zuni, San Francisco, and Gila

drainages shows a peak of about 900 cfs/sq. mi. for an 18.7

sq. mi. drainage, or about 16,830 cfs. An estimated "aver-

age" or best fit curve yields a peak discharge near 220

cfs/sq. mi., or 4,120 cfs.

A commonly used "envelope curve" relation is Q=20001fK,

which fits fairly well for streams in the Colorado drainage

"Q J

-18-
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basin within New Mexico (Hale, Reiland; and Beverage, 1965).

That relation yields a peak discharge of about 8,650 cfs for

a stream draining 18.7 sq. mi.

A more refined approach is the regression analysis

technique used by Scott (1971). In Scott's analysis, drain-

age area, slope, and mean minimum January temperature are

empirically related to flood frequency and peak discharge.

Application of that technique, and using a drainage area of

18.7 square miles, a channel slope of 44 feet per mile, and

an interpolated temperature of 18. F. yields the frequency

curve shown in Figure 5. The "25-year flood" would peak at

about 2,600 cfs, the "50-year" at 3,500.

All things considered, and giving some subjective weight

to the rather low slope and the extraordinarily straight channel

above the millsite, it would appear that the frequency curve

(Fig. 5) may represent values somewhat below the truth.

A.E.C. Regulatory Guide 3.8, in part 2.6.2, refers to

the "probable maximum flood (PMF), as defined by the Corps

of Engineers", and indicates that the capability of facil-

ities to pass or retain a PMF is to be considered in the en-

vironmental report. The writer understands the PMF to be

the "500-year flood" for forecasting purposes.

In the absence of discharge data for Pipeline Canyon,

and because of the great uncertainty involved in extrapo-

lating the hypothetical frequency curve (Fig. 5), it might

be best to use one of the "envelope curves" mentioned above

to arrive at a guess as to the PMF. Some value in the range
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between the 6,365 cfs arrived at in Figure 4 and the "Q=2000fK"

result of 8,650 cfs might be near the mark.

SUGGESTED MONITOR-WELL PROGRAM

In order to help determine the rate of infiltration of

water from the tailings pond into underlying materials,: and

to identify the chemical nature of such water after entering

the underlying material, two groundwater monitoring wells are

suggested. These are;

1) 10001 from north line, 600' from east line of

section 2. Depth 120 feet. Perforated casing

from 50 to 120 feet. The purpose of this well

would be to monitor water which might enter the

Dilco Formation sandstones and be moving down-

dip in them.

2) 950' from south line, 350' from west line of

section 2. Depth 150 feet, well into bedrock.

The purpose of this well would be to monitor

water which might enter the alluvial fill in

Pipeline Canyon and subsequently enter the

bedrock. It is recognized that much of such

water may be intercepted by the deeply in-

cised arroyo which borders the dam for nearly

half its length, but it would be much better

to measure both water quality and (possibly)

the gradient of the phreatic surface in a

well. Perforations should be from-about 60

feet to total depth. It is anticipated that

-20-
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some natural runoff will enter the well as

bank storage dissipates after an exception-

ally wet period, and that some perched water

may be encountered. Thus an effort should

be made to collect and analyze samples and

measure the water level regularly so that the

effects of the several influences can be in-

terpreted.

It is intended that the monitor wells be rather close

to the tailings pond so that the presence of water infil-

tering from the pond, if any, can be detected early. The

position of the dam is assumed to be that shown on Kaiser

Engineers drawing number CUM-SK-TD-3, revision R-O, dated

August 12, 1974.

The constituents to be analyzed for should include

those listed in the proposed New Mexico Water Quality Con-

trol Commission regulations for effluents which may enter

groundwater.

Holes should be air-drilled, then allowed to stand

24 hours. Water level (if any water is present) should

then be measured and water sampled by bailing. Hole

should be filled with good-quality clear water and electric

logs run to top, then rate of water level drop should be

noted.

Each hole should be cased, preferably with a rel-

atively inert material such as PVC. The casing should be

perforated (1/8-inch holes would be satisfactory) as indi-

-21-



cated, and a makeshift cement basket placed just above the

uppermost slots. The casing should then be cemented in from

that point to surface to prevent surface infiltration from

entering the well.

It would probably be wise to pour a substantial con-

crete collar around the well (see Fig. 6), with a stub of

steel pipe cemented in around the PVC casing and provided

with a lockable, raintight cover. This arrangement provides

some protection from possible flood waters, and from vand-

alism.

John W. Shomaker
Consulting Geologist
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1812 Imperial Ridge
Las Cruces, New Mexico 88001
September 13, 1974

Mr. R. D. Born
United Nuclear Industries, Inc.
1201 Jadwin Avenue
Richland, Washington 99352

Dear Mr. Born:

Enclosed please find a report on the plants and animals observed or
showing sign on your Church Rock property in McKinley County, New Mexico.
W.e did not make any statements concerning potential hazards of the
water in the tailings disposal or evaporation ponds to migratory or
resident animals because we feel you have consultants, or personnel, who
are more informed on these problems than we are. We realize that the
problem of a toxic level of molybdenum, mercury, lead or other ions
in the water could develop, but we are not in a position to hypothesize
on this..

The map in Figure 1 was drawn directly from the aerial photo mosaic you
sent. You could probably develop a map of better scale by using the
original photos that show detail more clearly.

i was assisted in the surveys, analyses and write-up by Dr. V. W. Howard,
Associate Professor of Wildlife Science and Dr. Reldon Beck, Assistant
Professor of Range Science. We can furnish vitae if you need them.

if you have any questions, please let me know.

Sincerely,

W..i .Goul-d -,

WX. L. Gould



ECOLOGY OF THE UNITED NUCLEAR CORPORATION'S

NE CHURCH ROCK, NEW MEXICO, PROPERTY

£;TRODUCTION

This report pertains to the United Nuclear Corporation's North East

Church Rock property located in Section 2, T16N R16W in McKinley County,

iew Mexico. The report presents an inventory of the present status of

wildlife and vegetation present in the area. The occurrence and impor-

tance of any species in the report may change in the future as vegetation

and animal populations are dynamic, and subject to change with changing

environmental conditions. Only the current status of the floral and faunal

populations found within the area has been included. The report does not

intend to exclude the possibility of theý occurrence of other species of

zlants or animals.

SOILS

Two major soil associations are found in the area. The Rock Land-

Travessilla, association is found on about two-thirds of the area, and the

Lohmiller-San Mateo association makes up the remainder (Maker, et al. 1974).

Characteristic features of the Rock Land-Travessilla association are the

steep canyon walls and escarpments and the gentle to strongly sloping fans

and valley floors below the canyon walls and escarpments. Outcrops of

s-andstone bedrock &re found in the northwestern and southern part of the

area. The outcrops of bedrock commonly occur as vertical or nearly verti-

cal exposures or ledges. The soils •are generally shallow.but small, iso-

.ated Dockets of moderately deep to deep soils occur on the escarpments
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where aress with a lesser slope have formed. The thin surface layer of

so.l ý5s light brownish-gray or light brown, slightly calcareous fine sandy

lca= or stony, fine sandy loam. Subsoils vary from sandstone to clay.

Pinyon, J3tier and. sagebrush are the prominent vegetation on this

a•soe'cizn..

T-he .ohmiller-San Mateo association makes up the central portion of

the area aed includes the alluvial valley and flood plains which are

oriented in a northeast-southwesterly direction. The Lohmiller-like soils

are deeo and fine textured and occupy the level to very gently sloping

flood plains and swales. San Mateo soils occur on gently sloping plains

adjacent to intermittent drainages. The surface soils of this association

are calcarcecous loam or clay loam underlain to a depth of five feet or more

by strati-fed loan-, fine sandy foams and clay loams. The soils in this

association are highly susceptible to erosion, and deep, vertically-walled

0.0-llies occur in the valley bottom. An erosion control dam built in about

the riddie of Section 2 has caused the gullies above the dam to fill with

silt, but besov the dam there is a deep erosion channel.. Except in the

interittently flooded area above the dam, the area supports a fair to

good stend c'f native grass and shrubs, including such species as blue

gra_-a, -;-._ ";-heatgrass, alkali sacaton, fourwing saltbush, rabbitbrush,

sneueeedd, and various annuals.

..... S:A--J OF-ILDLIFE

-i.-:entoy of wildlife species, or signs of wildlife, was made on

-he s:-e uri-ng August 23-26, 19T4. This inventory does not assume to be.

a S-- e-survey, nor does it assume that the fauna will remain static as

",-il.dite _-nuD.Ofl~ons are subject to many changing environmental conditions.
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TRAPUPIiDG OF SMALL 'MOAALS

Results of two nights of trapping for small mammals are presented in

T'able 1. Only the deer mouse appears to be present in fairly large numbers.

All rodents were trapped in the flood plain and adjacent sagebrush, except

the pinyon raice. This species was trapped only in the pinyon-juniper type.

07FRE'R WILDLIJ-?

The most important wildlife species in the area is the mule deer.

Signs of these animals were observed in the pinyon-juniper type along the

south and east side of the area. Some tracks were observed along the flood-

control dam near the, center of the area. The animals apparently were going

to. the arroyo for water.

Mourning doves were using the flood plain to feed and consume gravel.

There was not a larger number of these birds present in the area. The

availability of other gravel sources in the immediate locality should be

adequate for the mourning dove population.

None of the rare or endangered avian predators were observed in the

area. However, there could be periodic use along the steep bluffs by both

bald and golden eagles. Since these areas probably will not be altere-d by

the proposed. development, there should be a minimal disturbance to these

birds should they begin using the area.

None of the remaining species seen in the area are restricted to the

-bitat types of the area. Therefore, the proposed development should have

"little effect on the populations of these species outside the disturbed

areas. A listing of animals or sign observed is presented in Appendix I.
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Table 1. Results of rodent trapping effort on the United Nuclear
Corporation NE Church Rock property.

Estimated
Night I Night 2

Species (70 traps) (75 traps) Total density
• per section

Deer Mouse 19 10 29 T28

Pinyon Mouse 1 0 1 26

Western Harvestmouse 1 0 1 26

Little Pocketmouse 2 0 2 52

VEGETATIONAL AOD RANGE ANALYSIS1-This report is based on field vegetation sampling conducted on the

area on August 24-25, 1974.

•0_ HODS

ziSampling locations were selected to give adequate coverage of the area

and at the same time measure a representative cross section of the plant

species growing on the area. The area was separated into three major vege-

i tation types by general aspect: (1) alluvial valley and plains, (2) sage-.

brush-grass, and (3) pinyon-.Juniper. A total of '24 sampling locations vere

sampled in the area with ten located in the alluvial valley and plains,

five in the sagebrush-grassland type and nine in the pinyon-juniper. A

map sh•-. ng vegetational types is shown in Figure 1.

;ne vegetation was sampled using line-point sampling (Heady, Gibbens

end ?o';ell, 1959, and Ovensby, 1973) for aerial cover and botanical

iii



FIGURE 1.

MAP SHOWING VEGETATION TYPES ON THE UNITED NUCLEAR CORPORATION
N. E. CHURCH ROCK PROPERTY IN McKINLEY COUNTY, NEW MEXICO, AUGUST 1974

VEGETATION TYPES

WAlluvial Valley and
Plains- Grassland

S agebrush

Grassland

JPinyon
Juni per
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Scomposition. At each sampling location a 100-foot steel tape was stretched

between two points in a random direction. Readings were made at each foot

mark along the tape.. When a plant part occurred vertically above a "foot-

ýrk"r on the tape, the individual plant species was recorded as a "hit".

f no plaint part was within the vertical projection above a "footmark",

then the plant species nearest to the point was recorded, but not as a

"hit". A total of 240o points were recorded in all three vegetation types.

Only perennial vegetation was recorded; annual plants were recorded for

* species lists only. Percent cover was calculated by dividing the number

of "hits" by the total number of points for each transect. Percent com-

position was calculated by dividing the total number of "hits" and "misses"

by 100 for each species on each transect.

A grazing capacity estimate for livestock was made using the range

survey technique (Pickford, 1940. and Collier, et al., 1937). For this

area a forage acre requirement of 6.25 per animal-unit-year was used as

derived by Gould, Howard and Valentine (1972). Proper use factors were

taken from lists prepared by the New Mexico Interagency Range Committee

in 1937 (Appendix II).

VEGETATION RESULTS

Alluvial valley and plains- Vegetation on the alluvial valley and

plains area is dominated by grasses (Table 2). Blue grama (BgouteL u

gtaciti) and 'sand dropseed (Spo'obotuA c•yptavlLu6A) are nearly equal in

dominance on" the site, with western wheatgrass (Agyopykon Am.itWL) being

Owg
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Table 2. Summary of plant composition and aerial cover of perennial
vegetation for alluvial valley and plains, sagebrush grassland
and pinyon-juniper vegetation types.

Vegetation Types
Alluvial valley Sagebrush- Pinyon-juniper

and plains grassland
% comp. % cover % comp. % cover % comp. % cover

Understory

Grass 82.3 17.1 50.2 9.6 39-0 4.2

Forbs 0.0 0.0 3.6 0.0 35.6 0.0

Shrubs 16.7 3.7 46.2 17.0 2..5 3.9

Total* 99.0 20.8 100.0 26.6 99.1 8.1

Overstory

Oneseed juniper 3.9

Pinyon pine --- 1.2 11.5

Total 1.2 15.4

*May. not add to 100 due to rounding.
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Table 3. Plant composition and aerial cover on alluvial valley and
plains, sagebrush-grassland and pinyon-juniper sites.

Alluvial valley Sagebrush- Pinyon-Juniper
Co--on Names and plains grassland

comp. % cover % comp. % cover. % comp. % cover

GRAkSSES

Blue grama 35.5
Bottlebrush

squirreltail 0.1
Bristlegrass
False buffalograss 1.8
Fescue
Foxtail barley
Galleta 0.1
Indian ricegrass o.
Inland saltgrass 0.7
Muhly
Needle and thread
Red muhly
Sand dropseed• 37.8
Sixweeks grana
Subalpine needlegrass
Western wheatgrass 5

Total grasses 82.3

9.9 31.4 8.2 20.8 2.8

0.5

6.4

0.4

0.8
4.6

0.1

x

0.5

x
x

x
5.7

0.5_

17.1

2.8

50.2

0.4

x

10.1
6.6

1.5

39.0

0.8
10.0

1.2
0.1

0.1

0.1

1.0

9.6
x

FORBS

Aster
Aster, babyw'hite
Annual bursage
Bladderpod
Cholla
Common dandelion
Common rag-'eed
Deer's tongue
Desert baileya
Eaton penstemon
Fireweed summer cypress
Fleabane
Fleabane horse'deed
Four-o' clock
Gi anthyssop
Gilia
Glo'bemallow

3.6
x

x
x

x

x
x
x

x
X

2.5

x

0.1
X

x
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*1'c~3le 3 (cont'd.)

Alluvial valley Sagebrush- Pinyon-juniper
and plains grassland
comp. % cover comp. % cover % comp. % cover

-:GR"-z (cont'd.)

G!obe=allow, scarlet X
G*,-;=-eed X
Eedgehog cactus X
King lupine X
L1---b=s3 uarter X

,M.•i laria X

.'nt zelia o.4
M.4ilk-etch, groundcover x
!4ilk etch, Rusby 0.9
P-•ngýe X I0.6
Prickly pear X X
Purslane X X
Redroot pigweed x
Rock:r mountain beeplant X X
Russian thistle X X
_* S _ .-iy X

Se.n&dverbena x
Silverleaf nightshade X
T-ziste X
"-Wite =argin spurge X
Whaite prairie clover x x
V'zole-eaf Indian paintbrush X X
Wild buckwheat
Wi!• ~ucknheat, James X 3.1

W.ii Lettuce X X
W1id motato x
W-j-t deervetch x
Yu.!a, datil X
': • a, soaptree 0.3

. -z-a forbs 3.6 35.6

-. z•Esz•hrush 0.8 0.1 28.8 13.6 h.7 1.9
z-azk sagebrush X X

-n'-.eweed 13.8 2.5 16.2 3.0 12.7 1.4

-n saltbush 0.2 0.2 0.2 0.2
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Table 3 (cont'd.)

Alluvial valley Sagebrush- Pinyon-juniper
and plains grassland

% comp. % cover % comp. % cover % comp. 3 cover

SHRUBS (cont'd.)

Fringed sagewort
Gambel oak
Gray horsebrush
Mexican cliffrose
Mountain mahogany
Rubber rabbitbrush 1.6
Thre adleaf groundsel
Whitethorn acacia
Wild buckwheat
Winterfat 0.3
Wright sagewort -

X o.6 6.3
X
XX

0.2
0.1

0.2. 0.20.9 0.2
X

X

o.4

0.1 •

0.1

3.9

X

X

ij.

]
ii

4

0.2

3.7 46.2Total shrubs 16.7
0.3

17.0 24.5

TREES

Oneseed juniper
Pinyon pine
Ponderosa pine

Total trees

X
1.2

3.9
11.5

X

15.4

*An ;"X" means the species was found growing in the vegetational site,
but was not recorded on any transect. Generally these species are not
common.

[i1

Mi



11

relatively low, but varies from areas void of plants (recently flooded

areas) to areas having nearly 100% cover, an example being an area covered

by red muhly (Muhtenbepgia Aepen,&). Annual forbs are common in this type

with Russian thistle (Sa~tota kat&) being the most abundant. In some

parts of the plain site broom snakeweed (Gutie/zia .6aAotAAae) dominates

the general aspect while rubber rabbitbrush (Cbujhothamnus naueosuz6) is

common.

Sagebrush-grassland,: Over one-half of the plant composition in this

type is grass, with an aerial cover of less than 10% (Table 2). Shrubs.

dominate the vegetative aspect and have 17% aerial cover. Many shrub

species grow on the area, but big sagebrush (A4tem&ýiAi tdenta) -is the

most abundant. Broom snakeweed is often found associated with big sage-

brush. Blue grama is commonly found on the area vith western vheatgrass

being important in some areas. Trees are relatively uncommon on the area,

however there is some invasion of pinyon pine (Pintu& edaUA) and oneseed

Juniper (JunpeA6 Mnao6peArm) into the sagebrush-grassland on the upper

slopes.

Pinyon-juniper: Of the three vegetation types found in the study area,

this vegetation type had the least understory cover (Table 2). The trees

which dominate the aspect have over 15% aerial cover. Ground cover varies

from sparse to fairly dense cover where broom snakeweed and sages are

common. However, in some parts there is only bare ground and rocks under

the trees. The grasses, the most common understory plants, are dominated

by blue grama and galleta (HiaAia jcamnie6) over much of the area, with

Indian ricegrass (O&yzopZAe hymenoideA) being common in part of the area.

..":y.
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Forbs comprise over one-third of the composition, but contribute

ve7j little to the aerial cover. Pingue (Hyme.noxyS hchakdhon•) and

y-'hite aster (A.6teA Zeucetene) both contribute over 10% to the total

unaerstory composition, while gilia (GiLa sp.) and James wild buckwheat

(6•t0ogonw jamaZi) are commonly found in parts of the pinyon-juniper

vegetationf

A listing of all species found is presented in Appendix III.

VEG E-'TAT IVE PRODUCTIVITY

An estimate of grazing capacity for the three vegetation types is

presented in Table h. Excluding the highway right-of-way, the estimated

grazing capacity is 4.5 animal unit years\'(AJ) for the area. An AUY is

the forage requirement of a 1000-pound cow with calf for a year. This

is low carrying capacity for this rainfall regime, but is due to the low'o

vegetative productivity, caused by excessive livestock use in the past.

Except for the areas where vegetation will be destroyed by the

location of the mill and the evaporation and settling ponds, the produc-

tivity and density of vegetation should increase with the exclusion of

livestock. This should have favorable effects as increased vegetative

cover will stabilize the soil and improve the habitat for many vildlife

snecies.
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Table 4. Grazing capacity and acreages of the alluvial valley and
plains, sagebrush-grassland and pinyon-juniper types on the
United Nuclear Corp. NE Church Rock property.

Acres Forage Acre Forage
Acres Factor Acres Animal unit years

D-_uvial valley and

plains 208 .0639 13.29 2.1

Sagebrush-grassland 135 .0665 8.98 1.h

Pinyon-juniper 277 .0225 6.23 1.0

Total 620* 28.50 -4.5

*The highway right-of-way is not included in the above and is approxi-

-ately 20 acres.
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APPENDIX I

LIST OF FAUNA AND SIGN OBSERVED
ON OR NFAR THE UNITED NUCLEAR CORPORATION'S

NE CHURCH ROCK PROPERTY

MAMMALS

Black-tailed jackrabbit
Desert cottontail
Cliff chipmunik

.Deer mouse
Pinyon mouse
Western harvest mouse
Little pocketmouse

BIRDS

Red-tailed hawk
Common raven
Sparrow hawk
Mourning dove
Pinyon Jay
Brewer's blackbird
Red-shafted flicker
Western kingbird
Western bluebird
Cliff swallow-
Chipping sparrow
Rock wren

Lepws ca fl-Licus
Sytvltaguta auduboni
Eutaam:t do'Lat"
Petaro ncuw manicLztus
PeAomyscus t•uei
Reiithýodonto ms megaotJ.s
Pe.wgnauth8 ton gimembris

Buteo jamaicein.6
Co'vu4 covax
Fa•co spawAvrLu6
Zena.duua macAo UL4a
GymnoxhLnus cyanocephata
Euphaguw canocephatuA
Cotaptu ca4eA
Tq.'rannus IveA~tiauW

Pet•.ochetdon pyLAhono~t
SpizeUa pazeAina
Satpinc-te, ob~softtu

2
3
3

29
1
1

1
6
2

18

numerous
11
1
T

11

8
5

REPTILES

Prairie lizard Scetoporus unduaztuh conobftJ1nue 1

SIGN NOTED

Mule deer
Coyote
Porcupine
Badger
Woodrat.

Odocoiteu, hemiona
Canis ati~Wuni,6
FAe~• zon -dom•ztu•
Ta.xdea taxuh
Neotoma sp.

6 sets tracks
I set tracks

numerous
4 burrows

3 dens
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APPENDIX II

PROPER USE FACTORS FOR IMPORTANT FORAGE SPECIES
ON UNITED NUCLEAR CORPORATION'S NE CHURCH ROCK PROPERTY

Percent
Species . Proper Use*

Big sagebrush 20.
Blue grama hO
Bladder pod ho
Bottlebrush squirreltail 30
Deer's tongue 50
Fescue - 40
Fourwing saltbush 40
Fringed sagewort 30
Gal1eta 4o
Indian ricegrass hO
Inland saltgrass 30
James wild buckwheat 10
Mexican cliffrose 20
Mountain mahogany 20
Sand dropseed 20
Western wheatgrass 140
Winterfat 30

Derived from the New Mexico Interagency Range Committee lists of 1938.

I
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APPENDIX III

SPECIES LIST OF PLANTS FOUND ON
UNITED NUCLEAR CORPORATION'S NE CHURCH ROCK PROPERTY

Scientific name Common name*

Grasses

. Agropyron smithii
Boulteoua barbata

&Wteloua gaciZiZ6V-Lti&hLiL sctcccta~
Futuca sp.
Hitax'ia joanes64A
Homdew jubatum
MUenhek&•a repen,
MZUenberg&a sp.
Mun~oa 6quflA4O6cL
Oryzopsi6 hymenoideA
SeaOtia sp.
Sitanion hy,6tL'2x
Sporobotu4 cAyptandLau6
Stipa cottobiana
Stipa comata

Abi~onila pw2-(2a
Agontache sp.

a4mannthu6 ut•' o6texu
Ambrosia artemLii 6Lot.a
AsteA teucetene
AMte sp.
AMbgatub hwnu•.6t/atu
At6.gaw %usbyi'
BaiLeya nutiZadiata
Casteffrja intega
Chenopodiw atbum
Cteome •eAAutata
Civium sp.
Cryptantha ca4"6is epata
Echino cactaW
Erigvwn canaden6isL
Erigwon sp.
Efigonwn jamesii
Eriogonum sP.
Euphorbia atbomakginata

Forbs

Western wheatgrass
Sixweeks grama
Blue grama
Inland saltgrass
Fescue
Galleta
Foxtail barley
Red muhly
Muhly
False buffalograss
Indian ricegrass
Bristlegrass
Bottlebrush squirreltail
Sand dropseed
Subalpine needlegrass
Needle and thread

Sandverbena
Gianthyssop
Redroot pigweed
Common ragweed
Babywhite aster
Aster
Groundcover milkvetch
Rusby milkvetch
Desert baileya
Wholeleaf Indianpaintbrush
Lambsquarter
Rocky mountain beeplant
Thistle
Deer's tongue
Hedgehog cactus
Horseweed Fleabane
Fleabane
James wild buckwheat
Wild buckwheat..
Whitemargin spurge
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APPENDIX III

(cont' d.)

Scientific Z Common name

FuumeL6 eaa a;cattimpc
GiJJia sD.
G~rin~de~i.a aphaitac-Cx
H!ymenoxy.s Lichvdso~ni
Kochiia. sccpatia
Lac~tu~ca sý-.
Lezquvetea sp.
Lotua vi w'htii
Lup-in4 kingii
Abjm1Litta~'i~a sp.

Men-tzeeZia sp.

Opun4Lcz- St.
Opw1ntia sp.
Pec~ti, pappo25a
Pen4.ternon ea.tcai-
Petaos~temon' m~tdidun
PoP'EtutaLca oZeALca
Sat~ota. IwIL
So~anium e~eagnijoWiun
SoZa~nwn jam e~iZ
Sphae~tace.a coccinea
Spha~ta/zcea. SP.

Ta'taxcim~i o ý(Zcbwtae
TAhagapogon sP.
Yucca bacca-ta
Yucca eta-ta

Acac~a cc nsVttccta
AMtenti.6 ia. ,,%gida

AMtemiZsia ~tiden&tat

A~ttptex canfe-3ceas
Ce~coca,%pus mci~anus
CtvA~pso~whrrimu~s nact so sw
Condatia s':.
Covwan-a mecca,_,x

Annual bursage
Gilia
Gumweed
Pingue
Fireweed summercypress
Wild lettuce
Bladderpod
Wright deervetch
King lupine
Mammi llaria
Mentzelia.
Four-o 'clock
Cholla
Prickly pear
Lemonweed
Eaton penstemon
White prarieclover
Purslane
Russian thistle
Silverleaf nightshade
Wild potato
Scarlet globemallow
Globemallov
Common dandelion
Salsify
Datil yucca
Soaptree yucca

Whitethorn acacia
Fringed sagewort
Black sagebrush
Big sagebrush
Wright sagewort
Fourwing saltbush
Mountain mahogany
Rubber rabbitbrush
Condalia
Mexican cliffrose

sO

Shrubs
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APPENDIX III

(cont'd.)

Scie-nti-ic name Common name

E-~Log 0ittn .Sn
Ecotoia. tZatta
Gutimezzi sa.-,aea~hte
Quvz~cu ganretZi
Setecio ZongtgZobuw
ret,%dim~& ca~nes cenh

JUA-Lpeaus- monot.5pvw7G
Pinuw e~du.Z
PijuL6 pondvwzae

Wild buckwheat
Winterfat
Broom snakeweed
Gambel oak
Threadleaf groundsel
Gray horsebrush

Trees

Oneseed Juniper
Pinyon pine
Ponderosa pine

*Cc-mon nanes are mostly taken from A. A. Beetle, 1970. Recommended
plant names. Res. J. 31. Agric. Exp. Sta. Univ. of Wyoming.
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Tailings Dam
Church Rock Uranium Mill
United Nuclear Corporation
Church Rock, New Mexico
Job No. E74-1072

INTRODUCTION

This report is submitted pursuant to a preliminary geotechnical

investigation made by this firm of the proposed Tailings Dam

for the Church Rock Uranium Mill located in Section 2, Township

16N, Range 16W north of Church Rock, New Mexico. The object of

this investigation was to provide geotechnical data for design

of the Tailings Damr. Included in the report are the results of

subsurface exploration, field and laboratory tests, geologic

cross-sections and our discussion and recommendations.

PROPOSED CONSTRUCTION

Preliminary details of the project were provided to us by the

staff of Kaiser Engineers. It is understood that the starter

dike will have a crest elevation of 6980 with a maximum height

of approximately 50 feet. Total length of the starter dike

will be approximately 5,300 feet. The ultimate crest elevation

of the dam will be 7035 with a maximum height of approximately

105 feet and a length of approximately 8,000 feet.

INVESTIGATION

Field Investigation

Forty-two exploratory borings were drilled to depths varying

b-etween" 8 and 81 feet below existing grade. Twenty of the bor-

ings were drilled using 6 5/8" O.D., 31" I.D., hollow stem auger

with special carbide insert teeth in the drill bit. Standard

(- SERGENT. HAUSKINS &'BECKWITH
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Tailings Dam
Church Rock Uranium Mill
United jiuclear Corporation
Church Rock, PNew Mexico
Job No. E74-1072

penetration testing and 3" O.D., 2.42", IoD., open-end drive

sampling were performed at 5 foot intervals in these borings.

The remaining borings were drilled with 432" diameter. contin-

uous flight auger with a Colemaster, bit and special carbide

insert teeth.

The field investigation was supervised by staff engineers

Gene Baker and Robert Crossley, of this firm, who continu-

ously examined recovery and prepared the field boring logs.

The results of the test drilling are presented in Appendix A

which includes a brief description of test drilling equipment

and procedures, a site plan showing boring locations and the

logs of the test borings.

Field permeability tests were performed at three of the boring 6

locations by the Bureau of Reclamation E-19 test procedure.

The results of these tests are presented in Appendix B. In

addition, three shallow seismic lines were investigated to

aid in determining the depth of. alluvium present in areas in-

accessible with the drilling rig. This data is presented in

Appendix B.-

Laboratory Analys is

Moisture content determinations were made on selected tube

samples recovered in standard penetration testing while dry

densities were determined for the 2.42 inch diameter open-

end drive samples. The results of these tests are shown on

the boring logs.

BSERGENT, HAUSKINS & BECKWITH
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Job No. E74-1072

Grain-size analysis and Atterberg Limits tests were performed

on selected samples to aid in soil classification. Consolida-

tion and direct shear tests were performed on selected drive

samples obtained and also on two block samples obtained from

the banks of the drainage located to the southwest of the

property. Triaxial shear and permeability tests on samples

of the tailings processed to simulate the cycloned material

for the shell also were performed.

SITE CONDITIONS & SOIL PROFILE

The site is located in a tributary drainage to the Rio

Puerco River to the south, The drainage runs generally

from northeast tosouthwest of the site with a relatively -

broad floodplain on either side, Relatively steep sided

slopes are present on each side of the floodplain extending

upward in a northwest and southeast direction.

Gallup sandstone is the predominant geologic unit underly-

ing the site which is intertongued to a small degree with

the Mancus shale. The composition of Gallup sandstone is

predominantly sandstone interbedded with s ome shale, car-

bonaceous shale and an occasional coal bed. The sandstone

beds,: in most places, form prominent cliffs or ledges which

are separated by mostly thinner siltstone shale and friable

silty sandstone beds.

Present vegetative cover within the floodplain at the site

consists of a very'sparse growth of brush and grass. The

.,SERGENT. HAUSKINS & BECKWITH
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slopes on either side of the floodplain have a light to mod-

erate growth of grass and brush with numerous small juniper

trees.

As indicated by the exploratory borings, the subsoils under-

lying the site consist predominantly of sandy and silty clays

of medium plasticity with lesser amounts of sandy silts and

silty sands. These soils extend tO depths of 90 feet or more

near the center of the present floodplain. Sandstones or

shales are outcropped on either side of the floodplain. The

soils are generally moderately firm, however,. several soft

zones were encountered. A geologic profile is presented in

Appendix A which roughly parallels the axis of the proposed

dam.

.'0

DISCUSSION & RECOMMENDATIONS

1~
[.

>1 1

The consolidation and classification test data, plus general

experience with the types of deposits involved, indicate that

much of the alluvium present at the site would be substantially

weakened by, saturation. Under stresses that will be impqsed, it

is likely that relatively large settlements will occur. Based

upon the consolidation test data, settlements on the order of

1.3 feet are estimated for the starter dike with settlements

ranging to about 2.2 feet for the ultimate height of the dam.

These figures are based upon 90.0 feet of compressible alluv-

ium. Settlements in areas of shallow rock will be slight;

thus, transition zones between areas of deep alluvium and

~ SERGENT, HAUSKINS & BECKWITH
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solid rock will be susceptible to relatively large dif-

ferential settlements. As construction of the dam to its

ultimate height will take place over a period of a number

of years and the embankment foundation soils undoubtedly

will be saturated during this period, the ultimate settle-

ment does not appear excessive. However, the starter dike

will be constructed during a period in which the embankment

foundation soils are at their in situ moisture contents and

saturation will not occur until after its completion. Thus,

a major portion of settlement from the starter dike will oc-

cur fairly rapidly after saturation which could create some

embankment cracking. This should be evaluated carefully,

considering embankment stiffness.

ci

K;

The results of the exploratory drilling and research of

available ground water data indicate that there is not a

general ground water table within the alluvium at the site.

The ground water encountered in some of the borings is be-

lieved to be perched on the underlying rock. This water
level probably fluctuates considerably, depending upon the

precipitation. It is quite probable, however, that the

water contained in the alluvium is in direct communication

with a permanent, general groundwater table at some point

downstream in the Rio Puerco drainage basin.

The tailings were processed into a mixture containing 4 per-

cent passing-the no. 200 sieve and 9 percent passing the no.

100 sieve to simulate the cycloned shell. The results of

&I•' SERGENT. HAUSKINS & BECKWITH
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the triaxial shear test performed on these materials at 70

percent relative density indicate that the angle of internal

friction will be about 38.5 degrees at higher normal forces

and probably at least somewhat higher under low normal forces.

Thus, the use of 38.5 degrees in stability analysis would be
a realistic lower value for the dam shell where a minimum of

70 percent. of relative density is specified.

Shear strengths for the embankment foundation soils can beý

realistically evaluated on the basis of the direct shear

test data. In our opinion, the shear strength of the mass

of these soils under the rate of loading and moisture condi-

Itions involved is near the average of the direct shear tests

performed and is controlled by the clayey soils. However,

lenses of silty sands with rather large lateral extent could

have shear strengths as low as about 30.0 degrees (zero cohe-

sion).

Ample clayey material is available for borrow for the starter

dike. When compacted to a minimum of.95 percent of ASTM'D698

maximum density, a cohesion of 2,000 psf and an angle of inter-

nal friction of 23.0 degrees appears to be within the general

range of shear strengths which would be achieved with the use

of these materials.

A coefficient of permeability of 2,375 feet/year was deter-

mined for the cycloned shell material at about 70 percent
of relative density. Thus, the shell can be expected to be

SERGENT. HAUSKINS & BECKWITH
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very free draining. Borehole permeability tests in the al-

luvium varied from coefficients of 3.8 to 27.0 feet/year with

the higher value undoubtedly being created by stratifications

of silty sands, thereby reflecting horizontal permeability.

It is our evaluation that the mass vertical coefficient of

permeability relative to downward seepage beneath the dam

probably is less than the lower values. Additionally, we

estimate that the coefficient of permeability of the com-

pacted starter dike will be on the order of I foot/year or

less,

SSERGENT, HAUSKINS &BECKWITH
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TEST DRILLING EQUIPMENT & PROCEDURES

Drilling Equipment Truck mounted CME-55 drill rigs powered
with 4 or 6 cylinder Ford Industrial Engines are used in ad-
vancing test borings. The 4 cylinder and 6 cylinder engines
are capable of delivering about 4350 and 6500 ft. lbs. torque
to the drill spindle, respectively. The spindle is advanced
with twin hydraulic rams capable of exerting 12,000 pounds
downward force. Drilling through soil or softer rock is per-
formed with 6½" O.D. 31" I.D. hollow stem auger or 4½" con-
tinuous flight auger. Carbide insert teeth are normally used
on the auger bits so they can often penetrate rock or very
strongly cemented soils which require blasting or very heavy
equipment for excavation. Where refusal is experienced in
auger drilling, the holes are sometimes advanced with tricone
gear bits and NW rods using water or air as a drilling fluid.

Sampling Procedures Dynamically driven tube samples are
usually obtained at selected intervals in the borings by the
ASTM D1586 procedure. Two inch O.D. 1-3/8" I.D. samplers are
used in many cases to obtain the standard penetration re-
sistance. "Undisturbed" samples of firmer soils are often
obtained with 3" O.D. samplers lined with 2.42" I.D. brass
rings. Driving energy is generally recorded as the number of
blows of a 140 pound 30 inch free fall drop hammer required
to advance the samplers in 6 inch increments. However, in
stratified soils driving resistance sometimes is recorded in
2 or 3 inch increments so that soil changes and the presence
of scattered gravel or cemented layers can be readily detec-
ted and' realistic penetration values obtained for considera-
tion in design. These values are. expressed in blows per foot
on the logs. "Undisturbed" sampling of softer soils is some-
times performed with thin walled Shelby tubes (ASTM D1587).
Where samples of rock are required, they are obtained by NX
Diamond Core Drilling (ASTM D2113). The tube samples are
labeled and placed in watertight containers to maintain
field moisture contents for testing. When necessary for
testing, larger bulk samples are taken from auger cuttings.

Continuous Penetration Tests Continuous penetration tests
are performed by driving a 2" O.D. blunt nosed penetrometer
adjacent to or in the bottom of borings. The penetrometer is
attached to 1-5/8" 0.D. drill rods to provide clearance and
minimize side friction so that penetration values are as
nearly as possible a measure of end resistance. Penetration
values are recorded as the number of blows of a 140 pound 30
inch free fall drop hammer required to advance the penetrom-
eter in one foot increments or less.

Boring Records Drilling operations are directed by our.
field engineer or geologist who examines soil recovery and
prepares boring logs. Soils are visually classified in ac-
cordance with the Unified Soil Classification System (ASTM
D2487) with appropriate group symbols being shown on the
logs.

SERGENT, HAUSKINS & BECKWITH
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UNIFIED SOIL CLASSIFICATION SYSTEM

Soils are visually classified by the Unified Soil Classification system on the boring logs presented in this report.

Grain-size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classification.

The classification System is briefly outlined on this chart. For a more detailed description of the system. see "The

Unified Soil Classification.Systemr" Corp of Engineers, US Army Technical Memorandum No. 3-357 (Revised April

1960) or ASTM Designation: D2487-66T.

MAJOR DIVISIONS SYMBOL SMOL TYPICAL NAMES

v.> GW Well qraded qravels. gravel-sand mixtures.
€ CLEAN GRAVELS, 'or sand-gravel-cobble mixtures.

(Less than 5% passes No. 200 sieve) Poorly graded gravels, gravel-sand mix-
(A_. 0 GP
-j l tures. or sand-gravel-cobble mixtures.

• e • - Limits plot below ,

M GRAVELS WITH A" line & hatched zone GM Silty gravels, gravel-sand-silt mixtures.

. 0 c FINES on plasticity chart

Z (More than 12% Limits plot above
w 2 • passes No. 200 sieve) "A" line & hatched zone GC Clayey gravels, gravel-sand-clay mixtures.

- . on plasticity chart

a 00,0 a0 0 _
L 2 0 SW Well graded sands, gravelly sands.

e- 43 CLEAN SANDS

< to V_ (Lessthan .5% passes No. 200 seive 0
B 000 0 0 SP Poorly graded sands. gravelly sands

oth _________ 0 0 4
0r0

a •ANW•T Limits plot below
SSANDS WIT "'A" line & hatched zone M Silty sands, sand-silt mixtures.

FINES on plasticity chart a

(More than 12% passes Limits plot above 0 0"0
No. 200 sieve **A'- line & hatched zone SC Clayey sands, sand-clay mixtures.

I on plasticity chart 0

SILTS OF LOW PLASTICITY I Inorganic silts, clayey silts with slight

'A V - " ILiquid Limit Less Than 50) L plasticity.

'.>A , SILTS OF HIGH PLASTICITY Inorganic silts. micaceous or diatoma-
(J.[Liquid Limit More Than 601 ceous silty soils, elastic silts.

. N CLAYS OF LOW PLASTICITY Inorganic clays of low to medium plas-
L L CL ticity, gravelly clays, sandy clays, silty

SLiquid LimitLess Than 50) clays, lean clays.

< CLAYS OF HIGH PLASTICITY Inorganic clays of high plasticity, fat
:1 (Liquid Limit More Than 60) CH clays, sandy clays of high plasticity.

NOTE" Coarse grained soils with between 5% & 12% passing the No. 200 sieve and fine grained soils with limits
plotting in the hatched zone on the plasticity chart to have double symbol.

PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS

60

5 SOIL COMPONENT PARTICLE SIZE RANGE
50 - - - - - - - -

wA CH-
-- Cobbles Above 3 in.

-- Gravel 3 in. to No. 4 sieve

30- A1IN Coarse gravel 3 in. to 1/ in,
•30---Fine gravel ' in. to No. 4 sieve

Sand No. 4 to No. 200CL 10I MH Coarse No. 4 to No. 10
• C Medium No. 10 to No. 40

CL-ML Fine No. 40 to No. 200

17ZFines Isilt or clay) Below No. 200 sieve
-ML

0 10 20 30 40 50 60 70 80 90 100

LIQUID LIMIT

'IF1 SERGEENT, 1-AUSKINS & BECKWITH
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TERMINOLOGY FOR THE DESCRIPTION OF ROCK

General
Property

Descriptive
Term

VERY
WEATHERED

Visual or Physical Properties

WEATHERING

MODERATELY
WEATHERED

SLIGHTLY
WEATHERED

FRESH

Abundant fractures coated with
oxides, carbonates, sulphates, mud,
etc., thorough discoloration, rock
disintegration, mineral decomposi-:
tion

Some fracture coating, moderate or
localized discoloration, little to
no affect on cementation, slight
mineral decomposition

A few stained fractures, slight
discoloration, little to no affect
or cementation, no mineral decompo-
sition

Unaffected by weathering agents, no
appreciable change with depth

FRACTURING

INTENSELY FRACTURED

VERY FRACTURED.

MODERATELY FRACTURED

SLIGHTLY FRACTURED.

SOLID

THINLY LAMINATED

LAMINATED

VERY THINLY BEDDED

less than V" spacing

1" to 6" spacing

6" to 12" spacing

12" to 36" spacing

36" spacing or greater

less than 1/10"

1/10" to 1/2"'

1/2" to 2"

2" to 2 feet

more than 2 feet

STRATIFICATION

THINLY BEDDED

THICKLY BEDDEL

SOFT

MODERATELY
HARD

)

Can be dug by hand and crushed by
fingers

Friable, can be gouged deeply with
knife and will crumble readily
under light hammer blows

Knife scratch leaves dust trace,
will withstand a few hammer blows
before breaking

Scratched with knife with difficulty,
difficult to break with hammer blows

HARDNESS HARD

VERY HARD

s.SERGENT. HAUSKINS & BECKWITH
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PROJECT L,CHURCH- INo

JOB NO. E74-1072 DATE

........ HA
CK URANIUM MILL

7 -30-74
7-30-74

C

-C

0 C.
, C U

~00
C--

000
oa-x

-C

~0
0-i

r.

00
~0

oC
o.

.0

o C

00
0 o.
,*0
- .0

0-i

Ca.

0'..
4.) 0

~0

-U

00

0

* *;

PIG TYPE_

BORING TYPE_

SURFACE ELEV.

DATUM

6952. 0'
ToI'o

CME -55
41" FLIGHT AUGER

VD- G1?IES'I 9(oomG NO I

oo.

REMARKS VISUAL CLASSIFICATION

0

5

10

15

20

25

30

o0
0
0

o

0

0
0

0
00

ni

v

a

0

0

00
0

C,
a

'o0O

0

SILTY SAND, PREDOM I-
NANTLY FINE, LOW PLAS-

TICITY, BROWN

* 1'FT~
I ~-L---..[-2~-_
I ~ -. sW
I_____ ~ ii

-. I I

_________ I ______Ii - ___

+ .

_____ _____ 4

I ~ ________

Ii I
I{

I~ II ~- T4

1 1 ' t

LI _

I ________ I --
____ I

{.... I _______ --

j ~

CLAY, TRACE OF SAND,
MEDIUM TO HIGH PLASTIC-

ITY, DARK BROWN

I, __

:~iIL.
I I

35 '

7 I--i-._.'-----_-, , . STOPPED AUGER AT 34'6"

_ ___ __ , . I __•___

:4_t,___iq, ___

- -F __

- - -- i|

GROUND WATER SAMPLE TYPE

DEPTH HOUR DATE SA - Auge, eutuing. B - Block sample S __RGENT,_HAUS __N __& BECKWITH

NO NE 5 - 2'" 0.0. 1.38" I.0. tvb. sample. . .o.....r..... .......
U - 3'" O.D. 2.42'" I.. tube .smpie.
T - 3" O.D. thin-.alled Shelby ub-.- A-8



PROJECT CHURCH R*O(

JOB NO. E74-1072 DATE.

CK URANIUM MILL (La OF~ V9) MORON, No 2
7-30-74

... . -.

0*
0

U-

0.
*0.
0

0
C

0! 4

~0 E
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A,

*-s
0~ So a

~ £
* C~Ca

.0 -

o ~ =
- '0

- .2

~0
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B-.'

0-J

r t,
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CL

C
0

Z0

T .

RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUM

CME -55
6-L" HOLLOW STEM AUGER

6954.0'
ToPo

REMARKS VISUAL CLASSIFICATION

______ - .t I

5

10

15

00
. . .. 00 0

0
o 0

I III ____

I ______ IIISM

lEA IiIlfl

SILTY SAND, TRACE OF
GRAVEL, PREDOMINANTLY

FINE, LOW PLASTICITY TO

NONPLASTIC, LIGHT. BROWN

* s_ I I_ _ I__ MODERATELY SILTY CLAY, TRACE OF
..... L FIRM SAND, MEDIUM PLASTIC-

- ..ITY, DARK BROWN

X7

31 -v 1 8~~ ___

VAi

SOFT TO MOD-

ERATELY FIRM
CLAY, TRACE OF SAND,

MEDIUM TO HIGH PLASTIC-

ITY, DARK BROWN

20

25

30

35

4C

45

I A t•

o 0o.

00

0 0

0 0

000

0 00

0 0
0 0.0.

0 0

00 0
00

0 0 0

0 0
0 0 0.

0 .0

000

00

0 0
0 a*

0 D0

000~

PN

+ _ __ _--- _--- A---K -

5 S_2_

LOOSE SAND, SOME SILT, PRE-

DOMINANTLY FINE TO

MEDIUM, LOW PLASTICITY,

BROWN

NOTE: OCCASIONAL LAYER

OF SILT & CLAYEY SAND

MEDIUM DENSE SAND, CLEAN, POORLY
GRADED, PREDOMINANTLY
FINE TO MEDIUM, LIGHT
BROWN

1~77~ t . I

7

7<

//i MODERATELY

FIRM
CLAY, SOME SAND, MEDIUM
PLASTICITY, BROWNr~ct-.___ ___ ___ CL

_____ -4 _____

____ I _____

-I

0 0o
00 0

0 0

z(Js 9. 14•+
LOOSE

-- F,..... . . t F-
_ SM-

SAND, SOME SILT, PRE-

DOMI'NANTLY FINE TO ME-

DIUM, BROWN

NOTE: SOME THIN CLAY

LAYERSI~1- .1. ____________________ B

GROUND WATER
DEPTH HOUR DATE
• _501, 11 :00 7-30

-- .A.M.

SAMPLE TYPE

A - Auger cuttings. B - Block soapl.
S - 2" O.D. 1.38" I.D. tube sompie.
U - 3" O.D. 2.42- I.D. tube samnple.
T - 3" O.D. thin-aolleJ Shelby tube.
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FM F -55
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00 0
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CJ

I
0.
5
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00
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.0
0-i
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----I I 0 0

000
0 0

0 0

0 0 00 a000
°00

MODERATELY
FIRM

SAND, SOME CLAY, TRACES
OF CARBON CONTENT, PRE-
DOMINANTLY FINE TO ME-
DIUM

MODERATELY
FIRM TO
VERY SOFT'

CLAY, TRACE OF SAND,
HIGH PLASTICITY, DARK
BROWN

0

STOPPED AUGER AT 741611

GROUND WATER
DEPTH HOUR DATE

SAMPLE TYPE
A - Aug-r cuR.B.. 8a Block Semple
S - 2" O.D. 1.38" I.D. tube sample.
U - 3" O.D. 2.42" I.0. tube sample.
T - 3'" .D. thin-wollJI Shelby ,wbe,
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(LgOF vjSv? fi©RUN4 No. 3PROJECT
JOB NO.

CME-55
6-" HOLLOW STEM AUGER

6953. bI
Tn p
ToPn

VISUAL CLASSIFICATION

SANDY SILT, LOW PLAS-
TICITY, BROWN .

SANDY CLAY, WEAKLY
CEMENTED, HIGH PLAS-
TiCITY, BROWN

SAND, SOME SILT, FINE

TO MEDIUM, WEAKLY CE-
MENTED, BROWN

SANDY CLAY, MODERATELY

LIME CEMENTED, MEDIUM
PLASTICITY

MODERATELY
FIRM TO FIRM

SANDY SILT,. PREDOMI-

NANTLY FINE, WEAKLY TO
MODERATELY LIME CE-

MENTED, LOW PLASTICITY,
BROWN

SAMPLE TYPE
A - Auger cuttings. B - Block sample
S -'2 0.1. 1.38" I.D. tube sample.
U - 3" O.0. 2.42" I.0. tube $amp~e;
T - 3" O.D. thin-walled Shelby tube.
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PROJECT CHURCH -ROCK URANIUM M I LL
joB No._E74-l 0 72_DATEI7:3 0 - 7 4__

k; ,ce IO 0 0 20

me@ at 0 0 pg

Bil. c,5 3 ..

55 ct -

65..- __

Iij,

_____ _____IE-

2 OF 2
[LOG OF TES? R(DRINev No. 3

RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUMW'

CME-55
6-,'" HOLLOW STEM AUGER

6953.5'
Topo
T

REMARKS VISUAL CLASSIFICATION

t

STOPPED AUGER AT 59'6"
STOPPED SAMPLER AT 61

4.0

TYPE

JDEPTH HOUR DATE
58'. 6:30 7-30

P.oM.

A - Auger cuRings. a - Block sample
S - 2" O.D. 1.38" I.D. tube 9ampla.
U - 3" O.D. 2.42" I.D. tuba sampla.
T - 3" O.D. thin-walled Shelby tube.

I
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RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUM Topo

6L" HOLLOW STEM AUGER
6948.5'

CME-55

REMARKS VISUAL CLASSIFICATION

*1'
0

SOFT
'-1-i 4. _____ ____ ____iltzt___
a7~ I__-

~1iiEi_ __

SANDY SILT, PREDOMI-
NANTLY FINE, NONPLASTIC,

BROWN

5
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15

20
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35

- _ _. _ VERY FIRM CLAY, WEAKLY LIME CE-

-1 - -iý' I MENTED, MEDIUM PLAST IC-
ITY, BROWN

-- MODERATELY CLAYEY SAND, PREDOMI-

---- .. . .. FIRM NANTLY FINE, LOW TO
1.. I05_- MEDIUM PLASTIC-TY,

1110BROWN

000

' T5__.___

1+71

__ -i _ -

• _._j - ___ 7 _ _STOPPED AUGER AT 29A6T
|-- ' "STOPPED SAMPLER AT 311

-- - 'I i i___ __

-- 'T i'- '- . ..-

• - i' "

GROUND WATER

,-.4 .

IDEPTH HOUR DATE

NONE
17 _

SAMPLE TYPE
A - Auger cuttings. B - Block sample
S - 2" O.D. 1.38" I.D. tube sample.
U - 3'" O.0. 2.42" I.D. tube sample.
T - 3" OD. thin-elloJ. Shelby tube.
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PROJECT CHURCH ROCK URANIUM MILL (LOG) OF VEST WRONG No.
JOBNO. E74-1072DATE, 7-31-74 7 -

RIG TYPE CME -55

SURFACE ELEV. 6946.0'
, . . DATUM To.o-€:;=' ° "u , *e,,= o ° 3, . -•'

. c E! i REMARKS VISUAL CLASSIFICATION

"__- - . MODERATELY SILTY SAND, PREDOMI-

7 ti . ... FIRM NANTLY FINE, WEAKLY TO

____ _ _ -MODERATELY CEMENTED,
o .-- -NONPLAST IC TO LOW PLAS

5 - T --- TICITY, BROWN

L°I---. -_-L- -

0111 0:0:__.
0 a___

0 0 0.

00a __ FIRM TO. SANDY SILT, PREDOMI-
I* :VERY FIRM NANTLY FINE TO MEDIUM,

OCCASIONAL SANDSTONE,
FINE, WEAKLY TO MODER-

______ATELY CEMENTED, NONPLAS-
00 0|____TIC, YELLOWISH-BROWN

200

201 _ _1 51___- VERY SOFT SANDSTONE, FINE, WEATH-

25 _•I - - ERED, YELLOW ISH-BR6&WN

3o ----'_~~:§ •I __ T---- "

---- I _STOPPED AUGER AT 29'6"
35___ jSTOPPED SAMPLER AT 31 1

I:IIL __ __

• ---- L ' _.. _ _ --- ' _

GROUND WATER SAMPLE TYPE SERGENT, HAUSKJNS & BECKWITH
,EPTH. 4OUR DATE A - Auger cuttIngs. B - Block somple _ __.

NONE $ - 2 O.D. 1;38" I.D. tube somple._ .. ...
U - 3'" 0.0. 2 "" 1.0. ,u.. D. 0 . t tuAb-14
T - 3' O.D. ?hin-. ljIlj Shelby tube.



PROJECT LHURCHI NO

JOB NO.- E74-1 072 DATE.

a Jc E 0E

v w0 .03 a

CK URANIUM MILL 1LG OVye? 90UN NO. 6.7-31-74

4 1

ss

.05
;5:!z

C.

o 3

0 -

uC

Z I

0C

Du;

RIG TYPE

BORING TYPE

SURFACE ELEV
DATUM

CME -55
4-5" FLIGHT AUGER

6946.0'
ToPo

REMARKS VISUAL CLASSIFICATION.

-- . .t t
0

5

10

15

o
000

0 00 0 0

0 0

0 0

00

0 ao0 o

0

~4~~zzz~ I___ ___

SILTY SAND, PREDOMI-

NANTLY FINE, LOW PLAS-
T I CITY, BROWN

I l , I

4 1 4
I I

SOFT
7

MUDSTONE, WEATHERED,

MEDIUM PLASTI CITY,
BROWN

.... i& = m

} , , :
I .....

SOFT SANDSTONE, FINE, YEL-
LOW ISH-BROWN-~ I

'-S ~
OfI

--- t

STOPPED AUGER AT 19'6"
+ 4 1

4 ...

T ____ ____ I ____

___ [-71
2 _____

-----'I_
IJI iL~ -~___

__ _ -~

-- _____ I _____ _____I]__ __I__ --

37

z!zI-'iLJ___
GROUND WATER

:.DEPTH ; HOUR DATE

NONE

SAMPLE TYPE
-A - Auge. cuttings. 8 - Block somple

S - 2" 0.0. 1.38" I.D. tube somple.
U - 3" O.D. 2.42" I.D. tube sample.
T - 3" O.D. thin-walled Shelby tube.

SERGENT, HAUSKINS & BECKWITH

A-15



PROJECT CHURCH Ro

JOB NO. E74 -1072 DATE

CK URANIUM MILL [LOU il ESV SORONG N~o.___7
7-31 -74

I I

Ell

Iit

tii

9L Oc0

.cC 4.0
t,.J

E

a.

eI
ax

o E
-0

I'A
0- .1

m-u

o00
n0U

I I RIG TYPE

BORING TYPE
SURFACE ELEV.
DATUM-

C_.Ivl E -55
CME -55
6-ýV HOLLOW STEM AUGER

Topo

6969.0'

REMAARKS VISUAL CLASSIFICATION

I -1
0 0 1 -

0 00,
0 -

o 0
0 II

SILTY SAND, SOME GRAVEL,
PREDOMINANTLY FINE, LOW
PLASTICITY, LIGHT BROWN-22__v~m~

5

10

15

90
L. \J

/7 4 T1 MODERATELY SANDY CLAY, OCCAStONAL
_ _ _ _ FIRM TO FIRM SANDSTONE FRAGMENTS,

---- _____ o___ _ _MEDIUM PLASTICITY.,

_____ ____B R OW N

it

-I- -

HARD SILTY CLAY, (WEATHERED

CL SHALE), LOW TO MEDIUM
PLASTICITY, BLACK

* J L___ SOFT SANDSTONE, FINE, YEL-
____ LOW I SH-BROWN

-STOPPED AUGER AT 19"6"
,____ __.__, SAMPLER REFUSED AT 19'6"

--

i II
/GROUNDWAE

GROUNJWATER, .SAMPLE TYPE
DET. 1OR DATE I A -Auger cuttings. B -. 810514 sompl.

NONE S -2' 0.0. 1.38". I.D. lub, sompla.
U - 3" o.D. 2.42" 1.0. tube. .. Pi.
T - 3" O.D. thin.-alled Shelby tub..

d__ L SERGENT, HAUSKINS & BECKWITH

A-16



.

.

=
PROJECT ,HUKRH NLOI

JOB NO. E74.-107.2 DATE

CK URANIUM MILL 100 O IIESY f~cR§NG NO. 8
7-30-74

CK URANIUH MILL

C

0.

C

0.c

Cc:

06
a.
E

S
0.
5..

I-
0

E
0

So
.0

*~±0
* ~ .0

a.
.0

* .0

C-

A-6C-i

ZU

10.

0

-S

RIG TYPE

BORING TYPE
SURFACE ELEV.

DATUM_ ,.

CME-55
47' FLIGHT AUGER

6951.51
ToPO

REMARKS VISUAL CLASSIFICATION
, , I j

0

.5

10

15

j
4....
*.

0

0
0 -

S
a

0 -

0
0

S
S

S

SILTY SAND, PREDOMI-
NANTLY FINE, LOW TO
MEDIUM PLASTICITY,

BROWNISH-GRAY

I t +

~TTt
SOFT

.1-I- -t
____ I ____

* I I
- $ -

__ __ t
311 __I- ____ ____ -I-

1-li. I___

:-II14i--- _ __

SANDSTONE, FINE, WEATH-

ERED, YELLOWISH-BROWN

20

25 _____ - - - ______ - - - _____ - ______ ___________________ I

I

It I_ I _ _ _

- - ---- ____

-4- j -

STOPPED AUGER AT 24'6"

I
I 

I

GROUND WATER

DEPTH HOUR DATE

NONE

SAMPLE TYPE

A - Auge, cultings. B - Blocig oumplo
S - 2" O.D. 1.38- P.D. tuba complo.
U - 3" O.D. 2.42" P.D. tube sample.
T - 3V O.. th;n-walled Shelby tuba.

SERGENT. HAUSKINS & BECKWITH

A-17



.. PROJECT

JOB NO.-

A" 4LL

SU-

a 03

f t*

5

10

J- 15

20

25

30

li 35

'r 40

iV:1

45-

JII

(LOSOF ES7 SORDOJG No. 9

1 X

0. 0j Li0E0.

I-

C..

o -~

-0£
* a-,* a
C .0 -

6949.-S
ToPo

VISUAL CLASSIFICATION

CLAYEY SILT, TRACE OF

SAND,- LOW TO MEDIUM
PLASTICITY, BROWN

LLAY, HIGH PLASTICITY,
DARK BROWN

141l

IDEPTH] HOUR JDATE
NONE

SAMPLE TYPE
A - Auger" cuettins. 8 - Block sample
S •- 2" O.0. 1.38" I.D. tube soaple.
U - 3" O.D. 2.42"" I.. fube sample.

3 - 3" O.0. thin-,,olled Shelby tube.

fi• SERGENT, HAUSKINS & BECKWITH

A-18



PROJECT
JOB NO.

[LOG OF FIESIF BORUNG No. 10

CME-55
4".U FLIGHT AUGER

6949. 0U'
Topo

VISUAL CLASSIFICATION

CLAYEY SILT, TRACE OF
SAND, LOW TO MEDIUM

PLASTICITY, BROWN

CLAY, MEDIUM TO HIGH
PLASTICITY, DARK BROWN

I I I " I
GROUND WATER

DEPTH HOUR DATE

NONE

SAMPLE TYPE
A - Auget cuttings. B - Block **mpli
S - 2" O.D. 1.38' ID. lube sample.
U - 3" O.D. 2.42" I.D. lube sample.
T - 3" 0.D. thin-aoiled Shelby tube.

-SERGENT.4TAUSKINS & BECKW#ITH

A-19



Ir

D!OG~ or TEST~ 901N1m NO. I1I

I;
~ U

-o

0

E

0

I-
0

a
E

0o
~0

o E
~0

~0 -~* na a
.0

- .0 -

00

£.
CM E-55
4+" FLIGHT AUGER

6948.5'I

ToPo

VISUAL CLASSIFICATION

CLAYEY SILT, LOW TO ME-
DIUM PLASTICITY, BROWN

CLAY, SOME SILT, SOME

HARD SANDSTONE FRAG-

MENTS, MEDIUM PLASTIC-

ITY, BROWN

.0:

SAMPLE TYPE
A - Auger cuttings. B - Block $omplo
S - 2" 0.0. 1.38e' I.D. tube ,amplo.
U - 3" O.D. 2.42" I.D. t~t0 saomple.
T - 3" O.D. thin-woeled Sb. Iby tube.

( SERGENT. HAUSKINS & BECK'WITH
-,- - "'. .. ... ... . .



PROJECT LHURCH IRO

JOB NO. E74-1072 DATE

CK URANIUM MILL (Lao OV V9T>V @@)929WO No. 12
7-31-74

0
U-

a.
0

C

I~ a

'Or
000oo

u0 E
0

3-

-u
0e

'-3'* .0
04

C
0..

0.~
uc

-u
00

0

'-U-

RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUM

C..,HE-5 

5

0 637 . 5
Topo

4-'" FLIGHT AUGERF

CME-55

E REMARKS VISUAL CLASSIFICATION

______ - I I
Ci I - ~ -i of . I I

5

0
C
0

.0

.0

0

[0

10

0

*0

€
0

a

0

0

0

0

0

_Ism

SILTY SAND, SOME GRAVEL,

PREDOMINANTLY FINE, NON-

PLASTIC, LIGHT BROWN

10 I
4 4 4- 4-

115

Z

A r
____ ___ CL

SANDY CLAY, MEDIUM PLAS-
TICITY, GRAY

I' ____ ____ ____ ____z~zr I I I___
.,v __ _ -- CLAY, SOME SAND, MEDIUM

--___"• - -- -PLASTICITY, GRAY

25 ell,_
-- -- -/-/-, ___-

30_ _ _ _ _ _ _ __ _ _ _ _ _-- I: -- I-*

a _ h_ ___ SILTY SAND, SOME CLAY,
____ ____ ____PREDOMINANTLY FINE,

35 0 - LOW PLASTICITY Y, BROWN

00

40 0

--- f-I-- --

11STOPPED AUGER AT 4416"

: l Il: .... _

H - -l_ _ __,l_ _ _ _ _ _ _

.~d '~

A. ~

GROUND WATER
DEPTH j HOUR DATE

.NONE

.SAMPLE TYPE
A - A.gor cutti.ng. a -ý Block go-,pig
'S -2" 0.0. 1.38*' I.. tube isampa..
U 3- O .0. 2.42' I.0. tub. so. plo..
T -3" 0.0. thien-walled Shelby t.16..

__• SERGENT. HAUSKINS & BECKW1..T.

t - A-21

I



I OF 2
CHURCH ROCK URANIUM MILL 106 F 71 &OOINO NO.-PROJECT.

JOB NO.-
RIG TYPE CME -55
BORINGTYPE 6-" HOLLOW STEM AUGER

SURFACE ELEV. 6945.0'
DATUM TOPO

.5

VISUAL CLASSIFICATION

4

SILTY SAND, SOME CLAY
OCCASIONAL SANDSTONE
FRAGMENTS, PREDOMINAN1
LY FINE, LOW PLASTICI1
LIGHT BROWN

.5

SILTY
CLAY,

FINE,
BROWN

SAND, TRACE OF
PREDOM I NANT LY
NONPLASTICS LIGH

4

SILTY SAND, OCCASIONAL

SANDSTONE FRAGMENTS,
PREDOMINANTLY FINE,
NONPLASTIC, MOTTLED
YELLOWISH-GRAY

SILTY. SAND, OCCASIONAL'
SANDSTONE FRAGMENTS,
PREDOMINANTLY FINE,
NONPLASTIC, MOTTLED
YELLOWISH-GRAY

SANDY CLAY, HIGH PLAS-
TICITY, DARK GRAY

I
____________________ 5-

DEPTH. HOUR DATE

NONE

SAMPLE TYPE
A.- Auger cultings. B - Bloch samp
S - 2" 0.0. I.38"'I.D. tuba sample.
U - 3 " 0..D 2.42!' I.D. tube sample.
T - 3' O.D. thin-wailed Shelby tuba.

'I. 19;)SERGEI4T. H4AUSKINS &BECKW"Tr

t A-22

I.. I I -J j _- --*



PROJECT CHURCH RO

JOBNO. E74-1072 DATE

CK URANIUM MILL
2 OF 2

ALOG OF TEST BORING NO. 13
8 -1 -74

8 -1 -74

'4-

C

C
C

-c
(3 n

a 0'
-.
0

2

I-

0.

0-

co-

C'

C.
00.

- .0
0-i

c-o

jo-0
0 t

0

a-

RIG TYPE
BORING TYPE

SURFACE ELEV.
n A TI III

t•4 

I-_ -3)•

6-5~" HOLLOW STEM AUGER
6945.0'

Topo

0ME -55

REMARKS VISUAL CLASSIFICATION

50

.55

4-- t,'.

.Moo,1

__ __ -I
___ ___ I

- .~.-4'-~- .~- - - -. - - - 4-

Du..

ii iii I Li -

I ______ F-
Ef_____ _____ .1 _____ + _____

__ Ii:t2~ 1~
_____ _____ I -

I. - ____ ____i I _______ _______

I-. I _____ _____

TI _____I' ___

.1.
1 --~---------~---I ___ I

-t-I--{--~--- t -____

_______ _______

LIiiiJ_____ i _____ I
~ j _________ I ______

____ ____ H-
___[___ --

___ ___ . I--
___ ___H-4

STOPPED AUGER AT 59'6"

I I I I
- L

GROUND WATER
"'PEPTH HUR AE

SAMPLE TYPE
A - Auger cuttings. B - Block sample
S - 2" O.D. 1.38" I.D. tube sample.
U - 3" O.D. 2.42" I.D. tube sample.
7 - 3 O.D. •hin-woald Shelby tube.

-__• SERGENT, HAUSKINS & BECKWITH

1T A-23



Du

41"~

*'k

1t.

.

.
F 

.

PROJECT CHURCH ROe

JOB NO. [74-1072 DATE.
CK URANIUM MILL (LO (OWESV BOIN No 14

8-1 -74
8-1 -74

0

0.
C

-Ce
~*;: c
~00
C.--

C.-
CC-
000u0-~

&

E,
X

a
0-3

o

C-me
00.
C--.
... 0

0-I

C-

Co
0-.

uc
0~

'-C

0e
~0.

00

C-!
DL)

RIG TYPE-

BORING TYPE

SURFACE ELEV.
DATUM

CF1E -55
6970.0'

Topo

64-fi" .HOLLOW STEM AUGER

CME-55

S

Ea
VI

REMARKS VISUAL CLASSIFICATION

1~ I
0

5

10

15

' = . -.. . : - ',I -

0

0

01 0

o0

0 0

0 00

0.0

0o

o.

t

____ ____I Liz
SILTY SAND, OCCASIONAL
SANDSTONE FRAGMENTS,

MOTTLED YELLOW & GRAY

_____________ I

------ o O '0
00

0 o .;

0 0

0 0

a 00

0 0

o6 a

ti -~-s1

1=L ±_
_ _j- -b I

FIRM SAND, SOME SILT, SOME
SANDSTONE FRAGMENTS,

PREDOMINANTLY FINE,

MOTTLED RUST, YELLOW &
BROWN

VERY FIRM SILTY CLAY, SOME SAND,
MODERATELY CEMENTED,20 MEDIUM PLASTICITY, DARK

20 _3 10 C BROWN.'

25 "0 T FIRM SILTY SAND, SOME CLAY,

a 0_• 0 1OCCASIONAL.SANDSTONE
__ _FRAGMENTS, MOTTLED YEL-

30-- --------- .LOW , LIGHT BROWN

3C:i 44•_ _ _____________

35. 0 boo- ' r. MEDIUM DENSE SAND, SOME SANDSTONE

" 0 . FRAGMENTS, VERY FINE,
.0 a .. .. NONPLASTIC, TAN

4(0 SP-
000

0 0 - ___

000 o(IlARD CLAYEY SILT, SOME SAND,
LOW PLASTICITY, DARK

4 5 7 001- 51 1 -1 MLi BROWN

STOPPED AUGER AT 446'
I STOPPED SAMPLER AT 461541

GROUND WATER
D DEPTH;' HOUR DATE

. I

NO ~E~I
SAMPLE TYPE

A - Auger cuitings. a - Block sample
3 - 2" 0.0. 1.38" ID. tW6e sampll.
U - 3" OD. 2.42"" I.D. tube sample.
T - 3" O.D. thin-.alled Shelb. tube.

- SERGENT.HAUSKINS & BECKWITH

A-24

WNW



PROJECT LHURCH KO(

JOB NO. E74-1 072 DATE.

K URANIUM MILL (OG O TESF' iBORING NO..1
7-31 -74

a
0

tL
C

0
a Ua..cc

0.
5-

0-ij

;E
o:- E

0o:.

" IOS
3-.

,, a.0

0-, ,

a-U
U00

C
0

9*;

0
C-

RIG TYPE _

BORING TYPE
SURFACE ELEV.
DATUM

CME -55
43'7" FLIGHT AUGER

6950.0O
TOPO

E E
01 REMARKS VISUAL CLASSIFICATION

- - . t
0

5

10

15]

0

0

0
0

0

0

0

0

0
8

o

a
a

7.._

SILTY SAND, SOME SAND-
STONE FRAGMENTS, NON-
PLASTIC, LIGHT BROWN

___I

Fif ____ ______ ______

LI~Z Kilt___ ___

rThf ________ _________ _________ 1..~~~..
4

F ~ -~ _______ ~ _______ I _______It I ____ ____ I -
21111171

.w . , . ... ; [ , I

-4 . a4

SANDSTONE, FINE, WEATH-
ERED, YELLOWISH-BROWN

.,.-~ t ~ r z - :.~r._____

___ ___ I---
______ I ______ ______

-.

_ -Il ~

____ I--.
-- i-i---- ii iii
-. 1-4.-I

-- T~T-~f ______ ______

~1
____ -- i--i -

1$ 4 ___ ___ ___

f _____ ______ ______ ______

____a____ ____

_ I--i

STOPPED AUGER AT 19'6"

GROU

.•LIL

,,,- ,

* I

ND WATER
HOUR TI

IONE

SAMPLE TYPE
A - A.g.r cuttings. B - Block saomple
S - 2" O.D. i.38" 1.0. tube sample.
U - 3- OD. 2.42" I.D. tube sample.
T - 3" 0.0. thin.-walld S64Iby tube.

I /
_-'• SERGENT, HAUSKINS & BECKWITH

A-25



X4';t 'PROJE
JOB NI

5

15

20

25

30

35

40

45.

CT CHURCH Ro'
0.. E74-1072DATE

€ €• o•= E E

LEI-

j 0

I

CK URANIUM MILL (ýoo OF VEST 90RONG No. 16
8-1 -74

I I

C.
I

* C,0. 0..0
.5.0

00 =

*0

*0
aft
5.. -

.0
o ..i-

0.
'Jo
C;

-U
00
~o.

C
0

00

* .~

C-

RIG TYPE
BORING TYPE
SURFACE ELEV.

DATUM

0"4E-55
CMEF-55

4"FIGHT AUGER
693-6-.0'

Topo

REMARKS VISUAL CLASSIFICATION

1J.J J 4
+ , I

SILTY SAND, VERY FINE,
LOW PLASTICITY, BROWN

I ______ --

I__VsM-
--- I _______ I ________

-T~ T t
-1- 4-

I I ____ I
______ I ______

___I ____ SILTY SAND, CONSIDERABLE
___. o "0 GRAVEL, SUBROUNDED, LOW

0 0 PLASTICITY, BROWN

' 0

- I _ _ _ _ __
0

10Th_ __ _ _

0 ._,_CLAYEY SAND, SOME GRAV-I-i- EL, SUBROUNDOE, MEDIUM
*00___ _.--+ - .----. PLASTICITY, BROWN0000 I _ _ _ _ _

~jj~*j 001 iI _ __i _t

I |

i .. i , .__
0 0

_ _ r__ _STOPPED AUGER AT 44'6"

-- -- -- -- s • .__ _ _ _ _ _ _ _•_ _ _

GROUND WATI
D E=PTH4 HOUR

ER, SAMPLE TYPE I.

SERGENT. HAUSKINS & BECKWITH

I

- ar CVI Stlg. - - c $am 0

NON E 5 - 2"0.O. 1.38.. I.0. tube sample. I.'j) .s 00~
U -3' 0.0. 2.42" I.D. tub. sample. t -2f67 -3 .D tbn.I1 ShelIby tvbe.



PROJECT CAIUR cit 'o(

JOBNO. [74-1072DATE~
CK URANIUM MILL LOG OWI TEST 18ORONG No. 17

7-q l-74

0a
a.

-4
0

5

10

15

20

25

30

35

0 0

0

000

UO 0

~0
~1a

0
0
a
0

- 0
0

0

0

01
-10

0
* 0

0
.0

X,

I-, 0

a!U

0I

0

0,
'0

a'

04

E

0a
5-
0
a

S.
-0

o -~

as~ ~.0
0.0

00 - 1
'_j

t0

~0
-u

a

RIG TYPE

BORING TYPE

SURFACE ELEV.
r At Mrt

6957.0'

CK URANIUM MILL

TOP-)

E REMARKS VISUAL CLASSIFICATION

C0 [-55

.5------. . -t I-

4] IIFL I GHT AUGER

i... 1~

SILTY SAND, PREDOMI-
NANTLY FINE, NONPLAST IC,
B ROW N

-.-*f -i ________ _________ _________ _________

1F1
___ I___ ___

________ _______ i~~~~~~1

__ __ __j-SM-
- - I - ________ I ________

I _________ ________-I -

__ .1
I-
ii I

I -- ______ _____

iz~LLd___ ____

jilt I I______ __ ___K9
, 9 ,, n- --

-o 0 --- I * ------.------- I

4 ~... *

SANDSTONE, FINE,
SLIGHTLY WEATHERED,

YELLOW I SiH-BROWN"
• . -:.

_- -_-_

*111IL ___K
-- I-- I-

I oom

GROUND WATER
ODEPTH HOUR AE

4 NONE

'1 4-
iii _

I{._V_

STOPPED AUGER AT 34'6f'

SAMPLE TYPE

A - Auger cuttings. B - Block somplo
5 - 2" O.D. 1.38" 1.0. tube somplo.
U - 3" 0.0. 2.42" 1.0. tub* sample.
T - 3" O.D. thin-a.iled Shelby tube.

SERGENT. HAUSKINS & BECKWITH

A-27



7 PROJE
JOB NC

J.

0.

5

10

AI'

CT

0 u7ý
CHURCH ROCK URANIUM MILL 1 (0) a (ED v v 1EFY R 0 a 0 N 0 N (0). 18
-1072 DATE. 8-1 -74

'" • ' ,

C'. E

I

E

0.

Go
I

- b -~

~
- A3-*U
00 =

- .2

; u
C-
9..
00.

c-h

I

C >.

U0O

C

00
Afl AD
.9-
9.;

C-

RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUM

CMF- 55
CME-55- FLIGHT AUGE6R

6999.0'
Topo

REMARKS VISUAL CLASSIFICATION

- - - - -. - - - I
• ' _ _ " • i ' I ' I -- l

0 0

0 00
o 0

O0 0

I "
PIt ~

SAND, SOME SILT., VERY
FINE, NONPLASTIC, DARK
BROWN

4..... " . -- _ _ l- -1---SANDSTONE, FINE, MODER-

S . ATELY WEATHERED, YELLOW-

ISH-BROWN

-I STOPPED AUGER AT 9'6"

L - i-

L_.1 -1 --1l---
dI__i_ __ - __

i-- .. .._ ---I--

GROUND WATER

•llII,•INti~ oePTHj4 I OUR I OATEt

SAMPLg TYPE . I
SERGENT, HAUSKINS & BECKWITH

MI~1h1~I~1N-ONE .S - 2.' O.D. 1.38" 1.0~. tub-osbfpla. ~ A
U - 3*' O.D. 2.42" 1.0. tube 11ample. LC Ao-28
T - 3" 0.0. in-aItdSh.lby wAfbo.
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, 
. ° ,

PROJECT CHURCH I<OCK URANIU

JOB NO. E7 4 - 1 072_DATE 8-1-74
M MILL (LOG OF TEST 8021ING NIO. 19

. I

tL4

a0

cc,

0 0
Cn. I

20

50 _
E

o

a a
Z 'W0

I I

C5

a &

0~-

I 9L
mu

I RIG TYPE -

BORING TYPE
SURFACE ELEV.
LJ-P.IUm--

6974.0'

CME -55
4½" FLIGHT AUGER

TopouAlumlri REMARKS VISUAL CLASSIFICATION

0
0

0

0

0

0

10
I.

0

0
0

0

0

0

-SM--

SILTY SAND, PREDOMI-
NANTLY FINE, SUBANGULAR,

NONPLASTIC, MOTTLED YEL-

.LOW, BROWN & BLACK

5 ! , I i ! ,

4. f

10

15

0

0
0
0

.0

.0

0

0

0

0

a
0
0

0
0

0,
0

0

'0

_I
~z4tzz1__
TH__

SILTY SAND, SOME CLAY,
PREDOMINANTLY FINE, SUB-

ANGULAR, LOW PLASTICITY,

MOTTLED YELLOW, BROWN &
BLACK

2(

25

3(

01 ' ___ISILTY SAND, VERY FINE,
NONPLAST I C, BROWN

. .0, o I 0 I ---__

00-- o00 o _i. SAND, OCCASIONAL SAND-

000o o. 4 --- | - - STONE FRAGMENTS, NON-

.0A 6 0- PLASTIC, MOTTLED: BROWN,
S--- - -- --- YELLOW & GRAY

0 0 0 . _ _ _ S00o _ __- I s

0 0 00 0 -- t "_. . .

S -. 0 1 " SILTY SAND, VER'Y FINE,

0 0 F___HNONPLASTIC, GRAYISH

0 ..... .- --. . ....

a0. -_ .___ STOP--_ AUGE AT _ --- I•_

LL, ___-.-----SILTY SAND, OCCASIONAL
0 ... SANDSTONE FRAGMENTS,

MOTTLED YELLOWISH-GRAY

0 0 --.- ~ -

-i-i L-L111111{1 i111 STOPPED AUGER AT 4416"

3t

4-

4

'AQ

.%.

GROUND WATER
DEPTH HOUR DATE

NONE

SAMPLE TYPE
A - Auger cuttings. B - Block sample
S - 2' 0.0. 1.38" I.D. tube sample.
U - 3" 0.0. 2.42" 1.0. tube sample.
T - 3" O.0. hin-mwoIaedl Shelby tube.

SSERGENT HAUSKINS & BECKWITH

A-29



PROJECT CHURCH iRo
JOB NO. E74-1072 DATE.

CK URANIUM MILL

8-1 -74
ý06 F IESIr SoROga No 20

CK URANUM CI-

s

.E

0=

aC

00

0

0-4

E

p
ft

I-
p
ft
2

.0

o cn-
Z !.

Ga-
'-a
* .0
0~j.

U0-

-U

* *

RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUM

6949.0'
ToPo

43'r" FLIGHT AUGER

CM.E-55

I

REMARKS VISUAL CLASSIFICATION

- I
0 I I -

.11-

~I.

Ki..

II,~

~ ~. .1

Al? .,

5

10

15

20

25

30

35

40

0

0

0

0

.0

0

0

0

0
0
0
0
0

~0

0

0
0
0

Oi
0

VLT~Vi~
.11.2z~zzzV .~ - ____

.41 __

o:o0 ' 1 _SILTY SAND, CONSIDERABLE
-- , j "'GRAVEL, FINE, LOW PLAS-
o a I f .'.11 I TICITY, DARK BROWN

0

7ZP , _CLAYEY SILT, SOME GRAV-
-I*... . EL & SAND, SOME SAND-

|- i ~.. STONE FRAGMENTS, FINE.
I- ------- iL- MEDIUM PLASTICITY0 DARKI 7 ,IB--I ROWN

-... . 111 ...,.I - !-t
-- . I I 0 SAND, VERY FINE, NON-

a 0000l 1 i PLASTIC, BROWN

00-, ti ___

_,_S. SILTY CLAY, MEDIUM-II r i * I~-- .PLAST ICITY, BROWN

.. .Al I_ "- _.

_. Ii i"SANDSTONE, FINE, YEL----------

STOPPED AUGER AT 3916t'

1T
ii-]"__r .... _

SILTY SAND, FINE, LOW
PLASTICITY, DARK BROWN

GROUND WATER

DEPTH HOUR DATE I
NONE

SAMPLE TYPE

A - Auger cuttings. B - Block somple
S - 2" O.D. 1.38'" I.D. tube sample.
U . 3" O.D. 2.42" I.D. tube sample.
T - 3" O.D. thin-.atled S.llby" tb..

SERGENT. HAUSKINS & BECKWITH

A-30



PROJECT ..HURCH IO

JOB NO. E74 -1072 DATE
8- URANIUM MILL v.oG 0F TIES-iV BORA14GN.2
8-1 -74

0
0

U.

C

0'a a~.

t3 L

£

.~0
o-J

0

I..
0

Ea
Sn

0. p

- ~ .5
C-.0

- .0 -
~~~0
00~

'0;

.1

2-.

C-

5'

0-i

a0@

c

~0
-0

D u

RIG TYPE

BORING TYPE
SURFACE ELEV.
DATUM

UVlt 

-0:3

6940.5'
4111 FLIGHT AUGER

.Topo

.CME -55

E
1~

REMARKS VISUAL CLASSIFICATION
4-

0

5

10

15

20

25

30

35

40

0 0'

0 00
0 0

0 0

000

0 00

000

0 0

000

0 "0

0 00

0 0
000r
0 0

000

0 0a

0 0

0 0*

000

0 00
0 0

0 - o

---- -- |--

___ ____ ____ 1 _____IEIT71~I__ ___

I-H-.- -- __ __

IL iii ~ -~

_________ _________ I _________

III __ ___ --1 ___

________- I _________

-~1~~___ _

Itli___ ___ __ ___

SAND, SOME GRAVEL &
SILT, FINE, NONPLASTIC,

BROWN

--1- ____ ____

-- 5- - ______ .5.--- Ii
'K___ -- __

_____ 1----~ ______
____ ~1 ____ I ____

___ ___ SM

__ __I--.-
+ ~~~1~~~*~~~

_ 4. ___

-. ~-.---__ I-I. ____

-4-.-

SILTY SAND, SOME GRAV-
EL, FINE, NONPLASTIC,

BROWN

45

Vt _1

0.00 .! SAND, SOME SILT, VERY

0o 0 - FINE, NONPLAST IC, BROWN

0 0. 0 4.. ___ ____

.00) 0 _ __ _ _ __1_ _

O; 0

-- 0., 0

00° I __
0 -0-0

{---__iSTOPPED AUGER AT 44'16"

__ __ _ __ _ I f _ _ _ _ _ _ _ _ _ _ _

GROUND WATER
[ #TH jHOUR DATE

I INOE!!± I

SAMPLE TYPE

A - Auger cuttings. B - Block sample
S - 2" 0.0. 1.38".I.O. tube sainple..
U - 3" O.0. 2.42" 1.0. tub Cs.opleo
T - 3" O.D. thin-o1lteJ Skelby tube.

SERGENT.1HAUSKINS & BECKCWITH

I A-31



PROJECT CHURCH IO(

JOB NO. E74-1072 DATE.
K URANIUM MILL ILOG OF *rN$V IB@oigN No. 22

8-1-74
8-1-74v . .. .

1-
- Cal

~ 50.
C--

CeO
Ca.
ua.~

o
v.

2- E
a
E

;Io

.; U
.5

0-i

0-U .3,

-u =.;
-o

RIG TYPE

BORING TYPE_

SURFACE ELEV

rnATI1IM

4-2 FL IGHT AUGER

6934.0'
Topo

CME -55

REMARKS VISUAL CLASSIFICATION

a
0

5

10

15

111±.
~zz1
-J
F--H
-H
-H

--- H

I- ~

-I- .' 1 '_- __'I-
[ s___ ___

_-_ I __, _

.. . --- i _. .

Il i F--

SILTY SAND, TRACE OF

GRAVEL, VERY FINE, NON-

PLASTIC TO LOW PLASTIC-

ITY, BROWN

so

25

30

35

40

4-L.... STOPPED AUGER AT 441611

-__ ___ -___ _ _,__ _

GROUND WATER SAMPLE TYPE - B SERGENT, HAUSKINS BECKWITH
il :: OE-PTH [ H0OUR I'E A -- Aug. cutting s. s - lack ýscmip|• . - ='o ,,,

PTH NO N E S - 2" o0.. 1.36" 1.0. tube bolo. -- -...

.U - 3" O.D. 2.42" '.D. tube sample. |.A-32

T - 3" O.D. thin-walled Shelby tuba.



PROJECT LHURCH R-O(
JOBNO. E74-1072DATE

:K URANIUM MILL [LOG OF TISM BOR(NG ko 23
8-1 -74

IA

Z 0 u 2 C.
E

I.-

0

p •

a.
.0

a,0

x

-u
c..
*0

C..'
- .0

0-I

-*0
00

ua-

u

00o

C-,

RIG TYPE_
BORING TYPE

SURFACE ELEV.
DATUM -

CME -55
4111F FLIGtit AUGER

6931.*5'
Topo

REMARKS VISUAL CLASSIFICATION

1 -1
0

5

10

15

20

25

30

0 0

0 0 0

0 0

0 0 0

0 0

o 0

0 0
0 0 0

0 0

0 00

I
f. 7

SAND, SOME SILT, VERY
FINE, NONPLAST IC, TAN
TO BROWN

~7iI~lli7] II -5j3~r

rILuiIIL~1__ ___

i
CLAY, MEDIUM TO HIGH
PLASTICITY, BROWN

• :?!-L ~I1... I....i

.'._3 _....I < "__ _" - - -r

o | "SILTY SAND, VERY FINE,
.... o0 : -- j-I- ---- j---I -NONPLAST IC, TAN TO

_ - _... '- - T - -_ _ B R O W N

:o
a ! I I ti

0 0  .

o 0

a_ _ 0 7-
o 0I I

Io ,r- - _-_' . . . ". . . _.. . -' _

_--- ___ ____ _ _._. .I-_ _ __ _ __ _ __ _ _ _ _ __ _ _ _ _

. -..- . .. STOPPED AUGER AT 4416"-H •+ I F -.. ..

35

40

45

SL~ . jJ "- GROUND'WATER
DEPTH HOUR DATE

I NONE

SAMPLE TYPE

A - Auger cuttings. B - Block somple
S - 2" 0.0. 1.38" I.D. tub* sample.
U - 3" 0O.. 2.42" 1.0. tube sample.
T - 3" O.D. thin-,oll.J Shelby tube.

SERGENT, HAUSKINS & BECKWITH

A-33

I



SPROJECT CHURCH ROCK

JOB NO. E74-1072 DATE

c .

.. . L~ . . [ h 'frc
0 •- 0g °

00

ote

10 -io,- ..
0 0 f

300ij;
0 0

•--iioo

0 O0

i, ____• o .

0 0

4 -.....

GROUND WATER

DPHHOUR
NoNE

URANIUM MILL ILC 01 fySoge o 24
B-1 -74

CME-558-1 -74
*ga

.0
- -a
=

Cu
a,_

a-

U (L

.g

=0.
-e

RIG TYPE

BORING TYPE
SURFACE ELEV.
rn A TIe 'I

4... FLIGHT AUGER
6940.5'

ToPo
T

REMARKS VISUAL CLASSIFICATION

-

-I _______

SILTY SAND, TRACE OF
GRAVEL, FINE, LOW PLAS-

TICITY, BROWN

4 4

- __ 1 __ __

I-i______I __~f_ _

- t I
- __ __ I

__ 1- __

- __ 1~ J __

- ______ I--

SILTY CLAY, TRACE OF
SAND, FINE, MEDIUM PLAS-
TICITY, BROWN

-. SAND, FINE, NONPLASTIC,I •YELLOWISH-BROWN

STOPPED AUGER AT 441611

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DATE

I

SAMPLE TYPE
A - Auge, cuttings. B - Black sample
S - 2" O.D. 1.38" I.D. tube sample.
U - 3" O.D. 2.42" I.D. tube sample.
T - 3" O.D. thin.',.al le.Shelby tuba.

(~SERGENT, HAUSKINS & BECKWITH

A-34



LOG OF TEST BORING NO. 25

4-_!" FLIGHT AUGER

i VISUAL CLASSIFICATIOM

CLAYEY SILT, LOW TO ME-

DIUM PLASTICITY, BROWN

SILTY SAND, VERY FINE,
NONPLASTIC, BROWN

5IANVY ILI, LOW PLAS-
TICITY, BROWN

SAND, TRACE OF SILT,
NONPLAST IC, YELLOWISH-

BROWN

-iI

'1.. 17~

4 - •

!... . -- - 4_ .- . ......... .

,-.,-. _---I 4-K--

GROUND WATER

OF PT44 HOUR DATE
*1NONE . I

SANDSTONE, FINE, YEL-
LOWISH-BROWN

STOPPED AUGER AT 291611

I
SAMPLE TYPE

A - Auger cutting$. B - Block sample
S - 2" O.D. 1.38" I.D. tube sample.
U - 3" O.0. 2.42" 1.0. tube somple.
T - 3" O.D. thin--alled Shelby tube.

-~_SERGENT. HAUSKINS & BECKWITH



PROJECT CHURCH ROCK:URANIU
JOBtNO. E74-1072-DATE 8-2-74

M MILL (Lgg OV VgSV (ýaWgNg No. 26

M MILL
,, . i . , i . - - - , ,
- i I

S

Ic

o.
0

0

C~
C--

C C~C
000uo.m

£a.
a-o
0.4

.

I-

E
0

S.
~

.0
3 -- a
cc -
~

-; Z

I

C~.
0..

0~.

00

ci
'-0

~0.

c

aý

RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUM

CIV]E-554~-O" FLIGHT AUGER
ME-55

6917.0'
Topo
y

REMARKS VISUAL CLASSIFICATION

t
0

[I

CLAYEY• SILT, MEDIUM
PLASTICITY, BROWN

-' ME

5
.3

10

15

20

/
-- -- "I-

CLAY, MEDIUM TO HIGH
PLASTICITY, BROWN

e~ + 1-

~I-I - I + + --

CH
-I-I

-.1- ~ - I -___I

2

3

3

000° __ . •SILTY SAND, VERY F INE,
000 .__ NONPLASTIC, TAN TO'GRAY

0 0 00'
0 ____ ____ -- ---

c •: SM
000

.000 1

_____* ICLAY, MEDIUM TO HIGH
__- PLASTICITY,' BROWN

---T -P-

.m .- _
• ._ _ _ _ _ _ _ _ _ _ _ _ _

4

GROUND WATER

DEPTH HOUR DATS

NO NE

SAMPLE TYPE
A - Auger cuttings. B - Block somple
S - 2" O .D. 1.38" I.D . t#be s 54 p01 9

U - 3" O.D. 2.42' 1.0. tube sample..
T - 3" O.0. ; Sh.lby lube.

-SERGENT, HAUSAMJS & 1BECKWITH

*0.In. . 7 ""56.......,a~

A-.3



PROJECT CLHURCH ROC
JOB NO. E74-1072 DATE

:K URANIUM MILL LOG OF TEST BORING NO. 27
8-2-74

U-
,C -C.

,0u
o C
080

000
uo-~

-o
04

E

S

aa-

E

o C. c-

C ,.

-o
o
.0

-u
00

0

RIG TYPE
BORING TYPE_
SURFACE ELEV.

DATUM-

CME-55
4-;-" FLIGHT AUGER

6913.U'
Topo

REMARKS VISUAL CLASSIFICATION

-r I

0

5

10

15

20

25

30

4~f [.llj..~rn.7 II"EV ___ ___ ___

-4-tz~z___
I _____ _____

II __ __I
-~ i-i---- ---.- ~ _____ I ______

___ -- v-A___

___________________ I __________________II ~ -

IF' __ __ __

I ___

- 5-- --- I
___________________ I ____________________~...11___ ___ ___

_-V ~-

___ ___ I
* 1 1 -

______ 1 -

'V I ___

- - I _____

'4+- H __

__________ '--I ___________

SILTY SAND, VERY FINE,
NONPLASTIC TO LOW PLAS-
TICITY, BROWN

NOTE: SOME SANDSTONE

AT 8' TO 9'

•r'j E?

400

40-- 1 0 [

GROU

-~ ID TMIN

ND WATER
HOUR DATE
•ONEt

_ _ _ _"I -

STOPPED AUGER AT 44161(

I -~- I

SAMPLE TYPE
A - Augr cuttings. - Block sample
S - 2" 0.0.1.38" 1.D. tub* sample.
U -3" O.D. 2.42" I.D. tube sample.
T - 3" O.D. thin-called Shelby tube.

S -- SERGENT. HAUSKINS & BECKWITH

t A-37



y i' f
PROJECT CHURCH ROCK URANIUM MILL.2 jLgeq (OF YESV RaRpNG No. 28

8-2-74
RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUM

CME[-55
A I II

~2 FLIGHT7 AUGER
6931 .01

Top"

SILTY SAND, FINE, LOW
PLASTICITY, BROWN

0(

CLAY, SOME SILT, MEDIUM
TO HIGH PLASTICITY,
BROWN

GROUND WATER
DEPTH IHOUR I ATE

NONE
SAMPLE TYPE

A - Aug.r culi"ls. . B - Block soample

S - 2"" OD. 1.38'" ID. tub, sample.
U - 3" O.. 2.42"1.0. tube sample.
T - 3" OD. thin-wall.d ShelbY tube.

I

-I---

SERGENT. HAUSKINS & BECKWI1I

A-38



PROJECT CHURCH ROI
JOB NO. E74-1072 DATE.

K 11RANILIM MILL ~K uRNIUMMIL(LOG OF rESU 14ORING No. 29
8-2-74

zL

0u

'i000Co

:E 06
E

I.-
S

a.
E
0

0*

CaO

C.

00.
0.*'*Ao ~

:E 0.

0..
00

00

0

7-0

RIG TYPE
BORING TYPE

SURFACE ELEV.
DATUM

44½-" FLIG'HT AUGER
6925.0'

Topo

CME-55 :

REMARKS VISUAL CLASSIFICATION

___ ____ ____ ___ - 1 I

5

10

15

20

25

30

35

40

-ML--

_________ __________ i-f __________

- I ________ __________ __________

7+.. 1 ___

-I- -__ __

___ ___ --I

___ ___ __ I

CLAYEY SILT, SOME SAND,
FINE, MEDIUM PLASTICITY,

BROWN

SILTY SAND, VERY FINE,

NONPLAST I C, TAN TO BROWN

7

/

-1 ~-~--

IK1~iiIj 7

___ ---11.-CL-
-I--Fl--__H--

ii ____ I ____

CLAY, TRACE OF SILT,
SOME SAND, MEDIUM TO

HIGH PLASTICITY, BROWN

V577! 1-~.-~

GROUND WATER

DEPTH Hour DATE

; ~.___ NONE

______ S ______ ~f- 4

STOPPED AUGER AT 44?6t

~1EEi__-
SAMPLE TYPE -'

A - Auger cunings. B - Block sample

S - 2" O.D. 1.38" I.D. tube sample.
U - 3" O.D. -2.42" I.D. tube sample.
T - 3T! O.D. -thin-.o.led: Sloby .t.be.

-~SERGENTLHAUSWJNS AtBECKWITH

t A-39
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Ii,'...

-4~
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l
PROJECT CHURCH Roc

JOB NO. E74-1072 DATE.

-K URANIUM MILL
8-2-74

(LOG OF TES"? BORING NOD 30

I . I

0
0

IL
e

0

0 0
j A.U

a
0.

I-

2-

-- 0
- ~, .r~ a..0
~.0 -

0 ~ -

. t

to0-

U.

i

r

DC-

RIG. TYPE

BORING TYPE

SURFACE ELEV.
f' ATIIM

6957.0'
Topo

CME-55
b"'" HOLLOW STEM AUGER

ElE
ulof

REMARKS .VISUAL CLASSIFICATION

1~
0 - - *1- - *i~.- I I

000o 0 0
0 0

0 0 o

0.0

ýSAND,
8 R OWN

FI NE, YELLOWISH-

5

10

15

20

25

30

°o4 I_ I MODERATELY SILTY SAND, TRACE OF
__ o.0 9-S. FIRM CLAY, FINE, LOW PLAS-I~ ~ ~~~~~~IIY BROWN--___ ___ _______

U 0 0

00
000 o

0 0

0 0 .0

0 0

0 00
o 0

0 0
0 0

0 00

0 0

0.0
0.0 0

0 0

0 0

FIRM

I I -

7 SP-

SAND, TRACE OF SILT,
SOME HARD SANDSTONE

FRAGMENTS, PREDOMINANT-

LY FINE, NONPLASTIC,
BROWN

£
I .6

- __SOFT SANDSTONE, FINE, WEATH-
-- -ERED, YELLOWISH-BROWN__

_ _-- STOPPED AUGER AT 24'6"

_ _ . STOPPED SAMPLER AT 26'

T--

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

--I- - ____ - _____

r~j-iiv1 --
.... --- I- __ __

II _ _

GROUND WATER
o•PTH HOUR DATE

NONE

SAMPLE TYPE
A - Auger cuftings. B - Bloch gamplo
S - 2" O.D. 1.38" ID. tube saoplo.
'U - 3" OD. 2.42" I.D. tub.. *oplo.
T - 3" O.0. tuin-wailed Shalby tub*.

SERGEHT.1AUSKNS &• ECKWITH--. i...Ar



A

PROJECT CHURCH P-Oi

JOBNO. E74-1072-DATE
CK URANIUM MILL (LOG OF TEST BORING NO. 3 1

8-2-74
, , . . .

0

U-

a

0,
0

o 0- 0

.0

I-
Oc 0.

0

1 t
1 -

g

Qio.
.0

a -C

2;
a-
~0

D u

RIG TYPE
BORING TYPE_
SURFACE ELEV.
DATUM

CQE-55 .
6__' HOLLOW STEM AUGER

Topo

REMARKS VISUAL CLASSIFICATION

____ * 1~

0

5

10

15

70_~4 SOFT SILTSTONE, MODERATELY
WEATHERED, GRAY

•----."..-,", --- SOFT SANDSTONE, HIGHLY WEATH-
_--'- _____ / j j ERED, GRAYISH-YELLOW

- .

.•~4- • 4 -_l_ .. I _ SOFT

W, 11 1 &-8I Z4

CARBONACEOUS MUDSTONE,
FINE, BLACK

I~4
Ii

.---

4
SOFT SANDSTONE,

WEATHERED,
LOW

MODERATELY

GRAYISH-YEL-

liii
f --

___ Iii]

___ ____ - I.____

E~K - H-
4i4- .1411 -. 4 ____

I __ __

t -r- t -*-Irnii ___

1~ I~i _____

_____ -i _____

-1- _______ _______

-1.--Az - lit
______ ______ ______ r______

----I-- ______ ______ ______ ______

I I . I_________ I __________

II ____ ____ _____

i------ I _________

_________ _________ I _________

STOPPED AUGER' AT I•6t

SAMPLER REFUSED AT 1416"

GROU
,.or.

.1 I~ I

ND WATER
EHOUR - ATWE

NONE

SAMPLE. TYPE
A - Auger; Cuaings. B ---BIo so.ptI
S - 2" O.D. I.38' I.D. tihbe . acploe.
U - 3" 0.0. 2.42". 1 .. t.,b. sompi..
T - 3" OD.0 thii,.6- 1,94 Sbiiby-tubo.

s SERGENT. HAUSKINS & BECKWITH

f A-41.



IA

PROJECT LHU R C t( 0(

JOB NO. £74-1072_DATE
KI( URANIUM M1 (LOG OF TEST BORING No. 32

-2-"
,-,. . . . MF -959

HOLLOW STEM AUGER

0.
.0 'at.

~00
C--

o Ca
.0 0 0ua.~

00
~0

0-i

0

E

a
I-

E
0

a.

A0_.

Topo

6-,'" HOLLOW STEM AUGER

0 MODERATELY

FIRM TO FIRM
SANDY SILT, LOW PLAS-
TICITY, TAN

.0

SANDSTONE, FINE,
ATELY WEATHERED,

ISH-BROWN

MODER-
YELLOW-

STOPPED AUGER AT
SAMPLER REFUSED

24 '6"
AT 24'6"

GROUND WATER

DEPT , HOUR DATE.,

NONE

SAMPLE TYPE
A -Auger cuttings. B - Block sample
S - T' OPD• 1.38" I.D..tub. vd-pla.
U - 3" .0.. 2.42' I.0. ,6b .-... pl..
T - 3"' 0D. ihin-wal led Shelby tube.

-ERENT HAWSKINS & BECKWITH

t A-42

~uI~ mmmmomm



PROJECT (CHURCH IRO(

JOB NO. E74-1072 DATE
:K URANIUM MILL LOG OF TEST BORING NO. 33

8-2-74

0
0

U-

0
0

0

5

10

15

20

o0 0

.. 0

"- -

c- 0 m

0 ,. 0

0

0 0~----4 :

a 000

-- 0 0
0 0

a

0 0

0.
E
0

Ut

Li

0

I-

E
0

*0

aE

SO
Ca

a
o .J

S.2

30~
3

RIG TYPE_
BORING TYPE

SURFACE ELEV.

DATUM

65-," HOLLOW STEM AUGER

ToPo
To P0

REMARKS VISUAL CLASSIFICATION

I-- __ __ __ .. _

MODERATELY
FIRM TO FIRM

SILTY SAND, FINE, NON-
PLASTIC, BROWN

-~----' Ji
_____ 1 _____ ____ _____

~s~7rwi -4- ___

1-I-
liii---- -SM-.

I t

CME -55

1-.
~i. I

i ! MODERATELY
HARD

SANDSTONE, FINE, MODER-
ATELY WEATHERED, YELLOW-

I SH-BR OWNI 3
SI5OL0'L~rt~

- -~ I

-iii
-j

iii
III

[ f-CEv--1L I___

II T_____1

.1F=L~ ___ r___

STOPPED AUGER AT 19'6"
SAMPLER REFUSED AT 1916"

4

3. - -~ 4

,~- -t

4 4

.5
GROUND WATER

DPTH' HOUR DATE

NONE

SAMPLE TYPE
A - Auger c"ttings. B - Block somple
S - 2" O.D. 1.38" I.D. tube sample.
U - 3" O.D. 2.42" I.D. tube sample.
T - 3- 0.0. thin-woJied Shelby tub..

__ SERGENT. HAUSKINS & BECKWITH

A-43



PROJECT C.HURCH U-<O(

JOB NO. E174-1072 DATE
CK tURANIU1MLMILLL ý06 (OF WEST 00HONG No. 34

8-14-74

C

-c

a
0

!00

a-

0 _j

S
a

a
£
0

Ce-o

* 4~ a.0- .0

o 0~

~Z.2

Z'

_j

C ~.

5-

u0

-u

05

- i

00

C-2

D 0

RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUM To po

ClvIE-55
CM E -55 r
63'r" HOLLOW STEM AUGER

-T

REMARKS VISUAL CLASSIFICATION

-!

0

5

10

i15

20

25

30

35

;40

iI I. !

-'I"---___ - '-----I _____111i
• - .---I

-.- 4 ____

MODERATELY
FIRM TO SOFT

CLAYEY SILT, CONSIDER-
ABLE SAND, FINE, LOW TO
MEDIUM PLASTICITY, DARK
BROWN

I

.- - MODERATELY CLAY, MEDIUM PLASTICITY,

-~~~~ I~ ___j-- -FRM VERY DARK BROWN

_ __ CLAYEY SILT, SOME SAND,
10 M MEDIUM PLASTICITY, VERY

li_ __ _DARK BROWNH____
.... T"-----'- -- !_-MODERATELY CLAYEY SAND,. LOW PLAS-

__•. SC FIRM TICITY, BROWN

1
! i I

iPrJ _
SOFT SANDY SILT, SOME CLAY,

TRACES OF CHARCOAL, LOW
PL.ASTICITY, BROWN

I il- . . . 4 ~~~~4 -- - -- - -i -- -- - - --I4.

19lllk•.- 1 I f I 42 .. _"'-___

• I .P _,_1_._! ____ __ _

50
GROUND WATER SAPLE TYPE

DEPTH HOUR I DATE A A - A c.ger qUtting,. a - 66l1ck .lpI.

- 42' 6:00 1 8-14 s 2" O.D. 1.38" I.D. tube sample.

P oM - U 3" O.DO 2.42"' I.D. tube sample.
T - 3" O.D. thin-twalled She.lby tube.

= I =

STOPPED AUGER AT 44"61'
STOPPED SAMPLER AT 46'.11

_I
SERGENT, HAUSKINS & BECKWITH i

A-44



PROJECT CHURCH RO0

JOBNO. E74-1072 DATE.
CK URANIUM MILL

8-15-74

1 OF 2
ILOG OF TESvF gBORONG NO. 35

g I • I IT

0

I.

0
C,

Sc

'oa

U C-I '21~ E
.

E

0,

0.

ca 0 _j

C ;.

0:.

I

0
.--0 ,
,.;

C-o

RIG TYPE

BORING TYPE

SURFACE ELEV.
DATUM Topo

CME-SS
CM E-55 ____

sI,, HOLLOW STEM AIiniR

REMARKS VISUAL CLASSIFICATION
+ I

0

000
Vol

I
K~F
I--.1.-

MODERATELY

F I RM

CLAYEY SAND, LOW PLAS-

TICITY, LIGHT BROWN

. ___ I sc
5

10

15

20

25

30

35

40

f--i------
-t + I

Ii F
I.

i
I - - - --- _______ ______ -I- _______I _________ *I. _________

I _____ _____

I I
I. IIICAI

- I 1 1iI~IL

I _____ _____

_ __ __I__
I _____ I______ ______

41 >-V -__

MODERATELY
F I RM.

SANDY SILT, SOME CLAY,
LOW PLASTICITY, LIGHT

BROWN

IAI S
.4- - 4- I

00

'l I
I t _____

~k~'iiL' '1 _____ iI~I_____I____ ___ ____

-. I ____ ____ ____

fiji ______ I *f- -I I 1
____ CL

____ I- ____

~ _____ .! -- -~

:' TI _____ _____ _____

-
txI-,.. I- ~

MODERATELY
FIRM

SILTY CLAY, TRACE OF
ORGANIC MATERIAL., LOW

TO MEDIUM PLASTICITY,

B ROW N

• =•-D. -- 4 ~-I a

45

N' q

So .-

I

-i-I

I
I
I
I
I II

I.

i-i. , L _

Sj 13 __ _ _ __ _ _

t SOFT TO MOD-

ERATELY FIRM
SILT, CONSIDERABLE SAND,
LOW PLASTICITY, DARK

BROWN

k i
A.

GROUN15 WATER

DETH IOUf DTE
SAMPLE TYPE

A.- Auger cuttings. B - Block sample
S - 2" 0.D. 1.38" 1.D. tube sample.
U - 3" O.0. 2.42" I.D. tob. ... pl..
T - 3" O.D. thin-walled Shelby tube.

SERGENT. 1AUSKINS & BECKWITH

.= 7 .. ::

A-45



2 or 2
1.00 OF TEST BORING No 35PROJECT CQIURCH RO1

JOB NO. E74-1072 DATE

K URANIUM MILL

8-15-74

a

C

-c
a.
0

oc C

-o 0a 02 I-a
0-I

I.-,

a.

o
a -~

a. a... 0
* .0 -

.~~0
o a =

CI.

oa.
b-li-D
0~5

a-

-U

c

*0

RIG TYPE

BORING TYPE
SURFACE ELEV.
M, A g III

U Vl r_. -- ,,J ..JJ __

To~o

67ý" HOLLOW STEM AUGER

CME -55

TOPnS
a.

U
I,)

REMARKS VISUAL CLASSIFICATION

1~ 1
50

I II , L&t ýiI
ML

ii. i

55

60

65

70

75

80

85

' "STIFF CLAY, MEDIUM PLASTICITY,

-I DARK BROWN

A
-% s MODERATELY CLAYEY SAND, PREDOMI-

. /% F F IRM NANTLY FINE, LOW PLAS-

-- A--- TICITY, BROWN

STPE SAPE AT 81

- _ 0 ..-0 o•,

.. . 0.. . - _ __i_

- -0. ... .. .. .....

GROUND WATER'

DEPTH HOUR' DATEj

52' . 8-15

SAMPLE TYPE
A - Auge. cuffings. B - Block $*-pie
S - 2" O.D. 1.38" I.D. tubo amnple.
U - 3" 0.0."2.42" 1.0. lu' sample.
T - t'" -.0. ,h ti-,,lled shelby u.bo.

SERGENT. HAUSKINS & BECKWIT114

I ~A-4 6

-I



PROJECT CvHURCH RO
'cnF~n E74-1072 DATE

CK URANIUM MILL [LOG OW FEST BORING me. 36
8-15-74

oE

U0.C cc 0CJ

0 .

7--I

'GROUN WAE

HOU DAT

NONE::K Ii

-J

C

CL)

c

D -

RIG TYPE

BORING TYPE

SURFACE ELEV.
DATUM

.r 

, , ,

ToPo

6,5" HOLLOW STEM AUGER

CME -55

To po

REMARKS VISUAL CLASSIFICATION

-&

ML

VERY FIRM SANDY SILT, SOME CLAY,
LOW PLASTICITY, YELLOW

4 .4

ii____
_ _ i _ _

I_____

SOFT TO MOD-
ERATELY HARD

SANDSTONE, FINE, VERY
WEATHERED, YELLOW TO
DARK GRAY

4

SOFT TO MOD-

RATELY HARD
CARBONACEOUS MUDSTONE,
SOME COAL, BLACK

iii'-I __________ ___________

I ___________________ ____________________if. i-~
iiI~~~li__~L K-

-- liii

.. . - .. ______________________

AUGER REFUSED AT 1519."1
ON SANDSTONE

SAMPLER REFUSED AT
15'1O"

SAMPLE TYPE

A - Auger cutings. B - Block sample
S - 2* O.0. 1.38" I.D. tube sample..
U - 3" O.D. 2.42- I.D. tube somple.
T - 3" O.D. thi.n-alled Shblby tube.

SERGENTý I4AUSKIt4S & BECKWITH

~ 0.000* 0 ~A ~ ..m... ... D * £.....

A-47



'41

4jf '

.
., 

.

.
PROJECT CHURCH hOC

JOB NO. E74-1072DATE
K.URANJUM MILL K.URAIUM ILLOG OF IFISF? GORING NO. 37

i~ 74
8-15.74I I

aIL.
C3

-C

aZ r.C

.0

-o E

I-

a
E

Zg

0. l.-00l

- .,

co

;u',Z
"0,.

I

0

0*z

RIG TYPE -
BORING TYPE

SURFACE ELEV.

DATUM

6'-" HOLLOW STEM AUGER

'To~o

CME -55

REMARKS VISUAL CLASSIFICATION

4-'-' I t
0

5

10

15

20

25

IJ

So 0o-o

0 00

000

0 0a

0 0

00 0

a0 0
00

0 00

000

.... i

-- i

I I - i I

______I
SAND, PREDOMINANTLY
FINE, NONPLASTIC, YEL-
LOW

----

ii,,
-.... -

§ 10 00 SP

SAND, PREDOMINANTLY

FINE, NONPLASTIC, BROWN

CARBONACEOUS MUDSTONE,~VERY WEATHERED, BLACK
1-4-4

-- U *.*

---4......

.5*4*

L

i

_-S 50/2 7t_
SOFT TO MOD-
ERATELY HARD

SANDSTONE, VERY WEATH-
ERED, OCCASIONAL THIN
SEAM OF MUDSTONE, GRAY

.0

- ~-- ---==~-..--,--.--1 I

-

- l I I

I 4- :

E1 1_______ ___ ___

f ~ ___ ______

AUGER REFUSED AT 24'6"
SAMPLER REFUSED AT 2417"

SERGENT. HAUSKINS & BECKWIT.
se.... .. oes... .seen

- ' I I --- --""+

GROUND WATER
DEPTH:,.HOUR DATE

-NONE

SAMPLE TYPE

A - Aug-r culvigs.s B -*Block. sample
S - 2" O.D. 1.38" I.D. 1ubosampl=e.
U r- 3 0.0. 2.42" I-0 S•,b. sqJp'pl-.
T - 3" o.0. tin-al@ladl sh.lby t.1b..



PROJECT CH URCH HOI
JOB NO. E74-1072 DATE

CK URANIUM MILL [LOG OF IESV SOR8NG No. 38
8-16-74

CK URANIUM MILL

9
30 t

0z a
UCL C

0-
i a

a 0

a

-3

CC
aa
~~0

0-i

9-

S00

!-c

:xa.

c

.00

aD 4*

RIG TYPE_

BORING TYPE_

SURFACE ELEV,

DATUM_ Topo

04E-55
64-h' HOLLOW STEM AUGER

REMARKS VISUAL CLASSIFICATION

0

*2m
1 ___ VERY HARD CLAY, MEDIUM PLASTICITY,

YELLOW & BROWN

5
_ __'YE'

1

F I FIRM CLAY, MEDIUM TO LOW

0 dl • PLASTICITY, BROWN

I I .. -___ ____ FIRM CLAYEY SILT, LOW PLAS-

________TICITY, GRAYIS-BROWN15 i 1 ,b J

-- il _ s_ ________ ______ ' - ___L____

q r)
? __. SOF____ SOFT TO MOD- SANDSTONE, VERY WEATH-

ERATELY HARD ERED, OCCASIONAL THIN
_MUDSTONE SEAM, YELLOW

25 - - - - - ~ - _ _-:..... ,.--•-7•1f__o

4 - _ I-4 -I- -- __

...... . .--.. I .. . ..__ __ __

Pyi

......... I

GROUND WATER
DP" HOUR DATE

"NONE-

t?.LU F rQ r, y . SOFT CARBONACEOUS MUDSTONE,
VERY WEATHERED, BLACK

--- I __________

I. _________

__ I __

I __ __

AUGER-REFUSED AT 2416"
ON SANDSTONE

SAMPLER REFUSED AT 2417"

I_____-

I ,. I

I I -

SAMPLE TYPE
A - Auger cuttings. B - Block smple
S - 2" O.0. 1.38" I.D. tube sample.
U - 3' O.D. 2.42" I.D. t4 ,b. Cempl..

T - 3" O.D. thin-walled Sh.elby lube.

SERGENT. HAUSKINS & BECKWITH

I A-49

-Ii



~.I p

1'

PROJE1 100 alp MY 90RONG No. 39

CME -55
6 ±V' HOLLOW STEM AUGER

Topn

VISUAL CLASSIFICATION

VERY FIRM
TO HARD

CLAYEY SAND, LOW PLAS-
TICITYj, GRAY, YELLOW&

BROWN

AUGER REFUSED AT 8'21

ON SANDSTONE
-SAMPLER REFUSED AT 813"

.0

GROUND WATER
DEPTH HOUR DATE

NONE

SAMPLE TYPE
A - Auger cuttings. "B - Block somple

S - 2" O.D. 1.38" I.D. tube sample.
U- 3" O.D. 2.42" I.D. tube so-ple.
T - 3" O.D. thin-uolled Shelby tube.

SERGENT. HAUSKINS & BECKWITH:

- ',.--.A....5.! A-50j



PROJECT CHURCH' RO

JOB NO. E74-1072 DATE
CK URANIUM MILL

8-1 6-74

I OF 2

fLOG OF TEST 5O•NG NO. 440

CME-55CK URANIUM MILL8-16-74= ~ I . I I

S
U.
r

0.
0

0

o CL1
a

o-J

a
E
0

0.

E

* C3.

ai:.2

00.

.0
0-i

a-
S0-

D .

I
RIG TYPE

BORING TYPE

SURFACE ELEV
r TlIIA

V.

6-:i HOLLOW STEM AUGc.(,

Topo
T

REMARKS VISUAL CLASSIFICATION

.0

li
i .1. .L_.i• ; i MODERATELY

FIRM
SILT, CONSIDERABLE CLAY,

LOW PLAST I CITY, BROWN

17r

-Mb-

5

10

15

20

25

30

35

MODERATELY SILTY CLAY, LOW TO ME-

. FIRM DIUM PLASTICITY, DARK
* 4 BROWN

__ ___- j jCL
-- •T--1i ___i -________________ _

-1/ u SOFT CLAYEY SAND, OCCASIONAL

--- -1, .LOW PLASTICITY, BROWN

:- i .- r SOFT CLAY, MEDIUM TO HIGH

. ...... PLAST I CITY, DARK BROWN
__ -- - ---- i -W

ITY, DARK BROWN

...... *HK- _ _ ----

....... ERATELY FIRM LOW I L
...... ---- _ _-_- _ SOFt TO MOD- CLAY, SOME SAND, FINE:,

_--" i •-I------j.-----.RALYFM LO TO MEDIUM PATC
.1.• | ITY, DARK BROWN

'-I------I•-MODERATELY CLAYEY SILT, LOW iLS
S! 121 FIRM TICITY, BROWN

. --- i -- - -A

.40

45i I:I- :

50 .. • :

GROUND WATER
DEPTH HOUR DATE

NONE

SAMPLE TYPE
A - Auger cs.tings B - Block sample
5 - 2" O.D. 1.38" I.D. tube sample.
U - 3" O.0. 2.42- 1.0. tub. sample.
T - 3" O.D. thin-walled Shelby tube.

SERGENT. HAUSKINS & BECKWITH

A-51..



.44

A,

W'.
4 Ip44

33

2 OF 2
ILOG OF 1'ESF BORING No. 40

I 

I 

I 

.I

PROJECT CHURCH ROD
JOBNO. E74-1072-DATE

CK URANIUM MILL

B-1 6-74
CME[-558-16-74

a

o..
to.

50
S1-

u

0 _j "

I-

0.
-C

- b.c
.0

- .0 -

o ~ -

03~..
E

C-
0@

oa
3..-

0-a

U 0

CL

c_

I RIG TYPE

BORING TYPE

SURFACE ELEV.

DATUM

ToPo
6--5" HOLLOW STEM AUGER

Topo

REMARKS VISUAL CLASSIFICATION

50

55

60

_____ I
3.1.1!

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

I C
4 ir~rt/b"

CLAYEY SAND, PREDOMI-
NANTLY FINE, LOW PLAS-
TICITY, GRAY

S-OFT TO MOD- CARBONACEOUS MUDSTONE,
ERATELY FIRM VERY WEATHERED, BLACK

MODERATELY SANDSTONE, FINE, MODER-

ARO ATELY WEATHERED, WHITE

ý4-

----

i-2

'li

.... :]"

- l......

I

PIEIIIIZ - 1L
- f~I.iiiIii.-

f-I--- _________

[+1
- l~ --

f I---

- _____ - I
I _______

1 JLiitIZ~-4' -1-- i.
4' -~ -3

1.11
*_j -r

* 1~ ____I I
3~~r--;

_____ Ii _____

____ ____

~VI7Z ill __

I. ___ ___ I

11177 __

Liz.__

AUGER REFUSED AT 5714"
SAMPLER REFUSED AT

57'6" ON SANDSTONE

.0

-- i-- ....I
- i ---- 4--

I ! i
- .L a ...-.-

'GROUND WATER

DEPTH HOUR - DATE

I
SAMPLE TYPE

A - Auger cuttings. B - Block somple
S - 2" 0.0. 1.38" r.D. tube so-pl..
U - 3" OD. 2.42"' I.D.tube sample.
T - 3" O.D. lhin-vo-ll-d Shelby tub..

s~7~j SERGENT, HAIJSKINS & 13ECKWITH

~~1~ A-52



PROJECT LHURCH Ho(

JOB NO. E74-1072 DATE

K URANIUM MILL (LOG OF 71ESi BORING NO. 41
8-19-74

,0
I€

C:

C ~0
0 C.

U0a00

-;

.~0
0-i

E
0

i-

E
,0

0.

0 .0>=
E;--u.

-u

00.
5"

0-i

0.-

S0;
00

:) ,u

RIG TYPE
BORING TYPE'

SURFACE ELEV.
r% A'ri iu

CME -55
6-" HOLLOW STEM AUGER

Topn
__ I __

REMARKS VISUAL CLASSIFICATION

______ ______ _____ -. I- -t
0

5

10

15

20

25

30

35

*~1-'9,
ill

-'ii

-- 1

---4
'I

-IL 2

FIRM TO HARD SILTY CLAY, LOW TO ME-
DIUM PLASTICITY, GRAY-

ISH-BROWN

______________ I
________ 1~~~~~'~

--- 1
Ii I ____ ____ 1 ____

_______ _______ II _______

__ __ 1 __ 1-
____ ___ ____ 1~-~~--~ I IILL~.___ 1 T

zLL ___*1- i.'~
I ______ ii _____ I--

.-..1~~-i _________ ________ _________

I.-,______ _1 __

_____ _____ .1. _____ -

-V.--'- I ________

I - ______

I _______ .j. --

-s~ -er LZZF-j --

___ I I ___

-r

000 1 i T ,__

-. I IRM CLAYEY SAND, LOW PLAS-
_ TICITY, LIGHT BROWN

- CLAY, MEDIUM PLASTICITY,

j " - __.DARK BROWN

__ 1, j L FIRM ALTERNATING LAYERS OF
--_ _ CLAY & CLAYEY SAND, LOW

.. TO MEDIUM PLASTICITY,

F___ 33 CL HARD SANDY CLAY, OCCASIONAL

..... ___ ___THIN LENSES OF SAND,
___ _FINE, MEDIUM PLASTICITY,

----- _ _ _ BROW N

"f " I I --1 __AUGER REFUSED AT 42'
,i______ POSSIBLE IN WEATHERED

F-F--__IISHALE
-_---___--_-_" --- I STOPPED SAMPLER AT 4316"

"A n

45

GROUND WATER

DEPTH HOUR DATE

NONE

SAMPLE TYPE
A - Auger cuttings. B - Block sample

S - 2" 0.0. 1.38- I.D. tube sample.
U - 3" O.D. 2.42"" LOD. tube somple.
T - 3" O.D. thin-woli.d Shelby tube.

- SERGENT. HAUSKINS & BECKWITH

-t- . A-53



1 OF 2
LOG OF TESF BORING NO. 42PROJECT CHURCH IRO(

JOBNO. E7 4 -10 7 2 DATE

:K URANIUM MILL

8-19-74
8-19-74E m

0U-

0,

a

-C

'C c
0 0

C-&

-0 C

0C

E

0.

0± Eo 7
~~0
- a .C
* 4, a.
o..0
- .4**
7
o 0 =

C-
00
00.
0.~
~0

0-i

U0-

C

a00

m0

I RIG TYPE

BORING TYPE

SURFACE ELE.V.
fl A TI I"L ToPo

6 -'E" HOLLOW STEM AUGER

CME-55

.7

REMARKS VISUAL CLASSIFICATION
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LABORATORY TESTING PROCEDURES

Consolidation Tests. Soiltest or Clockhouse apparatus of
the "f loating-ring" type are employed for the one-dimensional
consolidation tests. They are designed to receive one inch
high 2.5 inch O.D. brass liner rings with soil specimens as
secured in the field. Procedures for the tests generally are
those outlined in ASTM.D2435-65T. Loads are applied in several
increments to the upper surface of the test specimen and the
resulting deformations are recorded at selected time intervals
for each increment. For soils which are essentially saturated,
each increment of load is maintained until the deformation
versus log of time curve indicates completion of primary con-
solidation. For partially saturated soils, each increment of
load is. maintained until the rate of deformation is equal or
less than 1/10,000 inch per hour. Applied loads are such that
each new increment is equal to the total previously applied
loading. Porous stones are placed in contact with the top and
bottom of the specimens to permit free addition.or expulsion
of water. For partially saturated soils, the tests are
normally performed at in situ moisture conditions until con-
solidation is complete under stresses approximately equal to
those which will be imposed by the combined overburden and
foundation loads. The samples are then submerged to show
the effect of moisture increase and the tests continued under
higher loadings.. Generally the tests are continued to about
twice the anticipated stress due to overburden and structural
loads with a rebound curve then being established by releasing
loads.

Expansion Tests. The same type of consolidometer apparatus
described above~is used in expansion testing. Undisturbed
samples contained in brass liner rings are placed in the
consolidometers, subjected to appropriate surcharge loads
and submerged. The loads are maintained until the expansion
versus log of time curve indicates completion of "primaryswell".

Direct Shear Tests. Direct Shear Tests are run using a
Clockhouse or Soiltest apparatus of the strain-control
type. Shearing-forces are applied at a rate deformation
of approximately 0.05'inches per minute. The machine is
designed to receive one of the one inch high 2.42 inch di-
ameter specimens obtained by tube sampling. Generally, each
sample is sheared under a normal load equivalent to the
effective overburden pressure at the point of sampling. In
some instances, samples are sheared at several normal loads
to obtain the cohesion and angle of internal friction. When
necessary, samples are saturated and/or consolidated before
shearing in order to approximate the anticipated controllingfield loading conditions.

." SERGENT. HAUSKINS & BECKWITH
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USEUMA OF NEW MEXICO. P.O. BOX 208Z SANTA FE. NEW MAEXICO 87501

June 6, 1974

Dr. Leland J. Abel
Archaeologist
Bureau of Indian Affairs
P. 0. Box 8327
&arLe--r-e, New Mexico 87108

Dear Lee

Mr. Paul Grigg, of our archaeological survey staff, con-
ducted an archaeological clearance survey of:

All Section 2 Township 16 North Range 16 West N.M.P.M.

in McIinley County, New Mexico, at the request of the United
Nuclear Corporation which plans to construct a uranium pro-
cessing mill on that piece of land.

Mr. Grigg encountered two archaeological sites as shown on
the accompanyin g maps and described in the attached survey
forms. The sites have been entered as LA 11617 and LA 1.1618
in the Museum of New Mexico Archaeological Survey Catalog.

The first site apparently is a one-room field house with very
little associated pottery. The sherds present do indicate
repeated use of the structure. Without an area-wide survey, it
is difficult to judge the significance of the site. At this
point, its location and ceramic assemblage are likely to be the
principal bits of information to be derived from it. I would
question the.. need for a salvage excavation, though very few
field houses have been excavated and their contents studied.

The second site; though less well defined, is the more interesting
of the two. Mr. Grigg could not find any architecture to go
along with the pottery, but the latter's association with a
coal deposit, plus the tendency toward a yellowish color for
the utility pottery, suggests the use of coal for pottery-
firing, as the Hopi did in the past. I would think that some
additional field work would be worthwhile at this site.

PALACE OF THE GOVEIPNORS. FINE ARTS BUILOING. "MUSEUM OF INTERNATIONAL FOLK ART. LABORATORY OF ANTHROPOLOGY. ANO STATE MONUMENTS
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C rJob No. E74 ex072

TABULATION OF TEST RESULTS
Date-

Client: Project Church .Rock Uranium Mill

Church Rock, New Mexico

MO IuI lot

HOLE UN I F I ED SIEVE ANALYSIS -. ACCUM. PASSING LAB.NO. LOCATION DEPTH CLASS. L L. P 1 10 16 10 -4 /4 - /4 12 - 2 NO.NO,__ 200_ 10 40 ¾ ¾ 1 1/2" See 
2.... 0Z

2 Site Plan 10' CL 38 20 92 98 99 99 99 100 2
See 1072

3 Site Plan 5' CH 62 45 70.1 87 99 99 99 100 15 0See -277 -9
3 Site Plan 10' CL 44 27 77 93 99 9,9 99 00 -16

See -7 -01072 -
3 Site Plan 15' CL-ML 21 4 70 93 0017See10 -4 Site Plan 5' ML NP 55 82 .96 98 99 99 100 -274 See 

1072-
4 -Site Plan 10' CL 46 29 98 99 99100 28

See 1072-
Site Plan 20' SC 29 11 39 1 79 99 99 99 100 30See "" 

' 1072-5 SitePlan 15' CL-ML 23 4 5,3 83 97 97 97 100 905 Site PlnC-L 23 415_072--
7 Site Plan 5' CL 33 15 75 91 96 96 98 98 98 100 41

Block 75
Sample #19 CL 33 18 84 95 99 100 75Block .. ... .. 1 7 -

k #118__ CL 42 27 98 991100 76Sm ple ........ 1072"
Tail3ne s 18 30 74 97 99 100 77

Comp o s e 1072
Gradation -A------1072-

' -.. 5 s4 9 64 91 94 98 99 100 80I

L I....~ 3 - 1 1 __ _ __ _ I. 1. .I. I f _ ..... I



SUMMARY OF CONSOLIDATION TESTS

Church Rock Uranium MillPROJECT JOB NO. E74-1072

0
II

II

5 '11

II IIII
10 I IIII

IIlI
i -N IIllii~!li:,

I
*~0)

.0

z

0

L)

1TIT

If

ill

'Ii!f!
II

IHlil
i11

0.1 1.0 10.0 50

PRESSURE - Kips per square foot

INITIAL DRY DENSITY MOISTURE CONTENTCURVE S A M P L E L S./Cu. FT. % DRY WEIGHT UNIFIED SOILLBS.CU.FT.C LASSIFICA TION
INITIAL FINAL

A Boring # 1@ 10' 104.28 12.4 20.6 CL

" =uSIL MOISTURE CONDITION

- -- INSITU

SUBMERGEO
SERGtNT. HAUSKINS & BECKWITH-



<K

i n ,

SUMMARY OF CONSOLIDATION TESTS

PROJECT Church Rock Uranium Mill " JOB NO. E74-1072
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SUMMARY OF CONSOLIDATION TESTS

Church Rock Uranium Mill JOB NO. E74-1072onr% 1YrT
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SUMMARY OF CONSOLIDATION TESTS

Church Rock Uranium MillPROJECT JOB NO. E74-1072
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SUMMARY OF CONSOLIDATION TESTS

Church Rock Uranium MillPROJECT JOBNO. E74-1072

0

10

.j

"; 15
r0

4,

u 20
a_

z
0

-J

0
o)

it

t
ft

:I:i

!4,~

1.0 10.0

PRESSURE - Kips per square foot

50

INITIAL DRY DENSITY MOISTURE CONTENT

CURVE S A M P L E s% DRY W EIGT UNIFIED SOIL

LOS./CU. FT. CLASSIFICATION
INITIAL FINAL

E' Block Sample #19 .87.3 .27 23.3

SOIL MOISTURE CONDITION

L.~U8MEINS..T.
SSERGENT, H-AUSKINS & BECKWITH-

-~ ... ..... B-7



A

7"

SUMMARY OF CONSOLIDATION TESTS

Church Rock Uranium HillPROJEC r" JOB NO. E74-1072
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SUMMARY OF DIRECT SHEAR TESTS

Church Rock Uranium Mil!PROJECT JOB HOE7 4 -1072
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SUMMARY OF DIRECT SHEAR TESTS

Church Rock Uranium Mill JOB NO E7 4 - 1 0 7 2
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SUMMARY OF DIRECT SHEAR TESTS

Church Rock Uranium MillPROJECT JOB HO.E7 4 -1O] 2
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SUMMARY OF DIRECT SHEAR TESTS
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PROJECTRO Church Rock Uranium Mill JOS No. E74-1072

STRESS DEFORMATION CURVES
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PROJECT Church Rock Uranium Mill JOB NO. E74-1072
PROJECT Church Rock Uranium Mill 

E74 1072
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PROJECT Church Rock Uranium Mill jOBNO. E74-1072
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PROJECT Church Rock Uranium Mill j0B Ho. E74-1072
PDfl IFCT Church Rock; Uranium Mill JOB NO. E74-1072
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PROJECT Church Rock Uranium Mill JOB NO. E74-1072

SUMMARY'OF TRIAXIAL SHEAR TESTS
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PROJECT Church Rock Uranium Mill JOB NO. E74-1072

Sample No. 1-83

TRIAXIAL STRESS-STRAIN CURVE

CONFINING STRESS @ 3.5 PSI
0.25 TSF

3

2•

W)

f-i

I

0

B3-22.•

.A

AXIAL STRAIN, 7%

-' SERGENT, HAUSKINS & BECKWITH

. . . . . . . . . . . . . .. . . . . .~lS.. .......

U .11 1_



Church Rock Uranium MillPROJECT JOB NO. E74-1072
Sample No. 2-83

TRIAXIAL STRESS-STRAIN CURVE

CONFINING STRESS @ 14.0 PSI
1.01 TSF

An

0

1 2 3 4

AXIAL STRAIN, %

SERGENT, HAUSKINS & BECKWITH
€o ~ ~ ~ ~ ~ . ......... aNo•o• q

B-23



PROJECT Church Rock Uranium Mill JOB NO. E74-1072
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S•• SERGENT, HAUSKINS & BECKWITH

ENGINEERING ANALYSIS • PHYSICAL TESTINGI

CONSULTING SOIL AND FOUNDATION ENGINEERS
MATERIALS TESTING ENGINEERS

QUALITY CONTROL FIELD EXPLORATION

REPORT ON LABORATORY TESTS

PROJECT

LOCATIO0

Church Rock Uranium Mill

DATE

JOB HO. E74-1072

LABO 04-1072-82Church Rock, New Mexico

CLIENT

SOURCE OF SAMPLE' No. 4-1072

MATERIAl

SUBMITTED BY

TESTED ASTM D2434-68

SAMPLED BY--

REQUESTED BY

DATE RECEIVED

TEST RESULTS

REMOLDED PERMEABILITY

*Maximum Dry Density (Wet Method)

70% of Maximum Relative Density

Initial Dry Density at 70% of
Relative Density

Initial Moisture Content

Percent of Maximum Density

Percent Saturation

Head

Volume of Sample

Coefficient of Permeability

* Specific Gravity

* Coefficient of Permeability

102.8 pcf

98.5 pcf

98.5 pcf

19.0%

70.0%

87.7%

6.04 ft.

2080 cc

2.29x10- 3 cm/sec.

2.562

2375 ft/yr.

.'Note: *Relat
Speci

j . • ; : ..

* PHOENIX

" a,2..8.

ive Density per ASTM D2049 (Lab No. 4-1072-81).
men Remolded to 70%7 of Maximum Relative Density.

FLAGSTAFF

(002) 774-4433
EL PASO

(915) 72-30980
ALSIUQUEROUE

(505) ;5A4-9940

B-25
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SERGENT, HAUSKINS & BECKWITH CONSULTING SOIL AND FOUNOATION ENGINEERS
MATERIALS TESTING ENGINEERS

ENGINEFAING ANALYSIS, PHYSICAL TESTING QUALITY CONTROL VIIELD EXPLORATIOm

REPORT ON LABORATORY TESTS
DATE________

PROJECT Church Rock Uranium Mill

LOCATION Church Rock, New Mexico

JOB NO. E74-1072

LAB NO. 4-1072-83

TRIAXIAL COMPRESSION TEST

(SPECIMEN DATA)

Specimen No.

INITIAL

Diameter, cm.
Height, cm.
Water Content, %
Dry Density, PCF
Saturation, %
Void Ratio

AFTER SHEAR

Specific Gravity
Saturation, %

Confining Stress, PSI
Maximum Deviator Stress,

TSF
Time to Maximum Deviator

Stress, MinutesType of Test & Controlled
Loading

Sample Identification
Lab No.

1

7.112
15.187
19.3
97.7
77.8
0.64

2.562

91.9

3.5

2.05

27

2

7.112
15.187
19.3
98.2
78.7
0.63

2.562

93.8

14

4.60

19

3

7.112
15.187
19.0
97.9
77.1
0.63

2.562
99.3

35

9.90

56

Consolidated-drained, strain controlled

4-1072-83

PHOENXx
(002) 272.0948

VLAGSTAFF

(Goa) 774-4433
M[- PASO

41013) 772.30•0
ALDUQUERQUE

'9505) 344.9940

B-2 64
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SERGENT, HAUSKINS & BECKWITH CONSUJLTING 5OIL ANDO FOUNDIATIoN ENGINEERS
MATERIALS TESTING ENGINlEERS

ENGINEERI*NG ANALYSIS . I . J41ICAL TESTINC QUALITY CONTROL FIELD EXPLoRATIOM

REPORT ON LABORATORY TESTS
DATE

JOB NO. E74-1072PROJEC T Church Rock Uranium Mill

LOCATION Church Rock New Mexico LAB NO. 4-1072-83

TRIAXIAL COMPRESSION TEST

(SPECIMEN DATA)

Specimen No.

INITIAL

Diameter, cm.
Height, cm.
Water Content, %
Dry Density, PCF
Saturation, %
VoidRatio

AFTER SHEAR

Spec ific Gravity
Saturation, %

Confining Stress, PSI
Maximum Deviator Stress,

TSF
Time to Maximum Deviator

Stress, Minutes
Type of Test & Controlled

Loading
Sample Identification

Lab No.

1

7.112
15.187
19.3
97.7
77.8
0.64

2.562

91.9

3.5

2.05

27

2

7.112
15.187
19.3
98.2
78.7
0.63

2.562

93.8

14

4.60

19

3

7.112
15.187
19.0
97.9
77.1
0.63

2.562

99.3

35

9.90

56

Consolidated-drained, strain controlled

4-1072-83

*PHOMNIX
(602) 272.0848

VLACISTAFF

(002) 774-4A33

EL PASO
4015) 772-3000

ALBUQUERQUE
.49050 344.9940

B-2 6 ;,



Tailings Dam
Church Rock Uranium Mill
United Nuclear Corporation
Church Rock, New Mexico
Job No. E74-1072

RELATIVE DENSITY

Minimum Dens ity - PCF 90.17

Maximum Density - PCF 102.80

Preparation Method - Wet
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Tailings Dam
Church Rock Uranium Mill
United Nuclear Corporation
Church Rock, New Mexico
Job No. E74-1072

RESULTS OF FIELD PERMEABILITY TESTS (E-19)*

Location Depth
Coefficient of
Permeability

Boring No.

Boring No.

Boring No.

4
12

15

10.0'

10.0'
10.01

4.0 feet/year

3.8 feet/year

27.0 feet/year

* The tests were performed by the E-19 permeability test method

(U. S. Bureau of Reclamation, 1963) in 612" diameter borings.

I SERGENT. HAUSVINS & BECKW1H
V~ok......* ~.. .. a B-



Tailings Dam
Church Rock Uranium Mill
United Nuclear Corporation
Church Rock, New Mexico
Job No. E74-1072

RESULTS OF SEISMIC SURVEY

Location

Line #1

Line #2

Line #3

Depth

0-53'

531+

0-55,
55y+

0-94'

94'+

Velocity

630 ft./sec.

1780 ft./sec.

780 ft./sec.

1800 ft./sec.

1080 ft./sec.

1000 ft./sec.

'SERGENT HAUSKINS & BECKWITH

B-29



Dr. Leland J. Abel -2- June 6, 1974

In view of the presences of these two sites, I would recommend
that archaeological clearance be withheld until -there is an
opportunity for a qualified archaeologist to investigate
LA 11618 further, and perhaps LA 11617, as well.

Sincerely

Stewart L. Peckham
Curator-in-Charge
Division of Anthropology

Enclosu re s
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UNITED. NUCLEAR LEASE--All..of .Section 
2, Township

~16 orth Range 16 W.. N.M..P.M.,

..McKiriley County, New Mexico.

Showingijocations of. archaeological 
sites LA. 11617

......and LA " 11618 (Mus u. of.New Me.xico Archaeological"

Survey Catalog). -

Archýaeolo'gical survey conducted 
April .15-16, 1974"
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United Nuclear Fr(fe,,

MlUSEUM OF NEW :MEXICO ARCHAEOLOGICAL SURVEY . . . jec SITE NO.: L.A..- 1617

Sit,: name --. Quad no.M _: Field;No. 1j6-16-2-1. foot 
X 

_e a
,\tpource .USGS 7.5' Quad..-Hard Ground Flats it t.t.d a x

Map ~._-Accessibility: 4-wh.,dr....backhoe2

NE ._ ,i of tthe Nl _._.%_. St._2 __, T. ý_ _. . ,County M c Yi.nl ey __ State _ M
Location About '30 meters west of .paved hi ha_ and 100 meters north

of turn-off for houses in Section 2. E evation 6990

Stake location (MNM. Other)-
Site is in what naetclrhRcdajnate:. .re O.Puerco River Nearest_ N-... Nearest hihway NM 546

tt-,ti d d uu e . . .. .. . . - - Neares highw ayr h o c
. I avajo Trip e--owner

Owne.rship .,U1i.t•.C..• i _Q ... r C_QX r.. -- _l..e.s.see Informont

FEATURES gndicate number) : Pit housei _Kivas Surface rooms: S!abt.!acal . .. Masonry 1Adobe - Other

Rel;se area (direction) .- Hearth.;• Burials __ Sherd/Chipping area _Gritl,'D'...nq/Terraces/Borders Petroglyphs/Pictographs - _

Trails/Step.VToeholds _ Other Scat te red refuse '

PLAN (chck•' ): I-room _V_- Arc Linear ___ L-shaped [:-shaped 1..-shaped_.__ J-shaped -( )-shaped

Enclse~d plaza: by a wail l by rooms Scattcred dwelling units lndelerminate --- Other

Sinle-tier Double-tier . ( )-tiers Part double- tier Part ( )-t;ers Orientation - Exposure 360
• lodcrn structures on site __A

Nature and depth of fil- sand nd._sandstone___de pth._u nd te!rirh.ae of site _ _10- .5 meter4aw
Condition: Undisturbed -- _ Eroded AX Pot-hunted - Pottery/Artifact abundance: 0,(10'4 100"s. 1000's Multiple component site?_N.•Q_

SITUATION (check ý- ): Valley bottom Bench/Terrace Slope tRidge _-X_,Mcs top _. Cliff edge " Overhang __ Cave

Dune _ Other _ _.___"

Terrain: Level X Broken -Slopes.to fiirection) •E; Surface deposits: Alluvium Colluvium . _Aeolian XTalus.. Residual

Sih: Rocky - Gravelly - Sandy .X ___layey -- Other _- Local outcrops: Sandstone X.. -Shale -. Limestone.

Baaltr "T.Uff_ Caljiche -Other Arable land (type, distance 4. direcrion)vaY ley bottom; loam E.
Water (distance & direction): River. Astoyo 300m ESE. " Stream confluence_

Spring/Seep Bedrock pool Local Veeotatbon patternsPilyQD•."Ul pe-r

Fic1dremarks Very litttle _.pttey on surface. Should have been'surveyed for

N- M 546. .

-t----- . -.... •.............................. ..-.- ""! -: • ,•." ...... .. ... .: . .v ... '

'- xcavation rquirements: Labor t. _. stered'site? "Natio r' . Sta te

C U L T U R E :A n a s a z i ' ": "J S z i P h a se o r D a te - / 1 . . .- I - P j - I I_ _ _

S - '. component 1.) . Icomponent 2) '(co.ip6nent 1) - -: (component 2)

Zone " Locality .. ...--- _ - Photo: l1W . .. ___ Color

-"msr Aparent l"a field hots-e re-used over -a7 considerable period

Sherd anal.ysi§ on reverse.

Pal , r c- pil 15, 1.974 .-f icldr ecorder PDu l S . G iz~ L " Date A p l 5. ]. 97. Survey Survey cabinet _ irawer ..

I.;.b r t:ct v '•d c r . . '.. . . . . . .. .. . .. . . ... .. 1 .4 , . . . . .. -t,, t . Ito l k c a b in et. . . .. ... . )ra w e r
4 •-73 .



MUSEUM OF NEW MEXI-CO CONTINUA~TION SHEET
IOJEC('jt~d/~i Sr. L/ ~ ~A~UiSHEET NO:/

I7. ... .

I. .4.~. 4Li

I.. . I

4 .44

-I-7

V:b

.

- ':".'4~7-:..
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i"s

?21

0ý

Sherd analysis

Red Mesa BI"
Escavada B/'1.
Gallup BA'
Chaco-McElmo BAI

1
3

1 8

? Grey neckbanded
Sand temper, P II Plain Corrugated
Sand temper, P II Indented Corrugated

Sand temper qrai"
White ware

2
2
1
1~ 6

14Total shq.rds



MtISE VNI OF N Hw .M EXICO A.RCHAEOLOGICAL SURVEY LUnited Nucl.Car Project SITE NO.: I.A._...6.1......

Site ,ta e__ -. .Quad 1o. _.-..JN7 G -- Q no. Field No.___-._ 2 -_
V. .. .-U•S 7-5' Quad--Oak Satincifo

7.. . .5....... ' .... d- ..Oa ....... n... ....Accssiility: 4-wh. dr. . ackh oe__

SE %: ofthe .. ofthei __, See.._2 , T..I .-. ., R. 16- _.. Cotunty ýLc-in]_e,' State .

oaoE-st side of 1-- l-arge.li546 about 200 meters

north of an old corral 7000 - t 0

Stake location (MNNI. Other) .
Site is in what nearest,~~ * tPuerco River -----. Nearest iown Chu rch ro•Nearestchihway NM .546

Ownership .. eP . -..t u_. ti n r. . ....... ...

FEATURES (indicate number) : Pith,,uses. _ Kiv:is _- Surface rooms: Sl/iaal .. an r Adobe .nO th.r- .N._O.

Refu.e area (diref.0tioni _-L Ilcarrhs Burial. I_ Sherd;M?, *ýýlarea ... Grids/f ara/l'erraces/ttrders.___Pe tropJ)yphs/Pictovraphs

Ttai/S teps/Tt.,eholds . Other . ..

PLAN (check v I : l-room -- Arc. - Linear -- L-shaped - . E-shaped F.l:-sli:zped -. E-shaped - ( ) -shaped

Enclosed plaza : by a wall __ by rooms - Scattered dwelling units . . Indeterminate .-.H Other ......

Sin.e-tier . Double-tier - ( )-ties .. Part doubc- tier ....-. ?at ( )-tiers .. Oricntation --- Exposu•u _. and

Modern structures on sit small road to top of knoll

Nature and depth of fill __Y/A A_,Area of site x70 40 meter.AR

Condition: Undisturbed .... Eroded .X.... Pot-hunted -. Potter)I/Artifactabundancc: 0, 10's(100's)l1000's Multiple component site?..0. . SS

SITUATION (cheek v, : Valley bottom ..- Bench/Terrace Slope - Ridge .- Mesa top -Cliff edge -- Overhang ... Cave.

Dune --- Other J_ O1n o__ ___....

Te•rain: Level - Broken . Slopes to (direction) ... Surface deposits: Alluvium n Colluvium -- Aeobian __ alus .. Residual _•_.

Soil: Rocky X _M__Gravetly - S Sandy -- Clayey :.'-.Other - - _ __ Local outcrops: Sandstore _.__Shale _ Limestone

Basalt -- Tuff . Caliche Other C2od Arable land (type. distance & dircction)

* . Water (distafnce & dirrcrion) : River Anoyo l 0m W. _Stream confluence

Spriny Seep -B.... Dedrock ptol - Local vegetation patlerns -_.i. Lo "!-.

.K nremaks ll appears to steep for habitation and top was small and had no

i"ultur: -oucn tle ian abundance of pottery__D to the coal.

on the slope. Several large sandstone slabs apparent ly we re -
..oved and tosserl to one side to get to the t*nderrlying coal. deposit. This

, w S the only good coal deposit I found in the section.

' -,Sherd analysis on reverse., __

" E aivarton requirements: Labor ..... .. ..... .. Time Registered site? National no._ State no

.Cb"UPTIJR Anasaz z Anasazi Phas orDate iP-II
I -- (omponent 1) (Component?2) (component 1) (component 2)

. iZone . _. __........... Locality . . ....... Photo: B/W ...... .. .folor

SCul.inarv Potery has been fired cquite Velflowish--like. that p:rod uced

inte " . Hopi area where coal, was used for firing. The site should be
" vestigated further to verify the relationshipnof the potte___r tothe

, oa de.)•itl s e does it represent aboriginal use of coal.

_______::•"Sherd analvysis on reverse.

.ie-dreiod, Paul S. Gr.gq Date April 16 97 , Surveay Cbinet _Drawer
.cor,'- ...C.. .ae....collection.s .ulk cabinet .. )rawer..
' 4C. .:tOC t oqh
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MUSEUM OF NEW MEXICO
P ROJECT:•).-j4•-,t•••_jOe SITE: .1,, //6/1 FEATURE:

COMMIIIIATION SHEET
0 SHEET NO: /
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Sherd analysis

Red i4. ,_W 2
Escavada B/W 3
Galiup E/W 14
Chaco-McElmo B/W 2 23

Sand temper, P II Indented Corrugated 12
Sand temper, PII-IIl Plain Corrugated 1
Sand temper, P III Indented Corrugated I
Lino Gray 1 15

Total sherds 38
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USEUM OF NEW MEXICO, P.O. BOX 2087. SANTA FE, NEW .MEXIC0!87(.5,

23 October 1974. -

• •." ;".:" "'. -• ( -;A "

United Nuclear Corporation, mbrosa Lake Operation -
Attn. Mr. Greenslade C.
P.O. Box.199
Grants, New Mexico 87020 1/

Dear Mr. Greenslade:

Please find enclosed a budget estimate for the excavation of
archaeological sites LA 11617 and 11618. The sites, located in
Section 2, To 16 N., R. 16 W., NoM°P.Mo,. McKinley County, New Mexi-
co, are endangered by the construction and operation of the pro-
posed Church Rock Uranium Mill.

.In addition to the two surveyed sites, a third site was loca-
ted while I was enroute to LA 11618 to make the .budget estimate.
As this third site is quite small, test excavations can be carried
on.simultaneously with those at LA 11618,. and time for that purpose
has been alloted in the LA 11618 estimate.

As mentioned in our phone conversation of October 11, 1974,
the proposed budget. is believed to cover accurately any anticipated
costs of excavation, analysis, and publication. However, it has
been common experience of investigators in the Gallup area that the
surface indications of archaeological sites are quite often mis-
leading. That is, once excavations were underway. it was found
that the extent of many sites was greater than was inferred from
surface indications. Consequently, more time and expense was re-
quired to complete the excavations, For this reason, the budget
covers any situation which we feel might arise, There is the very
remote possibility, however, that more funds might be required. In
that event, you will be duly notified. As usual, the Museum will
bll for only those costs actually incurred on the project.

A brief explanation of some of the line items is in order.
;.zThe excavation crew will consist of one archaeologist and three
•i'laborers (utility workers)o Since the geologist and botanist we
.D•ormally contract with are not on our staff, their fees are flat
[aily rates established over several years. Both of their speciali-

. tions are archaeologically oriented, Each has accrued several
Jyrs of experience in the correlation of geological and botanical
;i.enomena with cultural phenomena, integrations which are vital to
< •ehaeological. interpretations within an ecological framework.
o. ;t'iinstance, the geologist will not only make a study of the local

she will search for sources of lithics, minerals, and
,ermaterials which might have been used by the Indians, In the ml

ýýPINORS, FINE ARTS BUILDING, MUSEUIMOF INTERNATIONAL FOLK ART. LABORATORY OF ANTHROPOLOGY. AND .STATE MONUMENTS

__ *1
7 "VA
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laboratory, she will do much of the petrographic analysis of the
pottery to help answer questions concerning the constituents and
origins of the various wares. The botanist will ascertain the kinds
and locations of economically important plants. In addition, she
will be called on to identify any archaeological plant remains of
both macroscopic and microscopic nature.

Vehicle fees call for the use of a Museum. truck at 10 per
mile. Gasoline cost estimates are based on the'estimated number of
miles to be driven on the project (including travel to and from
Santa Fe on weekends) and are figured on 10 miles to the gallon at
60¢ per gallon. Oil is figured at one quart per 750 miles at $I.o00
per quart. In-state meals and lodging (per diem) for the archaeo-
logist is $20.00 per day.

Field, office, and laboratory supplies are calculated on flat
percentages of the non-contractual salaries (1% each for office and
laboratory and 3% for field). The publication costs are also a flat
fee projected from paper, photographic, and other supplies costs.

The 16.6 % administrative expense is the rate which the Museum
S.established this year in consultation with representatives of the

U.S. General Accounting Office.

We will be most happy to further explain or clarify any ques-
tions you may have regarding this budget or our procedures.

Sincerely,

Regge N. Wiseman
Staff Archaeologist

Attachment

L.



PROPOSED BUDGET FOR THE
UNITED NUCLEAR PROJECT
(LA 11617 and LA 11618)

Field Phase

$830.40
277094

6064

1108.80
90.04
8.87

Laboratory Phase

$2076,00
651.45

16.61

554.00
45.024,43

Line.Items

600.00
500.00

250.00
154.oo

58.18
19.39

6.30

400°00

145.20
45056

1.16

900,00
750,00
16o0oo
500000
30.00

27-75

27-75

250-00

Archaeologist (1)
Benefits
Personnel Assessment

Utility Workers (3 field, I lab)
Benefits
Personnel Assessment

.Secretary
.Benefits

Personnel Assessment

Contractual:
Geologist
Botanist
Draftsman
Samples Analysis
Photographic Processing

Vehicle
Gas and Oil

Suppliest
Field
Office
Laboratory
Photographic
Publication

In-State Meals & Lodging

$4310.56
715o55

$5026.11

$6184.93
1026-70

$7211.63

Actual Field & Lab Costs
Administrative Expense

Total Field & Lab Costs

Total Project Costs-$12,237074



USEUVM OF NEW MEXICO; P.O. BOX 208Z SANTA FE. NEW MEEXICO 87-501

ivlarch 17, 1975

v-. J. e'. .3reenslade
1nined "Auclear Corporation

-. . ox 19 0

*rants. "ew •.:exico 87020

Dear pý,r. Greenslade.

As you can see on the enclosed maps, the two archaeological
sites (LA 11617 and 11618) and an unrecorded Navajo site are all
located neriuherally to your planned uranium mill and waste dispo-
sa.1 facilities north of Church Rock, N.MN. Judging by the infor-
-ation at hand, only one site, LA 11617, may be directly impacted.
The source-of potential impact is the access road from the highway
to the mill parking lot. If the access road can be shifted south
in order to avoid the small hill on which the site lies, excavation
will not be necessary. The hill should be left intact in order to
prevent accelerated erosion which would provide an additional haz-
zard to the ruin.

In the cases of LA 11618 and the unrecorded Navajo site (pos-
sibly the location of a ceremony which would be remembered by the
oarticipating Navajos) as well as LA 11617, if it is not excavated,
Lhe immediate and, long range concern is indirect impact. Off-road
vehicle travel, casual pedestrians who are out "looking around",
and vandals who dispoil ruins for personal gain are all sources of
destruction made more likely through increased human activity in

the area. Additionally,. the Navajo site and Lk 11618 are situated
on hills which might be used as overlooks for the *operation= All
of thes.e potentials for destruction should be avoided and can best
be handled through employee education and restrictions on vehicle
movements, if United Nuclear can give these assurances, then exca-
vation of the sites is not necessary.

Sincerely,

Re-ge N. /Iiseman
Staff ArchaeoloDist

PALACE OF THE GOVERNORS. FINE ARTS SUILDING, MUSEUM OF INTERNATIONAL FOLK ART. LABORATORY OF ANTHROPOLOGY. AND STATE MONUMENTS



USEUM OF NEW MEXICO. PO. BOX 2087 SANTA FE. NEW MEXICO 87501

June 19, 1975

United Nuclear Corporation
A•mbrosia Lake Operation
P. 0. Box 199
Grants, New Mexico 87020

Attn: Mr. Greenslade

Dear Mr. Greenslade:

Enclosed is our budget of anticipated expenditures for the excavation of
L• 11618, located in Sec. 2, T-16N., R-161I., McKinley Ccunty, New Mexico.
LA 11618 is a site which contains three discrete occupation units within
an area of less than 1/2 acre which, I understand, will be disturbed during
operations pldnned by United Nuclear in the near future. I believe that
Mr. Reggie Wiseman has explained the need for excavating these units to
preserve the scientific and cultural information they contain.

I.tr. IWiseman informs me that, after consultation with United Nuclear officials,
excavation of nearby LA 11617 is no longer considered necessary, and I have
made the appropriate budget adjustments to exclude this work. The difference
of approximately $800 between Mr. Iiis-man's budget and the one enclosed here
reflects. the anticipated time needed to excavate three, rather than two
archaeological units. Please let me know if I am correct in assuming that
LA 11617 has been eliminated from consideration. I understand also fron
.-r. IWTisemnan, that United Nuclear would like to have this project completed,
or underway at. any rate, by September. We would prefer, if at all possible,
to have the three units excavated by September because of the press of other
projects. Please let me know as soon as possible if the enclosed budget is
an acceptable one, and whether we might plan to initiate work in the coming
weeks.

Sincerely,

David El. Snow
Curator of Archateology

PALACE OF THE GOVERNORS. FINE ARTS BUILOING. MUSEUM OF INTERNATIONAL FOLK ART. LABORATORY OF ANTHROPOL OGY, ANO STATE MONUMENTS



United Nuclear: LA 11618 etc.. (Revised 6/12/75)

PersonI1 Services

Proj Supervisor, 5 days @51025.00/ mo.

Site Supervisor, Archaeo. 120 days @ $690.00/ mo.

Ass't. Archaeo., 20 days @ $575.00/ mo.

Archaeo/PRecorder 20 days 8 $420.00/ mo.
Proj. Secretary 10 days Q $480.00' mo.

Utility Workers (4), field, 20 days @ $4.00/ mo.

Utility iiorker (1) Lab., 10 days @ $400.00/ mo.

Draftsman 0 $630.00/ mo, 5 days

Employee Benefits

Field @0 33.47%

Lab. @ 31.38%

Labor e 0.812%

Travel-Pe r-diem

2500 miles 3 12t per mile

Per diem, 20 days, (3 persons) @ $20.00/ day

Supplies:- 8 75ý per day

Contractual Services

Photo & Zeroxing

Comimunicat ions

$237.00

3821.00

532.00

388.00

222.00

1479.00

185.00

146.00

$7010.00

$2223.00

116.00

136.00

$2475.00

$300.00

1200.00

$100. 00

90.00

50.00

15.00

$6S.00

$57.00

$11197.00

1859.00

$13056.00

Personnel Assessment 'a0.A% op: salaries

'3TA:L I)RIIECT COSTS:

+ 16.6% 'Overilead

T*i'OTAL PRO,'f COSTS (est.)

... . -I



UNET P NU LEARLA Freytog

C O R P O R A T I O N JW Riches
• N~~~~F S j',"_ ""-

MINING AND HILLING DIVISION P. O. BOX 199

AMBROSIA LAKE OPERATION TELEPHONE 076-2217

GRANTS. NEW MEXICO 87020

June 24, 1975

David H. Snow
Curator of Archaeology
Museum of New Mexico
P. 0. Box 2087
Santa Fe, New Mexico 87501.

Dear Mr. Snow:

Please be advised that United Nuclear Corporation approves
your budget for .the excavation of the three archaeological
sites located in Sec. 2, T-16N., R-16W, McKinley County,
New Mexico.

We would like you to procede with the project as soon as
possible. As it states in your letter of June 19, 1975,
it will not be necessary for you to excavate LA 11617.

Thank you very much for your prompt attention to this pro-

ject.

Sincerely,

UNITED NUCLEAR CORPORATION

J. 0. Greenslade
Manager of Operations

JOG : gk

xc: G. A. Swanquist w/attch.
.- Linda Freytag

C. Milliken

RECEIVED BY

JUN 3 01975

UNITED NUCLEAR INDUSTRIES, INC.





STATE OF NEW MEXICO

STATE PLANNING OFFICE
OAVIO W. KING EXECUTIVE - LEGISLATIVE BUMLOt.O PEE.R C. PE..CE

STATE PLANNING Oa'ICER SANTA FE 87503 OEPUTY STATE PLANNII4G OrFICER

BRUCE KING

GOVERNOR

December 10, 1974

Mr. John Dorian
United Nuclear Industries
1101 N Building
P. 0. Box 490
Richland, Washington 99352

Dear Mr. Dorian:

This is with reference to our telephone conversation of the afternoon
of Friday, December 6, 1974, in regard to sites in McKinley County
eligible for inclusion in the National Register. Chaco Canyon is of
course on the Register; Manuelito Complex is a National Historic Land-
mark.• Other properties presently regarded as eligible by our Cultural
Properties Review Committee are Heshotauthla Ruin, Zuni Pueblo, the
restored Zuni Mission Church, Soldado Ruin, Tohatchi Village, Yellow
House Ruin, Kwakima, Kechipawan, Kyakima, Matsaki, and the Village of
the Great Kivas.

The enclosed USGS maps show the above properties and sites.. I "should
add that this letter is in no sense a clearance or determination of
effect.. More precise information can be obtained from Stewart Peckham,
Chief Archeologist, Museum of New Mexico, P.O. Box 2087, Santa Fe,
New Mexico 87501. Both Mr. Peckham and .1 should be informed of the
exact na.ture and scope of any land-modifying activity.

Sincerely,

DAVID W. KING
State Planning Officer

by:W 1 d==
Thomas W. Merlan, Deputy Director
Recreation and Historic Preservation

DWK :TWM: dm

Enclosures
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BUREAU OF BUSINESS RESEARCH
INSTITUTE FOR SOCIAL RESEARCH AND DEVELOPMENT

THE UNIVERSITY OF NEW MEXICO 0 ALBUQUERQUE. NEW MEXICO 87131

505/277-2216

September 6, 1974

Mr. J. J. Dorian,
Environmental Engineer
United Nuclear Industries, Inc.
P.0.Box 490
Richland, Wa. 99352

Dear Mr. Dorian:

As per our telephone conversation of September 5 1 have
enclosed the census material needed for your project.

If I can be of further assistance please do not hesitate to
contact me.

Sincerely,

Larry Adcock
Assistant Director

hs
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UNITED NUCLEAR
Co0 R P 0 R A TO 1

MINING AND MILLING DIVISION

AMBROSIA LAKE OPERATION

P. 0. gOX ISO

TELEPHONM 976-2217

GRANTS. NEW MEXICO 87020

October 16, 1974

Mr. L. V. Barker
United Nuclear Industries
P.O. Box 490
Richland, Washington 99352

Dear Lu:

This is to confirm our telephone conversation of
October 15, 1974 that there are 43 people in the
Church Rock mine site trailer park.

S incere ly

UNITED NUCLEAR CORPORATION

I, ." -- ..

J. 0. Greenslade
Manager of Operations

I.
I

JUU:gK
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IN REPLY REFER TO:

Information
and

Statistics
UNITED STATES

DEPARTMENT OF THE INTERIOR

BUREAU OF INDIAN AFFAIRS
Navajo Area Office

Window Rock, Arizona 86515

Mr. J. 3. Dorian
•Environmental Engineer
United Nuclear Industries, Inc.
Post Office Box 490
Richland, Washington 99352

Dear Mr. Dorian;

Your correspondence of August 27, 1974, addressed to Navajo Indian Council
has been forwarded to us for reply.

Data available do not set out- information you require specifically. We
are enclosing a map which may be of interest to you and material on our
estimate of population for the Eastern Navajo Agency. Dividing total pop-
ulation (30,376) by households (4,711 plus 665) yields mean household size
of 5.7 persons.

If you have other questions, feel free to call on us.

Sincerely yours,

/,,,

Area Vital Statistics Officer

Enclosures
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District I Total 4,809 Districts Total 3.300 District 10 Total 30,227
I Coppermine
I2 Koibato
3 LeChee
4 Red Lake

3180I 048
433

2 048

I Bird Springs 923 1 Chinle 4,195
2 Loupp IA97 2 Many forms 13.529
2 T•oani take I080 3 Naslini 1,713

Dislrict7 Total 6,355 4 Rough aock 893
3 Tseaft; 1,797

I Wilkon .1,144
2 Indian WeIII 922 District )I Total 3,711
3 Jiddito 893 1 Lvkachukai (303
4 Low Mountain 1,,11 2 Round Rock 1.S55
3 Teasto %360 3 TIoilee-Whacttfield L3S3
6 White Cone L027

District 2 Total 3,752

I tnscriptfon Hause 3237

2 Navaio Mountain 1000
3 Shonto 1,535

District 3 Total 5,992
I Bodwawy 1,175

2 Cameron 1.402

3 Coalmine ill8s
4 Tuba City 22130

District 4 Total 9.057

1 Forest Lake 1.680
2 Hard Rock 2.49
3 Pinon 3,352
4 TahChe. 1,729

District 14 Total 6,404

I CoyoteCanyon .1,193
2 Mexican Springs 1,104

3 Naschiltti 1.440
4 Tohatchi 3,56,
S ?win Ltcaes - 4OO

District t3 Total 7.952

I Bocentl 374
2 Crownpoint 806
3 Lake Valley $77
4 Uttle Water 852
S Nahodishgish S03
6 Pueblo Pintado 889
7 Standing Rock 870
0 Torreon -Star Lake 3,606
9 White Morse Lake 904

10 White Rock 272

2 B

3 C
4 C
$C
6t
TIM

District )6 Total 34,504 District 37 Total 8,697
aca 864 3 Cornfields Lot?
read Springs 974 2 Ganade 984

samernwe Lake 690 3 Greasewood %,329
hi'Chit-ltah 15221 4 Kinlichoe 1.675
hutch Rota 1.360 ( Klagetoh 1,419

yanbito 996 6 Steamboat 3,258
anveolito 782 7 Wide Ruins 1,015

District 8 Total 68092

I Chilchinbeto 953
2 Dinnehotso 2,178
3 Kayento L323
4 Ollalo 3538

DOitrlet9 Total 6,651
I ManiconWater 830
2 Red Mesa 1.456
3 Rock Point %291
4 Sweetwater k437
s T#ea Nos Pas 1,637

Dietrict 12 Total 17,260
3 Aneth 1,52
2 Beclabito 907
3 Red Rock 2.2S3
4 S oc italt e 2,20 1
S Sheep Springs 1,65
6 Shiprock 6,361
7 Two Grey Hills 2,448

District 13 Total 32563
I Burnham 3.314
2 Fruitland 904
3 NWReA.h110h . i3S05

8 Mariano Lake
9 Pinedole

I0 Red Rock
II Rock Springs
1 Smith Lake
13 Thoreau
14 Tsoyatoh

609
1.380
3,693

115

711

845
623

District 18 Total 9392
I crystal 133
7 Fort Deliance 3123

3 Houck [ $11
4 Lupton 772
5 Oan Springs to0
6 Red LaKe 493
7 $1. Michaels 862
8 Sawmill 1 ,1,366

District 39 Total 5,866

i Huerfana 2,349
2 Nageeil 2,396
3 Ojo Ineno 721

District 23 Total 4117
I Canoncito 1.17

DistricT22 Total 99s
1 Alamo 995

District 23 Total 1,497

3 Rom6h 1,497

.Office, Of Informnationi& Statistics *J3Jt3914,1973



.Estimated Population
Eastern Navajo Agency

By Age, *Sex, and Marital Status
January ., 1973

Age
ih:

Years
Both
Sexes

Head
of

Males Single Harried Widowed Divorced Household

Head
of

Harried Widowed. Divorced Household

All
Ages

-1
1
2
3
4

Females Single

15,549 10,21530,376 14,827 10,063

176
148
257
543
545.

83
78

132
283
259

83
78

132
283
259

4,657

0
0
0
0
0

52

.0
0
0
0
0

55 4,711

0
0
0
0
0

0
0
0
0
0

93
.70

125
260
286

93
70

125
260
286

4,927

0
0
0
0
0

289

0
0
0
0
0

118

0
0
0
0
0

665

0
0
0
0
0

(Under)
(5)

5
6
7
8
9

(1,669). (835) (835) (0) .(0)

805
758
561
791
904

400
364
281
398
444

400
364
281
398
444

0
0
0
0
0

0
0
0
0
0

(0)

0
0
0
0
0

(0)

0
0
0
0
0

(0)

0
0
0
0
0

(0)

0
0
0
0.
0

(834) (834) (0) (0) (0) (0)

405
394
280
393
460

405
394
280
393
460

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

(5-9) (3,819) (1,887) (1,887) (0) (0) (1,932) (1,932) (0) (0) (0) (0)

10
11
12
13
14

976
923
908
899
756

499
454
443
433
385

499
454
443
433
385

0
0
0
0
0

0
0
0
0

"0

477
469
465
466
371

477
469
465
466
371

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

(10-14) (4,462) (2,214) (2,214) (0) (0) (0) (0) (2,248) (2,248) (0) (0) (0) (0)
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Age
in Both

Years Sexes Males Single Married Widowed

15 803' 406 404 2 0
16 903 429 428 1 0
17 780 381 374 7 0
18 759 386 372 14 0
19 743 363 346 17 0

(15-19) (3,988) (1,965) (1,924) • (41), (0)-

20 739 359 325 34 0
21 690 322 292 30 0
22 655 310 267 43 0
23 690 333 272 61 0
24 603 278 226 51 0

Head
of

Divorced Household

Head
of

Widowed Divorced HouseholdFemales Single Married

0
0
0
0
0

(0)

0
0
0
0
1

2
1
7.

14
17

(41)

34
30
43
61
53

397
474
'399
373
380

390
470
386
356
353

(2,023) (1,955)

380
368
345
357
325

339.
311
277
273
248

6
4

13
17
26

(66)

41
57
68
84
76

(326)

102
90
94

114
116

0
0
0
0
I

(1)

0
0
0
0
1

1
0
0
.0
0

(0)

0
0
0
00

(20-24) (3,377) (1,602) (1,382)

25
26

.27
28
29

.593
573
544
514
519

290
282
265
247
258

222
207
184
156
163

(219)

68
75
81
91
95

(0)

0
0
0
0
0

(0)

0
0
0
0
0

(1) (221) (1,775) (1,448)

0
0
0
0
0

68
76
81
94
95

303
291
279
267
261

201
200
183
152
142

(1)

0
1
1
1
1

(0)

0
0
1
0
2

0
0
3
2
6

(11)

3
-2

3
4
3

(15)

2
2
2
5
7

(18)

8
9
9
9
9

(25-29) (2,743) (1,342) (932) (410) (0) (414) (1,401) (878) (516) (4)

30
31
32
33
34

475
452
488
423
433

220
207
229
207
209

130
107
1.22

90
65

89
100
106
117
143

1
0
1
0
1

89
100
106
117
143

255
245
259
216
224

110
98

110
69
68

143
144
145
144
150

1
0
3
1
4

(3)

1
3
2
2
2

(30-34) (2,271) (1,072) (514) (555)- (0) (3) (555) (1,199) .(455) (726) (9) (9) . (44)



7.

Age
in

Years

35
36
37
38
39

Both
Sexes

414
408
331
389
279

He Ed
of

Widowed Divorced Household

Head

of.hWidowed Divorced H~osehold
Males Single Married Females Single Married

197
212
162
171
113

63
60
.44
35
16

133
151
117
136
96

0
1
0
0
0

1
.0
1
0
1

133
151
117
136
96.

2a7
196
169
218
166

53
52
34'
37
27

1"56
137
128
173
128

4
4
4
4
4

4
3
3
4
7

13
17
14
16
18

(35-39) (1,821) (855) (218) (633) (1) (3) (633) (966) (203) (722) (20) (21) (78)

40
41-
42
43
44

347
269
327
248'
279

184
105
145
120
134

26
12
19
9

9

155
92

124
110
123

0
0
0
0
0

3
1
2
1
2

155
92

124
110
123

163
164
182
128
145

21
21
19

7
6

137
136
154
115
133

3
3
6
4
4

2
4
3
2
2

14
16
11
8

(40-44) (1,470) (688) (75) (604)

45
46
47
48
I9

240
248
229
237
207

120
127
105
123
99

6
9
5
4
5

il
116

98
118
92

(0)

1

2
0
0
1

(4)

0
0
1
1
1

(9)

2
0
2
1
1

(604)

1. 1
116

98

118
92

(782) (74) (675) (20)

120
121
124
114
108

11
11
12
14

9

104
102
107

93
92

2
5
3
3
5

(13)

3
3
2
4
2

(14)

(57)

13
13
15
13
15

(69),45-49) (1,161) (574) (29) (535) (6) (535) (587) (57) (498) (18)

50
51
52
53
54

204
188
206
168
180

95
93
99
83
91

6
4
3
3
6

88
88
93
78
83

1
1
2
1
1

88
88
93
78
83

109
95

107
85
89

7
8
11
11
11

93
83
91
67
69

6
2
3
3
5

3
2
2
4
4

15
11
13
16
20

(50-54) (946) (461) (22) (430) (3) (6) (430) (485) (48) (403) (19) (15) (75)



Age
in

Years
Both
Sexes Males

Head
of

Divorced Household

'cad
of

Widowed Divorced HouseholdSingle Married Widowed Females Single Married

55
56

57
58
59

135
143
127
149
129

66
73
69
71
61

4
3
5
2
1

61
67
62
68
56

1
I
I
1
I

0
2
1
0
3

61
67
62
68
56

69
70
58
78
68

4
7
6
7'
6

58
58
47
60
51

5
4
4
7
7

2
i
1
4
4

10
it

11
18
17

(55-59) (683) (340) (15) (314) (5)- (6) (314) (343) (30) (274) (27) (12) (67)

60
61
62
63
64

126
119
151
114
123

74
57
58
53
58

1
2
0
0
3

71
54
54
51
53

1
0
3
0
1

1
1I1

2
1

71
55
56
53
55

52
62
93
61
65

3
3
5
4
2

42
55
80
52
54

5
3
7
4
8

2
1
1
1
1

8
6

12
9

11

(60-64) (633). (300) (6) (283) (5) (6) (290) (333) (17) (283) (27) (6) (46)

65
66
67"
68
69

104
115

82
98
99

49
57
41
54
47

5
1
0
0
0

40
53
37
54
47

1
1
3
0
0

3
2
1
0
0

45
54
39
54
47

55
58
41
44
52

1
3
1
4
4

46
43
32
34
43

6
10
6
5
4

2
2
2
1
1

9
15
9
9
9

(65-69) (498) (248) (6) (231) (5) (6) (239) (250) (13) (198) (31) (8) (5)

70
71
72
73
74

77
53
52
50
63

37
31
31
32
30

1
2
0
0
0

34
28
27
29
28

2
0
3
2
I

0
1
1
1
1

36
30
31
31
29

40
22
21
18
33

3
0
0
1
1

29
17
13
14
23

6
5
6
3
8

2

0
2
0
1

10
5

8
4

i0

(70-74) (295) (161) (3) (146) (8) (4) (157) (134) (5) (96) (28) (5) (37)



Age Head
in Both o
Yas Sexe s Males Single Harried Widowed Divorced Househo~ld

Head
of

Widowed Divorced HouseholdFemales Single Married

75
76
77
78
79

47
50
42
36
40

22
30
26
19
21

0
0
0
0
0

19
29
24
18
20

2
1
2
1
0

i
0
0
0
1

21
30
26
18
21

25
20
16
17
19

3
1
1
2
2

14
13
10
10
12

5
4
4
4
4

3
2
1
1
1

9
7
6
7
7

05-79) (215) (118) (0) (110)

80
81
82
83
84

33
26
35
31
31

15
13
20
16
17

0
0
0
0
0

14
12
19
15
14

(6)

1

0
1
2

,(5)

2
0
1
0
1

(2) (116)

0
0
1
0
1

15
13
20
16
17

C0-84) (161) (81) (0). (74)

85
86
87
88
39

13
14
13
14
16

9
10

7
7
7

0
0
0
1
0

7
10
6
6
6

(2)

0
0
0
0
0

(0)

0
1
0
0
0

(81)

8
10
7
7
6

(38)

(97)

23
13
15
15
14

(80)

.4
4
6
7
9

(30)

(9) (59) (21.)

2
0
0
0
0

11
9
9

13
10

9
4
6
1
4

(2) (52) (24)

0
0
1
0
0

2
2
4
5
2

1
2
1
2
7

(8)

I
0
0
1
0

(2)

1
0
0
0
0

(1)

0
0
0
0
0

(36)

10
4
6
2
4

(26)

2
2
2
2
5

(13)

2
2
4
1
4

(83-89) (70) (40) (1) (35) (4) (1) (15) (13)

90
91
92
93
94

14
15
17
.5
12

8
9
8
3
6

0
0
0
0
0

6
7
7
3
5

2
1
1
0
1

8
8
8
3
6

6
6
9
2
6

0
2
0
0
1

4
I
5
1
i

2
3
4
1
4

(90-94) (63) (34) (0) (28) (5) .(1) (33) (29) (3) (12) (14) (0) (13)
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. . . . . . . .

Age
in
Years

Both
Sexes

Head
of

Widowed Divorced Household Females Single Married

Head
of

Widowed Divorced Household
Males Single Married

95
96
97
98
99

I.

3
3
7

0
1
1

0
2

0
0
0
0
0

0
1

0
1.

0
0
0
0
1

0
0
0
0
0

0
I

0
2

1
4
2
3
5

01
I
0
0

1

0
1
0

0
2
1
2
5

0
0
0
0
0

02
0

5

05-99) (19)

t00
101
102
103
104

2
5

3
2
0

(4)

I
2
2
1
0

(0)

0
0
0
0
0

(3)

2
2

0

(1)

0

0
0
00

(0)

(0)

0
0
0
0
0

(0)

(4)

2

1(
0

(6)

(15)

1
3
1

0

(2)

I
0
0

0
0

0
0
1
1
0

(3) . (10)

0
2
0
0
0

(0)

0
0
0
0
0

(0)

(8)

0
1
0
0
0

(1)
(100-104) (12) (6) (0) (6) (6) (1) (3) (2)

Office of Information & Statistics
Bureau of Indian Affairs
Navajo Area Office
Window Rock, Arizona 86515
January .10, 1974
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UN I Tiz STAIILEc;LV -NSr*I.LPO C~INro~~c

DALLAS, ,IEt~xf '1 5201I

NPDES DETERMIWNATION

The Regional Administrator,'after considering the facts and

tile requirements and policies expressed in PL 92-500 and imple-

menting regulations, has determined that proposed Permit No.

N1,0020401, United Nuclear Corporation, shall be modified and

issued as indicated in a Public Notice of modification, subject

to timely certification (or waiver thereof) by the state certifying

agency, provided however, that any condition(s) contested in a

request for an Adjudicatory Hearing submitted within 10 days fre.mi

receipt of this determination shall be stayed if the Regional

Administrator grants the request for Hearing.

December 28, 1974
Date

A nsrat . .

Region VI



U. S. E IV I RO I T AI. PROTVFCT i 0." AGE-ICY

PU[AIC i:OTICE

December 28, 1974

The purpose of this notice is to indicate substa ntial chan.*-es
to the proposed peri"i ts jIenti fied en the attached Iist, under the

•auth_)ity of th. Fccd:!2r Water Pollution Control Act .-- ," ..... of
10,72, Public Lay; 92-500.

It is the Reioinl Admi ni,.tre.r.ors et:cination to issue the
r.-ified permits unless the stat. c i-fy" "..-c dr-)G L: _ 1...•, c: L Ify rir'n.g agenoC Y d:h,e-n s, ce rt iT'i-

c cation prior to the effective date of t , " peImit.

Any person may sul,;i t a request for an adjudicatory hearino
v;ithin 10 days fro:" receipt of Regional Ždniniistrato; . .ds eter.Iinetion. ..- I .tj.6;o•e e

to. recosicer the permiit. The contest-:.i provisions oi the P-oDxsed
perit shal1 then be st-, ved pencding final action of the Aeency
pursuant to 40 CFR 1'.36.

•q. Reuirenients which rust be satisfied prior to the grantin-i oftia reque-.st for anl •d~juc!icatZowv hearing or -For reque-st,-ýbe to :i-eLry at
,,en ad-,;::•.ca.tory he.•rir: D.,,., e ',t~ained -6-c:-,1 to. CF'R 1".7 .ýO b,L . r
•'. fro--- available fact shceets. Furthe~r in-fcn'rmtion ;e,y,a•• obta,..i•nieC by

Ms. GC- encdolyn CGates
U..S. En-'iror-ental cection -.c-rcy
Reqion V!, Per.;:its Branch (5,..)
1600 Patterson St., Suite 110)
Dallas, Texas 752Q1

or by telephone (214) 749-1983, bet.:.een .8:00 a.m. and 4:30 p.m.
M.onday throVuh Friday.



3 Permit N'o. NWM0020401 for NPDES Authorization to Discharye to waters of
thc United States, Public l-otice of which vcU, issucd on September 14.,
1974.

The applicant's mailing address is: United Ntcleai- Corporation
P. 0. Box 199
Grants , New tliexico 87020

The discharge is marie into an unn-awed arroyo to the Puerco River in the
Little Colorado River Basin, a w;ater Of the United States Which is
classified for i'ecre:,tion and support of desirable zquatic life, and is
located on that water at the Church. Rock M~ining. Area approxiirately 15
miles northeast of Gallup, iew Ul.exico. The applicant's activiities,
under the standard indust- ̀ al classification (SIC) code 1094 which
result in the existing dc .'.arge are the mining of uranium ore.

The substantial changes from the proposed permit are:

A. The effluent limitations for outfall serial number 001, during
the period beginning on the effective date and lasting through 6-30-77,
have been changed fr:om:

Effluent Characteristic

Total Suspended Solids
Total Uranium
Dissolved Radium 226

* Discharge Limitations

Daily Avg

400 ing/1
N/A
N/A

"0.

Daily Miax

800 r1g/1
2 mg/i

25 pCi/i

to:

During the.period beginning on the effective date and lasting
through 12-31-75:

Effluent Characteristic Discharqe Limitations

Total Suspended Solids
Total Urarriwu
Dissolved Radium 226

Daily Avg

100 mg/l
N/A
N/A

Daily Max

200 mq/l
2 mq/l

30 pCi/l



and:

During the period beginning 1-1-76 and lasting through 6-30-77:

Effluent Characteris tic

Total Suspended Solids
.Total :Uranium
Dissolved Radium 226

Dicharqe Limitations

Daily Avg Daily f.ax

20 mg/l
N/A
N/A

30
2

30

mg/j
Ingil/
pCi/I

B, Schedule of Comnpliance. Serial Number 001

Cuimpletion of final plans
Comaiiencement of constructioon by
Report of construction progress
Completion of construction by
Attainment of operational level by

has been changed to:

Schedule of C6mpliance.. Serial Nuumber 001

6-30.-75
3-31-76
9-30-76
3-31 -77
6-30 -77

seepage,

AA ndire

'I .- :.. :.-. ,.

'• .• ..I nd r c

Completion of plans to meet 1-1-76
limitations by

Report of progress
Completion of plans to melt 7-1-77

limitations by
Report of progress
Attainmient of operational level by

4-30-75
9-30-75

12-31-75
9-30-76
6-30--77

The following other requirement has been added to Part III

Provisions shall be mnade to assure the elimination of all
overflow or other sources whic.h may result in any direct or
discharge to surface waters other than, that authorized by this



' N 0020401
Applicalinn No,. IM0020401

AUTHIIOTZATION TO 1)!SCIIAR.GE UNDER 'rimE
NATIONAL POLLUTANT 1ISCHARiGE ELIMINATION SYSTEM

In compliance with the provisions of the Federal Water Pollution
(33 U.S-C. 1251 et. seq; the "Act"),

United Nuclear Corporation
Mining and Milling Division
3737 Princeton Drive N.E.
Albuquerque, New M~exico 87110

Control Act, as amen.ed,

is authorized to dis.-harge from a facility located at

Church Rock Operation
P. 0. Box 199
Grants, New Mexico 87020

to rer eiving v:aters named

unnamed arroyo to Puerco Rive,-

in accordance with effluent limitations, monitoring requirements and other conditions set fortih1

in Parts 1. 11, and III hereof.

This permit shall become effective on January 28, 1975

This perranit and the authorization to discharge shall expirc at midnight, January 27, 1980

Sign~ed this 28th day of Deceiliber 1974

Artt4ur"W. lnusch

Regional Administrator

FPA Frcr;, 33:3--! (10-M'?

- Ii I
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A-i EFFLU ENT "ITAI'ONS A ND MONITOUING REQUIREMENTS

Durinr the period beginning the effecti ve date and lasting through 12-31-75
thc permittce is authorized to discharge from outfall(s) serial numbcr(s) 001

Such discharges sh.ll be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations
kg/day (Ilbs/day) Other Units (Specify)

Monitoring Requirements

Daily Avg Dally Max
Measurement

Daily Max Frequency
Sample

Type

Flow--m3 /Day (MGD)
Temperature
Total Suspended.Solids
Total Uranium
Dissolved Radium 226
Total Molybdenum
Total Selenium
Total'Vanadlum

N/A
N/A
N/A
N/A
N/A
N/A
N /A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

Daily Avg

N/A
100 mg/l

N/A
N/A
N/A
N/A
N/A

N/A
200 mO/i

2 mg/i
30 pCi/i

N/A
N/A.
N/A

continuous
1/week
1/week
1 /mont h
1/month
I/month
I/month
I/month

N/A
Grab.

24-hr Composite
24-hr Composite
24-hr Ccmoosite
24-hr Composite
24-hr Co:Pposite
24-hr Composite

The pi sshIall not be less than 6.0
once per week by grab sample

standard units nor greater than 9.5 standard units and shall be monitored

There shall be no discharge of floating solids or visi"1e foam in other tUhan trace amounts.

Samrles tnken in compliance vith the monitoring requirements specifled above shall be taken at the fllovingl ocation(s):
at outfali-Ol, the outlet of settling pond !mber 2.

N

C>

|

L .-
L



A FF LUJFNT LIMI-Tj~rIO'ZS AN- MNI1r1'TO"JUNG EQ TRME

Duv.in• the period 1e17inning 1 -1 -7G and basting through 6-30-77,
the pcrm.-;tce is uuthorized to discharge from outfall(s) seriai.umber(.•) 0011,

Such dischr-cs sshall be limited and monitored by the per-nitt!ee as specif:cd below:

Effluent Car~.-tnristic Discharge Limitations
kg/day (lbs/day) Other Units (Specify)

Monitoring Requizements

Measurement
-Dafly Max Frequency

Samplo
Ty:peDaily Avg Daily Max

FVow--m3 /Day (MGD)
en,,erature

Total Suspended Solids
Total Uranium
Dissolved Radium 226
Total ,iolybdenum
Total SVlnadiunm
Total Vanadium

N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

Dai`y Avg

N/A
20 mg/l

N/A
IN/A
N/A
N/A
N/A

30
2

30

N/A
mg/i
mg/l
pCi/I

N/A
N/A
N/A

Continuous
1/week.
1/week
I/month
I /month
I/month
I/month
I/month

N/A
Grab

24-hr Cko sin te
24-hr Composite
24-hr Composite
24-hr Composite
24-hr Composite
24-hr Composite

The pH shall not beless than 6.0 stand-ad units nor greater than 9.5
once per week by grab sample.

standard units and shall be monitored

There shal be no dischange of floating solids or visible foam in other than trace amounts.

Samples taken in compliance -with the mcnitoring requircments specified above shall be taken at the following location(s):
at outfall 001, the outlet of the last settling pond.

Z U)

0
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A-3 EFFLUITNT LIMITATIONS AND MONITORING REQUIREMENTS

DuriAg the period beginning 7-1-7- and lasting through the date of expirat"on
the peo'mittee is authurized to discharge from outfall(s) serial number(s) 001.

Such discharges shal be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations
kg/day (lbs/day) Other Units (Specify)

Monitoring Requirements

McasurementDcasurementDaifly Max Frequency
Sample
TypeDaily Avg Daily Max Daily Avg

Flow-m 3 /Day (MGD)
Temperatur2
Total Suspended. Solids
Total Uranium
Dissolved Radium 226
T.o ,l..,j Molyhdenum
Total Selenium
Total Vanadium

N/A
,N/A
N/A
N/A
N/A
N/A
N /A°

N/A
N/A
N I/A
N/A
N/A
N/AN/A

N/A
20 mg/l

"i A
N /A
N/A
N/A
N/A

N/A
30 ig/l

2 mg/l
3.3 pCI/I
N/A
N/A
N/A

continuous
1/week
I/week
I/month
1/month
1/month
1/month
i/month

N/A
grab

24-hr Composite
24-hr Composite
24-hr Compnoite
24-hr Ccomposite
24-hr'Comoosi te
24-hr Composite

The p11 sh,-dl not be less than 6.0 standard units nor greater than 9 .0 standard units and shall be monitored ornce per week
by grab sample.

There shall be no dicharge of floating solids or visible foam in other th.n. trace amounts.

S: taklcs taken in comrnlance th the monitoring rcquirements spccificd above shall be tz"en at the folving locaton(s):
at outfall 0n0, the outlet of the Iast settling poný.

>-
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B SCuEDULE OF COMPLIANCE Serial Number 001

1. The permittee shall ichieve (:omlpliance with the effluent limitations specified for
discharges in accordanc.. vwith the following scIedule:

Completion of plans to meet 1-1-76 limitations by 4-30-75
Report of progress 9-30-75
Completion of plans to meet 7-1-77 limitations by 12-31-75
Report of progress 9-30-76
Attainment of operational level by 6-30-77

.1 2 No later than 14 calendar days following a date identified in the above schedule of
compliance, the pernmtittee shall submit either a report. of progress or, in the case of
soeaific actions-being required by identified dates, a written notice of compli•nce cr
noncompliance. In the latter case, the notice shall include the cause of noncompliance,
any remedial actions taken, and the probability of meeting the nex&t scheduled
requirenen at.I
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C. MONITORING AND RFPORnTiG

1. Rleprcsentative 2arnpling

Samples a-njd mensurements taken as required herein shall be representative of tile volume
and nature of the monitored discharge.

2. Reporting

Monitoring result, obtained during the previous 3 rnonths shall be summarized for
each month and reported on a Discharge Monitoring Report Form (EPA No. 3320-1),
postmarked no later than the 28th day of the month following the completed reponag

period. The first report is due on April 28, 1975 . Duplicate signed cop,'>-:: of
these, and all other reports required herein, shall be submitted to the Regional
Administrator and the State- at the following addresses:

Arthur W. Busch, R. A. Ms. Helen Gram, Program Manager
U.S. Environmental Protection Agency New Mexico Environmental
Region VI, Permits Branch CGAEP) Improvement Agency
1600 Patterson, Suite 1100 P. 0. Box.2348
Dallas, Texas 75201 Santa Fe,. New Mexico 87501

X

3. Definitions. See Part 3

4 __~•"zi]yvz.fd_ ~bag~e l ih i JotL]_disch.arge J.by •,gh Ld dii iu gamc~d erdar

ra o n'-- di%1dad -by - te- -rm be r--of_- -d's- 4n- -t4P- on oh-th. -that- p; -pd.'w4 i(m,- ox-r

rI -Qd-ai~y--d ,xg a*4h -ided- by- ..- -n Elr-o•.- ;:ys -. iu ,th.

b.._ -The- 2 'i•v_ .Jay:irn,.ji _ disch bargp n ans_ the. -otal _discharge __,b .meigbh Lt .Awiig iuW

calendar_-ay.

4. Test Procedures

Test procedures for the analysis of pollutants shall, conform to regulations published
pursuant to Section 304(g) of the Act, under which such procedures may be required.

5. Recording of Results

For each measurement or sample taken pursuant to the rcquiretaents of this permit, the
perm, ttce shall record the following information:

a. The exact place, date, and time of sampling;

b. The dates the analyses 3-ere perfornA:d;

A: c. The person(s) who performed the analyses;

fi • ½4.
II .
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d. The analytical techniques or methods used; and

e. The results of all required analyses.

6. A~tditionfl Mlonitoring by Perinittce

If the permittee monitorm any pollutant at the lof.-aLion(s) dce:ignated herein more
f,...ely It.an-required by this permit, using approved analytical methods as specified

above, the resutls of such monitorinl shall be included in the calculation and reporting o.-
Sthe vah:s required in the Discharge Mowitoring Report Form (EPA No. 3320-1). Such
increased frequcncy shall also be indicated.

7. Recordc I?-Laention

All records and information resulting froin th.e monitoring activities required by this
permtit including all records of analyses perforind and calibration and maintenance of
instrrumentaticn and recordin•. from continuous monitoring insltuimentation shall be
retained for a minimum of three (3) years, or longrif recuested by the Regional
Administrator or the State_wa.er pollution control agency.

ageey

• . . . .-

• . ..-
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A. ,ANAG,. ENT REQUIREMENTS

1. Change in D;Ychargc

All discharges authorized herein shall be co:---o, istent with Vic terms ancl conditions of this
permit. Thc discharge of eny pollutant identified in this permit more frequently than. or
at a level in excess of tha,;t authorized shall constitute a violation of the permit. Any-
anticipated facility expansions, production increases, or procc., modifications which will
result in new, different, or increased discharges of pollut.aits must be! reported by
submission of a new NPDES application or, if such changes will not. violute the effluent
limitations specified in this permit, by notice to the permit issuing authorily of such
changes. Following such notice, the permit may be modified to specify ard limit any
pollutants not previousily limited.

2. Noncompliance Notification

If, for any reason, the permittee does not comply with or will be unable to cornply with
any daily maximum effluent limitation specified in this permit, the r'rmidtee shall
provide ti,. Regional Administrator and the State with thE fo!lowing info.rmation, in
writing, within five (5) days of becoming aware of such condition:

a. A description of the discharge ant! cause of noncompliance; and

b. The period of noncompliance, including exact dates and times; or, if not, corrrected,
the anticipated time the noncompliance is expected to continue, and steps be'Ig
taken to reduce, eliminate and prevent recurrence of the noncomplying discchge.

3. Facilities Operation

The permittee shall at all times maintain in good working ordcr and operate as efficierntly
as possible all treatment or control facilities or systems installed or use.d by the pwrnit.,
to achieve compliance with the terms and condit.ions of this permit.

4. Adiverse Impact

The permittee shall take all reasonable steps to minimize any adver!.-s. impact to avipa!3b:
waters resulting from noncornplia:wce vith any effluent limni;a!ions specified in this
permit, including such accelerated or additional monitoring as neces.imry to determine the
nature and. impact of the noncomplying .discharge.

5. Bypassing

Any .divvr.-ion from or bypass of faeiiitic; necesary to maintain compliance W'ith the
terms and conditions of this permit is prohiitl.,d, except (i) where unavoidable to prevent

* loss of life or severe property damage, or (ii) where excessive st-.-,rm drainage or runoff
vwodld damzge any faciiti.,s necess.ary for compliance with the effluent limitation. and
prohibitions of this permit. 'lie peruitte shall, pro:nptly notify the Regional
Administrator and the Sta;tejnwritintj of canii such divei.sion or by pas.
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6. Removed Substances

fi~itds, slucdgce, filter backwash, or other pol,•!it,a.s roved in the course of treatmcot or

c. :'.srol of wastecvat!.-2; shall be di.posed of in a wannv. such als to prevent any poliui.z:n t
from such jnaterivls from entering navigable waters.

7. Power Fail:res

In. order to maintiain compliance with the effluent limitations and prohibitions of this
permit,, the permrittee shall either:

a. In accordance with the Schedule of Compliance contained in Part I, provide an
altermative power source sufficient to operate the waste-,;ater control facili Lier;

or, if such alternative power source is not in existience, and no date for its implementation
appears in Part I,

b. Halt, reduce or otherw1;e control production and/or l1 discharges upon the
reduction, loss, or failure of the priniary source of power to the wastewater control
facilities.

:!"DB. RESPONSIBILITIES

1. Right of Entry

The permittee shdl allow the head of tlhe State water pollution control z.•ency, the
Reigional Administrator, and/or their authorized represcntatives, upon the presertIation of
creden.-ils:

a. To enter upon the permr.ttee's pramise.s where an effluent source is located or in
. .hi ch any records rze r cluired 'to be kept under the terms and condit.ion3 of this
permit; and

b. At re.s'.,,,ble tirner. to have iccess to -nd copy any records raqulred to -, kept~uid•r

the. ter and conditions of thi per!nit; to inspect any monitoing ecquitment or
-monitoringi method required in this permit.; and t.o sample any discharge of pollutaihnt..

S, Tran.fer of Omnershir or Control

-- ,III tbe event olany charb;-, in confrol or ovwnernhip of -.efiitie. from which the authorized
. - r aatc,. the :,',.ritte .•hzl ,notiify nt!e ruc,:eedi'; ovner or Controlle.- of the

.C:,v.•,c- , ti.s pe'rmit by le er, a copy of 0 hr;h .h.i b, forvar'ded to the Regional

• .Admnpistur ar'd the State N-atxr pollu.ion con. eol a)er cv
1 .Abafiability of Reportg.

.LCe•,.t for data de,.rnmnned to ,e confici.ntm. under 'ection 30S of the Act, all reports

P.rpa-c~d ri ~accordiatce with the trnt:.. of thiV pmrrmit shall be availah,? for public

.•' .. .
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inspection at the offices of the State water pollution control zgency and the Regional
Administrator. AM required by the Act, effluent data shall not be considered confidential.
Knowingfy making. ny false tutettnat on iny such report may result in the imposition of
criminal penaltiles as provided for in Section 309 of the Act.

.4. Permit Modification

After notice and opportunity for a hearing, this permit may be modified, suspended, or
revoked in whole or in pait during its term for cause including, but not limited to, the
following:

a. Violation of any terms or conditions of this permit;

b. Obtaining this permit by misrepresentation or failure to disclose fully all relevant
facts; or

c. A change in uiy condition that requires either a temporazy or permanent reduction or
elirtmination of the authorized discharge.

5. Toxic Pollutants

Notwithstanding Part II, B-4 above, if a toxic effluent standard or prohibition (including
any schedule of compliance specified in such effluent standard or prohibition) iso
ejtab!ished under Section 307(a) of the Act for a toxic pollutant which is present in the
dischau-ge and such standard or prohibition is more stringent thin any limitation for such
pollutant in this permit, this permit shall be revised or modified in accordance with the

6. toxic effluent standard or prohibition and the permittee so notified.

6. Ciuil and Criminal Liability

Except as- provided in permit conditions on "Bypassing" (Part II; A-5) and "Power
Pailures" (Part II, A-7), nothing in this permit shall be construed to relieve the permitte,_
from civil or crimainal penalties for noncompliance.

7. Oil and Hazardous Substance Liability

Nothing in this permit shall be construed to preclude the instit*ution of any legal action or
xelieve the permittee from any responsibilities, liabilities, or penalties to which the
permittee is or may be subject under Section 311 of the Act.

8. State Laws

Nothing in this permit shall be construed to precludc the institution of any legal action or
relieve the permittee from any responsibilities, H.abihitic-, or penalties established pursuant
to any applicable State law or regulation under authority preserved by Section 510 of the
Act.

4;r .
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9. Property Ri.ghts

The issuance of this F,.-mit does not convey ally property rights in either real or personal
property, or any e:-=uive privilages, nor does, iL authorise rny injury to private property
or any i:.wasion of per0onal rights, nor any infringement of Federal, State or local laws or
regulations.

10. Severability

The provisions of this permit arc severable, and if any provision of this permit, or the
application of any provision of this plrmit to any circumstance, is held invalid, the
application, of such p.ro.ision to other-circumstances, aid the remainder of this permit,
shall not be affected thereby.

PART III

OTHER REQUIREMENTS

1. Definitions

4-.

~y .2.

.1'

'p
I-

a. The ."Daily Average" concentration means the arithmetic average
(weighted by flow value) of all the daily determinations of concen-
tration made during a calendar month. Daily determinations of
concentration made usiiig a composite sample shall be the concentration
of. the composite sample. When grab samples are-used, the daily deter-
mination of concentration shall be the arithmetic average (weighted
by flow value) of all the samples collected during that calendar
day.

b. The "daily maximum" concentration means the daily determination
of concentration for any calendar day.

Provisions shall be made to assure the elimination of all seepage,
overflow or other'sources which may result in any direct or indirect
discharge to surface waters other than that authorized by this permit.
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2. SUMMARY AND CONCLUSIONS

2.1 Tailings Dam

The tailings dam forming the westerly and northerly sides of the disposal
pond will consist of an earth starter dam averaging 12 ft. in height
which will be raised continuouslyby placement and compaction of tail-
ings during the 15 year period of facility operation until a final
average dam height of 70 ft. is reached. The length of the final dam
will be 7600 ft.

2.2 Design Capacity

The final dam will have a storage capacity of 375 million cu. ft. and
will cover an area of approximately 200 acres.

2.3 Dam Construction

The dam will be constructed of coarse tailings material separated from
the slurry using cyclones operating on the crest of the-dam. The
cyclone overflow consisting of fine sands, slimes and liquid, will be
discharged into the pond. The underflow will be stockpiled near the
crest of the dam. The stockpiled material will later be hauled, placed
and compacted using the centerline method of tailings dam construction..

2.4 Design Criteria

Criteria used in determination of tle pond capacity are given in Section
13. "Discussion".

2.5 Ancillaries

Dam integrity and safety considerations will require construction of
a flood channel to control natural runoff crossing the property,
intercept ditches to prevent runoff from entering the pond, and a
system to collect runoff from the downstream face of the dam.

2.6 Pipelines

The tailings disposal system will require initially, 7000 ft. of 8 inch
slurry piping, 3600 ft. of h inch pipe for recycling a portion of the
free liquid in the pond, and 600 ft. of h inch dam runoff stormwater
discharge piping. An additional 1000 ft. of 6 inch stormwater discharge
piping will be required to convey the mill area stormwater to the tail-
ings pond.

-2-
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CHURCH ROCK URANIUM MILL
McKINLEY CWUNTY, NEW MEXICO

DESIGN OF TAILINGS DISPOSAL SYSTEM

1. INTRODUCTION.

1.1 Project Description

The Church Rock Uranium Mill and Tailings Disposal System will be
located entirely on property owned by United Nuclear Corporation,
consisting of all of Section 2, Township 16 N, Range 16 W, N.M.P.M.,
in McKinley County, New Mexico, about 16 miles northeast of Gallup.

1.2 Uranium Mill

The Mill will have a capacity of 4,000 tpd and will use the acid
leach, solvent extraction process. It will be located near the
northwest corner of the property, as shown in SK-TD-4.

1.3 Tailings Disposal System

The major solid waste from the mill will be tailings consisting of
finely ground sandstone particles from which the uranium has been
chemically extracted. The tailings will be pumped to an on-site
disposal pond as a slurry at a rate of 787 gpm. The liquid portion.
of the slurry will consist of water, sulfuric, acid, and small
quantities of other process chemicals such as kerosene. The
tailings pond will be located in the southeasterly half of the
property. and will be formed on the west and north sides by a
retention dam built from compacted coarse tailings solids, (see
drawing SK-TD-4). The. liquid and slimes portion of the tailings
will be discharged entirely within the boundaries of the pond. *
Stormwater runoff from the mill site and the exterior (downstream)
face of the retention dam will also be collected and pumped into the
pond. A portion of the free. liquid collected in the pond will be
returned to the mill for reuse. The remaining liquid in the pond
will evaporate, except for a very small quantity which will percolate
into the ground. A portion of the coarse tailings will be hauled or j
for use as mine backfill while the remaining solids will be
permanently retained within the pond area.

i

-1-
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3. DISCUSSION

3.1 Design Criteria

The following criteria were used in design of the tailings disposal
system.

3.1.1 Life

The life cf the mine supplying ore to the mill will be 15 yea

3o1.2 Ore Input Rates

The mill will process 2,000 tpd of ore for the first two yea
and 4,000 tpd for the remaining 13 years.

3.1.3 Particle Size of Tailings

rs.

rs

Tailings will consist of material with the following gradation:

Sieve Size

No. 28
No. 200

Percent Retained

3%
80%

3.1.4 Mine Backfill

After the third year of mill operation, 50% of tailings material
retained on the No. 200 sieve will be recovered from the tailings
and used in the mine for backfilling.

3.1.5 Tailings Slurry Characteristics (55% solids)

Sp. Gray.

Dry Solids
Solution
Pulp

2.7
1.01

166.67
136.36
303.03

GPM

246.91
540.05
786.96

3.1.6 RecyclediLiquid

A minimum 125 gpm of tailings liquid will be pumped from the
tailings pond to the No.. 6 counter current decant thickener
at the mill.

I

3.1.7 Dry Density of Tailings

The average dry density of tailings deposited in place in the
pond is estimated to be 80 lbs. per cu. ft.

-3-



3.1.8 Embankment Stability

The ultimate embankment has been designed for a static safety
factor against slope failure of 1.5 and a safety factor of
greater than 1.0 under earthquake conditions. Evaluation of
the seismicity of the area indicates that the maximum bedrock
acceleration to be expected at the site is 0.1 g.

3.1.9 Freeboard

The dam will have a five foot minimum freeboard at all times.

3.2 Hydrology

3.2.1 Precipitation

Design monthly and annual rainfall is based on monthly rainfall
records for Gallup, New Mexico from 1938 to 1960 obtained from
*the U.S.. Weather Bureau Climatological Summary, and records
from 1961 to 1972 obtained from John W. Shomaker, Consulting
Hydrologist.

3.2.1.1 Design Annual Rainfall

The .design annual rainfall was calculated to be 13.83
inches/year. This value was obtained by determining
the consecutive 15-year averages of annual.rainfalj
for the -ecorded period and projecting them to..a
100-year return frequency by the Gumbel method of
extreme values.

3.2.1.2 Design Monthly. Rainfall

Design monthly rainfall was obtained by proportioning
the design annual rainfall in Paragraph 3.2.1.1 with
the average monthly rainfall for the period of record.

3.2.1.3 Possible Maximum Precipitation (i1,P)

The final iKP storm volume for the project area will
be estimated by John W. Shomaker. A preliminary PMP
storm volume of 20 inches was used for design of the
tailings pond. This preliminary value was based on
designs of similar uranium tailings dans which have
been approved by the State of New Mexico.

3.2.2 Evaporation Rates

Average monthly evaporation rates were obtained from an evapora-
tion map for shallow reservoirs in New Mexico prepared for New
Mexico State Engineer Technical Report No. 31 by hale, Reiland *!
and Beverage, 1965. This map showed an evaporation rate of

-.
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50 inches per year at the project location. Monthly evapora-
tion rates are listed along with design monthly rainfall below.

Month Evaporation (in.) Precipitation (in.-)

January
February
March
April
May
June
July
August

September
October
November
December

........ 0.5

........ 0.5

........ 2.5

........ 4.5
.7.0

........ 8.5

........ 8.0

........ 7.0

........ 6.0

........ 3.0

......... 1.5

........ 1.0

. . ... . . . . . .. ..

..ee . . . .

0 . 0 .oo.......

0 . . . .4 . . .o

. s ......

0.84
0.90
1.02
0.85
0.71

o.60
2.25
2.34
1.36
1.30
0.67
0.99

13.83Total 50.0

3.2.3 Infiltration

~c.

It is assumed, for purposes of determining liquid accumulation
in the tailings pond, that the infiltration rate of liquid
from the pond to the existing soil is zero. Percolation tests
were performed at the site in conformance with Bureau of
Reclamation Method E-19 at three locations by the project soils
consultant, Sergent, Hauskins and Beckwith. The results obtained
indicate a percolation rate between 4 and 27 feet per year.
infiltration from the tailings pond is expected to be even less
than this amount due to the accumulation of fines settling out
of the tailings slurry.

3.2.4 Entrapped Water

A substantial amount of water will be entrapped in the voids
between solids particles in the deposited tailings. Based on
a dry density of 80 lbs per cu. ft. and a specific gravity of
2°7 for the solid portion of tailings deposits, a cubic foot of
saturated tailings deposits has been assumed to have the fol-
lowing composition:

Solids
Liquid

Volume

47.5%

52.5%

10). o%

Weight (lbs/cu.ft.)

80
33.1

113o1

-5-



3.3 Drainage Systems

The tailings pond will be bounded by drainage and diversion structures.
These structures will have, a design flow capacity equal to the probable
maximum flood estimated by John W. Shomaker, Consulting Hydrologist.
The probable maximum flood is assumed to be the pe~k runoff resulting
from a storm of 500-year return frequency.

3.3.1 Flood Channel

A flood channel with a 60-ft. bottom width and 2:1 side slopes
will confine runoff from the 18.7 sq. mi. watershed to the
north of the property. The flood channel will parallel the
main paved road across the property and will be set back 15
feet from the easterly boundary of an easement within which
two pipelines owned by El Paso Natural Gas Company are situated.
The flood channel will have a capacity of 8,650 cu. ft. per sec.
and will be linedwith riprap for erosion protection.

3.3.2 Diversion Channel

The northeast side of the tailings dam intercepts natural
drainage collected from a 580 acre watershed to the east of
the property. This drainage will be diverted to the north
by a diversion channel which will join the main flood channel
at the north side of the property. Design capacity of the
diversion channel will be 2500 cu.fto/sec. The westerly bark
of the diversion channel will also contain an earth dam which
will further protect the tailings dam from erosion by runoff
from the east watershed. The diversion channel and the easterly
face of the diversion dam will be covered with riprap for erosion
protection.

3.3.3 Intercept Ditches

In order to minimize the quantity of storm water entering the
tailings pond, intercept ditches will be constructed along the
southeast pond limit. The first ditch will be constructed
at an elevation of approximately 6975 ft. As the elevation of
the pond increases throughout its life, two more intercept
ditches will have to be constructed outside the pond limit.
The design flow for these ditches will be 630 cu. ft. per sec.
based on a 96 acre watershed.

3.3.4 Runoff Collection System

A system for collecting runoff from the dovwm:trcin face of
the retention dam will be constructed. The nystem will also
collect any seepage through the filter blanket undxcr the do-wn-
stream face of the dam and return these waters to the pond.

-6-



The system will consist of a collection ditch parallel to
the dam, a stormwater retention basin at the southeast corner
of the pond, a pumping station, and pipeline for discharging
the collected water into the tailings pond. Initially, the
collection ditch will be located midway between the downstream
toe of the starter dam and the downstream toe of the ultimate
(15-year) dam. Later, a ditch will have to be constructed at
the downstream toe of the ultimate dam. The runoff collection
system will be capable of retaining the maximum surface runoff
from a storm of 50-year return frequency, which is estimated
to be less than two inches.

3.4 Tailings Pond

Tailings slurry will be discharged through wet-cyclones at the crest

of the dam. The overflow containing slimes and liquid will be dis-
charged into the pond. The underflow containing coarse sands will be
usdd for mine backfill and for raising the dam.

3.4.1 Starter Dam'

Before mill operations begin, a starter dam will be built of
compacted on-site clayey soils. It will have a crest elevation
of 6,956 feet, will range from 0 to 46 feet high and will be
about 5,000 feet long. The starter dam will have sufficient
storage capacity for six months of mill operation and enough
freeboard to contain a 20-inch PMP flood. The freeboard is
also sufficient to contain the flood volume of a 50-year storm,
assuming total failure of the intercept ditches along the
southeast pond limit. The starter dam will contain a five
foot high bench of compacted soil extending out an average
distance of 50 feet from the upstream toe. The purpose. of
this bench is to provide a stable foundation over which the
coarse material forming the upstream side of the retention
dam will be compacted in place.

3.4.2 Tailings Dam Build-UpI ~

4

41

* i

r~.

4

The starter dam will be raised by successive lifts utilizing
the centerline method of dam construction. The following table
shows the minimum required grow:th for storage of tailings.
The minimum growth rate will be seven feet per year for the
first three years and three feet per year for the remaining
12 years. The actual growth rate should exceed this in order
to complete work on the dam prior to shut-down of the mill.
This will allow planting of the downstream face of the
dam, to be accomplished while the mill is active.

-7-
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Accumulated
Years from Tailings*
Start-Up (Million cu.ft.)

O 0

.5 15.6

1 24.7

1.5 33.8

2 42.9

3 90.8

4 116.5

5 138.4

6 162.1

.7 184.o

8 205.9

9 227.8

10 249.7

11 273.3

12 295.2

13 317.1

14. 339.0

15 365.3

Min.
Crest
Elev.

6956

6959.5

6963

6966.5

.6970

6977

6980

6983

6986

6989

6992

6995

6998

7001

7oo4

7007

7010

7o14

Recommended Maximum **
Crest Elev. for Surface Area

Early Planting (Million sq.ft.)

6956

6959.5 1.9

6963 2.2

6966.5 2.9

6970 3.3

6977 4.3

6982 4.6

6987 4.9

6992 5.2

6997 5.4

7002 5.6

7007 5.8

7012 6.o

7014 6.2

6.4

6°6

6.8

7.0

t

* Includes tailings liquid and solids and stormwater runoff.
*- Based on minimum crest elevation.

..3.4.3 System Operation

3.4-3.1 Construction

The downstream face of the dam will be maintained
at a 3:1 slope. Construction will consist of hauling,
placing, spreading and compacting coarse sands from

-8-
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cyclone underflow in successive lifts beginning at
the downstream toe of the -dam,, above, a three-foot
layer of machine-placed filter material and endina at
the upstream shoulder of the crest. Construction
of the upstream "face" of the dam will consist of
compacting in-place sands after removal of stockpiled
underflow so that not more than a 5 ft. depth of
consolidated sand deposits requiring vibration remain
on top of previously compacted material. The volume
to be compacted in this manner will be that contained
inside an imaginary plane at a 1:1 slope from the
upstream shoulder of the ultimate dam crest, sloping
down toward the pond. Construction will not take place
during winter months when snow and ice will prevent
adequate compaction of fill.

3°4°3.2 Instrumentation and Monitoring

To monitor the stability of the dam, piezometers will
be installed in the downstream face of the starter dam
and in the tailings dam as the dam is raised. Settle-
ment gages will not be necessary since the crest eleva-
tion of the dam will be continually raised. Monitoring
wells will be installed downstream from the tailings
dam and on the north and south sides of the pond.
These will provide a means for regularly sampling
groundwater to detect possible contamination by seepage
and to measure the amount of seepage.

3,5 Pipelines

The tailings will be pumped from the mill through an 8" surface pipe-
line and will be aligned along the access road to the dam. It will
branch into two 8" lines along the dam crest from which slurry will
be fed into a bank of four 10-inch cyclones. Recycled liquid will
be collected from the pond and pumped through 4" surface pipelines
back to the No. 6 counter current decant thickener.

3.6 Planting

During the period in which the tailings dam is being raised, the
downstream face will be continually covered with compacted tailings.
As soon as the final dam height is reached, the downstream face will
be planted to prevent erosion. As discussed in Paragraph 3.4.2, the
planting of the downstream face should be begun prior to shut-down
of the mill. The surface of the tailings =ond will be planted after
the mill is shut-down. During the life of the mill, test. beds of
tailings will be prepared. Experimentation with different depths of
soil cover and specimens of local flora will take place t.o determine
the minimum depth of soil cover necessary to insure continued healthy
growth without benefit of artificial irrigation.

-9-
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sl-nma r-c-, [ýQew Mcixico 877ý5,tDl

May 16, 1975

United Nuclear Industries, Inc.
1201 Jadwin Avenue
Richland, Washington 99352

Attention: Mr. Noel F. Savignac

Dear ...Noel:

As per our telephone conversation .on May 15, 1975, attached

is a corrected report.

Yery truly yours.,

CONTROLS -FOR ENVIRONMENTAL

PPOLLUT ON, INC.

/res J. Mueller
resident

E.nclosur

Enclosure



CUSTOMER

ATTENTION

ADDRESS"

CITY

INVOICE NO.

United Nuclear Industries.,. Inc..
T. E. Dabrowski
1201 Jadwin Avenue
Richland, Washington 99352
411084

REPORT 01
AHALYSI

SAMPLES RECEIVED 10/16/74 CUSTOMER ORDER NUMBER

Gross Alpha, Gross Beta, Thorium-230, Hadium-z22, ana Total

TYPE OF ANALYSIS Urantum in Surface Water Analysis - 6 samples

Sample ..
Identification

#1'

Date
Collected

10/10/74

Analysis ugU/l dpm/I

Alpha

Beta

3,431+141

1,041+36

Th-230

Ra-226

Total Uranium
1 ,126 : '

166+0:38

25 .'2+3.2

#2 10/10/74, Alpha

Beta

Th-230

Ra-226

Total Uranium

4.443+192

1,279+40

17910. 9

'44.2+12 ý15

1,466

#3 10/10/74* * -Alpha

* -Beta..

Th-230

3,667+233

768+31

10. 2+0.09

#4

"Y ' : ; :i . . , i

Ra-226 41+9

Total-Uranium 1,494.

10/10/74 Alp•a•. .6,825A+591..

Beta. 1,354+-41-

Th-230' 1.34+0--34
"/ .'.-',@ ' • :Ra-226 " ".: -" .. " . . o. '"°•15+6... . '''.••

T l.. Uranium 1

-iAPPROVED BY V""

es J. -Mueller., President -4,"

fl/21/ 74. PAGE' 1 OF' . .PAGE,,-l

r• ntl-Po
Controls for Environ ental Iolution, n.

1925 Rosina"o P.O" Box 5351 * Sabra Fe, New Mexico 87501 .. Tele-pH:}one.50Q5/98?-... . , .... • .. . .. . .- :: ,

l.A



-S-..,., United Nuclear Industries, Inc.
•.•.-•r.., T. E. Dabrowski

.rDRDb•SS 1201 Jadwin Avenue
CAT.( Richland, Washington 99352

ijrVOICL NO. 411084 ANALYSI
- . .t.

j~A MPLE ý

.. OF AN'A ,'. .:,

:, . -Sample

-Identification

#5

A :,

#6

Gross Alpha, Gross Beta, Thorium-230. Radium-226,
Uranium in Surface Water Analysis - 6 samples

and Total

Date
Collected

10/10/74

Analysis

Alpha

Beta

Th-230

Ra-226

Total Uranium

ugU/. dpm/l

5,396+686

678+30

3.93+0.07

8+4

1,664

10/10/74 Alpha

Beta

Th-230

Ra-226

6,573+604

659+29

13.5+0.13

38+9

Total Uranium 1,532

-. * APPROVED.8

#4Z'sJMueller,-PRisideht
______11/21/74 PAGE 2 OF2-PG

POntrois1 for-Enviro~nmental-Pollutiqn.-nc;-
Q; Bp.0.8x. 5351l - S'anta. Fe. New Mexico. 87501 o,ýTe:talpior ".5dJ5/0E2984.1-
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United Nuclear

T. E. Dabrowski
1201 Jadwin Ave.
Richland, Washington 99352
411138

REPORT 0
ANALYSI1

SAMPLES RECEIVED 10/16/74 -JCUSTOMER ORDER NUMBER

TypE OF ANALYSIS Surface Water - Standard Chemical Series for Water (Churchrock Site)

mg/l
Sample
Identification

#1

#2

#3

Date
Collected

10/10/74

10/10/74

10/10/74

Sample
#1Analysis

Bicarbonate

Calcium

Carbonate

Hardness

Magnesium

Nitrate

Phosphate

Potassium

Sodium

Sulfate

Suspended

Arsenic

Beryllium

195

2.38

15.1

7.1

0.7

S0.1

0.36

0.66

136

81

Solids 68

< 0.01

< 0.001

0.01

< 0.001

-4 0.4 ug/l

< 0.001

Sample
#2

203

3.87

8.5

9.8

.1.2

< 0.I

1.00

0.86

136

85

318

< 0.01

Sample
#3

197

6.47

12.3

13.4

3.1

0.1

1.84

0.94

16A

98

566

< 0.01

Cadmium

Copper

Lead

Mercury

Selenium

Zinc

,4 0.001

4 0.01

.4 0.001

-4 0.4 ug/1

< 0.001

< 0.01

0.001

0.01

0.001

0.4 ug/1

0.001

0.020.01

pH 8.64 8.68 8.70

*Will be reported 11/22/74..

APPROVED BY

J. Mueller, President
/21/74 PAGE 1 OF I PAGE

Controls for Environmental Pollution* Inc.
1925 Rosina o F. 0. Box 5351 o Santa Fe, New Mexico B7501 o Telephone 505/982-942..



lit

-(NMI,. United Nuclear
1.T r•. T. E. Dabrowski
,UDIaF 1201 Jadwin Ave.

c~r' Richland, Washington 99352
r-,vCfW!: N, 411138

REPAL1 IFAHALYSbin

-~1/L4 -.
.1 L)sTOMER ORDE, NUMBER

giuvfn2 rn Wafni.TyI'f: OF ANALY'SI S - Standard Ch~mieal S~ri~ fnr WRter (Chiir~hrnt~k ~it~')
- Standard Che ical Series for Water (Churchrock Site)

Sample
Identification

#4

#5

#6

Date
Collected

10/10/74

10/10/74

10/10/74

Analysis
Sample

#4

Bicarbonate

Calcium

Carbonate

Hardness

Magnesium

Nitrate

Phosphate

Potassium

Sodium

Sulfate

Suspended Solids

Sample
#5

203

7.77

5.0

38.1

2.6

0.1

0.20

1.78

105

98

2312

209

17.06

< 1.0

68.4

3.5

0.4

0.28

3.54

104

112

5660

Sample
#6

203

13.55

3.5

46.2

2.8

0.7

0.40

2.66

122

105

3672

Arsenic < 0.01 < 0.01 - 0.01

Beryllium * , •

Cadmium o0.001 < 0.001 , 0.001

Copper .40.01 0.01 0.12

Lead < 0.001 < 0.001 ,4 0.001

Mercury <4 0.4 ug/1 '4 0.4 ug/1 - 0.4 ug/l

Selenium e 0.001 ,4 0.001 < 0.001

Zinc 0.01 0.04 0.03

pH 8.54 8.32 8.45

I !IWill be reported 11/22/74.
"i• :APPROVED BY•

.;.. 
Mueller, President

S1/ 21/74 PAGE I OF I PAGE

C ontrols for Environmental Pollution, Inc.
'1925 osina o p. 0. Box 5351 o Santa Fe. New Mexico (7501*o Telephone 505/982.-9841



CUSTOMER

ATTENTION

ADDRESS-

CITY

INVOICE NO.

United Nuclear
T. E. Dabrowski
1201 Jadwin Ave.
Richland, Washington 99352

.411138

REPORT of
ANALYSIS

SAMPLES RECEIVED 10/16/74 CUSTOMER or NUMer

TYPE OF ANALYSIS Surface Water - Standard Chemical Series for Water! (Churchrock Site)

Date
Collected

10/10/74

Sample Sample Sample Sample Sample Sample

Analysis #1 #2 #3 #4 #5 #6

Beryllium <0.001 ,40.001 ,.0.001 <0.001 <0.001 <0.001

APPROVED BY ;t--------

es J. Mueller, President
. 1/t22/ 74 PAGE l OF 1PAGE

Controls for Environmental Pollution, Inc.
1925 Rosia a P.O. Box 5351 Santa Fe. New Mexico 87501 o Telephone 505/962-98g41"'.'



. United Nuclear Industries, Inc.
T. E. Dabrowski
1201 Jadwin Avenue
Richland, Washington 99352
411084

F07FPIR-ON OFF
ANAL 0SI

I .11 /0 74 L CU! ~'AE ORDER~F NWM[:Liqi~

:,. ,ANALYSIS Air Particulate for Gross Alpha and Beta

Sample Identification
Date
Collected

pCi/m3
Gross Alpha Gross Beta

JNC #1 1
At bend in road (Route 566)
opposite arrow on tree inside
fence, in line with Three
Pole Power line.

UNC #2 1
Far East side of South
Fence (Property Line).:
At "Private Property,
No Trespassing" sign on
fence.

0/02/74

0/02/74

0/02/74

0/02/74

0.0000+0.0001

0.0000+0.0001

0.0000+0.0001

0.0003+0.0001

0.000+0.001

0.000+0.001

.0.000+0..001

0.000+0.001

I..

* *-~

UNC #3
On South Property Line
Fence (East of Route 566)
at arroyo.

UNC #4
In front of TLD tree
location and south of
stack of metal pipe at
mill site. (West of
Route 566)

i;

.l air samples were taken at each of the TLD locations.

11/11/74 PAGiE 1 OF 1 PAG~E

Controls for Environmental Pollution, Inc.
2 . sfln o s P. 0. Box 5351o Santa Fe, New Mexico 67501 o Telephone 505.9'82-9841
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United Nuclear Industries, Inc.
T. E. Dabrowski
1201 Jadwin Avenue
Richland, Washington 99352
411138

REPORT 01AN"ALYSi S

CUSTOMER ORDER NUMBERSAMPLE,. RECEIVED 10/16/74
Gro

TYPE OF ANALYSIS Tot•

Sample
Identification

ss Alpha, Gross Beta,
alUranium in Surface

Thorium-230, Radium-226, and.
Soil Analysis - 4 Samples

#2

#3

#4

Analysis

Alpha

Beta

Th-230

Ra-226

Total Uranium

Alpha

Beta

Th-230

Ra-226

Total Uranium

Alpha

Beta

Th-230

Ra-226

Total Uranium

Alpha

Beta

Th-230

Ra-226

Total Uranium

pCi/gm ugU/gm

0.00±0.01

0.00±0.01

< 1

dpm/gm

4.5±1.7

3.9±1.2

5.6±1.9

5.3±1.2

0A47±0.02

0.25±0.01

2

10. 4±3.9

4.7±1.2

0.47±0.01

0.62±0.01

< 1

26.7±7.6

3.9±1.2

0.43±0.03

0.91±0.01

<1

APPROVED

J. Mueller, President

11/21/74 PAGE 1 OF 1 PAGE

Controls for Environmental Pollution, Inc.
,1925 Rosina o P. b. Box 5351 o Santa Fe. New Mexico B7501 o Telephone 505/9B2-Sai4...;:
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CITY

United Nuclear Industries, Inc.
T. E. Dabrowski
1201 Jadwin Avenue
Richland, Washington 99352
411138

REPORT OFANA D S I N

.-. * . • .,•.. 10/16/74 [W:•i f r~tI• tM I,

Gross Alpha, Gross Beta, Thorium-230, Radium-226, and
-.o A',,.v,1. Total Uranium in Subsurface Soil Analysis - 4 Sampfles ------

Sample
Identification

#1

Analysis

Alpha

Beta

Th-230

Ra-226

Total Uranium

Alpha

Beta

Th-230

Ra-226

Total Uranium

ugU/gm dpm/gm

5.5±1.9

3.9i1.2

0.25±0.01

0.43±0.01

<1

#2

0.41±0.01

0.39±0.01

12.7±3.7

5.6±1.2

7.9±3.0

3.9±1.1

7

#3 Alpha

Beta

Th-230 0.39±0.02

Ra-226 0.49±0.01

Total Uranium 7

#4 Alpha 27.9±9.0

Beta 4.3±1.2

Th-230 0.43±0.01

Ra-226 0.72±0.01

Total Uranium <1

7.i•.:."-

I ~~~APPROVED BYPrsdn':a; " Ja . Mueller-' Presiden

____- 11/21/74 PAGE OF PAGE

Controls for Environmental Pollution, Inc;
1.25 Rosina o P. 0. Box 5351 o Santa Fe, New Mexico 87501 o Telephone 505/982-9841 I



CUS lT4:

ATTENTI!ON

ADDRESS

CITY

INVOICE NO

United Nuclear Inc.
T. E. Dabrowski
1201 Jadwin Ave.
Richland, Washington 99352
411138

iREPOAHALY

SAMPLES RECEIVED 10/16/74 CUSTOMER ORDER'NUMBER

-YPE OF ANALYSIS Vegetation Analysis - (Churchrock Site)

Sample Identification

#1

Analysis ugU fg dpm/gf

#2

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

<1

<1

3.3+1.7

7.9+0.5

0.00+0.05

0.38+0.29

0+5

8.9+0.5

0.00+0.05

0.00+0.01
.a

0+5

.13.6+0.6

0.00+0.05

0.00+0.01

3.0+1.9

9.8+0.5

0.00+0.05

0.00+0.01

#3

<1

#4

<1

APPROVEO BY

ffie J. Mueller, President
21/74 PAGE 1 OF 1 PAGE

Controls for Environmental Pollution, Inc.
1925 Rosina o. P. 0. Box 5351 o Santa Fe. New Mexico 67501 a Telephone 505/982-9841
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May 27, 1975

Mr. Noel F. Savignac
Senior Health Physicist
United Nuclear Industries, Inc.
1201 Jadwin Avenue
Richland, Washington 99352

Dear Noel:

The following is the TLD data from United Nuclear Industries, Inc.'s
Churchrock site. The TLD devices were placed in the field on October 17,
1974 and removed on April 17, 1975. The following are the locations and
data:

Locations 10/17/74 thru 4/17/75
mRem

93#1
At bend in road (Route 566) opposite arrow on tree
inside barbed wire fence in line with three pole power
line. (Large tree just north of three power poles.)

#2 100
Far east side of south fence (property line). At
"Private Property - No Trespassing" sign on fence.

#3
On south property line fence (East of Route 566)
at Arroyo.

#4
On small tree set up on a slight ridge just east and
south of stack of metal pipe at Mill Site (West of
Route 566).

88

96

((" 4.....

#5
TLDs on fence were destroyed and removed; therefore, no TLDs could be
found in the area.



Mr. Noel F. Savignac
Page 2
May 27, 1975

If further information is required, please feel free to contact me.

Very truly yours,

CONTROLS FOR ENVIRONMENTAL
POLLUYJ.•N, INC.

45Mes J. Mueller
President

JJM: bo

0J



ct',;,, United Nuclear Industries, Inc.
,riu.- Noel F. Savignac

ADDRi'S 1201 Jadwin Ave.
ClP Richland, WA 99352

INVOICE NU. 506123

REPORT OF
ANALYSIS

SAMPLES S aECEIVEt 6/05/75 CUSTOMER ORDER NUMBER

TYPE Or ANALYSIS Surf ace Water Analysis-

,~ ~..

Sample
Identification

#1

#2

#3 (Prior to
discharge)

#3

Date
Collected

6/04/75

6/03/75

6/03/75

6/03/75

Analysis

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

.PCi/l

1680+68

463+17

35.6+3.6

40.5+4.1

635+53

85+9

77.5+27.8.

0.55+0.11

251+37

29+8

14.3+1.4

3.86+0.31

225+25

21+8

2310

ugU/l

1600

920

Thorium-230 8.60+0.90

Radium-226 2.89+0.27

Total Uranrium 535

#4 6/04/75 Alpha 604+43

Beta 72+9

Thorium-230 55.5+5.6

Radium-226 12.8+0.6

Total raniu • • .--- 540

J ame s u•/eller, President

7/03 15 PAGE I OF 2 PAGE

Controls for Environmental Pollution, Inc.
1"92 Rosina P. 0. Box 5351 * Santa Fe. New Mexico 87501 q Telephone 505 98;E-9841
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United Nuclear Industries, Inc.
Noel F. Savignac
1201 Jadwin Ave.
Richland, WA 99352
506123

6/05/75 J ±Y"*, M ,

Surface Water Analysis .

ahAýL~

Sample
Identification

Date
Collected

#5 6/04/75

Analysis

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

PCi/l ugu/1

481+39

68+9

10.4+1.0

64+6

1450

NOTE: All samples were high in solids which could contribute the
higher activity from the first collection.

- .0

I--

APPkOVr. ) I|Y

a . Mueller, President
7 03/75 a(* 2 ':' 2 PA('E

m~mmmmii

Cjontr-ols for Environmenta.I.PoIi.utiprn, Incc.
1925I l oP. 0. Box 5351 a Santa Fe, New Mexico 87501 Telept-konta 50-r-: El1G2-9841



J ,. 1,::U, United Nuclear Industries, Inc.
.¢,I!.,1•I• Noel F. Savignac

. 1201 Jadwin Ave.
C:!Y Richland, WA 99352

;V-OiCE Nk: 506123

REPOAI OF
ANALYSIS

iAMFILES RECEIVE-D 6/05/75 _____ CUS*TOMF*R ORDER NUMBER

nYPE 01: ANALYSIS j atcaetabinairl analy-gi sI~ ~ ~ ~ i . Pa t c l t _________________________________________________

Sample Date
Identification Collected

#1 .6/03/75
Tot. Vol. = 199.5m3

#2 m6/03/75
Tot. Vol. =,394.8

Analysis

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

pCi/m 3

0.000+0.005

0.020+0.016

0.0000+0.0001

0.00000+0.00005

0.'000+0.005

0.010+0.008

0.00000+0.00005

0.00000+0.00003

ugU/m 
3

0.013

0.068

1#3 6/04/75 Alpha 0. 000+0.005
Tot. Vol. = 305.6m3  Beta 0.015+0.010

Thorium-230 0.00000+0.00006

Radium-226 0.0021+0.0003

.. Total Uranium 0.018

#4 6/04/75 Alpha 0.000+0.005

'-,Tot. Vol. = 290. Beta 0.021+0.011
Thorium-230 0.00000+0.00007

Radium-226 0.0107+0.0008

1- Total Uranium 0.009

APPROVED BY

/0-_-3/17'5 PAGE 1 OF 1 PAGE
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United Nuclear Industries, Inc.
Noel F. Savignac
1201 Jadwin Ave.

* Richland, WA 99352
506123 ANALY

*:\t•'j i .. : , /05/75 ____ CUSTOMER ORDER NUMBER

kj: Soil Analysis -

Sample Date
Identification Collected Analysis pCi/g(wet) ugU/g(

#1 0-2" 6/03/75 Alpha 2.68+0.90

Beta 1.66+0.67

Thorium-230 0.44+0.04

Radium-226 0.54+0,05

Total Uranium 1.4
#1 2-4" 6/03/75 Alpha 2.67+0.99

We

#2 0-2"

#2 2-4"

6/03/75

6/03/75

Thoriumh-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta.

Thorium-230

Radium-226

0.39+0.04

0.47+0.05

4.59+1.55

4.02+0.75

0.63+0.06

1.13+0.11

9.34+2.29

4.52+0.77

0.57+0.06

0.61+0.06

1.9
0

2.1

Total Uranium 1.6
#3 0-2" 6/04/75 Alpha 3.07+1.57

Beta 3.27+0.73

Thorium-230 0.65+0.07

Radium-226 0.60+0.06
To a1.7

Jam•° Mueller, President

7/ 3/75 PAGE 1 OF 2 PAGE
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United Nuclear Industries, Inc.
Noel F. Savignac
1201 Jadwin Ave.

: Richland, WA 99352
.506123

EHHAlSOfANALYSIS

Si,,FLE4 kFCEIVED 6/05/75 CUSTOMER ORDER NUMBER

'tY;'E 01- ANALYSIS Soil

Sample
Identification

#3 2-4"

#4 0-2"

#4 2-4"

Analysis -

Date
Collected

6/04/75

6/04/75

6/04/75

Analysis

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

pCi/g (wet)

6.82+2.04

3.32+0.73

0.60+0.06

0.71+0.07

5.71+1.93

1.48+0.66

0.43+0.04

0.41+0.04

5.78+2.22

1.59+0.66

0.39+0.04

0.97+0.10

ugU/g(wet)

1.7

2.5

1.6

.•.,

APPROVED BY

/Wes J. Mueller, President
7/03/75 PAGE 2 OF 2 PAGE
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, .. United Nuclear Industries, Inc.
A!'ý,!,!i.o Noel F. Savignac

A,,l¾: 1201 Jadwin Ave.
CfY .Richland, WA 99352

INVOWtL NO. 506123

EPORT I
ANALYSI

S.AM,',_C.S Fi:CEIVLAD 6/05/75

TVIL OF ANALYSIS Vegetation Analysi

Sample. Date
Identification Collected

#1 6/03/75

ICUSTOMER ORDER NUMBER

s

#2 6/03/75

#3 6/04/75

Analysis

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

Total Uranium

Alpha

Beta

Thorium-230

Radium-226

pCi/g (dry)
0.0+0.1

13.6+0.4

0.0+0.1

0.0+0.1

0.0+0.1
.11.4+0.4

0.0+0.1

0.0+0.1

0.0+0.1

11.9+0.4

0.0+0.1

0.0+0.1

0.0+0.1

8.77+0.33.

0.0+0.1

0.0+0.1

1.1

ugU/g (dr)

0.9

.0

0.4

#4 (mixed vegetation
conifer needles and 6/04/75
grasses)

0.3

#4 (leaves -
oak)

6/04/75 0. 0+0.1

5.56+0.27

0.0+0.1

0.0+0.1

0.2
APPROVED BY

JEws:J. Mueller, President
7/03/75 PAGE 1 OF 1 PAGE
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*.United.Nuclear Industries, Inc..:. o°oo.oo~o ,~o r~o. ,o. EPORT rf
Noel F. Savignac

,~'.': 1201 Jadwin Avenue
* ' Richland, Washington 99352 ANALYSIS

'• :"506123

[-~~~__ -_ .......... _ _ ...... .........

K0 6/05. Sur.a Wt/75 CUSTOMER ORDER NUMBER

')F: AN,;"- Surface Water Analysis -

i Sample Identification Date Collected Analysis ... mg/

#1 06/04/75 Bicarbonate . 205

Carbonate 12.5

Hardness 9.7

* Total Phosphorus as Phosphate <0.1

Sulfate 59

Suspended Solids 356

pH Units 8.90

#2 06/03/75 Bicarbonate 203

Carbonate 1.2

V Hardness 421

. .:- . Total Phosphorus as Phosphate <0. 1

Sulfate 474

Suspended Solids 8,900

pH. Units 8.37

#3 06/03/75 Bicarbonate 196

}, I "Carbonate <0.1

, Hardness 555

k Total Phosphorus as Phosphate. <0.1

Sulfate 656*

I Suspended Solids 7,200

pH Units 8.41

W".*Duplicate analysis verified. -----------
Al "":I""""JamesJ. er, President

07/03/75 PAGE 1 OF 2 - P.%(-,E
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United Nuclear Industries, Inc.
Noel F. Savignac
1201 Jadwin Avenue

Richland, Washington 99352
506123

06/05/75 r• _ . -,

Surface Water Analysis -

Sample Identification Date Collected Analysis

#4 06/04/75 . Bicarbonate

Carbonate

#5 .06/04/75

Hardness

Total Phosphorus as Phosphate

Sulfate

Suspended Solids

pH Units

Bicarbonate

Carbonate

Hardness

Total Phosphorus as Phosphate

Sulfate

Suspended Solids

pH Units

mg/l

201

9.6

90.3

" 0.1

140

1,600

8.81

202

10.7

87.4

' 0.1

56

3,400

8.68

James J ler,
07/03/75 2 2
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TIoS~IOMEt United Nuclear Industries, Inc. --- r[fO I
ATTENTION Noel F. Savignac REPORT Of

• ADDRESS 1201 Jadwin Avenue
CITY Richland, Washington 99352

INVOICE NO. 506123 ANALYSIS
SAMPLES RECEIVED 06/05/75 CUSTOMER ORDER NUMBER

TYPE OF ANALYSIS Surface Water Analysis - "

Sample Identification Date Collected Analysis .rmgll

#1 06/04/75 Mercury < 0.0004

#2 06/03/75 Mercuiry 0.0004

#3,(PA•I9 - 06/03/75 Mercury 0.0004

#4 06/04/75 Mercury 0.0004

#5 06/04/75 Mercury 0.0004

#1 06/04/75 Nitrate 0.6

#2 06/03/75 Nitrate• 2.1

#3(Prif0, Y, 06/03/75 Nitrate 5.0

#4 06/04/75 Nitrate 0.6

#5 06/04/75 Nitrate 0.8

APPROVED B

James J er, President• • 7"i•"/03/7ý PAGE 1OF IPAGE

Co~ntrols for Environmental Pollution, Inc.
1925 Rosina o P. 0. Box 5351 o Santa Fe. New -9841
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United Nuclear Industries, Inc.
Noel F. Savignac
1201 Jadwin Avenue
Richland, Washington. 99352

506123
A airBU

I ~h

I,

~IiI

ill"
II

I! .J~

06/05/75 •LJru M",•.ýIf ofi,•:R N'.J.fIJ-H.,. . . .

,-rL Of ,'.. Surface Water Analysis -

Sample Identification Date Collected Analysis mgI

#1 06/04/75 Calcium 16.9*

Magnesium 2.3*

Potassium 0.35

Sodium 137

Arsenic 6.01

Beryllium .<0.001

Copper

Cadmium

Lead

Selenium

Zinc

0.020

<0.001

0.002

.,0 0.02

0.18

#2 06/03/75 Calcium 89.6*

Magnesium 88.1*

Potassium 1.4

Sodium 149

Arsenic 0.01

Beryllium 40o.001

Copper 0.008

Cadmium <10.001

Lead ,0.001

Selenium 0.03

Zinc .

*Duplicate analyses verified..
James r, President
07/03/ 7 PAGE 1 OF 3 PAGE
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United Nuclear Industries, Inc.
: Noel F. Savignac

-,-h, K1201 Jadwin Avenue
c' Richland, Washington 99352

i.V.(oc N O'sC 506123

| ....... ......... . . . . . . . .. .

REPORT OF
ANAL'YSI

I '~ IIM AORDER NU MOER

-*1

AIv,.E Cl ANAL,'(,1".; " Surface Water Analysi

Sample Identification Date Collected

#3 06/03/75
O*j.A.T OoA0-&)

S.-

Analysis

Calcium

Magnesium

Potassium

Sodium

Arsenic

Beryllium

Copper

Cadmium

Lead

Selenium

Zinc:

Calcium

Magnesium

Potassium

mg/.

227*

144*

2.0

144

<0.01

< 0.001

0.033

o0.001

0.009

-.40.01

0.376

#4 06/04/75 28.7*

24.1*

0.58

Sodium 107

Arsenic 0.02

Beryllium <o0.001

Copper 0.018

Cadmium <0.001

Lead <40.001

Selenium 0.02

- . . • i- : .: Zinc ~ f -- • • 0.272
*Duplicate analyses verified:. k. A D e

Jam ,es J er, President
SQ7T/03T/75 PAGE 2 OF 3 PAGE
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United Nuclear Industries, Inc.
Noel F. Savignac
1201 Jadwin Avenue
Richland, Washington 99352

506123

06/05/75

h -NA! Y.: Surface Water Analysis

Sample Identification Date Collected

*: • "#5 06/04/75 C

;i S

A

Cf C

C

14 . L

1 S

Off, z

R '.

iIi
PI

Vi *Duplicate analyses verified.iJ

Controls for Enviro
1925 Rosina o P. 0. Box 5351 o Santa Pa.

!cpFRoi, 0liANA ALYSIS

CU T ME ------

l!',i! :• •,

Analysis

]alcium

•agnesium

'otassium

odium

krsenic

eryllium

opper

admium

ead

elenium

inc

24.0*

11.5*

1.0

130

<40.01

<.0.001

0.009

<0.001

.:0.001

0.01

0.14

rJames J. ej, Presi-dent
7/03/7 IAGE 3 oF 3 PA(GE.

inmental Pollution, Inc.
qvew Mexico 687501 o Telephone 505' 982-9841




