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1.0
PROPOSED ACTION

l.1 THE SITE

Gulf Mineral Resources Co. (GMRC) is planning to mine and mill uranium
from deposits discovered in the Grants Mineral Belt in rorthwestern

New Mexico. The Mt. Taylor Uranium Mill Project is located in north-
western New Mexico approximately 60 miles northwest of Albuquerque,

and 30 miles northeast of Grants on the McKinley-Valencia County border
(Figure 1.1-1). The purpose of this document is to identify and describe

potential environmental effects resulting from the proposed milling

. activity.
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1.2 THE MINE

The proposed mine-mill operation will extract uraniua from a six-mile
trend of orebodies lying at a depth of approximately 3200 feet along

the northwest flank of Mt. Taylor. The orebody trend is northwest to
southeast starting in Section 15, T13N, R8W, McKinley County, New Mexico
and terminating in Sectiom 5, T12N, R7W, Valencia County, New Mexico.
The individual orebodies are basically flat lying tabular units with

a high degree of irregularity in ore thickness and crosstrend width.

The uranium mineralization occurs in the Westwater Formation, an arkosic
sandstone member of the Morrison Formation of Late Jurrasic Age. The
ore appears to be a typical Grant. Belt occurrence with a black to

brown mixture of coffinite and organic humates filling pore space and
coating the sandstone grains. Exploration to date has delineated re-
coverable reserves containing over 100 million pounds of uranium as

U308 equivalent. Sample concentrations of uranium range from 0.05 to

1.0 percent U40g-

The planned mining rate of 1.4 million tons of ore per year will be
attained by a work force of approximately 800. Proposed mining extraction
methods are room and pillar and/or modified longwall/ shortwall retreat
combined with a cemented backfill of the mined-out areas. The exact
mining methods to be used will be finalized after pilot mining work veri-
fies underground conditions. Since the mine is an underground operation,
no overburden material will be generated. The ore will be transported

to the mill via truck over a privately owned road. A discussion of

mining activities is found in Section 3.6, Volume 3.
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1.3 THE MILL

The mill facility will be located in lower San Lucas Canyon, Section

1, T13N, R8W, McKinley County, New Mexico. The site is in an area isolated
from the public. A mill impoundment will preclude the release of any
accidental process spills to watercourses in tle area. Tall structures
will support grinding equipment and the yellowcake washing, drying,

and packaging. A series of single and two-story structures will house

the offices, laboratory, boilers, shops, and warehousing. Process tankage
will be of various sizes depending on the specific processes involved,

and will be positioned in areas whe~e required by the process. The

entire mill site will be fenced and access to the facilities will

be controlled.

The propused mill will have the design capacity to process blended

ore assaying between 0.05 and 0.50 percent uranium (U308) to 2 finished
yellowcake product at a design rate of 4200 dry tons of ore per stream

day. Coarse ore will be delivered to the mill via truck and placed in

storage piles. A front-end loader will be used to feed coarse ore
to the mill feed system.

The milling process begins with grinding the coarse ore to separate

the sand grains from the interstitial cementing matrix. Uranium values
are then leached from the solids in two stages of leach, followed with
the leached sand/slime residue being separated from the uranium-rich
leach solution by countercurrent washing in thickeners. Provision is
made for the uranium-free residues to be classified into sand and slime
fra'tions. The resulting sands after being washed, can be returned

to the mine for backfill or used for tailings pond reclamation. The
slime fraction and any sands not separated will be pumped to the tailings
pond.
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. The subsequent steps of the milling process, which consist of recovery
and purification of the uranium values from the acid leach solution, begin
with clarification of the uranium-rich leach solution, followed by filtra-
tion to remove the fine suspended solids, and solvent extraction to recover
and purify the uranium. In the solvent extraction process, the uranium
is transferred to an nrganic phase consisting of an amine in a kerosene
diluent. After solvent extraction, the uranium-free leach solution (raf-
finate) is recycled to the countercurrent decantation (CCD) circuit
as a wash solution. The uranium is removed f--m the solvent with a
sodium carbonate solution, and the solvent recycled to the solvent
extraction circuit. The sodium carbonate solution, now containing the
uranivm, is acidified and then pumped to precipitation tanks where
uranium is precipitated as uranyl peroxide (U04‘ZHZO) by digestion in
a hydrogen peroxide solution. The uranyl peroxide is then washed in
thickeners, centrifuged, and calcined in a multiple hearth furnace.

The resulting yellowcak. is packaged in drums for shipment via truck in

‘ accordance with Department of Trausportation regulations.

A slurry pipeline (described in Section 3.4.1 of Volume 3) will transport
the tailings to an impoundment located in La Polvadera Canyon approxi-
mately six miles north of the mill. The site is a natural canyon bordered
on three sides by high bluffs, providing protection from both wind

and storm damage as well as total isolation from the public. The tailings
retention dam of the impoundment area will be a zoued earth and rockfill
structure with a sloping upstream clay core. Tailings distribution

into the impoundment area will be via a sand cell system for total

being impounded. Downstream of the tailings impoundment is a catch

dam to provide containment of any minor spills. Both the impoundment
and catchment areas will be completely fenced. The tailings impoundment
area is fully described in Section 3.4.2 of Volume 3.

|
|
|
:
|
|
i
tailings or a perimeter discharge system when only slime tailings are




Based on current ore reserve and market assessments, the production life
of tt» mill will be 20 years. At this time, no other outside source of
ore is expected to be processed through this facility. The mill will
run seven days a week, with three eight-hour shifts each day. Production
capacity for the years 1981 through 1984 will be 2100 dry tons per
stream day, which could yield a yellowcake product of 12,500 pounds

of U30g equivalent per day (4.3 million pounds per year). Commencing

in approrimately 1985 production capacity will be increased to 4200

dry ! per stream day yielding a yellowcake product of 25,000 pounds
of U40g equivalent per day (8.6 million pounds of U40g per year). Final
yellowcake quality will assay greater than 85 percent U303.

When it has been determined that the useful life of the mill has been
completed, all above ground facilities, with the exception of concrete
foundations, will be removed. The mill site will be scanned with suitable
counting equipment to isolate any areas containing residual radiocactivity,
and, where appropriate, sufficient earth «will be removed to achieve
background radiocactivity levels. Excavated areas will be filled to finish
grade with soll, seeded and protected until vegetative cover has become
established. On the basis of the average annual precipitation rates

in the area and, therefore, the capacity of the soil to sustain vegetation,
it has been concluded that the land would best be utilized for livestock
grazing as is most of the surrounding region. The reclamation nlan

more fully described in Section 9.0 of Volume 3 is designed with that
objective in mind.

Surety arrangements for eventual reclamation of impacted areas is addressed
in Section 9.3 of Volume 3.
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1.4 THE SCHEDULE

In 1975, Woodward-Clyde Consultants was cowaissioned to do an expanded
environmental study for developrment of dasel’! e environmeatal informa-
tion. The studies included ecology, geology, meteorology, hydrology,
radiology, cultural resources anc demography. The fielid work in these

areas is now complete and reported herein.

In April of 1977, Jacobs ingineerirg Co. wvas selected as the contractor
for definitive design and capital cost estimation of the mill. In
June, 1977, W.A. Wahler & Associates wus chosen to do definitive and
detail design and capital cost estimation on the tailings impoundment
facility.

Detailed design of the mi.\' commenced in the second half of 1978,

with site preparation and construction expected to start about the first
half of 1980. The tailings facility will also commence construction

in the first half of 1980. Both mill and tailings facilities are targeted
to be ‘n operation in the last half of 1981. Mine and mill are expected

to e at nominal production rates in 1985.
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2.0
ENVIRONMENTAL SZTTING

2.1 SITE LOCATION AND LAYOUT

The Mt. Taylor project is located in northwestern New Mexico on the
McKinley-Valencia Couuty border. It lies in the eastern part of the
Ambrosia Lake mining district, one of New Mexico's major uranium-pro-
ducing areas. The project area is near the town of San Mateo, about
30 miles northeast of Grants, New Mexico, via Route 53 (Figure 1.1-1).

In order to conduct the proposed milling operation in a manner that
provides maximum protection to the public and the environment, yet
incorporates the souncest engineering practices, the mine, the mill

and the tailings pond will be located in separate areas (Figure 2.1-1).
The mine, located in Section 24, T13N, R8W, Valencia County, lies ap-
proximately one~half mile northeast of the town of San Mateo. The mill,
situated in the bartolome Fernandez Grant just below the San Lucas

Dam in McKinley County, will lie approximately three miles north of

the mine. The teailings pond will be constructed approximately six miles
north of the mill in La Polvadera Canyon, TL14N, R8W, McKinley County.
When filled to capacity, the pond will lie within portions of Sections
10, 11, 14 and 15. Figure 2.1-1 also notes the exclusion area boundaries
as well as the truc. route between the mine and mill. This route is
approximately three miles long, and will handle from 50 to 120 ore
trucks per day at full mine production.

The status of land owned and leased by Gulf in the project area, and

the ownership of surrounding property, is shown on Figure 2.1-2.
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Provisions have been made, and will continue to be made for Gulf,

or any assignee, to enter the premises after operations are terminated for
the purpose of monitoring or maintenance, in accordance with federal
and/or state law.

Gulf owns or leases approximately 8,800 acres. Approximately 650 acres
will be temporarily modified by comnstruction of the mill and tailings
pipeline (see Section 9.0 for reclamation plans), and approximately
1,/00 acres, where the tailings impoundment is located, will be removed

from use as grazing land.

The two water bodies in the project area, San Mateo Reservoir and Laguna
Polvadera, are also noted on Figure 2.1-2. It should be pointed out
that the presence ot the "lake" at Laguna Polvadera is due principally
to the discharge of treated mine water from the Gulf Mt. Taylor Mine.

The most prominent topographic feature in the project area is Mt. Taylor,
a Miocene volcano surrounded by basalt-capped plateaus such as Mesa
Chivato. The broad valleys of the region are separated from the mesa
tops by steep slopes abruptly dissected by arroyos. The uplands of

i Mt. Taylor volcanic plateau and San Mateo Mesa are part of the

Cibola National Forest, which crosses the center of the project area.
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2.2 SOCIOECONOMICS AND LAND USE

This section descri“es the regional and local, demographic, land use and
socioeconomic characteristics of the area around the Gulf Mt. Taylor pro-
ject. The following topics were selected to describe the elements of

the present socioeconomic environment that may be affected by the proposed
project:

e demography

e housing

e employment and income

e public facilities and services
e public finance

.

land use

The region discussed here is known as the Grants Uranium Belt. The
description of local socioncomomic characteristics focuses on the Grants-
Milan area. Grants and Milan are the largest communities in the immediate

area and are the major centers of uranium related urbanization in New

Mexico.

2.2.1 General Description of Region

The Grants Uranium Belt is an area about 100 miles long by 20 miles wide
and extends from Gallup on the west to Ric Puerco on the east. It is
located in one of the most diversified major energy-producing regions in
the United States. Within or adjacent to the area are large oil and gas
fields, and abundant accessible coal deposits. Several electric generation
facilities have also been proposed for this area. The Grants region

is the major producer of uranium in the United States and contains

more than half of the nation's economically recoverable uranium reserves.
At the end of 1975, the Grants Uranium Belt had produced more than

52 million tons of ore containing 112,700 ton of Uj0g. Six mills and

839 235
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approximately 36 mines are in operation in the mining area (Figure 2.2-1,
Tables 2.2-1 and 2.2-2). Approximately 3300 people are employed in uranium
exploration and production within the district, with a total yearly income
of roughly $36 million.

Expansion of the uranium industry in the area depends on national demand
and policy. The U.S. Energy Research and Development Administration (ERDA)
has projected that a fourfold increase in uranium preduction will be

needed by 1985. Estimates range from double to triple the present level

of development in the area in the next 10 years, with an expected increase
of employment to roughly 8500 persons during the same time period (New
Mexico State Planning Office, 1976; MRGCOG, 1977). This growth trend

is already noticeable in light of the present high level of exploration
activity and development. Plans are underway for the construction of
additional mines and mills. Moreover, recent discoveries have indicated
that the Grants Uranium Belt may be much wider (45 to 50 miles wide

rather than 20 miles wide) and point to the possibility of uranium resources

far in excess of current estimates.

The uncertainties of the energy and mineral industry and the lack of all
but the most general data on future expansion within the area have made
adequate planning to accommodate population growth increasingly difficult
for the communities of Grants and Milan. The larger communities within
the area (particularly Albuquerque) could more easily provide adequate
public facilities and services to support energy-related population in-
creases; previous population growth in these cities has been accommodated
witi minimum disruption. Expansion of the mineral and energy industry in
the Grants Uranium Belt has historically placed major increased demand

on the communities of Grants and Milan and on the immediate surrounding
areas. The magnitude of community impacts that have already occurred

in these towns and the potential for sustained intensive mineral development

have prompted a number of studies by regional, stzte, and federal agencies.
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Table 2.2-1. URANIUM MINES IN THE REGION

Valencia County

1 Jackpile-Pag ate Mine
Anaconda Company
2 open pits, operatiomal

2 Alpine Miner Test Mine
Anaconda Company
inactive

3 P-10, P-9-2
Anaconda Company
underground, operational

4 Housing, H-1
Anaconda Company
open pit, operational

5 San Mateo Mine
Uniited Nuclear Corp.
underground, inactive

6 L-Bar
SOHIO-Reserve Mine -als
underground, operational

7 Gulf Mt Taylor Mine
Gulf Mineral Resources Co.
underground, under development

8 F-33 Mine
Homestake Mining Company
underground, operational

McKinley County

9 Ann Lee Mine
United Nuclear Corporation
underground, ope.ational

10 Dog Mine

Four Corners Exploration Company

underground, inactive

In Paguate Purchase, Laguna
Reservation, Sec. 33, 34, 35, 36
T. 11 N., R. 5W., N.M.B. & P.M.2

Jackpile-Paguate on Laguna

Reservation, Sec. 1, 2, 3, 4, T.1CN.,

R. 5SW.

Jackpile-Paguate on Laguna
Reservation

Portion of Jackpile-Paguate
directly west of Alpine Miner
Test Mine

East of San Mateo, T. 13N., R. 8W.

Approximately 15 miles north of
Laguna, T.l1N., R.5W.

1/2 mile northeast of San Mateo,
Sec. 24, T.13N., R.8W.

2 miles east of Homestake Mill,
N. of Grante, SW1/4, Sec. 33,
T.12N., R.9W.

Ambrosia Lake, NW1/4, Sec.28, T.l4N.,

R.9W.

Ambrosia Lake

8New Mexico Baseline and Principal Meridian.
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Table 2.2-1. (continued)

McKinley County (cont.)

11 Johnny M. Mine
Ranchers Explorations &
Development Corporation
underground, operational

12 Kerr-McGee Sec. 17 Mine
Kerr-McGee Corporation
underground, operational

13 Kerr-McGee Sec. 19 Mine
Kerr-McGee Corporation
underground, operational

14 Kerr-McGee Sec. 22 Mine
Kerr-McGee Corporation
underground, operational

15 Kerr-McGee Sec. 24 Mine
Kerr-McGee Corporation
underground, operational

16 Kerr-McGee Sec. 30 Mine
Kerr-McGee Corporation
underground, operational

17 Kerr-McGee 30 West Mine
Kerr-McGee Corporation
underground, operational

18 Kerr-McGee Sec. .3 Mine
Kerr-McGee Corporation
underground, operational

19 Ker-McGee Sec. 35 Mine
Kerr-McGee Corporation
underground, operational

20 Kerr-McGee Sec. 36 Mine
Kerr-McGee Corporation
underground, operational

21 Sandstone Mine
United Nuc'ear Corporation
underground, operational

22 Sec. 25 Mine
Bailey & Fife
underground, operational

2-17

Ambrosia Lake,

2 miles

southeast of Sec. 36 Mine

Anbrosia Lake,
T.14N., R.9W.

Ambrosia Lake,
R.10W.

Ambrosia Lake,
R.10W.

Ambrosia Lake,
R.10W.

Ambrosia Lake,
R.9W.

Ambrosia Lake,
R.10W.

Ambrosia Lake,
R.9W.

Ambrosia Lake,
R.9W.

Ambrosia Lake,
R.9W.

Ambrosia Lake,
R.9W.

Ambrosia Lake,
R.9w.

SW1/4, Sec. 17,

Sec. 19, T.14N.,

Sec. 22, T.14N.,

SW1/4, Sec. 24, T.14N.,
Sec. 30, T.14N.,

wl/2, Sec. 19, T.l4N.,
Sec. 33, T.!4N.,

Sec. 35, T.l4N.,

Sec. 36, T.1l4N.,

Sec. 34, T.l4N.,

Sec. 25, T.1l4N.,
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Table 202-10

(continued)

23

24

25

26

27

28

29

30

31

32

33

34

Sec. 27 East Mine
United Nuclear Corporation
underground, operational

Spencer Mine
Kerr-McGee Corporation
undergound, inactive

UN~EP Sec. 15 Mine
United Nuclear-Homestake Partners
underground, operational

UN-HP Sec. 25 and Mine General
United Nuclerar-Homestake Partners
underground, operational

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

UN-HP Sec. 32 Mine
United Nuclear-Homestake Partners
underground, operational

Hayst~ck Mine

Todelite Exploration and
Development Company
open-pit, operational

Evelyn Mine
Clark & Company
underground, inactive

Mac No. 1 Mine, Grants
United Nuclear-Homestake Partners
underground, inactive

Westranch Mine
Hydro Nuclear Corporation
underground, inactive

N.E. Churchrock Mine
United Nulcear Corpocation
underground, operational

Navzho Mine
Kerr-McGee Nuclear Corporation
underground, operational

Ambrosia Lake, Sec. 27, T.l4N.,
Rl 9.

Ambrosia Lake, 4 miles
south of Kerr-McGee Mill

Ambrosia Lake.
R.10W.

Sec. 15, T.1l4N.,

Ambrosia Lake, Sec.
R.10W.

23, T.14N.,

Ambrosia Lake, Sec.
R.10W.

25, T.14N.,

Ambrosia Lake, Sec.
R.9W.

25, T.1l4N.,

Approximately 5 miles east of
Prewitt, T.13N., R.10W.

Smith Lake Area, 12 miles north of
Prewitt, 20 miles west of Ambrosia
Lake

Smith Lake Area, 18 miles
Thoreau

north of

Smith Lake Area, 16 miles north of
Prewitt, 20 miles west of Ambrosia
Lake

Approximately 13 miles northeast
of Gallup, Sec. 35, T.17N.,
R.16W.

Approximately 13 miles northeast
of Gallup, Sec. 35, T.17N., R.16W.
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Table 2.2-1. (concluded)

35 Western Nuclear Mine Smith Lake Area, 9 miles west of
Western Nuclear Corporation Thoreau, T.15N., R.13W.
underground, operational

36 Mariano Lake Mine 11 miles northwest of Thoreau,
Gulf Mineral Resources Co. Sec. 12, T.15N., R.1l4W.
underground, operational

Sources: New Mexico Dept. of Development 1976.
New Mexico State Inspector of Mines 1976.

2-19



Table 2.2-2. URANIUM MILLS IN THE REGION

1 Kerr-McGee Nuclear Corp. Mill, Kerr-McGee Nuclear Corp.; P. 0. Box 218,
Grants, New Mexico, 87020; Bill Stevens, Manager. This mill is
located in the Ambrusia Lake district approximately 23 miies north
of Grants, on state route 509. The mill and related activities
spread over the entire square mile of Sec. 31, T.14N., R.9W., N.M.B.
& P.M. This is approxiately 16 miles northwest of the proposed
project site.

2 Anaconda Bluewater Mill, The Anaconda Company, New Mexico Operations;
P. 0. Box 638, Grants, New Mexico, 87020; A. J. Fitch, Manager.
Uranium ore from the Jackpile-Paguate mine is shipped by rail to
the Blrewater Mill. Located approximately 12 miles northwest of
Grants on Interstate 40 in T.12.N, R.11W., N.M.B. & P.M. This is
approximately 20 miles southwest of the proposed project site.

3 United Nuclear/Phillips Petroleum Ambrosia Mill, in the Ambrosla Lake
district, approximately 2 miles from the Kerr-McGee Mill. It is
in Sec. 28, T.14N., R.9W., N.M.B. & P.M. The mill is closed.

4 United Nuclear-Homestake Partners Mill; P. 0. Box 98, Grants, New Mexico,
87020; Paul M. Price, General Manager. Located 9 miles north of
Grants by Route 66; it is 15 miles southwest of the proposed project.
It is in Sec. 26, T.12N., R.10W., N.M.B. & P.M.

5 L-Bar Uranium Mill, SOHIO Petroleum Company and Reserve 0il and Minerals
Corp., located about 10 miles north of Laguna Jy route 279. It is
in T.11N., R.6W., 25 miles southeast of the groposed project area.

6 United Nuclear Churchrock Mill, located in we tern McKinley Co. in
Sec. 2, T.16N., R.16W.

Mills are shown by number on Figure 2.2-1.

q19 240
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A singular concern of many of these studies is the ability of Grants and

Milan to cope with massive changes in population, land use, and demand for
public facilities and services.

2.2.2 Demography

Population change in the Grants-Milan area and in Valencia County is due
almost entirely to developments in the uranium industry. Early exploration
for mining and milling of uranium during the 1950s created numerous job
opportunities in Grants and Milan. During that decade, population in Grants
more than quadrupled and population in the county nearly doubled (Table
2.2-3). Milan was incorporated in 1957 with a population of 540, and by
1960 the population had increased to 2658. The Grants=Milan area registered
a population decrease of 15 percent for the period 1960-1970, while the
county experienced a slight increase of 0.04 percent. The growth of
Grants-Milan and Valencia County since 1970 can be generally attributed

to renewed expansion in the uranium industry.

Grants and Valencia County share similar racial and ethnic characteristics
(Table 2.2-5). Grants has a higher percentage of minorities than the state.
More than half of the residents within the community are of Spanish descent.
Approximately 13 percent of the residents within the community and 15 per-
cent of the residents within the county are American Indian. Indian groups
and Indian lands within the county includs the Acoma, Isleta, Laguna, Zuni,

Canoncito, and Ramah Navajo.

Population distribution in the vicinity of the proposed mill site is shown
in Table 2.2-4. 1In 1970, there were appruximately 240 people within 10 km
(6.3 miles) of the site and another 1,366 people with 20 km (12.5 miles).
Population projections for the area (by sector) are not available from
either local or state agencies. There are no significant transient or sea-
sonal populations near the project area, although Lee Ranch employs about

20 to 25 seasonal workers.

a3y M
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Table 2.2-3. POPULATION CHANGES, 1950-1976

Grants-Milan Valencia County New Mexico

Total population

1950 2,251%* 22,481 684,300
1960 12,932 39,085 951,023
1970 10,953 40,539 1,016,000
1976 18,800%* 47,200 1,173,100
Percent change, 1960-1970 +45 +21 +23
Total families, 1970 3,317 9.217 242,740

Source: University of New Mexico, 1975, 1976 (except as noted).
*Grants only; Milan was not incorporated until 1957.
**Middle Rio Grande Council of Governments, 1977b.
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Table 2.2-5. RACIAL DISTRIBUTION (percent of 1970 population)

Spanish
White Heritage* Indian Negro Other

Grants 34,2 51.3 13.1 0.7 0.7
Valencia Countv 28.0 56.0 15.0 0.4 0.6
New Mexico 50.0 40.1 7.2 1.9 0.8

Source: Middle Rio Grande Council of Governments, 1976.

*Persons of Spanish language or surname.

Population projections have been prepared for the Grants-Milan area by

the Middle Rio Grande Council of Governments (MRGCOG) and for Valencia
County by the University of New Mexico's Bureau of Business and Economic
Research (Table 2.2-6). The MRGCOG estimates are based on current and
planned energy and resource development (particularly uranium) in the
region. The projections assume that uranium productica will peak in

1990. It is projected that the population of Valencia County will increase
by 41 percent until 1991, with most of the growth occurring in the Grants-—
Milan area. By 1990, approximately 70 percent of the county population
will reside in the Grants-Milan area, compared with 40 percent in 1976.

2.2.3 Housing

Rapid energy development has historically exerted pressure on the Grants-
Milan area housing stock. A total of 4116 housing units was reported

for the Grants-Milan area in 1976, an increase of 39 percent since 1970
(Table 2.2-7). Approximately 58 percent of all housing units are single-
family dwellings. Because of the high cost of construction of conventional
single-family homes in the Grants-Milan area ($24-$30 per square foot)

and the lack of units suitable for rehabilitation, much of the housing
needs in the two communities are being met by mobile homes. Additional
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Table 2.2-6. PLPULATION PROJECTIONS, 1976-1995

Grants-Milan Area

Grants=Milan with Accelerac:d Valencia New
Area Uranium Production County Mexico
Projected
population
1976 18,800 18,800 47,200 1,173,000
1980 25,100 31,500 52,300 1,277,600
1985 37,500 43,000 62,100 1,413,700
1990 48,100 47,500 66,700 1,561,900
1995 46,500 45,600 — -—
Percent change,
1976-1990 +156 +153 +41 +33

Sources: University of New Mexico, 1976; Middle Rio Grande Council of

Governments, 1977b.

Table 2.2~7. HOUSING STOCK IN THE GRANTS~-MILAN AREA, 1970-1976

Total Housing Units Iype of Housing Units (1970) Housing Construction (1970-1976)

X Change, Single= Multiple Mobile Single~- Multiple Mobile
1970 1975 1970-1975 Family -Family Homes Family ~Family Homes
2953 4116 39 2099 322 532 Jos 139 716

Source: Middle Rio Grande Council of Governments, 1977a.



mobile homes in the community exceeded the construction of single-family
units by a rate of 2.3:1 for the period 1970-1976.

The MRGCOG (1977a) reported that vacancy rates in the Grants=-Milan area
approach 0 percent, with oanly the most dilapidated homes vacant. Rents are
reported as high as $250-$350 per aonth for either conventional or mobile
homes. The MRGCOG (1977b) also reported that vacancy rates in Valencia
County in 1975 were approximately 10 percent. This indicates that Grants-—
Milan, the area that is most likely to receive the highest housing demands
as a result of increased uranium production, will not be able to provide
for projected needs with the housing units presen* .y available. In view

of the forecasted population growtk and current «ousing shortages, a marked

increase in mobile homes can be expected for the Grants-Milan area.

2.2.4 Employment and Income

The Grants-Milan area is a relatively poor area within a significantly
poor county and region. valencia County has been designated as a Rede~
velopment Area within a four-county Economic Development District (EDD).
The other designated Redevelopment Areas in the EDD include Torrance, San-
doval, and Bernalillo counties. The Redevelopment Areas are eligible for
federal Economic Development Administration (EDA) financial assistance
under the Public Works and Economic Development Act of 1965.

The primary function of EDA is the long-range economic development of

areas that have severe unemployment and low family income. The EDA program
includes public works grants and loans; economic adjustment assistance
grants; business loans for industrial and commercial facilities; guarantees
of leases for private i.!ustry and private loans for industrial and commer-
cial facilities; ana technical, planning, and research assistance to provide
information on and demonstrate possible solutions to severe unemployment

or underemployment.

31 246
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Employment data for the Grants-Milan area indicate that the uranium industry
continues to play a key role in the local economy (Table 2.2-8). Almost
half of the workers residing in Grants-Milan were employed by the mining
industry in 1970 and 1976. This trend is significantly greater in Grants
than in other parts of the county, region, or state. The State Planning
Office cites that in 1960 the U.S. Census estimated that 56 percent

of all uranium workers in New Mexico resided in Grants-Milan (New Mexico
State Planning Office, 1976), and current estimates may be higher. Between
1970 and 1976, the number of residents in Grants-Milan who were employed

in the miing industry increased by 84 percent.

Wholesale and retail trade, government, and services contribute the next
highest employment. Although Grants-Milan is the trade center for western
Valencia County and the service center for Interstate 40 travelers, the
relative size of the nonbasic industries is small (47 percent of the total
in 1976). The proximity to metropolitan Albuquerque may account for this,
since uranium workers spend a sizable portion of their disposable income in
Albuquerque and mining companies purchase much of their materials there.

The Grants-Milan area is thought to have substantial unemployment, although
recent unemployment figures are not available for the community level

(New Mexico State Employment Security Commission, 1974). Unemployment in
the county (8.8 percent) in 1976 was slightly lower than the rate recorded
for the state (9.1 percent).

Employment in the Grants-Milan area is expected to increase through 1990
(Table 2. -9). Growth is expected to be most rapid during the first

half of the 1980s. The MRGCOG projects that employment will peak in 1990
(20,820 workers), which will be more than triple the 1976 level (6790
workers). Grants-Milan area residents who are employed in the mining in-
dustry are expected to increase from approximately 3300 in 1976 to about
4890 by 1980, and then increase by 58 percent to 8430 in 1985. The MRGCOG

419 Y

2=27



Table 2.2-8. GRANTS-MILAN AREA EMPLOYMENT, NUMBER AND PERCENT, BY INDUSTRY

1970 Percent

1976 Percent

Agriculture

Mining

Construction

Manufacturing

Transportation, communicatioms,
utilities

Trade

Finance, insurance, real estate

Services

Govertment

Total

65
1798
80
72

104
591
138
679
158

36E&5

100

40 |
3300 49
170 2
80 1
230 3
1220 18
190 3
620 9
940 14
6790 100

Source: Middle Rio Grande Council of Goverments, 1977a.

Table 2.2-9. GRANTS-MILAN AREA PROJECTED EMPLOYMENT, NUMBER AND PERCENT,

BY INDUSTRY
1976 2 1980 2 1985 2 1990 2 1995 2
Agriculture &0 3o - 30 - 20 - 20 -
Mining 3300 49 4890 52 8430 52 10,710 51 10,000 49
Construction 170 2 410 4 470 3 490 2 500 3
Manufacturiag 80 1 80 1 80 -~ 100 1 130 1
Transportation, communica-
tions, utilities 230 3 300 3 520 3 700 3 710 3
Trade 1220 18 1540 16 2730 17 3600 17 3690 18
Finance, real estate,
insurance 190 3 260 3 430 3 570 3 580 3
Services 620 9 790 8 1410 9 1850 9 1890 9
Government 940 14 1190 13 2100 13 2780 14 2850 14
Total 6790 100 9470 100 16,200 100 20,820 100 20,370 100
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aaticipates that roughtly 10,710 workers (over half of the tota! work
force and over one-fifth of the total population) will be associated
directly with the mining industry.

General family income characteristics of the Grants-Milan area in relation
to the county and the EDD are summarized in Table 2.2-10. Of particular
interest are the Grants-Milan area median income (17 percent higher than
the county median and 33 percent higher than the EDD median); the number of
families in Grants with social security income (4.4 percent, compared with
16.2 percent for the county and 15.3 percent for the EDD); the number of
families in the Grants-Milan area receiving public assistance funds (2.6
percent, compared with 7.8 percent for the county and 5.6 percent for

the EDD); and the number of families in the Grants-Milan area that are
below the poverty level (11.9 percent, compared with 18.5 percent for

the county and 14.8 percent for the EDD).

2.2+5 Public Services and Facilities

Water Supply. Grants and Milan have individual systems that supply water

to residences and businesses within their vespective municipal boundaries
from wells that can supply more thar 7000 gallons per day (Table 2.2-11).
Both systems are looped and metered and both use the gas chlorine purifi-
cation process. Grants has recently drilied and equipped a new well that

will be conmected to its water system in the near future.
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Table 2.2-10. GENERAL INCOME CHARACTERISTICS

‘ Economic Development
Valencia District New
Grants=Milan County (frur-county region) Mexico
Total families (1970) 3377 9217 91,866 242,740

Median family income
{1970) 9178% 7610 6165 7849

Per capita income
(1974) 3364 3391 3580 4299

Total families with
social security
income (1970) 124% 1492 14,031 39,772

Total families
receiving public
assistance funds
(1970) 89 715 5382 15,223

Total families below
poverty level (1970) 402 1708 13,665 44,906

. Per capita incone of

families below
poverty level (1970) —_— 2105 2121 2077

Source: University of New Mexico, 1977.

*Grants only.




Table 2.2-11. GRANTS-MILAN WATER SUPPLY SYSTEM

Source Maximum Capz:1ty Peak Lcad Storage Capacity

Grants 2 wells 5.472 mgpd* 3.3 mgpd 4,500,000 gallons
Milan 3 wells 1.700 mgpd 0.5 mgpd 700,000 gallons

Source: Middle Rio Grande Council of Governments, 1977a.
*mgpd = million gallons per day.

Water storage is provided by supply tanks located on the slopes of Black
Mesa. Water is initially pumjed into storage tanks and *ken boosted to
tanks that feed each communi:y'a system. In recent years Milan's storage
tank has proven inadejuate. ‘iigh water usage has significantly depleted
the storage and affected :'~ community's water pressure. Local public
officials have considered the addition of a larger 1,000,000-gallon storage
tank *o solve the problem ind provide for additional capacily for future
growth. The rehabilitaticn Jf existiug transmission lines, the looping

of existing water distribution lines, and the replacement of undersized
water mains in the Lobo Canyon irea of “rants are also under consideration.
The Lobo Canyon area, a primé¢ irea for future development, presently
receives insufficient water supply at unacceptable pressure; the constric-

tion and completion of the storage tank will satisfy present needs and
allow for anticipated growth.

Sewerage. Grants has an activated sludge plant tha  is operating near

its rated caracity of 2.0 million gallons per day. Tmprovize-ts have

been proposed to increase the plant's capacity. The effluer" fs discharged
into the Rio San Jose and the sludge is used as lasudfill ind fertilizer. The
Milan wastewater is collected and pumped through the Santa Fe Aven.e waste-
water interceptor in northwestern Grants and is thten treated at the Grants

facility. The interceptor capacity to handle wastewater for Milan and

| 15\
2-31 %1)9



the areas it serves in Grants has already been exceeded. Officials

in Mila: have indicated a need to increase the line capacity by reha-
bilitating the interceptor and two lift stations and constructing two
additional 1ift stations. Officials in Grants also want to improve

their wastewater collection system. Plans have been proposed for: a

new Lobo Canyon sewer interceptor to serve new development in northeastern
Grants, a new wastewater interceptor and pump station to serve the

portion of the community south of Interstate 40, an interceptor to

serve 160 acres near the city's eastern boundary, an extension of the
Roosevelt Avenie interceptor, and new lines to serve the Galbaden Hill

area.

Only five percent of the streets in Grants have storm sewers (Santa

Fe Avenue aud High Street), and Milan presently has no storm sewers.

Both cowmunities are subject to periodic runoff, particularly from the
slopes of tie Black Mesa, and infreque.t flooding from Rio San Jose,
Bluewater Creek, and major arroyos. Construction of detention and diver-

sion structures and channel improvements are under consideration.

Solid Waste Management. A private firm collects solid wastes from Grants

up four times weekly (depending on the type of establishment or unit).
Solid wastes are hauled to a 20-acre sanitary landfill site. The disposal
site is expected to last until about 1985.

Milan's solid wastes are collected as frequently as six times a week.
Service is provided by the community. Solid wastes are transported to a

15-acre landfill site, which is expected to last until about 1985.

Energy Supply. rhe communities of Grants and Milawn receive electricity from

the Continental Divide Electric Cooperative, which purchases its power from
Plaius Electric Generation and Transmission Cooperative. Natural gas is

supplied by the Southern Union Gas company. —

15 L
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Communications. Telephone service is provided to the area by the Mountain

Bell Company, an affiliate of AT&T. The Grants Daily Beacon, the Uranium

Empire Reporter, and several Albuquerque papers provide news to area re-

sidents. Numerous radio broadcasts from regional stations and cable
television programs from Albuquerque and Los Angeles can be received through-

out the area.

Police Services. The communities of Grants and Milan receive police pro-

tection from their respective municipal police departments, the county
sheriff's office, and the state police. The Grants Police Department has

17 officers and maintains 14 vehicles. Milan's police department has four
officers and four patrol cars. Three deputies are assigned by the Valencia
County Sheriff to patrol western Valencia County (including Grants and Milan);
6 state police officers are also assigned to the acea. The county and state
police both have offices in Grants. The police s~aff in the area, especially
at the local level, is expected to grow moderately over the next 10 years

(in response to recent and projected population growth and to increasing

needs for service).

Fire and Emergency Services. Grants has two fire sta.. ons staffed witn

10 paid and 29 volunteer firemen. The community owns two 750-gallon and two
1000-gallon fire trucks and one car. Milan has two fire stations operated
by a part-time firechief and 18 volunteer firemen. The community owns

two pumper trucks with 750- and 1000-gallon tanks, a 1000-gallon tanker
truck, and one car. Officials in both communities have indicated the need
to expand and improve existing fire prot. .on service with additional
stations and equipment.

The Grants=Milan area is served by the Grants Ambulance Company, which
owns several ambulances. Additional limited ambulance service is provided
to uranium mining employees by the individual mining companies

5 ™
%
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Health Care. The Cibola General Hospital is located in Grants. The 45=
bed hospital, which is currently understaffed, has a scaff of 61 meabers,
including five medical doctors, one osteopath, four registered nurses,
four licensed practical nurses, and EKG and X-ray technicians (MRGCOG,
July 1977). The five M.D. general practitioners who treat their patients
at the hospital also have offices in Grants or Milan. In addition,

one opthamologist, three dentists, and five chiropractors have practices
in the area. Plans are currently underway for the conmstruction of

a nursing home in Grants.

Valencia County operates a public health clinic and a public dental clinic

in Grants. Mental health services are provided by the Community Mental

Health Center, the Grants Counseling Service, the United Counseling Service,
and the Grants Youth Outreach Center. Alcoholism problems are treated by

the Western Valencia Alcoholism Program and by private nonprofit organizations.
Other services are provided by the Grants First Offenders Program, the Paisano

Senior Citizens Group, and the New Mexico Family Planning Council.

Recreation, Parks. The Cibola National Forest provides a variety of recrea-

tional activities near Grants and Milan. Recreational sites include Coal

Mine Canyon and Lobo Canyon (picnicking), and Mount Taylor (hiking, s=2asonal
hunting, sightseeing). Recreational facilities within Grants include several
parks, numerous baseball fields and tennis courts, an outdoor swimming pool,
and the New Mexico State University branch campus basketball courts and
gymnasium. The city has plans for the development of four additionmal parks.
The Grants Park and Recreation Department administers a wide range of re-
creational programs throughout the year. Milan maintains three parks
(Josephine Elkins Park, Skytop Community Park, Sylvester Mirabal Park) that
offer a limited range of recreational opportunities. At present, the only
organized recreational program in the community is Little League baseball.

2-34
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Transportation, Access, Mobility. Access to the Grants-Milan area is

provided by a major highway, Interstate 40 (U.S. 66), which connects the
communities with Albuquerque to the east and Gallup to the west. State
Highway 53 also passes through Grants, running north and south. Rail
transportation is provided by the Atchison, Topeka and Santa Fe Railway,
which runs parallel with Interstate 40 in the area. Regional bus service
is provided by Greyhound Lines and Continental Trailways, and two local bus
lines make daily runs from Grants to the mines. Taxi service is available
from a small operator in Grants. Four commercial trucking companies pro-

vide shipping service {o the area.

The Grants=Milan Municipal Airport, located approximately three miles north-
west of Grants, provides limited air service (single-engine charter,

patrol flights, instruction, surveying, advertising) to the communities.

The facility is under the joint responsibility of Grants and Milan.

Education. The Grants Municipal School System serves western Valencia
County and is the largest of three school districts in the county. School
enrollment in Grants has been increasing at a rapid rate (Table 2.2-12).

At the present time the school system is using temporary modular classrooms
to manage the increase. Two additional elementary schools and an additional

junior-senior high school have been proposad.

Table 2.2-12. GRANTS SCHOOL DISTRICT ENROLLMENT, 1970-1977

1970- 1971- 1972~ 1973- 1974- 1°75- 1976~ % Change,
1971 1972 1973 1974 1975 1976 1977 1970-1977

Total en-
rollment 4032 4797 4713 4579 4837 4896 5330 +32.2
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The New Mexico State University branch college in Grants is currently
undergoing new construction. Enrollment in the past few years has ranged

from 230 to 250 students.

2.2.6 Summary of Existing Needs

The resources needed to satisfy preliminary needs and allow for incremental
development within the two communities are estimated by the MRGCOG at roughly
$32 million for 1977 (Table 2.2-13). Water supply and sewerage projects

are serious present needs.

2.2.7 Public Finance

The sale of genmeral obligation and revenue bonds or the use of transfer

payments from other governmental units are the primary methods for municipal-
ities in New Mexico to finance large capital improvements. The maximum
amount that may be raised through general obligation bonds is equal to four
percent of the taxable property valuation for municipalities and counties

and six percent of the taxable property valuation for school districts.

No statutory limit is placed on general obligation bonds used for water and
sewer capital improvments. General obligation bonds are paid through levies
against all property owners. Revenue bonds are paid by income from waste

and sewer systems, gas and electric utilities, and sale tax.

A review of the total revenue, average annual revenues, total bonded indebt-
edness, and average annual capital resources needed for Grants and Milan
indicates that the bonding capacity of Grants and Milan will not cover the
costs of needed services (Table 2.2-14). Approximately $32 million is re-
quired to meet current needs, and both communities are near their bonding
capacity. MRGCOG reports that ever if bonded indebtedness in Grants and
Milan were tripled the increased resources would account for less than

10 percent of the total capital resources needed. Though money is available
from federal and state water, sewer, and recreation grants, and through the
FHA, EDA, HUD, and the Four Corners Regional Commission, Grants and Milan
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Table 2.2-13. REQUIRED CAPITAL RESOURCES FOR GRANTS~MILAN, 1977 (dollars)

Grants-Milan
Grants Milan (joint facilities)

Water supply 699,800 230,000 6,600,000
Sewerage 2,041,121 4,675,000 4,300,000
Police, fire services 255,450 95,600 -
Health care - - 500,000
Recreation, parks 805,000 39,000 -
Transportation,

access, mobility 1,800,000 1,000,000 1,250,000
Education - - 7,500,000
Other 225,000 108,000 -
Total 5,826,371 6,147,600 20,150,000
Source: Middle Rio Grande Council of Governments, 1977a.

539
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will probably not be able to finance improvements entirely through bonding
or grant funds, given the development that is projected in this area.

Table 2.2-14. GRANTS-MILAN RESOURCES AND ANNUAL CAPITAL NEEDS

Grants Milan

Total revenue (1975) 1,926,384 477,946
Average annual revenues

(1970-1975) 1,470,568 461,978
Total bonded indebtedness

(1975) 927,902 406,000
Grants-Milan annual capital

resources needed (1977-1980)* 7,739,818

Source: Middle Rio Grande Council of Governments, 1977a.

*Total capital resources needed spread evenly over the next four years.

The New Mexico legislature recently passed the Severance Tax Act (HTRC/

SFC/ SB137 - Laws of 1977, Chapter 102), which revises tax rates on the
severance and production of uranium, coal, oil, and natural gas and their
products produced in the state. The act provides, on a cumulative basis,
millions of doilars in new tax revenues for the state. Some of these rev-
enues will be specifically earmarked for redistribution to local communities
affected by eunergy development.

Recent energy-related state legislation has alsc set up a new state authority
empowered to grant up to $10 million for techri:al and financial assistance
to communities affected by energy or mineral resource development (Community
Assistance Authority Act, SFC/SB165 and SB198 - Laws of 1977, Chapter 299).
The purpose of the act is to pruvide state assistance to governmental units

unable to cope with rapid population growth as a result of mineral and energy
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resource development. The act is considered a significant energy-related
plece of legislation since it sets a precedent in state-local relationships

and fiscal appropriations.

The grant funds will be committed within the next two years. It is

expected that local jurisdictions within the Grants Uranium Belt and the

San Juan Basin will receive most of the funds. Though $10 million provides
some assurance of a minimal standard of public services to these areas,

it should be recognized that the funds are inadequate for total financial
requirements. In February 1977, the Governor's Energy Impact Task Force
identified $119 million for capital projects requiring local funding over

the next five years (Energy Impact Task Force, 1977). A longer-term solution
beyond the $10 million grant program has generally been recognized by the
Task Force and the State Legislative Energy Committee; however, an accep-

table financial arrangement to meet these needs has not yet been established.

2.2.8 Land Use Management

The lands surrounding the incorporated communities of Grants and Milan

are undeigolag widespread and intensive mineral or residential development.
The lands in the vicinity of the site and the unincorporated land around
Grants-Milan is primarily a mixture of state-owned and private land,
although small parcels of U.S. Bureau of Land Management (BLM) natural-
resource lands are scattered throughout the area. BLM lands are managed
under a multiple-use land management system. Currently, the BLM lands

in the area are generally used for grazing purposes. This use is not
likely to change in the near future as a result of resource development

and urbarization.

As 1s indicated by in the land ownership map in Figure 2.2-Z, no single,
central agency is responsible for all land use decisions in the poten-
tial growth areas. Rather, several public agencies are engaged in
planning, regulating, or otherwise managing land use with considerable

variation in approaches to rapid growth management, levels of experience
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and expertise, and enforcement controls. The assessment of land use im-
pacts associated with the uranium mine project requires an understanding
of the institutional framework for land use and growth management. The
framework for land use decisions for each of the potentially affected

land categories is discussed below.

Nationai Forest Service Lands. The Forest Service administers Nationmal

Forest Service lands under the Department of Agriculture. The West Cibola
Division of the National Forest Service has jurisdiction over the Mount
Taylor Ranger District of the Cibola National Forest, located in McKinley,
Valencia, and Sandoval counties. The Division's responsibilities include
general administration of those portions of the forest under its jurisdic-
tion, management of timber resources, and development of specific land

use management plans based on the Cibola National Forest Multiple Use
Guide for National Forest Laads (U.S. Forest Servi- 1975). Forest manage-
ment activities are responsive to the Multiple-Us. .ustained Yield Act
directives of 1960. Planning obligations of the Forest Service are in

re: ponse to the Wilderness Act, the Wild and Scenic Rivers Act, and the
National Environmental Policy Act.

Grants-Milan. As incorporated communities in New Mexico, Grants and Milan

can use a full range of land use controls within their respective corporate
limits (zoning ordinances, planned unit dev-lopment, subdivision controle
mobile home park standards, growth boundaries, service areas for water ¢ .d
sewers). Until recently, they have not been fully engaged in such activities.
The two communities are currently participating in the development of func-
tional plans and programs with the assistance of the MRGCOG. The communities
have recently considered for adoption the following growth policies:

® encourage development only in those areas most suitable for develop~

ment as determined by physical constraints
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e encourage development of areas that are easily and economically
serviceable

¢ require developers to conform with local standards as a condition
to subdivision plat approval

e require, as a condition of annexation, that improvements meet
community standards with no cost to the rest of the community
(through assessment districts, if warranted)

e ensure that new development be in conformance with local develop-
ment policies through the enforcement of subdivision, zoning, and
building code regulations

e provide utilities to designated Special Service Areas on the
condition that the developer pays for the marginal cost of the

improvement

Based on these policies, Grants and Milan have designated several service
areas within the various geographic areas ot the communities. The designated
areas provide the communities with a preliminary base for land use decision
making. Implementation and enforcement of these objectives would ensure

that new development will not conflict with existing land use.

Unincorporated State and Private Lands. In New Mexico, state legislation

authorizes county governments to engage in land use management (1973 New
Mexico Subdivision Act). In recent years, McKinley and Valencia counties
have become more active in planning and land use control, although the coun-
ties are still quite vulnerable to unregulated and unplanned development.
Both counties have limited their authority to the regulation of subdivisions
(adopted 1973); neither county has prepared any active or enforceable

land use plans or policies, and neither has adopted any zoning regulations.
Several agencies, in:luding the MRGCOG, the McKinley Area Council of Govern-

ments, the Four Corni'rs Regional Planning Commission, and the State Planning
Office (SPO) have all collected some land use data at the county level.
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regulatory functions in the counties. Thei: primary functions are to
administer state and federal funds within their jurisdictions under the

SPO and to act as advisory councils to the state legislature and the
governor. The SPO is currently delineating areas of critical environmental
concern throughout the state and is gradually moving to control . :nd uses
in these areas. Most of these areas of critical eanvirormental concern

are located within unincorporated areas where land is generally not pres-
ently subject to regulation or management. This is the state's first
attempt to draw these areas into a comprehensive development plan.

‘ However, these agencies do not administer lands or exercise any land use w

The SPO has identified the Grants-Milan area as a critical growth area.

2.2.9 Land Use and Eccnomic Activity

The project area is sparsely populated, rural, and undeveloped. Charac-
teristic vegetation on the site iucludes pinycn juniper, desert shrubs,
and grasses. Predominant land uses in the area ave mineral development,
. low~density grazing, some timber production, and approximately 5U0 acres
of cultivation. The only urban development in the vicinity of the proposed
site is the unincorporated community of San Mateo (population 223),
located approximately three miles south of the wroposed site. For many
years, the livelihood of the residents of San Mateo depended primarily
on livestock operations. Recantly, the community has undergone a gradual
shift from ranching to employment in the mining industry. Population
nas not increased significantly in the past few years, and it is expected
to grow gradually in the near future. Recreational activity in the
area includes general sightseeing, picnicking, hiking, and seascnal hunt-

ing (deer, elk, and wild turkey).
Uses of lands and waters within five miles of the proposed mill site

are indicated on Figure 2.2-3. The predominant land use surrc.nding

the project is low-density grazing. A portion of the grazing is conducted

839 2635
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ander the Federal Grazing Allotments shown on Figure 2.2-4. The other

land uses as shown on Figure 2.2-3 are:
e Approximately 500 acres of cultivated land (gardens, pastures,
orchards, etc.) located in the immediate vicinity of San Mateo.

Production data are unavailable.

e Commercial logging activities conducted on the Northwest Flank
of Mt. Taylor.

e Personal and commercial gathering of firewood is a prevalent

land use in the pinyon-ponderosa forest.

Table 2.2-15 provides distance data for three types of land use: grazing,

game animals, and vegetable gardens.

Nearest Residence. The proposed mill site is relatively remote from human

residences. As shown i{n Table 2.2-15, the Candelaria Residence is loca* ed
4.4 km to the south of the mill site. The town of San Mateo, with a

1970 population of 200, and the Fernandez Ranch owned by the Lee family,
are located approximately six kilometers to the south. There are no

known residences within 20 km to the north and east.

Nearest Mill Site Boundary. The geographical boundaries of the proposed

project are irregular. Generally, the property runs along a north-south
axis (see Figure 2.i-2). Distances to the nearest mill site boundary
were measured from the mill center (boiler stack).

Game Animals. According to the Grants Ranger District of ‘he New Mexico

Department of Fish and Game, a number of game species exist #ithin five
miles of the proposed mill site, primarily in Cibola National Forest to the

south, east, and west. Game species include deer, elk, bear, turkey,
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Grazing Ailotment Season No. of Animal;
1. Ortega 4/16 - 10/15 58 cattle
2. San Lucas 113 yearling cattie
Las Vacas Pasture 31 - 4/30
Summer Pasture 8/1 - 72/3%
San Lucas Pasture 8/1 - 10/31
Las Vacas Pasture 1T - 2/28
3. Cerro Alesna 171 - 12/ 180 sheep
4 American Ranch 5/16 - 9/30 29 cattie
5. San Mateo V.llage 57 yearling cattle
Monte Pasture 31 - 4/30
Banco Pasture 5/1 - 8/30
Cuchilla Pasture 9/1 - 11/30
Monte Pasture 121 - 2/28
6. La Jara 4/16 - 7/15 100 cattie
7. El Rito 5/16 - 10/ 299 cattle
1M1 - U 199 cattle
8. Cubero 5/1 - 10/31 189 catrle
I Source: U S Dept of Agricuiture, 1978,
Figure 2.2—-4.
GRAZING PATTERNS AND SEASONS NEAR

2-46 THE GULF MT. TAYLOR PROJECT SITE
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Table 2.2-15. DISTANCE TO LAwm oSES (LESS THAN TEN KILOMETERS)

FROM THE CENTER OF THE MILL SITE
®
Grazing® Game? Vegetable
Direction Animal Animal Garden
N 3.5 km 9.7 km -
NNE - 5.5 -
NE 9.7 3.5 -
ENE 8.3 2.9 -
E 4.0 2.4 -
ESE 1.5 2.9 -
SE 1 3.3 -
SSE 1.0 4.2 -
S 0.9 9.0 4.0 - 5.0 km
SSW 1.0 0.5 4.0 - 5.0
’ SW 0.8 0.4 -
WSW 0.6 0.3 8.0
W 0.5 0.2 -
WNW 0.6 0.3 -
Nw 0.7 0.4 -
NNW 1.0 0.5 i

Sources: 2U.S. Forest Service, Cibola National Forest, Grants District
Office, 1979.

bNew Mexico Department of Fish and Game, Grants Ranger District,
1979.
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Table 2.2-16. NEAREST RESIDENCES AND SITE BOUNDARIES

Coordinates with respect to mill center

Receptors X(km) Y(km) Z(m)
Candelaria Residence 0.24 -4.4 12.2
Lee Ranch -1.87 -4.2 =33.3
San Mateo -0.174 =5.7 24.5
Marcus Ranch -8.74 -3.7 -94.5
Hospah -9.54 39.1 -67.1
Albuquerque 96.71 -32.3 -646.2
North Site Boundary 0.00 3.6 48.77
South Site Boundary 0.00 -0.95 42.67
East Site Boundary 1.3 0.00 146.31
West Site Boundary -0.31 0.00 -6.1
Grants - Milan -19.54 =24.7 =225.5
Marquez 31.21 =75 -128.0
San Fidel : 445 -33.2 -323.1

Source: Gulf Mineral Resources Co., 1978.

Note: Base elevation Z(m) = 2,194.39 nm.
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quail, dove, duck and rabbit. The annual harvest of deer and elk is
fairly accurate, while the harvest of small game, which varies greatly
due to predatcr-zaused mortality and range and weather conditions, has
been estimaied by the Department. Harvest estimates are shown in Table
2.2-17. 1Illegal harvest of big game occurs, but is limited since

the land around the site is privately owned and, thus, inaccessible.

Approxima.e distances tc¢ iearby hunting areas are shown in Table 2.2-15.

Table 2.2-17. GAME ANIMALS WITHIN FIVE MILES OF PROTECT SITE

Annual legal Total annual
harvest within harvest estimated
Game 5 mi. radius within 5 mi.
Animal of site radius of site
2er 19 19-38
Elk 2 2=4
Bear 0 0
Turkey 0-5 0-5
Quail 0-25 0-25
Dove 0-50 0-50
Duck 0-25 0-25
Rabbit 0-100 0-100

Sout »: New Mexico Departrent of Fish and Game, Grants Ranger
District, 1979.

Irrigg:ed Grasslands and Ann;algégricultural Production. There are three

irrigated areas within 10 miles of the mill site as shown in Figure

2.2-5: 102 acres of surface irrigation along San Mateo Creek;2 a second

8New Mexico Interstate Commission and :he State Engineer Office, 1974, p.l12.
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area in the San Lucas Canyon bordering the northeastern end of the
project mill area; and a third area (run by the Fernandez Cattle Company)
further downstream in the San Lucas Canyon. The San Mateo section,

which is run by the Lee Ranch, produces vega (natural vegetation) and
hay, and there are small plots of grazing land.? The project mill

area primarily produces vega.b No informaciion is available concerning
agricultural production in the Fernandez section.

Virtually all of the irrigated land in this region occurs some 30 miles
southwest of the proposed project site, Figure 2.2-5. Note that the

site drainage is to the north, away from these lands. The Grants-Bluewater
area has 5,880 acres of irrigated land, or 13 percent of the county

total, while other areas to the east (e.g., Cebolleta, Acoma Pueblo,

Isleta Pueblo, Laguna Pueblo) have a total of 7,454 acres, or 17.2

percent. These areas produce a mixture of crops, but the average

county cropping pattern in 1969 was: corn (4 percent), small grains

(19 percent), vegetables (6 percent), orchard (1 percent), alfalfa and
other hay (65 percent), and irrigated pasture (5 percent).®

The approximate acreages of irrigated farmland and annual production yields
are shown in Table 2.2-18. Valencia County is the largest producer of
agricultural crops among the four counties within the 50 miles radius,

with corn, wheat, hay and alfalfa constituting the major crops.

An inventory of the estimated livestock in the region is shown in Table

2.2-19. No data is available ou the actual production of meat suj;plied
from these animals.

45.8. Department of Agriculture, Economics Statistics and Cooperative
Service, 1979.

by.s. Soil Conservation Service, Grants Branch Office, 1979.

CNew Mexico Interstate Stream Commission, 1974, p. 11-12.
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Table 2.2-18. IRRIGATED FARMLAND AND AGRICULTURAL PRODUCTION, BY CROP AND BY COU ™,
OF THE PROJECT SITE (1977)

WITHIN 50 MILES

Estimated Z of Farmland

Within 50 Miles of the McKinley County Valencia County Sandoval County Regional Total
Mill (by County) 20% 30% 5%

Crop Acres Production Acres Production Acres Production Acres  Production
Barley (bushels) - - 30 1,050 - - 30 1,050
Apples (1bs.) - - NA 600 NA 200 NA 800
Corn (bushels) 20 540 240 16,800 20 900 280 18,240
Sorghum (bushels) - - 45 2,760 - - 45 2,700
Wheat (bushels) - 16 660 33,000 - 4 660 73,000
All hay (tons) 130 170 4,200 14,700 260 760 4,590 15,630
Alfalfa (tons) 80 120 3,900 14,400 250 750 4,230 15,270
Lettuce-Spring (1975 - - 42 5,400 - - 42 5,400
CWT)
Oaion-Summer (CWT) 4 460 6 700 - - 10 1.160

Source: U.S. Department of Agriculture, New Mexico Crop and Livestock Reporting Service, 1977.

*Based on Figure 2.2-5. There are no irrigated lands in Bernalillo County within 50 miles of the project

site.



Table 2.2-19. LIVESTOCK INVENTORY (JANUARY 1, 1978)

Estimated Percentage

of Grazi:g Land McKinley Valencia Sandoval Bernalillo Total
Within 50 Miles 50% 80% 302 10%

All Cattle 10,000 32,000 5,100 12,000 59,100
Milk Cows 50 2,700 300 1,100 4,150
Beef Cows 7,000 15,700 2,700 5,300 30,700
Other Cattle 3,000 13,600 2,100 2,600 21,300
All Hogs 200 1,700 39 400 2,330
All Sheep 39,3800 28,400 1,300 2,400 71,900
All Chickens 1,000 3,200 300 157,100 161,600

Source: U.S. Department of Agriculture, New Mexico Crop and Livestock

Reporting Service, 1977.
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Water Uses and Users. Water users in the vicinity of the project site

may be categorized as follows: municipal (community water supply),
domestic (individual household well), industrial, livestock watering,
and wildlife watering. As shown in Table 2.2-20, the predominant users
are single households in the township of San Mateo whith draw water
from individual wells for domestic purpcses. Although withdrawal rates
are not available for these wells and livestock watering wells, the
State Engineering Office estimates they probably 4o not exceed three
gallons per minute each (or approximately three acre feet pei year).*
The San Mateo township has three municipal wells, one which ‘s being
repaired and another which was recently dug. Withdrawal rates are ap-
proximately 25 gallons per minute.** Gulf Mineral Resources Co. owns
several wells outside the mill site. One well ‘s located near the

mine (see S-1 on Figure 2.6-8 in Volume 2 of this report) and provides
approximately 160 gallons per minute for domestic use. The other well
is located north of San Mateo Canyon (#17 on Figure 2.6~5), and provides
approximately 400 gallons per minute for industrial uses.

Aquifer identification is difficult for most of the regional wells due
to the lack of drilling records. Many of the shallow wells in San
Mateo are completed in discontinuous sand lenses within the Menefee
formation. Table 2.6-4 tabulates those wells in the area for which

aquifers can be identified.

Wells used for livestock watering are located in outlying areas away
from San Mateo. The major users are the Lee, Candelaria, Michael, and

Marquez ranches.

*New Mexico State Engineer Office, 1979.
**New Mexico Interstate Stream Commission and State Engineer Office, 1974.

™~
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Table 2.2-20. LOCATION OF WELLS?

. . Withdraval®f
Total Depth to Distance to Rate Type of b
: Elevation® Depth Water Table Mill (gallons per Return®f  Water User
tio. Location Owner (fc) fI#) (fe) (siles/km) alnute) Rate
1 13.8.14,422 1. Michael 7,180 200 ;:.5 2.3/3.7 _ NA Livestock
2 13.8,22.242 Lee Rauch 7,110 - 37.5 4.2/6.8 - NA Domestic/
33.3 Livestock
3906
3a 13.8.23.343 Roman Marquez NA 68 30.0 3 NA Dozestic
3b 13.8.23.431 H. Marc sez 7,180 92 38.2 4.7/1.6 . NA Domestic
35
35
I3 13.8.24.223 A. Candelaria 7,320 - 140.7 3.7/6.0 e NA Domestic/
195 Livestock
184.5
5 13.8.24,3348 N. Marquez 7,295 200 4«0 4.8/7.7 v NA Domestic
6 13.8.24.334 F. Gonzales 7,290 200 50 4.6/7.4 e NA Domestic
7 13.8.24,334A N, Marquez 7,300 140 89.5 4.9/1.9 - NA Unused
8 13.3.25.112 J.T. Gonzales 7,320 150 43.0 5.0/8.0 » NA Domestic
Sa 13.8.25.114 E. Michael(a) 7,310 120 35.9 5.1/8.2 . NA Dozestic
$b 13.8.25.114 E. Michael(b) 7,310 250 80 ® NA
10 13.8.25.111 P. Pena 7,295 21 19.5 5.0/8.0 NA Domestic
lls 13.8.25.123 Community of 7,240 336 281 5.0/8.0 25 NA Municipal
oo San Mateo(a)
N e 13.8.26.221 Community of 7,240 600 75.0 5.0/8.0 e NA Municipal
~O San Mateo(b) being repaired
11d 13.8.26.212 Community of NA 707 686 5.0/8.0 o NA Municipal
San Mateo(b)
~J (12/21/12)
Q\
12 13.8.26.211 P. Sandoval 7,215 40 33.2 5.1/8.2 e NA Domestic
' 3%
32

8.6/13.8 e NA Livestock
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State Office of Engineering, Water Rights
Cror explanation of well nuabering systea, see Figure B~1,
%Data supp’ied by Kerr-McCee Corpo
€porimated to be less than 3 acre-

Withdrawal and return rates are not available, since the

ration.

feet per year (approximately 0.19 liters per
State Engineering Office,
San Mateo area until 1976.

District Office, 1579,
Appendix B, Volume 4.

(Albugquerque District Office) did not issue permits in the

Water Rights Division

14 13.9.24,221 Calumet Hecls, 6,910 80 56.6 B.7/14.0 3 NA Industrial/
Inc. Domestic
15 13.8.25.114 J. Hope 7,290 35 27 5.2/8.4 e NA Municipal
broken
16 13.7.33.23 Gulf water well 8,400 1500 400 * 8.7/14.0 e NA Industrial
approx.
17 13.7.30.432 Gulf >1980 <300 6.5/10,5 400 NA Industrial
§M2443 13.8,24.412 Culf 7,350 800 260 2.8/4.5 160 NA Domestic
189 14.8.12.23 Lee Ranch - B - 7.8/12.6 . NA Livestock
19 14.8.15.433  Polvadera (Lee 7,180 1320 - 6.5/10.5 1-2 NA Livestock
Ranch
204 13.8.17.241 Lee Ranch - - - 5.1/8.2 . NA Livestock
214 13.8.27.134 - - - - 6.4/10.3 . NA Livestock
229 13.8.33.23¢  Bita - 600 - 7.9/12.7 . NA Livestock
13.8.11.321 Cattlemen's 7,190 192.3 76.50 I3 NA Livestock
Assoc.
13.8,14,422 GHMRC 7,180 NA NA Industrial
14.7.19.221 Lee Ranch 6,930 Flowing 3.6/5.8 e Na Livestock
14.8.4,334 Lee Ranch 7,2i0 >500 e NA Livestock
13.8.24,144 C. Trujillo 7,280 160 2.7/4.3 e NA Domestic
13.8.24.342 F. Candelaria 7,3! 250 15 3.1/5.0 © NA Domestic
13.8.23.413 H. Marquez 7,180 78.9 33.98 e NA Domestic
13.8.24,141 A, Candelaria 7,260 285 - 2.5/4.1 € NA Domestic
13.8.14.422 GMRC 7,190 - o 1.8/2.9 NA NA Industrial
13.7.30.421 GMRC 8,260 4,207 1,500 NA NA Industrial
13.8.24.342 F. Candelaria 3.1/5.0 e NA Domestic
13.8,25.121 San Mateo 7,320 269.35 3.3/5.3 B NA Municipal
13.8.24.412 CMRC 7,350 2,000 700 2.9/44 NA NA Municipal
Sources: “Based on Tables 2.6-2 and 2.6-4, Volume 2.




Based on withdrawal rates for the above wells, it is estimated that
water usage in the vicinity of the project site is about 500 acre
feet per year.

Springs and surface water sources are shown on Table 2.2-21 and Figure
2.6=5. The largest of the springs is San Mateo Springs which is lo-
cated southeast of San Mateo township and provides an estimated 250 to 300
gallons per minute. This water feeds San Mateo Reservoir. Other springs
include San Lucas Spring, Maruca Spring, Bridge Springs, South Bridge
Springs, and San Lucas Valley Spring. These cprings have a flow rate

of less than 30 gallons per minute. Flow rates in the San Lucas Canycn
and American Canyon are estimated at 50 gallons per minute.
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Table 202-21 .

LOCATIONS OF LOCAL SPRINGS AND SURFACE W%ATERS?

Elevation Yield Type o<

No. Location® Owner or Name (ft) Flow _gpm)® Date Water Use

B 13.7.9.44] San Lucas Canyor 7,880 SOE 10-23-62 Wildlife
25.7M 10-24~72

SM 5=31-73
C 13.7.9.433 American Canyon 7,810 SOE 10-23-62 wWildlife
(west of B, above) =2M 10~18-72
>100M 10-24~72
S5M 5-31-73
D 13.7.20.121 San Lucas Spring 7,850 20M 8-29-62 Wildlife
9.8M 9-29=72
15.3M 10-11-72
12.1M 3-14-73
14.9M 5-31-73
E 13.7.31.414 San Mateo Springs 8,120 230-300E 10=-24~62 Municipal,
(See San Mateo Dam Wildlife
below)

F 13.7.19.242 Maruca Spring 7,850 Trace 9-29-72 wWildlife

S-18 13.7.28.131 Lee Ranch 7,908 - - -

G 13.8.21.424 Bridge Springs 7,035 18.9M 10-18-72 Domestic,
31.0M 3-14=73 Wildlife
11.3M 6~2~73

H 13.8.28.141 Scuth Bridge 7,015 4.6M 10-17-72 Wildlife

Springs 26.7M 3-14~73
18.9M 6-2-73
1€ 13.7.6.322 San Lucas Valley - - 6=1-72 wildlife
Jnring
o 13.8.25.414 San Mateo Dam 7,460 250-300E 6-1-72 Municipal,
Wildlife

Sources:

4Based on Table 2.6-3, Record of Historical S
bSample Points.
State Cifi~e of Engineering, Water Rights Di

pring and Surface Water

strict Office, 1979,

CFor explanation of location well-numbering system, see Figure B-l,

dAppendix B, Volume 4.
E-Estimated; M-Measured.
®Data supplied by Kerr-McGee Corporation.



2.3 CULT"RAL RESOURCES

The history of the diverse groups that have settled in northwestern
New Mexicc .3 described in the report prepared by the New Mexico
Environmental In: :itute (1974). The following discussion is excerpted

from that accour..

2.3.1 Archaeological Background

The Mt. Taylor aree is situated in the archeulogical district designated
the Acoma Culture Province. Numerous aboriginal habitations in west
central New Mexico attest tou a large prehistoric population, with human
occupation of this ares dating from the year 10,000 B.C. However, archeo-
logical surveys in the project area have been limited and have consisted
primarily of excavations along pipeline and highway construction routes of
the past twenty years. These s .rveys have uncovered approximately twenty-
five prehistori: sites (personal communication, Mr. Stewart Peckham), evi-
dence of occupation by pre-Pueblo hunting and gathering groups. Many camp-
sites dating from 4000 B.C. to A.D. 500 were found in Grants Canyon and wu st
&énd north of Grants Ridge.

Between 500 B.C. and A.D. 500 the culture of the area was transformed by

the developmeat of agriculture, pottery, and pueblos. The Anasazi cultures,
comprised of two distinct complexes, evolved near the end of the long period.
The earliest culture was the Basket Maker, first described from cave excava-
tions of corpses which are accompanied by numerous detailed baskets. During
the later Bask:r Maker stages advanced and more distinctive cultural traits

appeared, such as living quarters, pottery design, and new agricultural crops.

The later Anasazi culture, the Pueblo, was initiated with the movement
into the plateau of a new group of people who mixed physically and
culturally with the Basket Makers, producing a distinctive group. The
initial signs of Pueblo culture appeared in approximately A.D. 700,
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and continued to evolve and spread until about A.D. 1000. There is
evidence of rapid development during this period of many small villages
and a few sizeable pueblos, and the s:tandardization of an economy based
essentially on agriculture. Severe droughts caused people from southern
areas to migrate to this portion of the Acoma Culture Province. Two
archeological sites which were excavated northeast of Gran.s and dated
at approximately A.D. 1050 contained remnants of this culture (Wendorf
et al., 1956). This excavation revealed that corn, beans, and fruit trees
were grown in the area with the aid of irrigation wells. The findings
also support the contention that the advanced stages of Pueblo culture
experienced an expansion of group or community living and produced cor-

rugated pottery with designs over the entire surface of cooking vessels.

From A.D. 1100 t~ 1300 the Pueblo III culture began to dominate the
plateau area. Characteristics o’ this culture which indicated advanced
cultural attainment were larga communities and developments in the arts
and agriculture. The population of this culture tended to be concentrated
in the relatively small areszs at various points in time. This pattern
indicated the evolution of the "human cycle," whereby an area was rendered

unfit for residence after a certain duration of human occupancy.

Since this area was a considerable distance form the center of Spanish
colonization in the Rio Grande Valley, it was not greatly affected by
the early Spanish trade. Despite the Spanish and later American con-
tacts, Acoma retained must of its original way of life. Acoma Pueblo

is located about 25 miles southeast of the project area.

2.3.2 Spanish and American Settlements

Europeans first arrived in the region during the sixteenth century.
Francisco Vasquez de Coronado, leading an expediticn of explorers,
crossed through this region in the 1540's. Thereafter, the Spanish

839 28l
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made occasional trips into the region until 1598, when Juan de Onate's
colonizing f rce marched through the area.

From 1598 until 1821 northwestern New Mexico was presided over by
Spanish governors under jurisdiction of the Colonial Government of
Mexico. The small rural communities that began to develop ia this
general area were patterned after both the older Indian pueblos and
the feudal villages of medieval Europe. When Mexico obtained in-
dependence from Spain in 1821, this area became part of Mexican ter-
ritory. As a result of the Mexican War in 1848, this land was ceded
to the United States by the Treaty of Guadalupe Hidalgo. Thereafter
Anglo-Americans migrated through this region in great numbers.

Historical information regarding specific communities in the it. Taylor
area can be traced back to the early 1800's. At this time communities
developed in the surrounding area of Valencia County as settlers

capital {zed on the physical advantages of thc Rio Grande and Rio San Jose.

Grants, New Mexico, is approximately 50 miles southwest of the project
area, and is a main center of population in the Mt. Taylor area. The
town of Crants, originally named Los Alamitos, was homesteaded in 1872

by Jesus Blea and in 1873 by Ramon Baca. The economy of the Grants

area was primarily agricultural until the 1950's. The history of the
town and development of the surrounding area is discussed in the baseline

report preparec by New Mexico Environmental Institute (1974).

The village of San Mateo, (Figure l.1-1), is located about 30 miles
northeast of Grants near the Valencia-McKinlev county line. Founded
in 1835 by Manuel Chaves to Honor St. Matthew, the village was later
c-lonized by about 30 Mexican-American settlers. By 1875 these early
colonists applied for private land claims and began ranching and
agricultural activities in the area.

839 28¢
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San Mateo is also the headquarters for the 0ld Fernandez Ranch. In
1768 Pedro Fermin de Mindinueta, Capital General of the Province of

New Mexico, acting under the authority of the Spanish crown, granted

to Bartolome Fernandez and his ancestors a large tract of land near

San Mateo. The grant was iu consideration of services rendered by
Fernandez to the King of Spain. This ranch is currently owned by Floyd

Lee.

Since the original inhabitants of San Mateo were from a traditional
Spanish background, Catholicism became the dominant religion of the
community. A small, attractive chapel, constructed in the 1880 s and
currently in operation, reflects thie strong Catholic heritage.

The Santa Fe to Prescott Stagecoach Route, which passes th-ough the

San Mateo ar=a, is the only registered hi toric landmark in the area.
La Posta, a stage stop of the route, still exists on the Floyd Lee
Ranch. The town of San Mateo is not a registered site, but is recorded
in the survey files of the Museum of New Mexico, Santa Fe, as an
historic site.

2.3.3 Summary of Cultural Resources Within the Project Area

Inventory and reconnaissance survey in the San Lucas Canyon area has
produced evidence of human occupation from four probable temporal/
cultural horizons: Archaic, Pueblo, Navajo and Anglo. In addition,

two areas of lithic debris were encountered which could not be dated.

Archaic period remains comsist of lithic debris located on sandy knolls
overlooking expanses of open grassland or specific geographical features
(canyons). Within the survey area Pueblo period remains sroved restricted
either to locations conducive to agriculture, or access routes between
known areas of Pueblo occupation. Navajo remains comprised the largest

number of sites recorded in San Lucas Canyon proper. The rugged scarp

§39 ¢®°

2-61



bordering the drainage on the west appears :o have supported a considerable
Navajo population during the 1800's. However, habitation and livestock
structures appear located with a preference for protection from visual as
well as climatic exposure. Spanish herding enclosures were located in two
areas assoclated with large expanses of grazing land. These features occur
at lower elevations and in more exposed positions than the Navajo sites.
The single feature attributed to Anglo uranium exploration is positioned
relative to exposed geologic strata and testing areas rather than to overt
vegetative or topographic features. Fcr ai expanded discussion, please

see Appendix E.

The New Mexico Stat Planning Office has indicated that no sites
presently entered in the National Register or which have been
previously determined eligible for nomination to the Register are
located in the project area. The planning office also has indicated
concurrence with the find.ngs and recommendations of Mr. John Beal,

as presented in Appendix E.

839 284



2.4 GEOLOGY

2.4.1 Regioral Setting and Topography

The project area lies in the eastern part of the Colorado Plateau geo-
logic province near the southern boundary of the San Juan Basin. The
site is about 35 miles west of the San Ignacio faulted monocline that
torms the boundary between the Colorado Plateau and the Rio Grande
Depression (Figure 2.4-1). It is in the southeastern part of the
Ambrosia Lake mining district of the Grants Mineral belt.

Topographically, the project area is in mesa country that is typical

of much of the Colorado Plateau province. The valley bottoms are rela-
tively flat and are deeply incised oy channels of intermittently
flowing streams. The valley slopes typically are steep, and grade
abruptly to flattopped crests.

2.4.2 Regional Geologic and Tectonic History

The San Juan Basin sedimerts, as much as 9,000 feet thick, were gently
folded in Jurassic time (about 155 million years before the present),

and tilted northwestward, in this sector of the basi. . at a low angle

(two to five degrees) toward the center of the basin. This tectonic acti-
vity subsided through Cretaceous time, but in early Tertiary time (50

to 60 million years before the present), tectonic activity began again.
This activity resulted in the formation of the present general confi-
guration of the San Juan Basin, in addition to several smaller struc-—
tures (Madera anticline, Arch Mesa syncline) in the eastern part of the
basin (Kelley, 1950). In late Tertiary time, (10 to 20 million years
before the present) a regional east-west crustal extension resulted in

the formation of the Rio Grande depression and also created major folding,
accompanied by northeast-trending normal faulting to the east and north-
east of the project area. During this same period, volcanic activity

centered in the Mt. Taylor volcanic field, east of the project area.
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Subsequently, thousands of feet of sediments have been eroded away to

expose rocks of Cretaceous age and older (Kelley, 1967).

La Poivadera Canyon, the site of the proposed Mt. Taylor tailings dis-
posal area, is at the northeast end of San Mateo Dome, an elongated
structure that trends northeasterly. The flank of the dome coincides
with a part of the west flank of the McCartys syncline. Contou . drawn
at the base of the Dakota Sandstone show that the San Matec Dome retains
its general structure at depths of 1,600 to 2,000 feet (Santos, 1968).
Thie dome is cut by normal faults which can be traced for several miles
and exhibit both horizontal and vertical displacement.

")

2.4.3 Stratigraphy

The generalized stratigraphic column shown in Figure 2.4-2 summarizes the
rocks of the project area, and the geologic map of the project area is
shown on Figure 2.4-3. Of interest to this project are the Morrison

Formaticn and its overlyirg strata.

The Morrison Formation of Late Jurassic age overlies the Bluff Sandstone
and crops out south and east of the project areca along the margins of
the San Juan Basin. About 300 to 500 feet thick, it comprises varie-

gated shales, claystones, and discontinuous interbedded sandstones

divided into three members. In ascending order, these are the Recapture,

Westwater Canyon, and Brushy Basin members.

The lowest member of the Morrison Formation, the Recapture Member, is
formed of red, maroon, znd greenish-gray sha'es, claystones and sandy
claystones. The Westwater Canyon Member consists of a light-colored,
fine to coarse-grained sandscone that is areally discontinuous, and
probably interfingers with the overlying Brushy Basin Member and the

underlying Recapture Member.
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The Brushy Basin Member incorporates primarily greenish-gray shales,
claystones, sandy claystones, 2.d interbedded sandstones. The upper-
most unit is a light-colored, fine to coarse-graired sandstone called the
Jackpile Sandstone. Locally, it contains extensive deposits of uranium
ore. The sandstone beds of the Morrison Formation generally range in

thickness from a few inches to 120 feet.

The Dakota Sandstone of Early and Late Cretaceous age unconformably over-
lies the Morrison Formation. It comprises light-colored fine to medium-
grained quartzose scndstores, and dark-gray to black carhonaceous shales,

as well as a basal conglcmerate at some places.

The Mancos Shale of Late Cretaceous age overlies the Dakota Sandstone and
crops out near the tailings disposal site in La Polvadera Canyon. It is
primarily a sequence of medium to dark-gray shales, but includes three beds
of pale yellowish-brown, fine to medium-grained sandstone in the lower part.
Those sandstones and the intervening beds of shale are believed to be equiv-
alent to the Tres Hermanos Sandstone Member that has been mapped to the

east and south of the project area. The Mancos Shale and overlying strata

are mapped on Figure 2.4-3,

The Mesa Verde Group of Late Cretaceous age conformably overlies the
Mancos Shale. The Mesa Verde includes alternating irregularly bedded
sandstones, clays, and coals more than 1,500 feet thick. In the project
area, the Mesa Verde is subdivided, in ascending order, into the Gallup
Sandstone, Crevasse Canyon Formation, Point Lookout Sandstone, and
Menefee Formation. The Gallup Sandstone, which conformably overlies

and interfingers with the Mancos Shale, crops out locally in the north-
western corner of the project area. It locally comprises two sandstone
units separated by about 90 feet of dark gray shale of the Mancos
Formation. The lower unit below this tongue of the Mancos Formation is

a gray fossiliferous fine to coarse-grained sandstone approximately 10
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to 20 feet thick. The upper unit is a pale, reddish-brown and light
gray, fine to medium-grained arkosic sandstone. It ranges from 80 to
100 feet thick northwest of San Mateo.

The Crevasse Canyon Formation of the Mesa Verde Group includes three
members. In ascending order they are the Dilco Coal Member, Dalton
Sandstone Member, and Gibson Coal Member. The Mulatto Tongue of the

Mo .cos Shale locally separates the lower two members. All three members

are e posed in the northwestern corner of the area.

The Dilco Coal Member is composed of 80 to 135 feet of interbedded,
light-colored sandstones, siltstones, carbonaceous rhales, and several
lenticular coal beds. The Dalton Sandstone Member is generally a
clean, white to buff, massive, fine to medium-grained sandstone. It is
40 to 70 feet thick in the area. The Gibson Coal Member is composed
of interbedded sandstone, clay, shale and coal. It ranges firom 180 to
250 feet thick ir the project area.

The Point Lookout Sandstone is massive, cross~bedded, light gray and
reddish-brown, fine to medium-grained, and arkosic. Well exposed three
miles northwest of San Mateo, it ranges from 70 to 160 feet in the
vicinity. The Menefee Formation, 400-1000 feet thick, conformably
overlies the Point Lookout Sandstone «nd is widely exposed around the
village of San Mateo. It incorporates interbedded pale yellowish-
brown siltstones, fine to medium-grained sandstones, gray shales,

carbonaceous shales, and thin coal beds.

Silicic tuffs and flows unconformably overlie the Menefee Formation.
These volcanic rocks are believed t) represent the earlie.t erupticns
from the Mt. Taylor volcanic vent, the first stage in building the

Mt. Taylor cone. The thickness of this sequence increases from abcut
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300 feet at La Jara Mesa to about 1500 feet under the central part of
Mt. Taylcro

The final eruptions of Mt. Taylor consisted chiefly of porphyritic
andesite. Continuous exposures of the andesite are present in tne
south central part of the area between El Rito Spring and San Mateo
Canyon. Maximum observed thickness is about 500 feet. A series of
dense, black basalt and basaltic andesite flows up to 300 feet thick
covers the La Jara and Chivato Mesas in the socuthwestern and eastern
parts of the area. Some of these sheet lavas preceded the youngest

flows from Mt. Taylor, but most poured out on pediments after Mt. Tavlor

had ceased erupting, aud now overlap the porphyritic andesite (Hunt, 1938).

Three types of unconsolidated surficial deposits obscure the bedrock geo~
logy over parts of the area. These deposits consist of unconsolidated
talus, alluvial and eolian sediments and saprolite material. Talus and
landslide blocks cover extensive areas on the slopes adjacent to the

high basalt-covered mesas southwest and southeast of San Mateo. Clay,
silt, sand and gravel (alluvial and eolian) underlie mos: of the valleys
in the area. Soft, earthy, clay-rich, thoroughly decomposed rock (sapro-
lite), formed in place by chemical weathering, covers several square

miles of the area west and north of San Mateo.

2.4.4 Structural Geology

The strata beneath the project area are warped into two north-northeast
trending folds on the Chaco Slope. The broad McCarty syncline under
Mt. Taylor is the most prominent of the two. The southern end of the
San Mateo Dome, the second fold, lies in the northwestern corner

of the area. The eastern flank of the dome is highly fractured by a
complicated fault system. Some of these faults have vertical displace-
ments of up to 300 ferr. The eastern flank coincides with a part of
the western flank of lie McCarty syncline, which has eastward dips of

~iJ
W
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two to six degrees in the vicinity of San Mateo. Slight tilting pos-
sibly accompanied by very low amplitude warping is evidenced by the
unconformity at the base or the Pakota Sandstone (Gordon, 1961).

2.4.5 Mineral Resources

The Gulf Mt. Taylor uranium deposits are in the Ambrosia Lake mining
district, which is near the west end of the Southern San Juan Basin
mineral belt.

Evidences of the roll-front type of uranium mineralization are wide=-
spread in the Morrison formation, but the reasons for its local con-
centiation at levels of economic interest are not well understood.
Mineralized and unmineralized specimens of Morrison sandstones are
eimilar in texture and composition, and the ore depo lts show no -~n-
sistent relationship to structural or sedimentary features. The ore
minerals, poorly crystallized coffinite and uraninite, occur intimately
mixed with a dark brown to black humic material which apparently was
the localizing agent for ore deposition. The mineralized material com—
prises pore fillings and grain coatings of the sandstone. In thin
beds, concentration of 0308 may exceed 1.0 percent %t uostly the con-

centration is in the range of 0.10 to 0.5 percent U50g.

Individual ore zones are tabular and roughly concordant with bedding.
Thickness ranges from a feather edge to 30 feet. In the major deposits,
a large number of these mineralized zones more-or-less coalesce over an
area as large as 0000 feet long by 2000 feet wide. Isolated small
mineral concentrations occur in the periphery of the main accumulations
(Kelley, et al. 1968).
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Although significant quantities of both molybdenum and vanadium are present
in tie ore, only molybdenum shows potential for economic recovery at this

time.

2.4.6 Detailed Site Geology

Mill Site. The Lower San Lucas Valley deposits in the project area include
alluvial, eolian, and alluvial fan soil deposits, over Menefee Formation
siltstones and sandstones and the Point Lookout Sandstone. Terrace deposits
and colluvium overlie Menefee Formation siltstones cn the ¢« -t side of

the valley. A geologic cross-section is presented in Figure 2.4-4.

The Point Lookout Sandstone exposed on the west side of Lower San Lucas
Valley and the younger Menefee Formatin exposed intermittently in the
valley strike approximately parallel to the valley and dip gently,
about 10 degrees, to the east. The Point Lookout Sandstone is a fine-
to medium-grained, moderataly cemented sandstone. The sandstones form
gently sloping surfaces broken by sharper relief outcrops spaced inter-

mittently along their dip-slope surfaces.

The Menefee Formation, exposed or at very shallow depths on the east

side of the valley, underlies most of the mill site area and is a

moderately indurated siltstone interbedded with fine- to medium-grained,
mode .tely cemented sandstones. Jointing in the siltstone of the Menefee
Formacion is not well developed; however, jointing in the interbedded
sandstone units probably reflects those characteristics of the Point Lookout
Sandstone. Pressure tests in the exploration holes indicate the fracture

permeability in the Menefee Format on is low.
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La Polvadera Tailings Impoundment Area. As a result of reconnaissance
studies carried out by Woodward-Clyde Consultants and more detailed

site se’'action studies performed by W.A. Wahler & Associates, the La
Polvadera Canyon area was selected for disposal of mill waste. The

site proposed uring the reconraissance phase was at the mouth of La
Polvadera Canyon, where erosion has cut through a series of hogback
ridges on the eastern flank of the San Ma-eo Dome. However, because

ci potential seepage along the truncated sandstone beds on the upstream
side of the hogbacks and becavse of the unfavorable downstream-dipping
strata, it was decided to a oid the canyon mouth area and investigate
potential sites upstream. Two sites were selected, one on the northern
branch and the other on the main drainage of the channel of La Polvadera
Canyon. Both sites are located west of a north-south trending fault.
They were the subjects of extensive subsurface exploration work. (The
extent of the exploration program is shown on Figure 2.4-5). It was
determined subsequently, after accurate site topography became available
and the required storage volume was refined, that only one pond was re-
quired. The northern pord, which is the subject of the following discus-
sion, was selected because it has a smaller drainage basin, which will
make the runoff diversion and catch basin requirements less difficult, and
because it will provide a smaller ratio of embankment vclume to pond

storage volume.

The canyon area is a broad, rolling, bowl-shaped basin drained by several
washes that converge and drain through a series of low hogback ridges
into San Lucas Canyon. The hogbacks are formed by resistant sandstone
beds that dip 20 to 30 degrees east, or downstream, at the canyon outlet.
These dipping beds form the eastern flank of the San Mateo Dome; north

of the canyon outlet they curve westward, forming the northern flank of
the dome and the northern rim of the La Polvadera drainage basin. The
western and southern nargins of the basin are f.rmed by arms of the San

Mateo Mesa. The axis of the dome bisects the central part of the canyon
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‘ area; thus bedrock units (consisting primarily of a thick sequence of inter-
bedded sandstone and shales) are generally flat-lying or gently dipping
in the broader parts of the basin. Tt is in this area that the proposed
tailings disposal s.te is located.

Bedrock outcrops in the canyon include Cretaceous sandstone, siltstone,
and shales of the Menefee Formation, Point Lookout Sandstone, Crevasse
Canyon Formation, Gallup Sandstone, and Mancos Shale. Bedrock is well
exposed in the canyon and on surroundivg mesas and hogbacks. These for-
mations intertongue in a complex manner as a result of cyc.ic marine
transgress’ d regression. The geology of La Polvaderc “anyon is
illustratea on rigure 2.4-6. The explanation on the figure graphically
rcpresents the complex interbedding of the formations. The geologic
formations cropping out in the proposed tailings pond consist of the
Mulatto Tongue Member of the Mancos Shale, the Dilcc Coal Member of
the Crevasse Canyon Formation, and the Gallup Sandstone. These for.-»-
. tions will const’:ute the bedrock foundation materials of the proposed
tailings dam .nd reservoir. Surficial deposits of alluvial and eollan
sand, silt, aud clay blanket the bedrock along the valley bottom.

The Dilco Coal Member underlies a major portion of the proposed dam

and about two-thirds of the pond area. The Mulatto Tengue Member, which
overlies the Dilco Coel Member, is found on the northern and western
ends of the proposed dam and in the retention pond at higher elevations.
The Gallup Sandstone will be the foundation material along the channel
section of the dam, except for a narrow section along the channel where
the main body of the Mancos Shale lies buried beneath the alluvium. The

Gallup Sandstone is also buried beneath the allivium in the immediate
area upstream of the proposed dam.

The tailings disposal area is near :he crest of the San Mateo Dome, re-

flected by the gently dipping bedrock strata. The bedding generally
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strikes northwest and dips gently (average five degrees) to the northeast.
However, on the north side of the proposed tailings pond area, relatively
steeper dips associated with a tilted and faulted dlock of Mulatto Tonsue

Member were noct.d.

A longitudinal sec.ion (Figure 2.4-7) shows the stratigraphy beneath tne
dam. For the most pirt, the dam abutments will be founded on the Dilco
Coal Member. In the “a*lings disposal area, the Dilco Coal Member is
about 120 feet thick i full section and consists of intertedded white

to brown sandstone, brc m to light gray siltstone, and gray to black

and purple shale beds. f>al lenses up to six inches thick were encountered
in some drill holes. 71e sandstone is fine to medlum-grained and poorly
cemented, and contains carbonaceous partings and some iron-oxide stain.
The thickness of the sandstone beds ranges from six inches to three feet,
although one massive sandstone bed in the upper part of the Dilco
stratigraphic section is 15 feet thick. This thick bed forms the

cliffs along the abutment ridges and knobs immediately upstream of

the dam. Jointing in the sandstone is widely spaced, thus the rock
weathers to large blocks and talus deposits are relatively small. To
avoild contact of pond water with cliff exposvres in the abutments,

the proposed embankment will be positioned sc that the impervious zone
will lap over the upstream cliff slopes. The siltstone and shale

are generally thinly bedded and iron-stained. The shale is gray to
black, carbonaceous, fissile to flaky, and air slakes readi’y. Most

of the shale is in the lower half of the stratigraphic section.

The Mulatto Tongue Member constitutes the bedrock foundation material
on the west and north ends of the dam. On the west end, the Mulatto
conformably overlies the Dilco Ccal Member. On the northernmost end

of the dam the Mulatto is in both conformable contact and fault contact
with the Dilco Coal Member. This east-west trending fault was traced
about 3,000 feet west of the dam axis and is topographically marked by
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20-to 30-foot-high escarpments cf tilced Mulatto on the downdrop side

of the fault. The tilted Mulatto block has an averag~ dip of 25 degrees
to the north but gradually flattens to about eight degrees fa:ther upslope and
up the stratigraphic section. Trenches excava‘ed across the fault zone
indicate a 100-to 200-foot-wide zone of intense'y fractured, faulted,
and contorted Mulatto bedrock. Near the surface, several of these
fractures are open and partly filled with gypsum; however, core hole
data indicated that fracturing persists at depth but decreases in inten-
sity below about 30 feet, and the fractures are both clay— and gypsum-
filled. The fault zone will be blanketed with impervio.s material

*» preclude potential seepage through this zone. The Mulatto Tongue
Member consists of thinly bedded, light tan, sandy shale and siltstone,
with a few interbeds of sandstonme and dark gray shale. Gypsum oczurs

as a filling in fractures and along bedding planes.

The Gallup Sandstone crops out in the channel section of the proposed dan
As indicated by ¢-illing results, the Gallup ranges from 78 to 84 feet
thick along the .am axis. It is massive, cross-bedded, white to light gray,
fine- to medium-grained, poorly cemented, and it con*aine a few inclu-
sions and thin streaks of carbonaceous material. Joints are steeply

dipping to vertical and are spaced from 2 to 10 feet, as observed

it outcrops.

The main body of the Mancos Shale lies beneath the Gallup Sandstone and
thus is not exposed in the tailings pond area. However, it was penetrated
Uy deep borings located along the dam axis. The Mancos Shale regionally

is a thick lithologic unit crupased predominantly of dark gray, calcareocus,
fissile ¢ .iy-shale of marine origin. In La Polvadera Canyon, the Mancos
Shale, as indicated by the geologic log of Polvadera Well, i: 905 feet
thick (Cooper and John, 1968). At the damsite deep drill holes

penecrated 15 to 40 feet into the Mancos Shale. The recovered Mancos

drill core consists of interbedded, thinly bedded, dark gray shale and

339 507
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siltstone with carbonaceous partings. The shale is tight and fissile; it

air slakes re=7.ly, and breaks down to a very plastic clay when wetted.

The channel section of the proposed embankment will straddle the con-
fluence of the main channel and its northern tributary. A deep-buried,
channel along the alignment of the main channel was the subject of an
extensive exploration program. The buried channel is 100 to 200 feet
wide at ground surface, and is about 80 feet deep. It is filled with
alluvial sandy clay to silty sand. The channel apparently was incised
through the Gallup Sandstone and, at least in one area into the top

of the Mancos Shile¢. Design considerations will require excavation and
removal of the al.uvium of the buried channel beneath the dam embankment.

Surficial deposits coansisting of alluvial and eolian deposits blanket

the valley areas. These soil deposits ranged from a moderate biown to
moderate yellow-brown sandy clay to silty sand. At depth near the bedrock
contact, the material is generally coarser, and consists of gravelly

sand with varying amounts of fines. The near-surface soils tend to be
collapsible, as indicated by the sink-type depressions that occur along
stream bottoms.

The alluvium upstream from the proposed dam will be the source of imper-
vious material for the dam. The Dilco Coal Member forming ridges within
the retention pond area will provide materisl for the shell zone of the
embankment. The Mulatto Tongue Member forming the ridges to the north
and west above the ultimate reservoir level will be the reclamation

material borrow sc-ce at the end of the project operati:::.

The only major fault structure mapped within the tailings disposal area

is the east-west trending fault near the north margins of the pond (Figure
2.4~6). The fault is normal and near-vertical, with the north block
downdropped. It displaces Mulatto bedrock near its cor*act with the
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Dilco. The fault is considered inactive because it does not offset al-

luvia) deposits in the area.

An extensive water testing program to assess bedrock permeability was
conducted as part of the detailed exploration program. The mean permea-
bility values calculated for bedrock types in the tailing disposal area
are less than 10 feet per year, with the Gallup Sandstone showing the
relatively higher average permeability of 8.8 feet per year and the upper
part of the Mancos Shale showing a low average permeability of 0.05 foot
per year. The fault zone near the northern margin of the pond is recognized
as an area for potential pond seepage, although this potential is indeter—
minate. Lining of the fault zone within the tailings impoundment will

be considered as part of the design. Croundwater conditions in the pro-
posed tailings pond area, as well as hydraulic propo-ties of the pond
bedrock materials and pond seepage assessments, are .i.-ussed in Section
2.6.1, Groundwater.

Mill Site Impoundment Dam. Figures 2.4-8 and 2.4-9 present the geologic

map and section for the mill site impounc nent dam. The Cretaceous~age
Menefee Formation underlies the impo .dm.-: dam and outcrops on both
abutments. The Menefee Formation is interbedded, light brown to grayish
orange siltstone and sandstone and l'z4t gray shale. Strata exposed

on the abutment strike N45°-55°E and dip 6 to 10 degrees southeastward.
The bedrock is strong and competent and will provide a sound foundation.

Alluvial and eolian deposits occurring in the channel consist of
interbedded, light brown, sandy silt to silty sand with medium brown,
clayey sand to sandy clay. The alluvium is 26 feet thick, as indicated
by drilling in the center of the channel along the proposed dam axis,
and is underlain by interbedded shaie and siltstone of the Menefee

Formation. Ground water was encountered in the alluvium in one
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of the exploration drill holes in the center of the stream channel.

The ground water appears to be perched in the alluvium.

Slopewash deposits consisting of mixed sand, silt and clay, with some
fragments of basalt and sandstone overlie the bedrock in the lower
slopes of the proposed pond area. 4 ,ortion of this slopewash deposit
upstrean of the right abutment is probably on old landslide deposit

as evidence” by subdued hummocky topography and minor slumps at

the toe of the slope. The slope ranges from 10 to 15 percent and extends
about 700 feet upslope and high abo > the proposed reservoir level. The
slopewash deposit is about 14 to 20 feet thick in the probable land-
slide area. Because of the potential for instability, no excavation
work will be donme within and downslope of the probable landslide

area. The proposed dam is located downstream of the toe of the

probable slide and any renewed activity should not endanger the dam
facilities, but would contribute a significant amount of debris to the

proposed rescrvoir.

An extensive talus deposit that occurs on steeper slopes high above
the proposed reservoir to the east is comprised of fines and gravel-
to boulder-sized basalt derived from the basalt rujrock upslope and
outside the mapped area. Minor teirace deposits overlie the bedrock

on the broad ridgetop of both abutments.
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2.5 SEISMOLOGY

2.5.1 Earthquake Studies

New Me...o, eastern Arizona, southern Colorado, and southeastern Utah
are not considered to be seismically active areas relative to the main
earthquake belts of the world (Fig. 2.5-1). This is not to say the
region is free from earthquake-induced ground tremors. However, his~-
torically recorded tremors in the region have almost always been mild,
with reported damage slight and confined to localized areas. A general
discussion of earthquake monitoring and measuring is provided in Ap-
pendix A.

Seismological events have been quantified only in the past 70 years.
Most eyewitness reports for the western half ot the United States,
except the Pacific Coast area, postdate 1865, when the West had its
first great impetus of population growth. Earthquakes undoubtedly have
gone unrecorded in the more sparsely populated areas. However, in
recent years a network of seismic recording stations has been estab-
lished across most of the western Urited States (Coffman and Von Hake,
1973). This network affords the opportunity to record and locate seis-
mic activity instrumentally without relying on the subijective reports
of the general populace. Earthquakes with magnitudes too small for
numan beings to detect are easily recorded on a seismograph. The fre-
quency of these smaller magnitude events may give an indication of

the relative seismicity of an area using a short period of seismic

records.

2.5.2 Earthquake History

Seismic evidence, both historical and instrumentally recorded, indi-
cates that the Mt. Taylor project site is in an area of low seismic
activity (Fig. 2.5-2). There is nu reported historic record of earth-

quake damage in the area since 1887.
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There are two zones of moderate seismicity in the region of the Mt.
Taylor project site; these zones are characterired as having a rela-
tively large number of low to moderate seismic events, both historical
and instrumentally recorded. Each zone corresponds to an area of known
faulting. One seismic zone, about 170 miles from the project site at
its closest distance, trends northwest and extends from the lower Rio
Grande Valley near El Paso on the south through southwestern New Mexico
into Arizona, terminating near Flagstaff. Several Modified Mercalli
Intensity V to VI shocks have been reccidasd in the area=--the largest
earthquake, of Intensity VII, occurred at Flagstaff in 1906. The second
zone coincides approximately with the Rio Grande Rift Zone, about 50
miles east of the project site. Thi: roughly north-south trending zone
begins south of Socorro and parallels the Rio Grande Valley north to
Colorado. The Rio Grande Rift Zone is believed to be a tensional fea-
<ure in the earth's crust incorporating large, down-dropped blccks of
crustal material (grabe .). This rift zone is bounded on the east

and west by north-south trending faults. It is postulated that earth-
quakes with hypocenters located within the Rio Grande Rif: Zone are

the result of slight movements along these fault planes. Some of the
smaller magnitude events, as well as a great deal of the microseismic
activity within the rift zone, are believed to be associated with geo-
thermal sources lying at moderate depths within the zone. Although most
of the historical and instrumentally recorded earthquakes associated with
the rift zonme h-ve been of low magnitude and intensity, a few larger
magnitude events have been documented. The strongest recorded earth-
quake in New Mexico occurred in this zone, at Socorro, on July 16, 1906;
it had a maximum iutensity of VIII with a radius of perceptibility of
200 miles. This shock was part of a prolonged earthquake swarm that
began in July 1906 and continued into the early part of 1907. The Mt.
Taylor project site, about 100 miles northeast of the epicentral area,
probably experienced an intensity of IV to V. Another shock of inten-
sity VII to VIII about 60 miles east Jf the project site occurreu in

839
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Sandovsl County, New Mexico on May 28, 1918, and probably subjected

the project site to intensities similar to those of the 1906 shock.
Aithough tl'2 effects of the earthquake were very localized ard the damage
was relatively minor, these events within the rift zone demonstrate the
potential of faults within the zone to generate moderate to moderately

large earthquakes.

An earthquake swarm epicentered on the Colorado-New Mexico border about
100 miles northeast of the project area occurred in January 1966. The
largest event in this swarm had a lichter Magnitude of 5.5 and was

felt over an area of about 15,000 sq-are miles. Damage was reported

in the small town of Dulce, New Mexico, near the epicentral area. This
event was felt in Los Alamos but was reportedly not felt in Albuquerque;

therefore, the event ws probably not felt in the project area.

Another significant event that may have affected the Mt. Taylor pro-
ject site was the Sonora, Mexico earthquake of May 3, 1887, which had
an inteasity of VIII to IX at the epicenter (estimated Richter Magnitude
6.3 to 7.0). 1Its epicenter was probably about 20 miles south of the
Arizona-Ne«s Mexico border, where faulting was reported on both sides of
the Sierra Teras, a north-south range in southeastern Arizona. On the
west side of the Sierra Teras the scarp followed a winding course over
35 miles, with a maximum throw of 26 feet. The shock was felt over

a wide area and as far north as Albuquerque and Santa Fe. At Tucson,
El Paso, and Albuquerque, 130 to 320 miles from the epicenter, "water
tanks slopped over, cars were set in motion on tracks, chimneys toppled
down," which indicates an intensity of V to Vi (ldeck and Eppley, 1958).
The project site is about 320 miles northwest of the epicentral area,

and therefore probably experienced the same intensity of shaking.

Only two earthquake evants have occurred within 50 miles of the project

area, but both have occurred in recent years. The nearest earthquake

839 520



to the project site was a Magnitude 4.4 earthquake on December 23, 1973,
with its epicenter necr Grants, about 20 miles southwest of the site.
The earthquuka was felt in McKinley and Valencia counties and subjected
Grants, where minor damage occurred, to a maximum intensity .f VI. In
San Mateo, near the site, the reported intensitvy ranged from I to IV.
The most recent event was a Magnitude 5.0 shock on January 5, 1976,
with the epicenter located 45 miles northwest of the site. The epi-

central area experienced Intensity VI.

2.5.3 Earthquake Risk Evaluation

Available seismograph records for the project area are insufficient to
permit statistical forecasting of the occurrence of large-magnitude
earthquakes. Therefore, the evaluation of earthquake risk is based on
historical records and on the assumption that the maximum earthquake
of record is the worst likely to occur during a comparable period of
time in the future. Historical and instrumentally recorded data were
used; therefore, there is some statistical bias with respect to popu-
lation density.

The seismic hiz*~ry of the area indicates that the largest tremors with-
:n 200 miles ¢f the project site have been: (1) the 1906 Flagstaff
earthquake (Intensity VIII), 170 miles west of the site; (2) the 1906
Socorro, New Mexico eartiquake (Intensity VIII), 100 miles southwest

of the site; and (3) the 1918 Sandoval County, New Mexico earthquake
(Intensity VII-VIII), about 60 m!fles east of the site. The largest shock
in the region was the 1887 no:thern Mexico earthquake of Intensity

IX, 320 miles southsouthwest of the site; this earthquake may have
subjected the site to a shock of Intensity V to VI. The most recent
shocks, in 1973 and 1976, located 20 and 45 miles from the site, had
reported maximum intensities of VI in the epicentral area and were
probably felt at the project site with intensities of IV or less.

The most significant earthquake that affected the area was the 1918

q39 32|
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Sandoval County earthquake in the Rio Grande ceismic belt. The wmaximum
intensity of VIII was the highest reported in the Rio Grande Rift

Zone. It was probably felt at the project area with an intensity

of VI, and would have been accompanied by peak jround acceleration

of about 0.06g. Based on the historical record, the analysis indicates
that an earthquake of Intensity VIII could occur at the Rio Grande

Rift Zone about 60 miles to the east of the site. This earthquake

would probably be felt at the project site with an intensity of VI.

In terms of the Mt. Taylor tailings pond embankment stability, an earth-
quake with a maximum intensity greater than VII at the site canrot
reasonably be expented. To generate such a shock would require an
Intencity IX to % earthquake ulong the Rio Grande seismic belt, and

in view of the »vailable historical data this possiblity should be
considered remote.

839
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2.6 HYDROLOGY AND WATER QUALITY

2.6.1 Ground Water Hydrology

The project area is located northwest of the Mt. Tlaylor volcanic field

in the Bluewater and Rio Grande Underground Water Basins (Figure 2.6-1).
Descriptions of the geologic formations in the project area and their
hydrologic properties have been discussed in numerous publi_ations (Titus
Jr., 1963; McGlothlin, 1972; Gordon, 1351; West, 1961; Jacob, 1957; New
Mexico Environmental Institute, 1974). The most important hydrogeologic
units that occur beneath the pro‘ect area include the following: (1)
Cretaceous Dakota Sandstone, (2) Jurassic Westwater Canyon Member of

the Morrison Formation, (3) Permian Glorieta Sandstone, and (4) Permian
San Ardres L.lmestone (Table 2.6~1 and Figure 2.4-2). Hydrogeologic units
of lesser importance for water supply include: (1) Quaternary alluvial
and volcanic deposits, (2) Cretaceous Mesa Verde Group, (3) Jurassic

San Rafael Group, and (4) Triassic Chinle Formation. These units are
classificd as aquifers and, dep:znding on their hydrologic characteristics,
yleld ground water to wells and springs. The following discussion is
confined to descriptiocns of these aquifers.

Hydrogeologic Units.

Alluvia! and Volcanic Deposits. The alluvial aquifer in the project

area is comprised of unconsolidated, poorly stratified clays, silts, sands,
and gravels. Sinc evapotranspiration exceeds precipitation, recharge

is restricted to fluvial channels or other areas where surface water
collects. Mcst of this recharge flows through the alluvium to deeper
aquifers resulting in little potentia' for t.ue development of alluviai
ground water supplies. The volcaric aquifer generally cc. ''sts of

basalts, silicic tuffs a~! andesites. Most recharge to this aquifer
probably is the result of infiltration of water downward through younger
volcanic rocks high on the siopes of Mt. Taylor. Several low-yielding

g3y 523
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Table 2.6-1.

SUMMARY OF HYDROLOGIC UNITS IN THE PROJECT AREA

Ceologic Hydrologi. Estimated Lithologic Hydrologic
Age Vnit Thickness (ft) Charac*eristics Characteristics
Bolocene Alluvius 0~ 15 Clays, silts, sands, and Yields small quantities of
gravels; some slopewvash water to wells.
material
Tertiary Bidahochi Formation 0« 100 Basalt, endesite and rhyo- | Low yielding springs discharge
lite lava fiows and dikes | ot favorable topographic
positions on mesas.

Cretaceous Menefee Formation 210 - 250 Claystone, shale, sand- Yields small amounts of water

i stone, limestone and coal |to wells for stock supply.

S Point Lookout Sandstone 60 - 100 Arkosic sandstone

-

4 Crevasse Canyon Formation | 200 - 2350 Sandstone, claystone and

> shale

-

i Callup Sandstone 70 - 100 Sandstone Yields moderate guantities of
vater to pumping and artesian
wells.

Mancos Shale 250 - 500 Shale and interbedded Not known to yield water to

sandstone welle in the areas.

Dakots Sandstons 40 - 85 Quartz sandstone Yields small to moderate
supplies of water to domestic
and stock welle.

Jurassic Morrisou Formation 245 - 300 Mudstones, siltstones Westweter Canyon Member yield

and sandstones roderate to large quantities
of vatrr to wells.

= Bluff Sand-tome 90 - 125 Sandstone Yielis emall quantities of

2 wvater to wells for stock

S supply.

-:. Summerville Formation 95 ~ 125 Sandstone end siltstone

.~

-

- Todil:o Limestone 50 - 75 Limestone

“

o Zntrada Sandstone 200 - 250 Sandstone

Trisesic Chinle Formation 300 ~ 500 Sandstones, siltstones Yields small quantities of

and claystones wvater to wells for stock
supply.

Perwian San Andres Limestone 80 - 100 Limestone Yields moderate to lacge
quantities of water .or
irrigation, industrial and

Clorieta Sandstone 125 - 300 Sandstone municipal supplies.

Modified from:

Cordon (1961); West (1961); New Mexico Eavirommental Institute, 1974.

it
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2-9%

525



springs discharge, particularly from the silicic tuffs, high on the slopes
of mesas in the vicinity.

Mesa Verde Group. The Mesa Verde Group consists of alternating, ir-

regularly bedded sandstone, clay, and ccal, intertonguing with the under-
lying Mancos Shale. Rocks of this group are exposed on San Mateo Mesa

and the western wall of San Lucas Canyon just south of Laguna Polvadera.

The Menefee Formation is not generally a major aquifer, but does yield
about 5 gpm of good-quality water to wells near the community of San
Mateo. The Point Lookout Sandstone is a massive sandstone unit that forms
the caprock of San Mateo Mesa. Several miles north of the project area,
wells completed in the Point Lookout Sandstone yield about 20 gpm, on

the average, of good to fair quality water.

The Crevasse Canyon Formation consists of three members - the Gibson Coal
Member Dalton Sandstone Member, and Dilco Coal Member, in descending order.
The Dilco Coal Member is separated from the other two by the Mulatto
Tongue of the Mancos Shale, and in many areas forms a single aquifer

with the underlying Gallup Sandstone. Few wells tap the aquifers of the

Crevasse Canyon Formation.
The Gallup Sandstone is the basal unit of the Mesa Verde Group. It
yields water to a few wells northeast of the project area, but the quality

is generally fair to poor and the water i: suitable only for livestock use.

Dakota Sandstone. The Dakota Sandstone is a yellowish-gray, massive,

well-cemented quartz sandstone. Locally, the sandstone is interbedded

with carbonaceous shales and conglomerates. Thickness varies (40 to 85
feet) beneath”the site due to lateral lithologic gradation and intertongu-
ing with the overlying Mancos Shale. Locally, the Dakota aquifer is hydrau-
lically connected to the Westwater Canyon Formation below. Wells that

839 326
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tap the Dakota for water supply generally yield 1 to 10 gallons per
minute (gpm); however, depressurization wells of the mine site have bzen
pumped in excess of 100 gpm.

Morrison Formation. The Westwater Canyon Member is the only member

“f the Morrison Formation known to be an aquifer beneath the site. The
Westwater Canyon aquifer comprises fine to coarse, poorly sorted, feids-
pathic sandstone. Its thickness ranges from approximately 50 to 200 feet.
This aquifer probably is the second most important aquiier for water
supply in the project area. Wells completed in the aquifer for stock
water supply commonly yield 5 to 20 gpm. Dewatering wells for uranium
mines, however, have pumped several hundred gpm from the Westwater Canyon

aquifer.

San Rafael Group. Little it known of the water-bearing propertics of

the formations of the San Rafael Group. The Entrada and Summerville Forma-
tions probably are the aquifers with greatest pctertial for development
within the group. These formations are fine-graine. massive, cross—-bedded
sandstones containing lenses of claystone, siltstone and limestone. Wells

tapping these aquifers for stock and domestic supplies generally yield
as much as 20 gpm.

Chinle Formation. The Chinle Furmation consists of 300 to 500 feet

of varicolored clay and siltstone, interbedded silty sandstone and coarse-
grained to conglomeratic sandstone. The sandstone and silty sandstone
units generally yield low to moderate supplies of water (less than one
gpm) to wells for stock and domestic supply. Locally, large water supplies
for irrigation can be pumped from the lower units of the aquifer.

San Andres Limestone and Glorieta Sandstone. The San Andres Limestone

and Glorieta Sandstone, formerly classified as i member of the San Ardres,

together comprise the most productive aquifer of the region. These

§39 427
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0 formations consist of massive, dolomitic sandy limestone with interbedded
sandstone and medium grained, well-sorted, hard to soft sandstone, re-
spectively. The San Andres aquifer generally yields more water than
the Glorieta aquifer, but the individual and/or combined yields are
adequate for irrigation, industrial and municipal supplies. Well-connected
cavernous zones and solution channels which help create relatively high
transmissivities contribute to the resulting high yields of the San
Andres aquifer.

Ground Water Use. With the excaption of water wells and exploration

boreiioles drilled by Gulf, wells and springs in the region are widely

scattered (Tables 2.6-2 and 2.6-3). Aquifers in which wells are completed

include alluvial deposits, Menefee Formation, Point Lookout Sandstone,

Gallup Sandstone, Dakota Sandstone and Westwater Canyon Member. The

water 15 used primarily for watering livestock and wildlife. Domestic

supply wells are located in the vicinity of San Maico. Overall, however,
‘ the amount of grcund water pumped for all these uses is relatively small.

Of those wells constructed by Gulf for industrial uses, only one (Sample
No. 1, Table 2.6-4) has been used regularly for potable water supply.
The present water production from this well is 160 gpm. Weil No. SM
2443, completed in the Westwater Canyon Member, has been intermittently
pumped at 400 gpm for industrial use. The remainder (approximately

15 wells) are to be used for testing of hydrologic properties of the
aquifer.

Ground Vater Occurrence and Movement. Of the aquifers described above,

the Westwater Canyon Aquifer is of greatest potential importance to

the proposed milling activities. The aquifer can yield relatively large
amounts of water, as evidenced by tle production from mine dewatering
welis. The aquifer also yields water of relatively good quality (Table
B-10 in Appendix B). In this area, water in the Westwater Canyon generally

218 839 528




r.bl. 2 06-2 .

RECORD OF HISTORICAL WELL SAMPLE POINTS

Total Depth to
Elevation Depth Water Table Date
No. Location® Owner (fe) (fe) (fc) Measure. Remarks
1 13.8.14.422 I. Michael 7,180 200 71.5 9-10-62 Stock well.
56 10~-18-72
2 13.8.22.242 lee Ranch 7,110 - 37.5 10~23-62 Ranch hdqrs. well;
33.3 10-17-72 old Fernande: Co.
39.6 530-73 V.L. measured 5-30-73
after 11 min recovery.
3 13.8.23.401 H. Marque:z 7,180 2 3s8.2 9-i1-62
s 10-17-72
5 ~2-73
N 13.8.24.22 A. Candelaria 7,320 - 140.7 9-10-62
195 10-17-72
184.5 6~2-73
s 13.8.24.334 N. Marquez 7,295 200 40 before 1962
6 13.8.24.3% F. Gonzales 7,290 200 50 before 1962
? 13.8.24 .33 N. Marque:z 7,300 140 89.5 9-10-62
8 13.8.25.112 J.T. Gonzales 7,320 150 43.0 9-10~-62
S 13.8.25.114 E. Miclael(s) 7,310 120 35.9 9-11-62 Water frow gravel &
» 13.8.25.114 E. Michael(d) 7,310 250 80 10-11~-72 sandstone. Well b, 3
yrs old.
10 1).8.25.111 P. Pena 7,295 2 19.5 9-11-62 Dug well (72" dia-
meter),
1la 13.8.%6.221 Community of 7,280 336 a FPor well a, vater wvas
San Mateo(a) reported above 100°
but was sealed off.
11 13.8.26.221 Community of 7,240 200 32.8 10~24~72 Well b probably
Sac Mateo(d) being repaired aodified well a.
12 13.8.26.211 P. Sandoval 7,215 40 33.2 9-11-62 Dug wel. (84" dia-
34 10-18-72 meter).
32 ~2-73
13 13.%.2¢.221 N. Marque: 6,19 80 56.5 12-6~57
14 13.9.24222 Calumet & Heclas, 6,910 80 56.6 12-6~57 Exploratory drill
Inc. hole.
15 13.8.25.114 J. Hope 7,29 35 27 10-11-72 Shallow dug well.
broken 6~2-73
16 13.7.33.234 Culf water well 8,400 1500 400+ 9-29-72 Located in Colorade
e, prox. Canyon.
17 13.7.30.432 Culf *1980 <300 Abandoned well
SM244) 13.8,24.412 Culf 7,350 8-26-76 on Sen Mateo mesa.
No data.
® 14.8.12.234 Lee Ranch - - - 6-1-72
19 14.8.15.433 Polvadera (Lee - 1320 - 9-2-71 Tapping Mancos.
Ranch)
20° 13.8.17.241 Lee Ranch - - - 6-1-72
a® 13.6 27,124 - - - - 6=1-72
2b 13.8.33.234  Bica - 600 - 6-1-72
Source: MNew Mexico Eanvironmental Institute, 1974,

*ror explanation of well-numbering system, see Pigure B-1.
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Table 2.6~3. RECORD OF HISTORICAL SPRINGC AND SURFACE WATER SAMPLE POINTS

Elevation Yield )
No. Location® Owner or Name (ft) Flow (u’-)b Date Remarks
B 13.7.9.441 San Lucas Canyon 7,880 50E 10-23~62
25. ™ 10-24~72
SE 5-31-73
c 13.7.9.43) American Canyon 7,810 5CE 10-23-62
(west of B above. =2M 10-18-72
>100M 10-24-72
SE 5-31-73
D 13.7.20.121 San Lucas Spring 7.850 208 R-20-4£2 S2rics of small sceps.
9.8M 9-29-72
15.3M 10-11-72 After l-inch of raia.
12. 14 3-14-73
14.94 5-31-73
4 13.7.31.414 San Mateo Springs 8,120 250-300E 10~24-62 5 springs of 25 gpm flow
& many small springs
(14°C 6-2-73).
¥ 13.7.19.242 Maruca Spring 7,850 trace 9-29-72
Q 13.8.21.424 Bridge Springs 7,035 18.9% 10-18-72
‘ 31.0M 3-14-73
11.3M 6-2-73
E| 13.8.28.141 South Bridge 7,015 4. 6M 10-17-72
Springs 26,4 3-14~73
18.94 6~-2-73
1° 13.7.6.322 San Lucas Valley - - 6~1-72
Spring
¥ o 13.8.25.4:4 §.~ Mateo Dam - - 6~1-72 Surface sample.

Source: New Mexico Eavironmental Institute, 1974.
*For explanation of vell-numbering system, see Figure B-l,
bz-!oti-ntod; M-Measured.

“Data Supplied by Kerr-McGee Corporation.
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Table 2.6~4.

RECORD OF MARCH AND DECEMBER 1976 WATER QUALITY SAMPLE POINTS

DEPTH OF

HIST. weC SURFACE DEPTH TO hasn
SAMPLE  SAMPLE WELL rLEv WATER WELL Conot
NO. NUMBER LOCAT1O8 OWNER (re) (r1T) (rr) AQUIFEZR wsh o
|
WELLS
- s-1 13.8,24.412 GMRC 7,350 260 800 Poiat Lockout S8 3
2 5-4 13.8,22.242 Lee Ranch 7,110 4“8.39 Menefea Formstiom J
- 13.8.11.321 Cattlemen's Assoc. 7,190 76.90 192.3 Menefee Formatiom |
- 13.8.14.422 GMRC 7.180 Menefee FPormaticn
s-7 14.7.19.221 Lee Ranch 6,920 Floviag Menefee Porazation, 3
Point Lookout §8 |
- 14.8.6.334 Lee Ranch 7,210 >500 Menefee Formation
-8 13.8.24.144 C. Trujille 7,280 160 Menefee Formation
5-9 13.8.24.342 F. Candelaria 7,310 15 250 Menefee Forzatios
- 13.8.23.413 H. Marques 7,180 33.98 78.9 Menefee Forzatiom
3 s~10 13.8.23.431 B. Marques 7,180 Menefee Forszation
12 s-11 13.8.26.211 P. Sandoval 7,215 3.8 Mepefee F2., Alluvium
5 s-12 13.8.24.3348 K. Marquez 7,295 1.3 Menefee Forsation b
4 £-1) 13.8.24.22)3 A. Candelaris 7,320 Menefee Formation
S-14 13.8.24.16) A. Candelaria 7,260 285 Menefea Formation
9 s-1% 13.8.25.114 E. Mitchell 7,290 103.87 Point Lookout S8
s-1é 13.8.14.422 CARC 7,1% Mevefes Formatiom £
- 13.7.30.421 CMRC 8,260 >509 4,207 Morrison Formstios
16 - 13.7.33.2% CMRC 8,400 >500
- 13.8.26.221 San Mateo 7,280 Point Lookout &S
s-19 13.8.24.342 F. Candelaria
5-20 13.8.25.121 San Mateo 7,320 269.35% Point Lookout S8,
Menefee Formation
$-22 13.8.24.412 GMRC 7,350 700 2,000
SPRINCS
§-5 13.7.20.121 Forest Service 7,850 Tertiary Volcanic
S-6 13.7.9.441 Forest Service 7,880 Tertiary Volcasie
s-17 13.7.19.342 Forest Service 7,850 Tertiary Volcanie H
5-18 13.7.28.13 Lee Ranch 7,908 Menefee Formation 4
Q $-21 13.8.21.423 Lee Ranch 7,033 Menefee F., Alluviua 7
s-28 13.7.9.441 Forest Service 7,880
SURFACE
WATER
$-2 13.8.25.442 7,520 1
J 5=3 13.8.45.414 7,460 1
s-27 13.8.21.433 7,290
NOTES:

a TYPE OF CHEMICAL ANALYSES
(A) fiandard Chemical snd Heavy Metals
(B) T..al Suspended Solids
(C) Molybdenum sad Vanadium
(D) Radiochemical

(E) Lead - 210

0OR

£~

BSOURCE OF ORIGINAL WELL DATA
(A) New Mexico Environmental Institute, 1974,
(8) Cooper snd John, 1968,
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SAMPLING PERIOD

. 1976
SOURCE OF
IVITY TenP CONDUCTIVITY TENP RCO p¥ ORIGINAL
% o8 /cm % ulf (UNITS) REMARLS wviLL oatal®)
n 50 .3 3 83 SPLIT SAMPLE (Dec. oaly)
Suppl
1 100 1.5 290 8.2 et
Windmill Brokes 8
2 Bup A
16.5 -
Pump Not Workiag »
9.5 850 12.5 Ll 9.7 ALC,D
i0 A
b 400 9 340 1.5 A AR
8.3 A No Pusp A8
10 800 s 546 B4 A “s
10.3 1,250 10 814 8.2 A A
12.5 A Split Saemple (March only)
12 A A
1.5 A
No Pusp
Pump House Locked A
014 Municipal Well, Ko Pusp
Duplicate of Saaple 9 AR
13.5 1,000 12.5 812 8.9 Municipal WYell, Split Sample (March only)
1,050 50 334 8.7 GMEC Hot water well
9.5 180 3.3 152 .8 A
5.3 800 5 902 1.6 A
b A
9
S A
800 3. 930 8.1 Duplicate of Sample 6
8 San Mateo Creek
3.5 150 3 iis 6.4 San Raieo Resaivoir 4
1,600 5 502 9.7 San Mateo Creek At Rr. 53

il
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18 under artesian pressure (confined). Th  -adient of the piezometric
surface beneath the site appears to slope easterly; thus t.e overall

direction of ground water flow is easterly.

Shallow aquifers in the region, particularly the Quaternary alluvium
and volcanic deposits, contain water under water table (unconfined)
conditions. This is evidenced by the occurrence of springs, many of
which are intermittent, discharging from these deposits. Many of these
springs probably represent local water table or perched ground water
conditions, and are caused by impermcalle shale-siltstone units that
interrupt vertical water infiltration forcing water to move horizontally

toward the valley walls.

The regional aquifers probably are recharged by infiltration of preci-
pitation falling directly on their outcrop areas south and west of the pro-
ject area. The main source of recharge is probably by infiltration of
runoff in stream valleys where the alluvium has hydraulic connection

with the aquifers or by direct percolation where streams cross outcrop

areas.

Natural ground water discharge occurs principally from springs located

in stream valleys. The discharged spring water generally flows a short
distance downstream before evaporating or seeping back into the aquifer.
Yields from domestic and stock wells account for relatively smail quanti-

ties of ground water discharge.

Quantitative Hydrologic Testing. Gulf has collected detailed pump test

and water level monitoring data in the area (Dames and Moore, 1972;

McGlothlin, 1972). These data were primarily collected to determine geo-
technical and ground water conditions beneath the site. Some data have

also been collected related to depressurization for shaft sinking.
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The testing indicated that ground water occurs in each of the sandstone
beds below a depth of 270 feet. The water in each sandstone layer is
confined; however, in some instances, where the intervening shale layers
are thin and juinted or fractured, the sandstone aquifers appear to be
interconnected. In these cases, the entire thickness of the intercon-
nected layers was considered to be a single aquifer with greater hori-
zontal than vertical permeability. Estimate: from available data indi-
cate rhat the vertical permeabilities through the fractures in the shales
are 1/10 to 1/50 of the horizontal permeabilities and only very small

flows of water occur in vertical directions.

Based on laboratory and field permeability tests, it appears that a
significant but highly variable portion of the total water flow occurs
along fractures in the aquifers. This is particularly true in the lower

portion of the Point Lookout, Gibson and Dakota Formations.

From the results of hydrologic testing, there is an apparent easterly
slope in the pressure gradient in the Westwater Canyon aquifer.

Drill stem and injection tests were conducted on aquifers penetrated by

the pilot hole for the mine shaft. The results show that sections of

the Westwater Canyon Meaber have a permeability of up to 1300 millidarcys
(md) (McGlothlin, 1972). This value agrees wit similar data obtained

from the Westwater Canyon in the Ambrosia Lak: area, which yielded permea-
bilities on the order of €80 md (Jacob, 1957). Recent data suggest that the
overlying Dakota Formation may locally have a permeability as high as 900
md (Gulf intermal communication, May 6, 1977).

The Point Lookout Saudstone, with a permeability of 170 md, is the only
other tested formation having a permeability greater thsn 50 md (Dames
and Moore, 1972). Recent data suggest that the effective permeability of
the Point Lookout Sandstone may be as high as 400 md (Gulf internal com-

339 534
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munications, May 6, 1977). The Menefee was not tested for permeability
in the field, but laboratory tesis inl‘cate that the 4Yenefee may contain
thin sandstone beds with permeabilities of the same ovder of magnitude

as the Point Lookout Sandstone.

A comparison of historical water level data (Cooper and John, 1968; New

hexicc Environmental Institute, 1974) and data from Gulf files indicate

that the water levels in wells completad in shallow aquifers have varied
little with time even under pumpiug from deeper aquifers.

La Polvadera Canyon Tailings Impoundment Area.

Site Selection. The primary concern in selacting a tailings im-

poundment site was control of pond seepage. La Pclvadera Canyon itself was
selected as a desirable area because of its remoteness from water supply
sources and other activities. Within the canyon, geologic structure

is the controlling factor with respect to seepage and has served

to limit the number of possible dam and pond sites. It is desirable

to avoid the steeply dipping flinks oi San Mateo Deme (Figure 2.4-1)
because the rocks are more permeable and more sandstone un’ts would

be truncated and exposed to seepage. The most suitable area for tail-
ings impoundment development is the central part of the canyon where
beds are relatively flat-lying along the crest of the dome. Seepage
analyses indicate that, with the exception of the fault zone on the
north side of the pond, the proposed tailings area can be used with-

out lining (See Seepage Evaluation in Section 3.4.2).

Existing Ground Water Conditions. Very little direct information

is available on existing ground water conditions in La Polvadera Canyon
or the immediate vicinity. However, the geologic mapping of the San
Lucas Canyon Quadrangle published by the U.S. Geological Survey (Santos,

1966) permits extrapolation from other areas to the south where the

a39 390
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same stratigraphic units occur. Well information in the area is very
scarce and must be considered of questionable rellability. The Polvadera
well is located in the canyon at Elevation 7,180 feet, southwest and
outside of the proposed tailings pond. It was originally drilled as

an oil and gas test hole 1,320 feet cdeep and the yield, .eported to

be 1 to 2 gpm, is used to water stock. According to Cooper and John
(1968), this well taps the Mancos Shale, but the well may also penetrate
the Dakota Sandstone and the Brushy Basin Member of the Morrison Formation.
There are twc other stock we’ls just outside of La Polvadera Canyon

to the northwest (SW1/4, Sect. 4, T14N, R8W) and to the northeast about
one mile north of Laguna Polvadera. The well to the northwest reportedly
produces from the Dalton Sandstone and the well to the northeast probatly
produces from the Point Lookout Sandstone.

I[f the data from the Polvadera Well are correct, the depth to ground
water beneath La Pol-adera Canyon ranges from 500 feet at this well to
an estimated 300 feet at the canyon mouth, where land surface is some
200 feet lower. The 2lluvial deposits in the canyon are unsaturated,
except perhaps fo- some minor perched zones bencath intermittent stream
channels. None of Lhe test holes drill:i during the geotechnical inves-
tigation enccuntered saturated solis nr rocks and all of the materials

penetrated appeared to “e very dry, prubably well below field capacity.

The pvinzipal aquifers beneath the canyon areas are the Dakota Sandstone
and underlying sandstone members of the Morrison Formation. The top

of the Dakota Sandstone occurs at a minimum depth of approximately

90U feet beneath the surface. It is separited frorm overlying alluvium
sandstone units by over 800 feet of the Mancos Shale, which acts as an
aquiclude. Along the flanks of the Sa. Mateo Dome the Gallup, Dalton,
and Point Lookout sandstones plunge beneath the surface to depths where
they are saturated and prcbably act as aquifers outside the canyon

area to the north and eas*.
839
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Geologic structure is expected to control ground water movement. The
sandstone units are interbedded with shales which severely limit inter-
connection across bedding planes, especially beneath the main part of La
Polvadera Canyon where beds are relacively flat-lying near the crest of
the dome. Along the flanke of the dome, such as zt the mouth of the
canyon, the rock uilts are relatively intensely jointed and faulted,
which may permit limited vertical seepage adjacent to these zones in
some cases. It is doubtful that this fracturing would persist through a
thick, relatively plastic shale unit such as the Mancos Shale.

There is no evidence of any ground-water recharge within La Polvadera
Canyon except possibly near its mouth. The dry nature of the alluvial
soils, which are up to 80 feet deep, suggests that there is not enough
precipitation in excess of 2vapotranspiration even to develop a sizable
perched water table, muct less to penetrate to the satutated zone.
However, along the flanks of the dome, fractured sandstones forming hog-
back ridges are exposed and there could bc some recharge by direct pene-

tration of precipitation in these outcrop areas.

As mentioned above, the three existing wells in or near La Polvadera
Canyon are used for stock watering. There are no historic data avail-
able on the quaiity of ground water in the area, but presumably it is

adequate for stock and domestic uses.

Field Permeability. Much of the exploration program effort was

placed on obtaining reliable field permeability data for the pond seepage
analysis. Three methods were used to perform field tests in bore holes.
The water inje:tion tests and the falling-head tests provided more reliable
data for seepage estimates. The shallow (10 to 15 feet) field permeameter
tests produced data with a wide scatter of results that reflected the

higher permeabilities at these depths, where fractures are open. The

injection and falling-head tests provided more useful data because they
e =8
839 53/

2~106



are more representative tests of the rock units involved in making seepage

estimates and they are not limited to surficial materials.

Figure 2.6-2 shows the distribution of permeability data with relation

to stratigraphic position for all field tests. Each point was selected

at the midpoint of the test interval. There is a tendency for permea-
bility to decrease with depth in the Dilco and Gallup units, and all

of the anomalously high values are at shallow depths, either along

ridge tops or in the Gallup Sandstone next to a deep, buried channel

1ere stress relief and open fractures are at a maximum. Table 2.€-5
summarizes the injection and falling-head tests and Table 2.6~6 summarizes

the shallow field permeameter tests.

Three field permeability testing methods were used because it is dif-
ficult to obtain consistent and reljable results for unsaturated materials
with any one technique. Water-injection tests were particularly
difficult, and standard procedures had to be adjusted sub~tantially.

Much longer than normal test periods were required before injection

rates stabilized. Also, there was a tendency for the shales to hydro-
fracture along partings or for existing fractures to be forced open

under pressure. This was indicated by sudden pressure drops and increased
injection rates. The extent of hydrofracturing was apparently limited

in most cases, because injection rates decreased within a short time

and in some rases flow was reversed (possibly due to swelling clay
shales). As a resul*, injection tests had to be evaluated carefully,

anu where definir .dications of hydrofracturing occurred the test

data were adjusted or eliminated. However, even with the adjustments,

the results tend to indicate higher permeabilities than are actually
the case.

The falling-head tests were run over much longer periods of time (24

hours or more) and are subject to fewer variables, although there is
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Table 2.6-5.

SUMMARY OF WATER-INJECTION AND FALLING-HEAD TESTS

LA POLVADERA CANYON TAILINGS DISPOSAL AREA

Depth from Permeability
Hole No. Formation Surface (ft) Type of Test (fe/yr)
19 Gallup and Mancos 61.25 - 86 Falling Head 0.18
Gallup and Mancos 65 - 86 Injection 0
Mancos 77 - 86 Injection 0.7
Mancos 89 - 119 Injection 0
25 Gallup 23.3 39 Falling Head 1.87
Gallup 28 - 39 Injection 0
Gallup 29.5 - 139 Fal.ing Head 2.15
Gallup 30.7 39 Falling Head 1.72
26 Dilco~Ga''up Transitio-. 17 - 27.5 Injection 1,127
Gallup 28 - 39 Injection 66
Gallup 36.9 - 39 Falling Head 58.75
Gallup 38 - 3 Falling Head 70.35
27 Dilco-Callup Transition 22 - 33.5 Injection 0
Gallup 45.5 - 58.5 Falling Head 0.15
Gallup 36 - 47.5 Injection 5.0
Gallup 44 - 58.5 Falling Head 2.17
Gallup 48.3 - 58.5 Falling Head 3.77
Gallup 47.5 - 58.5 Injection 0
30 Dilco 26 - 37.5 Injection 12
Dilco 36 - &7.5 Injection 5
Dilco and Dilco-Gallup
Transition 33.3 - 59 Falling Head 5
Dilco and Dilco Gallup
Transition 42,5 - 59 Falling Head 1.43
Dilco=~Gallup Trasition 48 - 359 Injection 4

2-109
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T.ble 2 16-50

(continued)

Depth from Permeabilitv
Hole No. Formation Surface (ft) Type of Test (ft/yr)
31 Dilco a.5 - 33 Injection 1,201
Dilco 48.5 - 60 Injection 1
Dilco 58.5 - 80 Injection 1
Gallup 81.5 - 103 Injection 6.2
Callup 87 - 130 Falling Head 0.91
Gallup 96.5 - 127.5 Injection 8.6
Gallup 101.5 - 130 Falling Head 1.03
Gallup 127 - 168.5 Injection 1.5
Gallup and Mancos 115 - 190 Falling Head 0.35
Gallup and Mancos 127.2 - 190 Falling Head W2
Gallup and Mancos 146.4 - 190 Falling Head 04
Mancos 168.5 - 190 Injection 0
32 Dilco~Gallup 56.5 - 68 Injection 0
Transition
Gallup 71.5 - 103 Injection 1
Gallup 106.5 - 138 Iujection 11.3
Gallup and Mancos 136.5 - 148 Injection 0
Mancos 149.5 - 160.5 Injection 0
33 Gallup and Mancos 83 - 120 Injection 0
Mancos 104 - 120 Injection 0
34 Gallup and Mancos 59 - 160 In jection -
Gallup and Mancos 113.5 - 160 Falling Head 0.05
Mancos 134 - 160 Injection 0
41 Dilco and Gallup 19 - 100 Injection 56
Gallup 33 - 100 Injection 1.4
GCallup 68 - 100 Injection 33
Gallup 78 - 100 Injection 11
Gallup 93 - 100 Falling Head 3.67
42 Dilco 18 - 39 Injection c
Dilzo 25 - 3 Falling Head 0.23
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Table 2.6-5. (concluded)

Depth from Permeability
Hole No. Formation Surface (ft) Type of Test (ft/yr)
43 Dilco and Gallup 18 - 69 Injection 24,5
Dilco and Gallup 32 - 68 Injection 19
Cellup 47 =~ 68 Injection 21
. Mulatto and Dilco, 8 - 39 Injection 1,135
near fault zone
Fault Zone 23 - 3 Injection 1,400
45 Mulatio and Dilco, 18 - 79 Injection 0.56
near fault zone
Dilco, near fault 8 - 7 Injection 1.7
zone
Dilco, near fault & =79 Injection 0
zone
Dilco, near fault 32.1 - 79 Falling Head 0.03
zone
46 Mulatto 3 - 50 Injection 592
47 Dilco 39 - 60 Injection 0
Dilco 14,5 - 60 Falling Head 1.14
48 Dilco, western 3 - & Injection 917
extension of east-west
fault zone
49 Dilco and Gallup 54 = 100 Injection 0
Gallup 47 - 100 Injection 0
50 Gallup 41 -~ 58 Injection 0
Gallup 39 - 7 Injection 1.76
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Table 2.6-6. SUMMARY OF FIELD PERMEAMETER TESTS2

Permeaneater Tested

Hole Interval Permeability

Number Locat! m (fe) Formation (ft/yr) Comments

wr-1 Proposed dam axis® Caliup Sandstome Test not done to =ilting
from runoff; repl: ced by
wP-12.

WP-2 Proposed dam axis 4 - 13.5 Galle, Sandstona 38 Intake of water exceeded
capacity of permeameter

wp-3 Proposed dax axis 3=13 Dilco Coal Meubde >890 valve. Permeability valve
based on valve capacity.

WP-4 Alternative dam axis® 5 - 13,5 Dilco Coal Member 16

WP-5 Alternative pond 3 - 135S Dilco Coal Meaber 417

W6 Alternative dam axis 3 =135 Dilco Coal Member 4

-7 Alternative dam axis 5 =-12.5 Dilco Coal Member 13

wP-8 Alternative dam axis 5-13 Dilco Coal Member S

wP-9 Alternztive danm axis =133 Cilco Coal Member 538

wP-10 Proposed das axis S-1 Dilco Coal Member 448

wP=11 Proposed dam axis 5-13 Dilco Coal Member 8

. wP-12 Proposed dam sxis 9 -18.5  Gallup Sandstone 4 Replaces Test WP-1,

wP-13 Proposed dam axis $-13 Dilco Coal Member 2

wP-14 Proposed dam exis & =-15 Dilco Coal Member 7

wP-15 Alternative pord S =-17 Dilco Coal Meaber 199

WP-16 Alternative pon¢ 5 - 18 Dilco Coal Member »>334 Intake of water exceeded
capacity of permeameter valve

wP-17 Proposed pond 5~-18 DPilco Coal Member >384 Intake of water exceeded

) capacity of permeameter valve.
wr-18 Proposed pond 3=-13 Dilco Coal Member 76

8. USBR Designation E-19, 1974, Earth Manual, U. S. Buresu of Reclamation. Tests conducted from
July 26 to August 10, 1977,

b. ¥ oad 6A.

c. Pood 8A.

§39 544
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less flexibility in isolating zonmes for testing. In general, however,
there was gocJ agreement between falling-head *ests and injection

tests. The field permeameter test results (E-19 tests) are probably
reliable, but they were limited to the upper 10 :> 15 feet of weathered
rock. In this zone joints were consistently more open, which resulted
in generally higher permeabilities. Most of these tests were run along
abutment ridges where stress relief resulting in open fractures is the
greatest. Also, rocks in this shallow zone are more exposed to leaching
of soluble cementing minerals (calcite and gypsum). These shallow, per-
meable zones will be blanketed by the tailings dam embankment, which
will be designed to cover the upstream slope of abutment ridges with
impervious fill materia.

The measured field permeabilities probably reflect near-horizontal or
bedding-plane directions. Observations of cores indicate that steeply
dipping joints below 20 or 30 feet in depth do not persist across c:hick
shale beds. This may not always be the case, but it is logical, since
the sandstones are more br.ttle and subject to fracturing, whereas the
shales tend to deform plastically. Fractures observed in shales of the
Dilco unit at depth contain a solid filling of large gypsum crystals

and appear to be very tight. No fractures were encountered in the Mancos
Shale. Fracturing adjacent to fault planes may be more persistent with

depth, but even this is questionable in the case of the main body of
the Mancos Shale.

From the field permeability test weighted average permeability values

were developed for use in pond seepage analyses. The field permeameter
tests vere not used because they represent only near-surface conditions.
In addition, six exceptionally high pressure test values were eliminated
because they represented either shallow tests along ridge tops or tests

in fractured rocks along :the east-west fault zone near the northern margin

of the proposed tailings pond. (The fault zone area will be lined and
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the other locations will be covered with embankment material.) From the
remaining data, weighted average permeabilities were calculated for the
Dilco, Gallup, and Mancos units.

The weighted average permeability calculated for the Dilco Coal Member
of the Crevasse Canyon Formation is 4.43 feet per year. The values
recorded ranged from 0 to 56 feet per year. The weighted average perme-
ability calculated for the Gallup Sandstone is 9.25 feet per year.

The values used ranged from O to 70 feet per year. For the Mancos
Shale, the calculated weighted average permeability is 0.05 foot per
year. Table 2.6-7 gives a comparison of these weighted average values

with permeability values obtained by Gulf tor shaft dewatering at San
Mateo.

Table 2.6-7. LA POLVADERA CANYON AND SAN MATEO FIELD PERMEABILITIES

(feet per year)

Geologic Unit La Polvadera Canyon San Mateo
Dilco 4.4 5.3
Gallup 8.8 31
Mancos 0.05 a

®The main body of the Mancos Shale was not tested, but the Upper Tres
Hermanos Member had a permeability of 0.27 foot per year.

There is close agreement for the Dilco unit, and a range of 9 to 31

feet per year for the Gallup Sandstone is reasonably gcod. No at-
tempts were made to average these numbers for purposes of seepage analy-
sis, but these permeability values were simply used as an approximate
range for the Dilco and Gallup units, and the Mancos shale was assumed

to be essentially impermeable.

g39 40
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2.6.2 Surface Water

Surface water from the mill and tailings pond sites flows overland
in in easterly di - :tion into San Lucas Canyon, a tributary of San Miguel

Creek.

Then the drainage trends generally in a nortr.ieast direction to Arroyo
Chico and eventually merges with the Rio Puverco. The Rio Puerco joins
the Rio Grande near Bernardo, approximatcly 45 miles south of Albu-
querque, New Mexico. These drainage patterns are chown on Figures 2.6-3
and 2.6-4, which have been marked to indicate the course along which

water from the project area would flow.

This region of New Mexico is arid to semiarid; precipitation ranges
from approximstely 10 to 12 inches per year in the project vicinity to
about 20 inches per year near Mt. Taylor (New Mexicc State Planning Office
19€7; Juan et ai., 1973). It should be noted that the Mt. Taylor region
‘ appears as an "islana" of hig.. :recipitation. Much of the annual precip~-
itation occurs “rom brief thunderstorms of high intensicy which often
cause flooding and extreme peak discharges. This has resulted in a land
surface incised by many pronounced drainage channels, most of which are
usually dry. Stream discharge records are sparse and often inaccurate
and/or misleading. Average annual runoff varies from approximately 0.1
to 5 inches in the region (New Mexico State Planning Office, 1967). Typi-
cally, about 40 percent of the annual rainfall occurs in July and
August when temperatures and evaporation rates aie high and soil moisture
is low. These factors are largely responsible for the low annual runoff

rates.
The nearest gaging stations operated by the U.S. Geological Survey are
approximately 30 miles from the project area. These include stations

on the Rio Puerco above Arroyo Chico near Guadalupe, New Mexico, Arroyo

Chico near Guadalupe, New Mexico, Rio San Jose at Grants, New Mexico,
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and at Grants Canvon at Grants, New Mexico. Data for these stations over
their periods of record showed an average annual runoff of less than

0.1 inches per year for the Rio San Jose to nearly U.5 inch per year

for the Rio Puerco (U.S. Geological Survey, i976). Data collected by

New Mexico Environmental Institute (1974) indir . that for San Mateo
Creek, a perennial stream, the annual runoff i: on the order of five inches
over year. Colorado Canyon, an epher:.al stream, has an estimated run-

off of 2.5 inches per year. The mean annual runoff for the above two
streams was estinated using relationships developed for California Streams
which may not be representative of those in the Mt. Taylor area. The

data cited above, “owever, do tend to confirm that runoff from the higher
elevations of the Mt. Taylor area is greater than that from the lower
elevations. We would expect average annual runoff at the project area

to lie within the limits given by these data.

Hydrological investigations of the project area included the theoretical
determination of volumes for the 100-year and probable maximum precipitation
(PMP) storms. The PMP is the amount of rainfall resulting from the most
critical meteorological conditions that are considered likely to occur.

The magnitudes of the various storms are based on precipitation data

from Miller, Frederick and Tracy (1973). The PMP estimated for the project
area is 16.5 inches for a s%orm of 6 hours duration and 20 inches for

a 24-hour duraticn storm. For these durations, the estimated 100-year

precipitation values aie 2.5 inches and 3.4 inches, respectively.

Predictions of peak flood discharges and volumes invclve consideration
of such factors as amount, intensity, and duration of rainfall, size
and shape of the watershed, soil conditiors, and vegetation. Es*imates
of the amount »f runoff that could be expected from the 100-year and
PMP storms we.e based on methods currently employed by the U.S. Soil
Conservation Service (1972). In general, the upper watershed soils

in the project area fall into Soil Conservation Service (sCs)

.4\
.

)
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hydrologic groupings B and C, while the lower wate :shed soils have Leen

classified as soil groups C and D. The SCS hydro .ogic cover complex,
or vegetative cover, falls into the juniper-grass category. These
areas are usually mixed, with varyiag amounts ¢ ‘uniper, pinon, grass,
and cholla cover, or they may be ;redominantly one of these types.
Because of the higher annual precipitation, grass cover is generally
heavier than in desert areas. Juniper grass is typical of mountain

slopes and mesas of intermediate elevations.

2.6.3 Water Quality

Water quality sample locations within the project area are shown on
Figures 2.6-5 and 2.6-8. Water quality data from the locations shown
on Figure 2.6~5 and 2.6~8 are summarized on Figures 2.6-6 and 2.6-7,
¢1d on Figures 2.6-9 and 2.6-10, respectively. The individual aculyses
a e presented in Appendix B, Tahles B-1 through 8-10.

Gen:'rally the wells samplec are completed into the Menefee aquifer and
a few tap the deeper Point L okout Sandstone. Other wells that were
sampled in the vicinity of San Mateo tap alluvial deposits. Springs
sampled in the highlands east of the area discharge from the Tertiary
volcanic deposits while ciher springs dischargc from the Menefee Forma-

tion. No ~-.ifers were saupled below the Poinr Lookout aquifer.

The results of the chemical analyses indicate that there generally are
two water types iu the project area: (1) sodium bicarbonate, and

(2) calcium bicarbonate. Total dissolved solids of these waters range
from approximately 100 to 1500 mg/l.

It appears that no significant difference is present in water from wells
penetrating different aquifers. Most well water i- e sodium bicarbeonate
type. Water discharging from springs in the volcanic deposits, however,
tends to be calcium rather than sodium bicarbonate type. Water discharging

g39 591
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Figure 2.6-10.

SUMMARY,

WATER QUALITY ANALYSES,

SPRING AND SURFACE WATER SAMPLES,
MARCH & DECEMBER 1976 SAMPLING PERIODS
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from springs in the Menefee aquifer is calcium bicarbonate. Some

wells have high, but not dominant, sulfate concentrations. Comparison

of the historical sampling with recent sampling indicates that the well
and spring water have maintained the same relative concentrations of
chemical parameters. The more recent water analyses, however, have shown

lower total dissolved solids than in past years.

The quality of water in the Menefee aquifer is generally classified
as good. The total dissolved solids concentration of this water is
usually less than 1000 mg/l. Although a few parameters exceed water

quality standards, the aquifer is a source of potable water supply.

Few water supply wells are drilled into the Westwater Canyon aquifer
near the project area. Well water that was tested from this aquifer

at a location (approximately four mi.les west of the site) con.ained 362
mg/l total dissolved solids. However, gross beta and radium-226 con=-
centrations were 35 pCi/l an- 8.5 pCi/l, respectively. Mu icipal

water supply wells completea fn the San Andres-Glorieta aquifer and
springs discharging from the alluvial and volcanic aquifers all yield
relatively good quality water.

As mentioned previously, ground water in the project area is primarily
used for watering livestock and wildlife and it is ancticipated that these
uses will continue in the future. In addition, ground water will be

used for human consumption and industrial process water. There are
specific state and federal limitations applicable to drinking water
(Table 2.6-8). In addition, the Environmental Protection Agency has
published water quality criteria for a variety of uses, including live-
stock and wildlife consumptirn (EPA, 1976), and the New Mexico Eaviron-
mental Improvement Division i.stituted irrigation standards in 1977

(Table 2.6~9). There are no criteria for industrial process water.
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Table 2.6~9. RECOMMENDED CRITERIA FOR SELECTED, WATER USES®

AND EXISTING NEW MEXICO STANDARDS®
Livectock® wildlife® Irrigation Usage®
Constitutent Consumption Consumption of Cround Water
pH - 6.0 - 9.0 -
Alkalinity - 30 - 130 -
Al 3.0 - 5.0
As 0.2 - -
Be No Limit - =
B 5.0 - 0.75
Cd (ug/l) 50.0 - -
Cr 1.0 - -
C° 1‘0 - 0.0:
Cu 0-5 o -
F 200 - -
Fe No Limit - -
Pb 0.1 - =
Mn No Limit - »
Hg - Inorganic 1.0 0.5ug/g -
(ug/1) in fish
Mo No Limit - 1.0
Ni - - 0.2
NO4 100 combined - -
NO, and NOZ
Se 0.05 - -
V 001 - .
Zn 25.0 - -
Microorganisms 500 coliforms/100 ml 2000/100 ml -
avg. of a ainimum of
2 sanples/month;
20,000/100 ml individual
sample
Fecal Coliforms 1000/100 ml average of 2000/100 ml -
a minimua of 2 samples/
month; 4000/100 ml
individual sample
Radiocactivity Same as Federal Drinking - -

Water Standards

3Reconmended criteria for these water uses are from U.S. Environmental
Prctection Agency (1973). The latest version of Water Quality Standards
in U.S. EPA's Quality Criteria for Water (1976) does not deal with
these water uses.

bNeu Mexico Envirunmental Improvement Agency, Ground Water Quality
Standards, 1977.

Note: Criteria given in mg/l unless otherwise indicated.
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Results of historical water quality analyses (Tables B-~l1 and B-2) show
that several samples exceed limits recommended by EPA and NMEID (Tables
2.6-8 and 2.6-9). The maximum permissible concentration of 500 mg/l
TDS in drinking water is exceeded by samples from eight wells and one
spring. However, only Sample Nos. 1 (1445 mg/l) and 19 (3460 mg/1)
exceed 1,00 ag/i, the maximum limit set by NMEID. The reccamended
limit of 0.3 mg/l for iron is exceeded by five ground-water sampies and
five spring s.mples. Samples Nos. 1, 9, 11, 12 and B exceed the NMEID
limit of 1.0 mg/l for lroa; sample No. 1 contained 9.0 mg/l, while

the other four rangea between 1.5 and 5.4 mg/l. Sample Nos. 1, 9, 20,
B and G exceeded the recommended limit of .05 mg/l for manganese, while
only Sample Nos. 1, 9 and G exceeded the NMEID limit of 0.2 mg/l;
Sample No. 9 had the maximum concertration of 0.43 mg/l. The maximum
drinking water limit of 2.4 mg/l for fluoride was exceeded by two samp-es,
No. 11 (3.0 mg/1l) and No. 12 (2.8 mg/1). Sample Nons. 1, 19 and 20
exceeded the maximum limit of 250 mg/l for sulfate, but only sample

No. 19 (2093 mg/!) exceeded 500 mg/l. Sample No. D exceeded drinking
water limits for chromium and cadmium. Sample Nos. 1, 11, 12, 16, B

and D, with concentrations of boron ranging between 0.8 and 1.3 mg/l,
exceeded the NMEID limitation of (.75 mg/l for irrigation usage of
ground water. None of the historical water quality samples appear

to exceed recommended EPA limitations for stock watering.

I'he water quality parameters analyzed during the March 1976 sampling
period are consistent with the historical data. The drinking water
limitation of 500 mg/l is exceeded by samples 8, 11, 12, 14, 16 and 20,
which have TDS concentrations ranging from 534 to 978 mg/l. The drinking
water limitation of 2.4 mg/l for fluoride is exceeded by Sample Nos. 11,
16 and 20, with :luoride concentrations ranging from 2.6 to 4.5 mg/l.

The recommended limit for iron (0.3 mg/l) is exceeded ty five ground-
water samples, two surface water samples the one spring sample; however,

only three samples, Numbers 1 (1.2 mg/1), 15 (5.0 mg/l) and 16 (6.9 mg/l)

g40 14
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exceeded the NMEID limit of 1.0 mg/l. Samples 6, 15, 16 and 21 exceeded
the recommended limit ot 0.05 mg/l f¢: manganese; Sample 15 had the
maximum concentration of 0.95 mg/l. The drinking water limit of (.05
mg/l of lead was exceeded by one sample, No. 8, with 0.08 mg/l. The
drinking water limit of 250 mg/l of sulfate was exceeded by one sample,
No. 16, with 277 mg/l.

Results of the December 1976 sampling are generally consistent with the
March sampling and the historical data. Sz2veral samples (6, 2, 13,

20, 22, 27 and 28, exceed the drinking water l.mit of 500 mg/1l TDS, but
only one, Number 27, with 1230 mg/l, exceeds 1,000 mg/l. Four samples,
Numbers 3, 13, 20 and 27, with fluoride concentrations ranging from 2.6
to 7.6 mg/l, exceed the drinking water limitation of 2.4 mg/l. Four
samples (Numbers 6, 13, 27 and 28) exceeded the recommended limit for
iron, and four samples {(Numbers 5, 6, 27, and 28) exceeded the recommended
limit for manganese. The drinking water limit of 0.05 mg/l lead was
exceeded by two samples, Numbers 12 (.09 mg/l) and 27 (.08 mg/l). Sample
Number 22, with a sulfate concentration of 257 mg/1, just exceeded the
drinking water limit of 250 mg/l. All of the surface water and spring
samples, with phenol :oncentrations ranging from 0.003 to 0.008 mg/1,
exceeded the recommended limit of 0.001 mg/l. Samples $-20 and S=-27

generally exceeded drinking water standards for radiocactivity.

Several of the water quality samples from the project area exceed some
of the limitations for drinking water. However, in general, the water
juality parameters analyzed in this study were well below the suggested
Jimits for livestock and wildlife consumption provided in the proposed

EPA and NMEID criteria (including those for trace elements and radiochemical
species).
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2.7 METEOROLOGY AND AIR QUALITY

2.7.1 Regional Climatology and Topographical Influences

The project area is located in the "Southwestern Mountains" climatolog-
ical subdivision of New Mexico, ac area claracterized by low (and highly
variable) precipitation amounts, abundan* sunshine, low relative humid-
ity, and moderate temperatures with large diurnal and annual ranges.

The regional climate may be consider2d as semi-arid, continental (BSw,

or Steppe with a winter dry season, in the Ksppen syscem) (Visher, 1966).

Synortic scale meteorological influences are relatively weak; therefore,
the regional and local topography play an important role in determining
the climate. The rroject area is located east of the continental divide
in broken mesa country at the base of the western foothills of the San
Mateo mountains. These mountains, consisting of San Mateo Mesa to the
immediate west, Mt. Taylor to the southeast and the Mesa Chivato to the
east, range in peak elevation “rom about 8000 feet MSL to over 11,000
feet MSL. These topographical features present significant blocking
influences to synoptic scale winds and modify the wind regime in the

project area.

The mill site lies on relatively flr* to gently s ..iug terrain, at an
elevation of 7200 feet MSL, at the base of the northwest extremity of

La Cuchilla Mesa. The mesa rises to a height of approximately 7800 feet
MSL about ome half mile to the east and svutheast of the mill site. To
the immediate north of the mill, the terrain is relatively flat. San
Lucas Canyon, oriented north-south, lies approximately one mile north

of the mill site with steeply rising topography on either side of the
canyon; to the west, Jesus Mesa rises to an elevation of 7700 feet at
two miles from the mill site; to the southwest the terrain is relatively

flat and open.

840 D16
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These terrain factors suggest a strong diurnally controlled wind regime
with nighttime winds draining down from the mesa walls and slopes

located to the immediate east and south of the mill. During the daytime
there is a reversal of this pattern, although some overriding synoptic=-

scale influences may be anticipated during the daytime mixing periods.

The tailings pond site lies in relatively flat tecrain in the western
third of the La Polvadera Valley area, at an elevation of about 7200
fcet MSL. San Mateo Mesa is one mile to the west and southwest of the
proposed tailings area and rises steeply to an elevation of approximately
8000 feet MSL. Mesas and low ridges at elevations varying from 7500 to
8090 feet MSL are found at distances of 2 to 3 miles to the southwest,
south, and south~ast. The terrain is open and relatively flat in the
north and east quadrants with the exception of ridges which risc to
approxi- .tely 7300 to 7400 feet about two miles .rom the mill site.
These terrain features at the tailings area indicate topographically
controlled diurnal wind regime directly opposit¢ to that of the mill
site (4.5 miles to the south), with prevailing directions from the north
through east during the daytime hours and from the scuth through west
(down the La Polvadera Canyon) during the nighttime hours.

The diurnal wind patterns associated with the local topographical fea-
tures described above have been substantiated by onsite data collected
at specific site locations within the project area; these will be dis~-

cussed in further detail in subsequent sections of this report.

Temperature, relative humidity, precipitation, and evaporation can be
expected to be comparable to those found in other stations at similar

altitudes in the region.
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2.7.2 Local Climatology

There are no national weather observing stations in the immediate
project vicinity. However, data which can be considered representative
of the project 'ite are available i{. m surrounding stations, including
San Mateo (6.5 miles south at 7250 feet MSL), Grants (18 miles south-
southwest at 6470 feet MSL), Marquez (22 miles east-southeast at 7670
feet MSL), Laguna (30 miles southeast at 5812 feet MSL), and from the
Albuquerque National Weather Service Station (approximately 65 miles
east-southeast at 5311 feet MSL). Also meteorological mouitoring
stations were establislied at five locations in the general Mt. Taylor
Uranium Mill project area (Figure 2.7-1) to provide data tor comparison
with surrounding local and regional long-term stations. The information
on local c'imate presented nere consists of a synthesis of the available

project area data and the long-term regional data.

Temperature and Relative Humidity. Long-term temperature in the project

area is best represented by data collected at San Mateo (Floyd Lee Ranch)
during a period from 1962 through 1974 (Table 2.7-1). The mean annual
temperature for the period of record was 49.2°F. The warmest month was
July (average temperature 69.2°F) and the coldest month was January
(28.9°F). The warmest temperature recorded during the period was 103°F
on June 23, 1962; the coldest temperature recorded was =35°F on January
7, 1971. The site area exhibits a large diurnal range in temperature
which is also conducive to nighttime inversion formations. Regional

data for more extended periods of time are also available for Grants

and Laguna (Table 2.7-1).

Data collected for a 12-month period at the Mt. Taylor project area at
Moniioring Site #1 indicate a very close similarity to the San Mateo long~
term temperature data. Project area data, including monthly and annual mean

ranges and extremes, are shown in Table 2.7-2.
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Source: Woodward-Clyde Consultants 1977
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Table 2- 7-10

MONTHLY AND ANNUAL MEANS OF TEMPERATURE (°F) FOR SAN MATEO,
GRANTS, AND LAGUNA, NEW MEXICO

Month San Mateo? Grants® Laguna®
January 28.9 28.5 33.4
February 33.7 33.0 37.6
March 38.9 38.6 43.9
April 45.5 47.4 52.4
May 55.6 56.2 60.5
June 64.1 66.0 70.5
July 69.2 71.0 74.3
August 67.2 65.0 72.6
September 59.6 6l.1 66.0
October 49.7 50.0 54.4
November 38.8 38.3 42.4
December 28.7 29.5 33.5
Annual Mean 49.2 49.0 53.4
Extreme Maximum 103 (June 23, 1962) 103
Extreme Minimum =35 (January 7, 1971, =20

3Elevation, 7250 feet MSL; period of record 1962-1974.

Source:

U.S. Department of Commerce Annual.

bElevation, 6480 feet; period of record 1946-1960.

Source:

U.S.

Forest Service 1973 in NMEI 1974.

cElevation, 5840 feet; period of record 40 years to 1960.

Source:

U.S. Department of Commerce 1965.
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Table 2.7-2.

MONTHLY AND ANNUAL MEANS AND EXTREMES OF TEMPERATURE (°F)
RECORDED AT THE MT. TAYLOR URANIUM MILL PROJECT MONITORING
SITE #1 ELEVATION, 7280 FEET MSL

Mean Mean Extreme Extreme
Month Mean Daily Maximum Daily Minimum Maximum Minimum
1976
February 37.1 46.2 28.7 58.0 14.0
March 34.6 45.6 22.5 63.0 10.5
April 48.0 57.3 36.9 65.5 19.0
May 55.2 64.7 45.1 76.0 30.0
June 64.5 75.1 52.1 84.0 42.0
July 67.3 78.3 57. . 86.0 52.0
August 66.2 76. 56.7 83.0 44.5
September 59.8 70.4 49.8 82.0 39.5
October 48.3 57 .6 38.9 72.0 29.5
November 38.8 49.8 28.3 62.0 -5.0
December 31.9 43.8 22.4 58.0 10.0
1977
January 28.5 38.3 20.3 48.0 3.0
Annual 48.4 58.7 40.3 86.0 =5.0
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The frost-free season in the area averages approximately 150 days with

the last freezing temperatures generally occurring around the middle of

May and the first fall freezing temperatu s occurring in early October
(Tuar, et al., 1973). Variations in the length of the season are large
from year to year with freezing temperatures ending as early as late April
during some years, and extending into the middle of June during other years.
Fall freezing temperatures have occurred as early as mid-September and

as late as the end of October. During the onsite monitoring program,

the last freezing temperatures occurred May 1, 1976 and the first freezing

temperatures of the fall occurred October 19, 1776.

Relative humidity in the area over the long term is estimated to range

from an average of 65 percent at sunrise to approximately 30 percent

in midafternoon. Afternoon relative humidity on many occasions is less

than 15 percent. Monthly and annual relative humidity for Albuquerque

(where the longest regional record is available) are presented ‘n Table
2.7-3. The data Indicate an influx of moisture in July and August (the
thunderstorm season) and then a gradual return to dry conditions during
fall. Data collected at Monitoring Site #1 for a 12-month period are

shown in Table 2.7-4. These data indicate the same general relative humidity
pattern as Albuquerque with mean annual relative humidity approximately

three percent higher at the project area during the study year than the
long=-term Albuquerque data.

Precipitation and Evaporation. Precipitation in the project area occurs

primarily during the thunderstorm season, although total annual and monthly
rainfall amounts vary considerably from year to year. Data for San Mateo
(Floyd Lee Ranch) for a period from 1939 to 1974 an' for other regional
stations (Grants, Marquez, and San Fid:l) are shown i1 Table 2.7-5. The
annual average precipitation at San Mateo was 8.83 inches. The maximum
annual rainfall recorded was 13.55 inc :s during 1956. Maximum monthly

precipitation occurred in August with an average amount of 2.13 inches.
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Table 2.7-3. RELATIVE HUMIDITY (%), ALBUQUERQUE, NEW MEXICO

' Mean Relative Pumidity Monthly Percent
By Time of Day (LST)2 Frequency of Relative Humidity Class®

Month 05 11 17 23 0-29 30-49 50-09 70-79 80-89 90-100

January 68 49 37 58 11 33 38 11 4 3
February 63 43 32 52 22 37 28 7 3 2
March 54 32 23 42 42 32 16 5 - 3
April 45 25 17 3 56 25 13 3 2 1
May 43 22 16 30 57 24 14 3 1 <0.5
June 4a 23 17 31 65 24 9 1 1 <0.5
July 61 35 28 49 35 35 21 6 3 1
August 65 39 30 52 24 36 25 8 4 2
September 59 40 31 52 50 30 14 3 2 1
‘ October 59 37 29 48 37 31 17 7 5 3
November 64 42 35 53 21 38 28 8 3 -
December 70 51 43 61 11 34 35 11 7 3
Annual 58 37 28 47 36 32 21 6 3 2

3Period of record: 1961-1975. Source: U.S. Department of Commerce 1975.

bPeriod of record: 1951-1960. Source: U.S. Department of Commerce 1963.
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Table 2.7-4 MONTHLY AND ANNUAL MEANS AND EXTREMES OF RELATIVE HUMIDITY
(%) RECORDED AT THE MT. TAYLOR URANIUM MILL PROJECT
MONITORING SITE #1

Mean Mean
Month Mean Daily Maximum Daily Minimur Maximum Minimum
1976

February 34 48 21 59 11
March 47 70 28 100 8
April 37 56 22 100 4
May 43 60 30 98 12
June 34 45 25 90 15
July 45 61 30 88 5
August 49 70 31 98 8
September 48 71 24 96 5
October 52 68 38 100 19
November 51 65 38 100 29
December 51 66 36 100 7

1977
January 63 79 46 100 18
Annual 46 63 31 100 “
Period of Record: February 11, 1976 to January 31, 1977.
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Table 2. 7-; .

MONTHLY AND ANNUAL AVERAGE PRECIFITATION (INCHES) FOR
SAN MATEO, GRANTS, MARQUEZ, AND SAN FIDEL, NEW MEXICO

Month San Mateo® Grants Marquezc Sau Fideld
January 42 «36 <45 .37
February .38 «39 «49 W46
March «40 «45 «57 JAh
April «43 .36 «67 «65
May .37 «43 .70 .79
June 47 «69 .73 .79
July 1.72 1.81 1.79 1.65
August 2.3 2.18 2.71 2.02
September 1.14 1.17 1.20 1.43
October «75 1.07 1.31 .61
November .33 .33 «51 <41
December e 62 «55 W47
ANNUAL 8.83¢ 10.04 11.68 10.09
8Elevation 7250 feet MSL; period of record 1939-1974. Source: U.S.

Department of Commerce Annual, 1964, 1965.

bElevation 6480 feet MSL; period of record 1946-1960. Source: U.S.
Forest Service 1973 in NMEI 1974.

“Elevation 7620 feet MSL; period of record 1941-1970. Source: U.S.

Department of Commerce, 1973a.

dElevaLion 6160 feet MSL; period of record 1920-1954.
Source: U.S.D.C., Weather Bureau, 1959.

€24 years data available for annual mean.
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The maximum precipitation for a one-montii period was 4.38 inches recorded
in August 1948 (4.35 inches was reccrded in July 1956).

One year's data collected at Monitoring Site 5 are shown in Table 2.7-6.
Maximum monthly precipitation during the onsite monitoring program was

2.89 inches in July. The annual precipi*ation for the 12-month period of
record was 8.18 inches. It is noted tha: the one-year onsite precipitation
data approximated the long-term records for San Mateo with the exception
that somewhat higher rainfall amounts were measured in the fall and winter.
The coefficient of variation (annual rainfall standard deviation expressed
as a fraction of the arithmetic mean) is large, estimated to be 0.3 (30

percent) in the general area (Tuan et al., 1973).

Much of the winter precipitation can be expected to fall as snow. Based
on available mean snowfall measurements for surrounding locations (Crownpoint,
Laguna), elevation considerations, and comparative precipitation amounts, the

yearly average snowfall at the site is estimated to be 26 inche..

Mean annual lake evaporation in the project area is estimated from regional
data to be 57 inches (U.S. Department of Commerce 1968). Evaporation data
collected in the project area at Monitoring Site #5 for an 8-month period

(non-freezing months only) are shown in Table 2.7-7.

Sunshine. Central New Mexico receives approximately 75 percent of possible
winter sunshine and 80 percent of possible summer sunshine. The average

for the year for Albuquerque is 77 percent. Similar figures can be expected
to apply to the San Mateo area, except that the amount of sunshine is
decrezsed on the slopes of Mt. Taylor by cumulus cloud buildup during

the summer months (New Mexico Environmeutal Institute, 1974).

Wind Speed, Wind Direction, and Stability. Wind speed and wind direction

were monitored at four locations in the project area (Figure 2.7-1).

840 U2/
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Table 2.7-6.

MONTHLY AND ANNUAL PRZCIPITATION (INCHES) RECORDED AT THE
MI. TAYLOR URANIUM MILL PROJECT MONITORING SITE #5

Number of Days

s

Maximum

Month Monthly Total with Precipitation 24-Hour Amount
1976

February 0.26 3 0.24
March 0.32 6 0.12
April 0.12 3 0.06
May 0.66 5 0.41
June 0.26 3 0.14
July 2.89 12 1.03
August 2.03 8 0.84
September 0.69 9 0.17
October 0.22 3 0.20
November 0.14 1 0.14
December 0.16 B 0.09

1977
January 0.27 5 0.09
February 0.16 2 0-15
12-Month Total 8.18 66 1.03

Period of Record:
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Table 2.7-7 MONTHLY GROSS PAN EVAPORATION (INCHES) RECORDED AT THE
MT. TAYLOR URANIUM MILL PROJECT MONITORING SITE #5

Monthly Total

March
April
May
June
July
August
September
October
November
December
January

February

3.83
8.09
9.07
12.08
9.70
8.80
6.36
4.65
NR3
NR
NR

NR

Period of Record:

3NR = No record due to freezing conditions.

March 13, 1976 to February 1977.
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Monitoring Site #1 (in the broad valley one mile north of San Mateo at

an elevation of 7280 feet) and Monitoring Site #2 (on top of the mesa

one mile east of San Mateo at an elevation of 8,160 feet) were monitored
for a 12-month period. Temperature measurensnts were taken concurrently
with wind measurements; the temperatur: differences (for an elevation
difference of 880 feet) were used in conjunction with regional data to
determine atmospheric stability. The application of these data for disper-
sion calculations will be discussed in further detail in Section 2.7.3,
Diffusion Climatology.

Wind measurements were also collected in the La Polvadera Valley adjacent to
the proposed tailings site (Monitoring Site #3, elevation 7150 feet MSL),
and in the San Lucas Valley (Monitoring Site #4, elevation 7200) approxi-
mately 0.5 miles north of the proposed uranium mill site.

Wind data collected at the San Lucas Valley menitoring station (Tables
2.7-8 and %.7-9) substantiate the nighttime drainage of winds from south to
north off the La Cuchilla Mesa slopes in the direction of the San Lucas
Canyon. During the daytime hours, there is a broader distribution of wind
directions reflecting both upslope heating effects (northerly winds) and

an overriding synoptic mixing effect (mostly from the south-southwest).
Winds were measured at the San Lucas Valley during twec seasons (one summer

month and one winter month). * continuing monitoring program is currently

in progress at this site.

Winds collected at Monitoring Site #1, may also be considered representative
of the mill area. This station is located approximately two miles south

of the proposed mill but is in a very comparable position and configuration
with respect to surrounding mesa slopes and walls. Higher topography sur-
rounds the station from the south through the northeast, with open and
graducl down-sloping terrain features to the northwest and west. Prevailing

nighttime winds at this monitoring station are from the east reflecting

BAQ 030
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DIURNAL WIND DIRECTION FREQUENCY AT SAN LUCAS VALLEY, MONITORING SITE #4

Table 2.7-8.
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DIURNAL WIND DIRECTION FREQUENCY AT SAN LUCAS VALLEY, MONITORING SITE #4

T&hle 2. 7-90
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downslope drainage off the mesa; daytime winds again show a broader distri-
bution (indicating both heating effects and synoptic influences) but are
primarily from the southwest through west-northwest directions.

Data collected at both “he San Lucas Valley monitoring site and Monitoring
Site #1 have been used in providing di!spersion calculations and a-:essments
for the mill area.

The -.st representative data for dispersion calculations for tailings opera-
tions, were collected at La Polvadera Valley Site #3 approximately one mile
west of the proposed tailings area. Data were collected at this site for
four months (two summer months and two winter months). Diurnal distributions
of winds collected at Monitoring Site #3 are shown in lables 2.7-10

and 2.7-11 and indicate the dominsnt diurmal influences resulting from drain-
age from San Mateo Mesa and La Polvadera Canyon during the nighttime~evening
hours and the upslope .ffects during the mid-day period.

The wind patterns obtained from the onsite collection program at the various
monitoring sites are consistent and identifiable with respect to controlling
wind circulation influences and can be consid=red to be representative of
specific locations within the project area. +Jind roses for a 12-month
period at Monitor Site #1 and for the four-month period at Monitor Site

#3 are shown in Figures 2.7-2 and 2.7-3 respectively. These wind roses

may be compared with available long-term regional data from Albuquerque
(Figure 2.7-4) which reflect similar synoptic influences and stability
characteristics, but not the s2me site-specific topographical influences.
For example, prevailing winds at Albuquerque are primarily fr~m the north
sector under stable (light wind) nighttime conditions; prevailing winds

at Site #1 are from the east, and at La Polvadera, under similar conditions,
from the southwest sector reflecting downslope drainage off the local mesa
topography (Figure 2.7-1). Joint frequency distributions ¢° wind speed,
wind direction, and stability for Albuquerque, Monitoring Site #1, and
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DIURNAL WIND DIRECTION FREQUENCY AT LA POLVADERA VALLEY, MONITORING SITE #3

Table 2.7-10.
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DIURNAL WIND DIRECTION FREQUENCY AT LA POLVADERA VALLEY, MONITORING SITE #3

.able 2.7-11.
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Monitoring Site #3 (La Polvadera) are shown in Appendix C and will be dis-
cussed in further detail in Section 2.7.3, Diffusion Climatology.

Severe Weather. Tropical cyclones are rare in New Mexico, particularly

in the project area (Houghton 1972). Tornadoes are occasionally reported
in New Mexico, rmost frequently during the afternoon and evening hours
from May through August. However, only two tornadoes were reported in

a one degree of latitude and longitude square (3880 square miles)

that includes the project area during the period 1955-1967 (Markee,

et al., undated). Thus, the probability of a tornado striking a specific
point in any year in the project area is .00016 using these data and
applying the methods developed by Thom (1963). The mean recurrence
interval for a tornado striking a point within this square is 5991

years.

Thunderstorms are relatively frequent in the area during the summer months.
Thunderstorms occur an average of 50 days per year, with two to four days per
year reporting hail (Baldwin 1973). Extreme winds may occur as a result

of these thunderstorms. In addition, strong winds may also occur in the
area under certain pressure gradient configurations. Waters (1970) has
defined areas of the United States that are often subjected to high winds
because of the recurrence of certain synoptic features in the atmosphere.
The project area is included in an area referred to as the "Dusty Box."
During the winter and spring, low pressure weather systems approaching from
the west can induce surface winds in excess of 60 mph. These strong

winds, blowing from the south-southwest to west-southwest, pick up consid-

erable dust while crossing the plains, thus giving the area its name.
The estimated maximum wind speeds (fastest mile) for the project area,

30 feet above ground level, for various recurrence intervals (Thom, 1968),

are as follows:
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. Recurrence interval (years) 2 10 25 50 100
Maximum speed (mph) 57 68 73 80 87

Because of the relative protection of the project area from the west
through southeast by towering mesas, these estimates may be slightly
high for the project area.

Maximum short-duration rainfall in the area is generally caused by thun-
derstorms; maximum precipitation of longer duration is caused by the in-
frequent occurrence of tropical cyclones from the Gulf of Mexico or the
Gulf of California. Table 2.7-12 presents estimated maximum precipitation

at any point in the project area for various durations and recurrence

intervals.

2.7.3 Diffusion Climatology

The ability of the atmosphere to disperse air pollutants emitted into

‘ it at a particular location depends on a number of atmospheric variables,
the most important of which are stability characteristics, wind direction
and speed frequency distributions, mixing depth and various combinations of

these parameters.

Based on the input parameters of solar altitude, cloud cover, ceiling

height and wind speed, atmospheric stability can be classified into several
catagories (Pasquill Classes) ranging from extremely unstable (A) to ex-
tremely stable (G). The closest location with available long~term sta-
bility data for the Mt. Taylor project area is Albuquerque. Monthly and
annual distributions of stability (for 20 years of record) are presented in
Table 2.7-13. 1In general these data indicate that good diffusion conditions
(Classes A through D) occurred 66.6 percent of the time.

Stability data calculated for the SOHIO L-Bar Ranch (25 miles east-southeast
of the project site) for a one-year period between January 1973 and January
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Table 2.7-12.

ESTIMATED MAXIMUM POINT PRECIPITATION (INCHES) FOR
SELECTED DURATIONS AND RECURRENCE INTERVALS, MT. TAYLOR

URANTUM MILL PROJECT AREA

Recurrence Intervals (years)

Duration 2 10 25 50 100
1 hour 0.7 1.1 1.5 1.7 1.9
12 hours 1.3 2.3 2.7 2.9 3.3
24 hours 1.4 2.4 2.9 3.3 3.7
2 days 1.7 2o 3.3 3.6 4.3
7 days 2.3 3.5 3.8 4.9 5.2
10 days 2.4 3.6 4.5 5.0 5.5

Sources: Hershfie 1, 1961, and Miller, 1964.

2-159

-

a—



Table 2.7-13. PERCENT FREQUENCY DISTRIBUTION OF PASQUILL STABILITY CLASSES:
ALBUQUERQUE, NEW MEXICO

A B - D E F G
Extremely Slightly Slightly Extremely
Unutable Unstable Unstable Neutral Stable Stable Stable
January <0.05 7.4 13.9 36.5 15.6 17.4 9.2
February 0.4 11.2 12.7 38.6 14.3 15.3 75
March 0.4 11.4 11.3 45.7 13.7 12.2 5¢3
April 2.9 12.4 £3sd 44.6 12.4 9.7 4.2
May 4.3 14.6 15.1 40.4 12.4 9.2 4.0
June 8.0 17.5 14.8 36.2 11.3 8.8 3.3
July 8.6 19.2 13.2 37.2 11.3 7.9 2.6
August 6.7 19.1 14.7 30.4 12.7 11.3 4.5
September 1.3 19.1 13.6 31.7 13.9 13.4 6.8
October 0.8 15.3 13.5 29.9 14.9 17.9 8.7
November <J.N5 10.4 14.1 32.2 14.4 16.9 11.6
December 0.0 7.4 14.5 32.6 15.6 18.7 11.1
2.8 13.8 13.8 36.2 13.6 13.2 6.6

‘I" Anaual

Period of record: 1948-1968.

Source: U.S. Department of Commerce, 1973.

o
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1974 reflect similar distributions, with stability class A through D occur-
ring 69.3 percent of the time.

Using temperature differences (4T's) obtained from the Mt. Taylor "ranium
Mill project two-tower network (Monitoring Sites #1 and #2 in Figure 2.7-1),
stability was classified for each hour of the day employing the following
empirically adjusted criteria*.

Class Temperature Lapse (°C) for 880 feet
A <«3.8
B =-3.8 to -2.6
C =2.6 to =2.2
D -2.2 to =-0.4
E =0.4 to 0.7
F 0.7 to 2.7
G 2.7

The distribution of onsite stability classes for the 12-month period is
shown in Table 2.7-14. It is noted that these distributions closely match
the long-term Albuquerque regional data and the SOHIO L-Bar Ranch data

with good stabiity conditions (Stability Classes A through D) occurring

70.2 percent of time. Boundary layer inversion conditions (Stability Classes
E, F and G) occurred approximately 29.8 percent of the time, primarily
during nighttime and early morning hours, which is the normal Southwest

Mountain condition. It is important to note that inversion conditioas

*These data are based on NRC "Safety Guide 23" 100-meter vertical lapse
rate classes, empirically adjusted for terrain, tower configuracion, and

comparable regional stability data. Results were further adjusted and
verified using 06 comparisons (Slade, 1966).

3 \LE
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T‘ble 20 7-140

MT. TAYLOR URANIUM MILL PRCJECT

PERCENT FREQUENCY DISTRIBUTION OF PASQUILL STABILITY CLASSES:

A B C D _E F G
Extremely Slightly Slightly Extremely
Unstable Unstable Unstable Neutral Stable Stable Stable
January 2.8 7.5 14.8 38.5 12.1 13.2 11i.1
Febmry 506 16-2 l]..7 4103 1303 809 209
March 2.0 7.9 9.0 35.9 20.5 171 7.6
April 2+5 24.9 o P 34.6 5.2 5.2 1.9
May 55 20.9 171 38.9 11.9 5.3 0.4
June 2.0 5.4 8.1 37.8 23.9 16.7 6.2
Jul)’ 2-5 13'1 1606 alol‘ 1603 9.5 206
August 107 1901 1800 3909 1109 7-2 2-1
September 16.4 23.9 11.2 24.5 13.4 7.8 2.9
October 0.7 20.5 19,3 36.2 8.2 9.0 6.1
November 3.4 13.7 12.6 37.0 11.4 11.4 10.2
De :ember 4.8 52 9.5 36.4 11.9 15.0 16.9
Annual 4.0 14,8 14.4 37.0 13.4 10.5 5.9
Period of record: 2/11/76 - 2/20/77.
= 1\)&&
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at the project site are almost exclusively associated with downslope drain-
age from the surrounding mesas.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>