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Forest Service Objectives and Procedures
Relative to Federal Coal Leasing

on Thunder Basin National Grassland

Stipulations for lands under jurisdiction of Department of

Agriculture, the supplemental stipulations to be attached thereto, and

BLM lease terms provide the means by which the Forest Service objectives

can be met:

1. Preplan the entire lease area, affected adjacent areas, and

off site supporting facilities based upon

a. Adequate resource and other pertinent data provided

by the lessee to enable the mining plan (including

reclamation) for the leased area to be prepared and

approved prior to the time mining development actually

commences; and

b. Selection of the most appropriate mining and reclamation

system to

(1) Minimize environmental disturbance, and

(2) Provide for recovery of onsite minerals, including

coal in a single or sequential preplanned operation.

2. In surface mining, the operation will seek to reclaim the surface

to achieve beneficial future use of the land in a harmonious and

judicious pattern by predetermining the post mining landform for

a. Urban development, including recreational, commercial, etc.;

b. Wildlife and recreation related, including water developments;

c. Agricultural cropland;
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d. Uses similar to those made of the pre-mining land con-

figuration; or the

3. Host desirable combination of above.

The mining plan (including reclamation) should be a flexible tool

capable of periodic review to incorporate advances in technology. The

Forest Service will determine whether or no~ it will concur in the mining

plan to be approved by U.S. Geological Survey and will recommend modifica-

tions it considers necessary prior to plan acceptance.

The Forest Service will require a Lessee Surface ~fanagement Operation

Plan which will more specifically indicate how Forest Service requirements will

be met. When changes in operation are anticipated, such a plan will be mod-

ified and submitted to the Forest Supervisor for approval. The Forest Service

will periodically review the mining 'operations, as they affect surface va Lue.s ,

against the BLH general requirements, the Forest Service Lessee Surface Hanage-

ment Operation Plan, and the approved exploration or mining plan (including

reclamation) prepared for that operation.
I
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Figure 1

Probability, in percent, of Receiving Trace or Less and Exceeding Indicated Amounts
of Precipitation During One, Two, and Three Week Intervals, Douglas

Source: Clarence F. Becker and John D. Alyea, 1964a, PRECIPITATION PROBABILITIES IN
WYOMING. Bulletin 416. Laramie, Wyoming: Agricultural Experiment Station,
University of Wyoming. C-3



Table 1

Percent Probability of Receiving Trace or Less and At Least the Amounts Indicated
During I-Week Periods, Douglas

PERIOe PRECIPITATION - IN INCHES
B~GI N AVE. O.T. 0.06 0.10 0.20 0.40 0.60 0.80 1.00 1.40 2.00
plAR 1 .12 15.8 62.1 47.1 21.9 4.2 .7 .1 .0 .0 .0plAR 8 .15 14.9 66.0 52.7 28.5 8.2 2.6 .8 .3 .0 .0MAR 15 .21 17.4 65.4 55.2 35.4 14.7 6.3 2.8 1.2 .2 .0
MAR 22 .22 17.4 68.1 60.1 44.1 23.7 12.7 6.8 3.5 .9 .1
MAR 29 .41 14.9 75.7 69.5 55.2 33.5 19.7 11.4 6.5 2.0 .3APR 5 .36 14.9 74.4 68.3 54.7 34.4 21.3 13.2 8.2 3.2 .8
APR 12 .36 19.9 65.8 59.7 47.9 31.7 21.4 14.6 10.2 5.0 1.7
APR 19 .42 19.9 66.7 60.6 48.6 32.3 22.0 15.1 10.5 5.2 1.8
APR 26 .35 14.1 74.0 67.5 53.8 34.6 22.5 14.8 9.7 4.3 1.2
MAY 3 .47 12.4 77.2 71.2 58.4 39.5 26.8 18.3 12.5 5.8 1.7
MAY Ie .53 11.6 79.4 73.9 61.8 43.0 29.9 20.8 14.4 6.9 2.1
MAY 17 .45 9.1 82.9 77.5 64.8 44.5 30.3 20.4 13.7 6.2 1.8
MAY 24 .54 8.3 85.6 80.9 69.3 49.2 34.3 23.6 16.1 7.4 2.2
MAY 31 .63 15.8 79.5 75.7 65.9 48.4 34.7 24.5 17.2 8.3 2.6
JUN 7 .36 23.3 69.7 65.4 55.4 39.4 27.7 19.3 13.4 6.4 2.0
JUN 14 .43 17.4 70.7 64.7 52.3 34.7 23.3 15.7 10.6 4.8 1.3
JUN 21 .36 14.9 11.4 64.8 51.7 33.9 22.6 15.1 10.2 4.6 1.3
JUN 28 .41 19.9 68.2 62.0 49.1 31.3 20.4 13.4 8.9 4.1 1.2
JUL 5 .27 21.6 66.7 59.9 45.6 26.4 15.4 9.2 5.5 2.1 .5
JUL 12 .24 21.6 64.9 56.8 40.1 19.9 10.0 5.2 2.6 .7 .0
JUL 19 .18 19.9 64.3 55.3 37.2 16.8 7.9 4.0 2.1 .6 .0
JUL 26 .25 22.4 60.2 51.9 36.2 18.2 9.5 5.2 2.9 .9 .1
AUG 2 .20 31.6 54.5 47.9 35.1 19.1 10.4 5.7 3.1 .8 .0
AUG s .22 31.6 56.5 49.5 35.3 17.8 9.0 4.5 2.2 .5 .0
AUG 16 .19 24.1 60.1 51.9 36.2 18.1 .9.4 5.0 2.8 .9 .2
AUG 23 .29 25.7 57.0 49.7 36.1 20.3 12.0 7.4 4.6 1.9 .5
AUG 30 .21 29.1 56.9 50.9 39.5 24.7 15.8 10.2 6.6 2.•7 .7
SEP 6 .42 33.3 57.2 52.2 41.9 27.2 17.8 11.6 7.7 3.2 .8
SEP 13 .17 40.8 51.3 46.4 36.0 21.5 13.0 7.•9 4.9 1.8 .4
SEP 20 .20 43.3 48.1 42.8 31.5 16.8 9.0 4.8 2.6 .7 .0
SEP 27 .19 45.8 44.9 39.8 29.3 15.9 8.8 4.9 2.8 .9 .1
OCT 4 .16 41..6 46.8 40.9 29.5 15.6 8.3 4.5 2.4 .6 .0
OCT 11 .22 30.7 55.8 48.8 34.8 17.9 9.2 4.7 2.3 .5 .0
OCT 18 .22 28.2 57.6 49.4 33.6 15.9 7.7 3.8 1.8 .4 .0
OCT 25 .11 29.9 54.5 45.5 28.9 12.3 5.7 2.7 1.3 .3 .0
NOV 1 .23 29.9 54.2 45.9 30.7 14.5 7.2 3.6 1.8 .3 .0
NOV 8 .16 29.1 53.8 45.9 31.3 15.0 7.3 3.5 1.6 .2 .0
NOV 15 .18 26.6 52.8 43.3 27.1 11.3 4.9 2.2 .9 .0 .0
NOV 22 .11 25.7 51.2 40.0 21.8 6.9 2.4 .9 .3 .0 .0
NOV 29 .11 26.6 48.8 36.4 17.2 3.B .8 .1 .0 .0 .0
OEC 6 .08 28.2 45.8 32.7 13.7 2.3 .3 .0 .0 .'0 .0
DEC 13 .08 32.4 43.5 31.9 15.0 4.1 1.5 .7 .3 .0 .0
DEC 20 .15 32.4 45.0 34.6 18.8 6.8 2.9 1.4 .6 .1 .0
DEC 27 .09 29.1 46.3 34.9 17.5 5.1 1.8 .7 .3 .0 .0
JAN 3 .10 31.6 46.0 34.2 15.5 3.2 .7 .1 .0 .0 .0
JAN 10 .09 34.1 46.4 34.0 14.0 2.2 .3 .0 .0 .0 .0
JAN 17 .08 29.9 46.3 32.9 12.9 1.7 .1 .0 .0 .0 .0
JAN 24 .10 26.6 48.5 35.6 15.9 3.0 .5 .0 .0 .0 .0
JAN 31 .12 26.6 55.4 42.7 19.7 3.7 .6 .1 .0 .0 .0
FEB 7 .12 22.4 60.0 45.6 18.9 2.4 .3 .0 .0 .0 .0
FEB 14 .10 19.1 56.9 41.7 17.1 2.4 .3 .0 .0 .0 .0
FEB 21 .12 19.1 56.3 41.7 18.8 3.6 .6 .1 .0 .0 .0

Source: Clarence F. Becker and John D. Alyea, 1964a, PRECIPITATION PROBABILITIES IN
WYOMING. Bulletin 416. Laramie, Wyoming: Agricultural Experiment Station,
University of Wyoming.
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Table 1 (Cont'd)

Percent Probability of Receiving Trace or Less and At Least the Amounts Indicated
During 2-Week Periods, Douglas

PERICe PRECIPITATION - IN INCHES
BEGIN AVE. O,T. 0.06 0.10 0.20 0.40 0.60 1.00 1.40 2.00 4.00

MAR 1 .27 2.4 89.8 81.4 56.9 21.6 7.9 1.4 .3 .0 .0IoIAR15 .43 5.1 86.0 79.9 65.4 42.6 27.5 11.3 4.7 1.2 .n
MAR 29 .77 3.3 92.8 89.6 80.7 62.8 47.2 25.1 12.8 4.4 rv.v
APR 12 .78 2.4 89.6 85.0 74.6 57.5 44.5 26.7 16.0 7.3 .2
APR 26 .82 1.6 93.9 90.6 82.0 65.8 52.0 31.6 18.8 8.4 .4
MAY 10 .98 4.9 92.4 90.2 84.0 70.7 58.3 38.2 24.4 12.1 1.0
MAY 24 1.18 4.1 94.8 93.7 89.8 H.O 66.9 44.8 28.2 13.1 .7
JUN 7 .79 2.4 92.7 89.2 80.4 64.3 50.8 31.1 18.7 8.6 .5
JUN 21 .77 4.9 90.5 81.0 77.9 60.8 46.8 27.0 15.3 6.4 .2
JUl 5 .52 6.6 88.9 84.7 72.6 50.0 33.2 14.3 6.1 1.7 .0
JUL 19 .43 1.6 86.7 79.8 64.1 40.3 24.9 9.5 3.7 .9 .0
AUG 2 .42 10.7 17.1 70.7 57.0 31.4 24.6 10.8 4.7 1.2 .0
AUG 16 .47 6.6 82.7 76.2 62.1 41.2 27.4 12.2 5.5 1.6 .0
AUG 30 .63 11.6 81.8 77.5 61.3 49.9 36.6 19.3 10.0 3.6 .0
SEP 13 .37 16.6 71.9 66.1 54.0 36.7 25.3 12.2 5.9 1.9 .0
SEP 27 .35 19.9 68.1 62.0 49.5 32.2 21.1 9.1 3.9 1.0 .0
OCT 11 .45 12.4 76.5 70.1 56.2 36.2 23.4 9.8 4.0 1.0 .0
OCT 25 .34 9.1 81.6 74.5 57.9 33.0 18.3 5.4 1.5 .2 .0
NOV 8 .34 11.6 77.5 70.4 54.5 31.8 18.2 5.8 1.7 .2 .0
NOV 22 .22 6.6 73.0 61.8 40.6 17.7 7.8 1.6 .2 .0 .0
DEC 6 .16 11.6 71.0 58.8 34.8 11.6 3.9 .5 .0 .0 .0
DEC 20 .24 7.4 73.0 61.8 40'.3 17.0 7.3 1.3 .1 .0 .0JAN 3 .19 12.4 73.3 61.2 36.0 10.7 2.9 .1 .0 .0 .0
JAN 17 .18 7.4 14.3 61.2 35.3 10.4 2.8 .1 .0 .0 .0
JAN 31 .24 7.4 85.3 75.7 48.6 14.3 3.3 .0 .0 .0 .0
FEB 14 .22 1.6 84.3 71.7 43.6 13.6 4.0 .3 .0 .0 .0

Percent Probability of Receiving Trace or Less and At Least the Amounts Indicated
During 3-Week Periods, Douglas

PERIOe PRECIPITATION - IN INCHES
BEGIN AVE. O,T. 0.06 0.10 0.20 0.40 0.60 1.00 1.40 2.00 4.00

"AR 1 .48 .0 97.6 94.1 80.7 49.8 21.4 7.7 2.3 .4 .0
P'AR 22 .99 1.6 97.4 96.2 91.5 18.6 64.4 39.8 23.0 9.4 .3APR 12 1.13 1.6 96.5 94.8 89.4 71.5 65.7 45.5 30.6 16.4 1.7MAY 3 1.45 .8 98.3 97.3 94.2 85.9 76.3 57.4 41.3 24.1 3.2MAY 24 1.54 .8 98.8 98.3 96.5 90.5 82.5 63.9 46.4 26.5 2.8
JUN 14 1.20 .0 98.3 96.7 91.6 79.6 67.3 45.8 30.0 15.3 1.4
JUL 5 .70 1.6 96.5 94.3 86.6 67.7 50.0 25.0 11.8 3.7 .1JUL 26 .67 1.6 90.8 85.8 74.1 54.4 39.5 20.7 10.8 4.0 .0AUG 16 .69 3.3 93.0 89.7 80.6 62.6 47.3 26.0 14.0 5.5 .2SEP 6 .79 6.6 87.6 83.8 74.7 58.5 45.2 26.4 15.2 6.5 .2SEP 27 .57 5.8 86.1 80.9 68.8 49.4 35.2 17.8 8.9 3.1 .0OCT 18 .56 4.1 91.4 87.6 76.2 53.1 34.9 13.8 5.1 1.0 .0NOV 8 .45 4.1 89.4 83.8 69.4 45.1 28.2 10.4 3.7 .7 .0NOV 29 .27 4.9 85.0 76.1 54.4 24.9 10.7 1.8 .2 .0 .0DEC 20 .34 .8 88.9 80.0 58.4 28.3 13.1 2.7 .5 .0 .0JAN Ie .26 2.4 87.8 78.0 53.9 22.0 8.1 .8 .0 .0 .0JAN 31 .33 .8 95.6 89.7 69.0 30.9 11.5 1.2 .0 .0 .0

Source: Clarence F. Becker and John D. Alyea, 1964a, PRECIPITATION PROBABILITIES INWYOMING. Bulletin 416. Laramie, Wyoming: Agricultural Experiment Station,University of Wyoming.
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Figure 2

Probability, in percent, of Receiving Trace or Less and Exceeding Indicated Amounts
of Precipitation During One, Two, and Three Week Intervals, Gillette

Source: Clarence F. Becker and John D. Alyea, 1964a, PRECIPITATION PROBABILITIES IN
WYOMING. Bulletin 416. Laramie, Wyoming: Agricultural Experiment Station,
University of Wyoming.
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Table 2

Percent Probability of Receiving Trace or Less and At Least the Amounts Indicated
During I-Week Periods, Gillette

PER ICC PRECIPITATION - IN INCHES
BEGIN AVE. O.T. 0.06 0.10 0.20 0.40 0.60 0.80 1.00 1.40 2.00

MAR 1 ••19 32.4 59.9 52.8 35.9 14.7 5.7 2.2 .8 .0 ••0
f<lAR 8 .21 33.3 60.4 54.7 40.6 20.2 9.4 4••3 1.9 .3 .0
MAR 15 .28 29.9 63.8 58.4 45.1 24.8 13.0 6.7 3.3 .8 .0
,.AR 22 .28 23.3 70.6 65.5 52.5 30.8 16.8 8.7 4.4 1.0 .0
Io1AR29 .40 19.9 75.5 71.4 59.4 36.3 20.1 10.5 5.4 1.3 .1
APR 5 .33 23.3 71 ••1 66.4 54.2 33.0 18.8 10••3 5.6 1.5 .1
APR 12 .27 26.6 66.8 61.7 49.7 30.8 18.7 11.2 6.7 2.3 .4
APR 19 .44 22.4 71.3 66.6 55.3 36.9 24.1 15.5 9.9 4.0 1.0
APR 26 .43 14.9 77 .6 72.5 60.4 40.8 27.2 17.9 11.7 4.9 1.3
/AAY 3 .47 10.8 79.5 73.6 60.5 40.3 26.7 17.6 11.6 4.9 1.3
/AAY 10 .41 10.8 11.1 11.7 59.0 40.4 27.9 19.3 13.4 6.5 2.2
MAY 17 .60 11.6 79.1 74.8 63.8 45.8 32.7 23.2 16.5 8.3 3.0
MAY 24 .54 10.8 84.9 81.3 11.5 52.7 37.4 26.1 18.1 8.5 2.7
MAY 31 .66 11.6 85.2 82.2 73.4 55.6 40.7 29.2 20.7 10.2 3.4
JUN 7 ••65 16.6 80.0 71.2 69.3 54.0 41.0 30.6 22.6 12.2 4.6
JUN 14 .61 18.3 17.2 74.0 65.7 50.8 38.7 29.2 21.9 12.2 5.•0
JUN 21 .62 17.4 75.8 71.4 61.0 44.4 32.3 23.5 17.2 9.2 3.6
JUN 28 .29 24.9 67.2 62 ••1 50.5 33.2 21.8 14.4 9.5 4.3 1.3
JUL 5 .30 32.4 60.7 56.1 45.5 29.3 18.6 11.8 7.4 2.9 .1
JUL 12 .38 34.1 59.4 54.9 44·Ift 28.4 18.2 11.7 1.5 3.2 .8
JUL 19 .20 37.5 55.7 50.8 39.4 22.9 13.3 1.8 4.6 1.7 .4
JUL 26 .24 40.8 52.3 47.4 36.1 20.2 11.0 6.0 3.2 .9 .1
AUG 2 .20 41.6 50.4 45.2 ;'4.1 19.0 10.4 5.6 3.0 .8 .0
AUG 9 .19 44.9 146.5 41.7 31.6 18.3 10.1 6.3 3.8 1.3 .3
AUG 16 .25 54.1 39.~ 35.9 28.8 19.1 12.9 8.8 6.2 3.0 1.0
AUG 23 .23 56.6 38.1 .~.3 29.4 20.7 14.7 10.4 7.5 3.8 1.4
AUG 30 .29 47.4 47.8, if~. 8 37.6 26.0 17.6 11.9 8.0 3.6 1.1
SEP 6 .34 44.1 52.1 49.0 40.1 26.7 17.0 10.7 6.7 2.6 .6
SEP 13 .16 44.9 49.8 4~ .9 36.2 21.5 12.5 7.2 4.1 1.4 .2
SEP 20 .27 44.1 48.2 43.5 33.3 19.2 11.0 6.3 3.6 1.1 .1
SEP 21 .15 46.6 46.0 41.5 31.6 18.0 10.1 5.6 3.1 .9 .0
OCT 4 .21 46.6 48.5 44.3 32.7 15.3 7.2 3.5 1.7 .3 .0
OCT 11 .13 44.1 52.6 48 ••1 33.3 11.6 3.8 1.3 .5 .1 .0
OCT 18 .16 44.9 50.8 45.6 30.5 10.1 2.9 .7 .1 .0 .0
OCT 25 .13 44.9 50.8 46.1 33.2 14.0 5.1 1.7 .5 .0 .0
NOV 1 .24 37.4 60.0 56.3 42.2 17.3 5.8 1.8 .4 .0 .0
NO\! 8 .18 32.4 64.3 59.8 43.3 16.1 5.2 1.7 .5 .0 .0
NOV 15 ••21 35.8 57.7 51.6 35.5 13.8 5.2 2.0 .8 .1 .0
NOV 22 .12 41.6 51.2 44.1 21.3 9.2 3.2 1.1 .4 .0 .0
NOV 29 .11 46.6 48.1 41.0 22.4 4.5 .7 .1 .0 .0 .0
DEC 6 .10 48.3 41.0 40.5 23.0 5.6 1.4 .4 .1 .0 .0
DEC 13 .15 44.1 49.1 42.8 27.6 10.3 3.8 1.4 .5 .0 .0
DEC 20 .17 39.9 52.2 45.7 30.9 12.5 4.7 1.7 .6 .0 .0
DEC 21 .14 42.4 50.8 44.4 29.3 10.7 3.6 1.1 .3 .0 .0
JAN 3 .13 45.8 46 ••3 39.7 25.2 8.7 2.7 .7 .2 .0 .0
JAN 10 .11 48.3 42.6 36.1 22.9 8.5 3.0 .9 .3 .0 .0
JAN 17 .13 49.1 43.6 31.9 25 ••3 10.2 3.8 1.3 .4 .0 .0
JAN 24 .15 46.6 -46.5 40.5 26.9 10.5 3.8 1.3 .3 .0 .0
JAN 31 .12 39.9 52.6 45.4 28.0 8.5 2.4 .6 .1 .0 .0
FEB 7 .17 32.4 60.0 51.6 30.1 6.9 1.2 .1 .0 .0 .0
FEB 14 .13 31.6 59.6 50.6 29.1 7.0 1.3 .2 .0 ••0 .0
FEB 21 .15 32.4 58.8 50.4 30.9 9.7 2.8 .8 .2 .0 .0

Source: Clarence F. Becker and John D. Alyea, 1964a, PRECIPITATION PROBABILITIES IN
WYOMING. Bulletin 416. Laramie, Wyoming: Agricultural Experiment Station,
University of Wyoming.
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Table 2 (Cont'd)

Percent Probability of Receiving Trace or Less and At Least the Amounts Indicated
During 2-Week Periods, Gillette

PERIOC PRE C IP ITATlON - IN INCHES
BEGIN AVE. O,T. 0.06 0.10 0.20 0.40 0.60 1.00 1.40 2.00 4.00

~AR 1 .40 10.8 86.3 82.4 68.9 41.2 22.3 5.9 1.5 .2 .0
filAR15 .56 7.4 88.7 85.0 74.5 53.9 37.4 16.8 7.2 1.8 .0
~AR 29 .73 5.8 91.5 88.8 80.4 62.1 45.8 23.2 11.1 3.3 .·0
APR 12 .71 10.0 87.4 84.8 77.4 61.6 47.2 26.2 13.8 5.0 .0
APR 26 .90 4.9 93.4 91.6 85.7 71.5 57.3 34.4 19.6 7.9 .2
fl.AYlC 1.01 4.9 92.5 90.3 84.0 70.8 58.5 38.8 25.1 12.8 1.2
~AY 24 1.20 3.3 96.0 95.2 92.5 84.1 73.4 51.2 33.1 15.9 1.0
JUN 7 1.26 4.9 93.9 92.7 88.9 79.3 69.0 50.1 35.0 19.7 2.3
JUN 21 .90 5.8 91.3 88.6 81.4 66.6 53.6 33.8 21.0 10.3 .9
JUL 5 .68 11.6 84.3 80.9 71.7 54.3 40.2 21.2 10.9 3.9 .1
JUL 19 .43 17.4 77.3 73.1 62.4 43.6 29.7 13.2 5.7 1.5 .0
AUG 2 .39 19.9 72.9 68.1 56.6 38.3 25.4 11.0 4.6 1.2 .0
AUG 16 .47 29.9 63.3 59.5 50.9 37.7 28.0 15.7 8.9 3.1l .1
AUG 30 .63 21.6 13.5 70.1 61.7 47.0 35.3 19.6 10.7 4.2 •.1
SEP 13 .43 21.6 72.4 68.2 57.6 40.2 27.6 12.6 5.6 1.7 .0
SEP 27 .37 19.9 74.2 69.4 56.8 35.5 21.5 7.9 3.0 .7 .0
eeT 11 .29 17.4 77 .8 72.3 56.5 29.5 13.9 2.5 .3 .0 .0
OCT 25 .37 18.2 79.9 77.1 65.6 38.9 19.8 3.9 .5 .0 •.0
NOV a .39 14.1 83.6 80.3 67.9 40.4 20.9 4.5 .7 .0 .0
NOV 22 .23 22.4 73.1 67.2 49.1 21.3 8.7 1.3 .1 .0 .0
DEC 6 .25 25.0 71.5 66.5 50.0 23.1 9.8 1.6 .1 .0 .0
nEC 20 .31 15.8 77.6 71.5 55.3 29.0 14.1 3.1 .6 .0 .0
JAN 3 .24 19.9 69.7 62.3 45.3 21.8 10.0 2.0 .3 .0 .0
JAN 17 .28 14.9 77.9 70.7 51.8 23.8 9.9 1.4 .1 .0 .0
JAN 31 .28 14.1 79.6 72.8 54.2 25.7 11.0 1.6 .0 .0 .0
FEB 14 •.28 9.9 85.8 79 •.7 59.8 26.1 9.7 1.1 .0 .0 .0

Percent Probability of Receiving Trace or Less and At Least the Amounts Indicated
During 3-Week Periods, Gillette

PERIOe PRECIPITATION - IN INCHES
BEGIN AVE •. O,T. 0.06 0.10 0.20 0•.40 0.60 1.00 1.40 2.00 4.00

~AR 1 .6B 4.1 95.1 93.8 87.6 68.1 47.8 19.8 7.2 1.3 .0
MAR 22 1.02 .8 98.5 97.6 93.6 81.2 66.7 40.6 22.7 8.6 .0
APR 12 1•.14 4.9 <J4.3 93.4 <JO.l 80.4 69.2 48.0 31.5 15.7 1.0
tJAY 3 1.47 .0 <J8.6 97.3 93.2 83.6 73.6 55.2 40.3 24.5 4.2
tJAY 24 1.85 2.4 97.4 97.4 97.1 <J5.5 91.7 78.7 61.8 37.8 3.9
JUN 14 1.51 .8 98.7 <J8.1 95.7 88.4 79.4 60.7 44.4 26.3 3.6
JUL 5 •.88 5.8 92.7 91.1 85.7 72.2 58.1 34.7 1<J.3 7.4 .1
JUL 26 .63 1l.6 85.0 81.9 73.3 56.0 41.3 21.3 10.5 3.5 .0
AUG 16 .77 13.3 81.4 77.9 69.7 55.5 44.2 27.8 17.5 8.7 .-8
SEP 6 .77 9.9 86.5 83.6 75.3 59.2 45.4 25.9 14.5 6.0 .2
SEP 27 .50 6.6 8<J.3 85.3 73.7 51.3 34.1 14.1 5.6 1.2 .0
OCT 18 .53 9.1 89.7 87.8 79.5 55.7 34.0 10.0 2.3 .0 .0
NOV 8 .51 5.8 92.2 89.4 79.3 55.0 34.4 11.2 3.1 .3 .0
NOV 29 .35 12.4 84.8 80.7 66.5 37.5 18.5 3.7 .4 .0 .0
DEC 20 .44 4.1 <J0.2 84.6 69.3 42.7 24.8 7.7 2.2 .3 .0
JAN Ie .39 5.8 8<J.3 83.9 67.9 39.0 20.4 4.9 1.0 .0 .0
JAN 31 .41 2.5 91.9 86.4 71.0 42.7 23.7 6.5 1.6 .1 .0

Source: Clarence F. Becker and John D. Alyea, 1964a, PRECIPITATION PROBABILITIES IN
WYOMING. Bulletin 416. Laramie, Wyoming: Agricultural Experiment Station,
University of Wyoming.
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Table 3

Probability That a Given Day Will Be Wet or Dry, Douglas

P(WETl:llll- P (DRY) P(WET/ORV)=l - p(nRV/DRY) p(WET/WET)1II1 - PIDl:lV/WETl

PERIOD I'IET~ 0.01 INCHES wET !!: 1).05 INCHES wET ~ 0.1,0 INr-HES
BEGINS DI'{YDRY/DRY DRY/WEi' DRY DRy/DRY DRY/WET DRY DRY/DRY nRY!WET
MAR 01 76 78 10 89 >19 87 95 95 <:)9+
MAR 08 77 80 68 88 90 75 94 94 18
MAR 15 80 81 18 filA R8 86 91 92 1i5
MtlR 22 74 79 61 86 89 14 92 93 1'16
MAR 29 71 76 65 'l'9 ~1 7S A3 85 78
APR 05 70 76 56 80 A3 70 87 90 73
APR 12 78 82 64 87 QO 64 90 92 73
APR 19 75 82 51 82 AS 66 88 90 fl.9
APR 21', 68 76 51 18 Fl2 66 86 87 74
MAY 03 69 79 48 78 85 51 83 89 ~4
MAY 10 66 76 46 15 Fl1 58 80 84 f,7
MAY 17 65 75 46 15 A2 54 83 R5 76
MAY 24 61 68 50 71 16 61 18 81 ~7
MAY 31 62 73 46 12 16 61 78 79 76
JUN 07 70 17 55 16 82 57 83 86 f,9
JUN 14 64 70 55 75 17 66 81 82 73
JUN 21 71 78 57 80 AS 65 90 92 ~9
JUN 28 77 83 58 85 88 70 89 93 f,O
JUL 05 76 80 63 82 83 76 90 91 A6
JUL 12 78 80 72 81 A8 88 92 93 90
JUL 19 80 82 74 AB A8 94 92 92 92
JUL 26 77 80 65 88 90 75 93 94 71
AUG 02 83 85 73 90 92 71 93 95 A7
AUG 09 83 87 71 88 90 78 94 94 92
AUG 16 83 84 67 90 (/1 73 92 91 A3
AUG 23 81 86 59 AS 90 78 92 94- 79
AUG 30 84 B7 71 89 92 73 91 92 M
SEP 06 76 82 53 A3 AS 76 89 90 AO
SEP 13 84 90 52 89 93 56 93 94- 13
SEP 20 80 86 56 85 89 M 90 91 A3
SEP 27 86 91 56 91 94 55 93 95 ~1
OCT 04 85 87 71 90 en 77 92 93 79
OCT 11 84 87 71 ~8 90 73 92 93 90
OCT 18 fj3 88 SO R9 ClO 73 91 91 AS
OCT ?5 83 86 62 90 91 77 93 94 1'13
NOV 01 17 82 59 AS A8 65 91 91 ~5
NOV (IS 85 88 70 91 92 75 93 9S 76
NOV 1'5 80 84 58 Rll 89 63 93 94 AS
NOV 22 84- 85 76 90 92 78 95 95 q6
NOV ?9 83 85 68 92 93 85 96 96 Cl9.
DEC 06 80 81 76 90 90 88 95 96 A6
DEC 13 t16 87 80 92 CIllo 76 97 98 87
DEC 20 83 85 71 90 90 90 9~ 96 78
DEC 27 84 84 82 93 94- 82 98 98 92
JAN 03 80 82 76 91 (/2 83 96 96 75
JtlN In 81 84 67 92 92 88 96 96 Qq.
JAN 17 81 84 67 92 93 75 96 96 A8
JAN 24 79 83 66 89 en 78 91 97 92
JAN 31 82 83 78 R9 90 88 95 95 A6
FEB 07 80 82 15 AR "9 86 94 q5 A3
FEB 14 78 81 68 90 eH 19 95 95 71
FEB 21 BO 83 71 1il8 88 93 94 94 97

Source: Colorado State University Experiment Station. Probability of Sequence of
Wet or Dry Days for 11 Western States and Texas. Technical Bulletin 117.
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Table 4

Probability That a Given Day Will Be Wet or Dry, Gillette

P(WETl'"l - P (DRYl P(WET/D~YI"l - P(O~Y/DRYI p(wET/WETI=l - PlnRY/WETI

PERIOD wET i!: 0.01 INCHES IoIET i!: 0.05 INCHES WET i!: 0.10 INrHES
BEGINS DRY DRY/DRY DRY/wEi' DRY DRy/DRY nRy/wET DRY DRY/ORY nRY/wET
MAR 01 82 82 73 !l6 85 82 92 92 AB
MAR OB IH 85 59 86 QO 5B 92 93 ",8
MAR 15 B3 83 79 85 A6 83 91 91 97
MAR 2~ B1 80 83 84 84 81 90 91 A1
MAR 29 75 78 71 18 80 70 83 85 Al
APR 05 75 81 58 80 81 71 86 87 1B
APR 12 83 84 74 87 87 84 89 89 A9
AFlR 19 74 80 54 78 83 60 82 87 fl,9
APR 26 70 74 60 76 80 64 83 87 70
MAY 1)3 08 72 61 75 77 68 84 A7 70
MAY 10 71 76 57 18 81 61 82 R3 ~7
MAY 17 73 81 56 78 82 65 83 B6 ,,9
MAY 24 08 74 53 i3 17 56 80 81 ;0
MAY 31 64 69 56 69 72 63 77 79 70
JUN 07 65 71 53 71 15 61 78 84 ';7
JUN 1~ 72 76 62 77 80 68 82 AS 67
JUN 21 67 73 58 15 17 71 81 83 16
JUN :!8 1:13 86 71 87 89 74 90 93 ,,8
JUI.05 B3 87 57 M A9 60 91 Cl2 19
JUI. 12 82 82 87 85 AS 93 88 89 Cl2
JUI. 19 86 88 74 M A9 79 92 93 91
JUI.26 B1 85 65 85 AS 82 89 89 A2
AUG 02 68 90 76 91 Q2 85 94 95 79
AUG 09 86 87 85 89 QO 81 92 93 ClO
AUG 16 88 89 85 91 en 92 93 94 ClO
AUG 23 68 90 78 92 <:12 88 94 95 <:13
AUG 30 84 88 62 A6 A9 71 90 <31 A7
SEP 1)6 85 87 78 87 Fl8 79 89 90 A2
SEP 13 B3 90 49 85 90 53 89 <33 a;4
SEP 20 81 85 64 85 Fl8 69 90 91 82
SEFl27 B8 91 62 92 94 60 94 95 76
OCT 04 81 89 72 88 90 12 92 93 AO
OCT 11 90 92 80 92 92 88 92 93 A6
OCT 18 IH 90 67 90 92 77 93 94 89
OCT 25 90 91 88 eH 92 91 93 94 93
NOV 01 83 84 71 8i1- AS 72 88 Fl9 Al
NOV 08 84 86 69 1\7 88 72 91 93 "0
NOV 15 84 87 70 R6 88 72 91 92 A7
NOV 22 B8 89 77 90 en 82 94 95 A3
NOV 29 87 90 65 89 90 88 94 95 Cl2
DEC 06 88 90 67 90 en 69 94 94 Cl2
DEC 13 !:I8 87 91 90 Cll 93 96 eH 91
DEC 20 IH 81 78 A6 86 83 92 92 Cl2
DEC ~7 84 87 67 88 A9 74 94 9S M
JAN 03 63 85 75 88 ClO 72 94 95 Cl3
JAN 10 84 88 62 91 92 79 95 96 AO
JAN 17 61 88 52 87 til 0 64 95 95 Cl4
JAN ~4 63 88 56 89 90 85 94 94 <34
JAN 31 85 86 80 89 89 91 96 96 Cl3
FEB 07 80 81 17 83 A3 85 91 91 Cl7
FEB 14 81 82 76 87 86 86 93 93 CIS
FEB 21 82 85 67 86 88 80 94 94 99.

Source: Colorado State University Experiment Station. Probability of Sequence of
Wet or Dry Days for 11 Western States and Texas. Technical Bulletin 117.
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Figure 3
Mean Annual Precipitation as of 1965
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Figure 9

Probabilities of Minimum and Maximum Temperatures Less Than or Equal To Indicated
Values, Monthly Mean, and Extreme Temperatures, Douglas

The inter~ection of the vertical lines for the various months with the temperature
lines indicate the expected temperatures for the middle of the month.

Source: Clarence F. Becker and John D. Alyea. 1964. Temperature Probabilities in
Wyoming. Bulletin 415. Laramie, Wyoming: Agricultural Experiment Station,
Un~versity of Wyoming.
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Table 5

Empirical Probabilities of Observing Maximum Temperatures
Less Than or Equal To the Specified Values

LATITUDE: 42046'
LONGITUDE: 1050 ·25'
ELEV. (GROUND): 4853 feet

STATION: Douglas

MAXIMUM JAN FEB MAR APR MAY JUNE I JULY AUG SEPT OCT NOV DEC
TEMP.(OF)

-16
-14
-12
-10 '" 11
- 8 10 23
-6 " .15

-4 ,,- 47
- 2 ,. ,. .21

0 " ., .ll .32

2 , 19 .11 .43

4 '" 51 rn .22 .64

6 "4 2 12 21 .22 .75

B 4 19 2 24 53 .22 1. 07

I" 4.94 2.83 .96 .55 1.29

12 5.59 3 53 1 61 1. 00 2.15

14 6 88 4.24 1 72 11 1. 33 3.01

16 8.17 4.95 2.36 .11 1.44 4.08

18 9.56 6.01 2.68 .11 2.22 5.16

20 12.04 7.90 3.33 11 3.22 6.55

22 14.51 10.02 4.94 .11 3.88 9.24

24 17.31 13.08 6.34 .55 5.88 10.96

26 20.43 16.15 8.27 1.00 10 8.00 13.22

28 23.54 20.63 10.96 1 00 .32 10.66 17.31

30 28.92 24.29 13.87 2.33 10 .53 13.77 21.72

32 33.87 29.12 16.12 3.88 43 , 1.18 17.66 26.23

34 39.13 35.14 19 89 6 44 "" 2.15 21. 22 32.68

36 44 08 39 85 24 51 8 11 " .11 2.68 24.00 37.20

38 50 21 45 28 29 03 9 88 ,(, .33 3.22 27.77 43.22

40 58 06 51 41 33.97 12 44 '0 , .55 4.83 31.55 50.64

42 65.48 58.25 38.49 14.77 21' 22 1.11 6.45 35.33 58.27

44 73.44 66 15 44.73 17 55. 3 '" 22 1.66 9.35 41.44 66.02

46 81.50· 70 75 51 39 22 11 5 0 .66 2.44 11. 72 45.33 71. 07

4A 86 02. ~H%--28.JL.W~M-+--L-2-o... 2.BB 14.73 51. 33 77 .20

50 91.07 64.19 1 29 77 9 24 1 11 3.77 17.0Y 57.28 82.58

52 93.54 88.08 69.24 35 00 12 04 1 44 4.77 20.10 63.77 88.17

54 96,77 90.56 75.59 41 5' 14 3 2 60 .21 .10 6.33 13.87 70.11 92.15

-.." 98.38 92.68 80.32 46 66 19 24 3 55 .21 .10 7.00 28.60 I 75.58 94.83

58 99.13 95.63 86.55 52.11 23 33 4.55 .21 .21 9.00 32.90 82.11 96.77

"" 99.46 97.52 90 75 58.5 28 17 6.l~4 .32 .43 11.44 38.70 87.66 1 98.38

62 99.89 98.82 93.11 62 66 J1 44 9.00 .43 .86 14.55 45.91 91. 55 99.46

"4 99.29 95.59 70 " ,." 36 13.11 .53 1.29 18.00 52.04 95.44 99.78

66 99.88 96.66 75.66 45 26 16,33 .53 1. 82 21. 00 58.27 97.55 99,89

68 97.95 81.00 53.33 20.44 .96 3.01 26.77 65.16 98.88

70 98.81 87 66 63 01 25.88 2.25 4.40 32.11 72.15 99.55

7~ 99.67 01 <iii oe n, 31. 77 3.76 5.59 37.55 79.13
~4 0'. « 7< 0' 37.55 6.02 9.35 44.44 86.02

76 0'; " '0-'i/,' 44 "4 8 02 1<"... "1 " " u t "
78 oR " ".'R' 51.11 12.79 20.75 59 66 95 26

80 9
9

"" '" 58.11 19,56 26.34 68.11 97.95

82 66.44 27.41 34.51 77 .66 99.35
-84 73.77 34.94 44.08 B5.22 99.78

86 '" 79.44 46.66 57.52 89.66

88 87.11 58.17 72.25 93.44

90 00" s o 92.22 70.64 83.01 96.55
9~ 95.66 81. 82 91. 93 98 55
94 98.33 90 21 96 88 09 55
96 99.44 94 94 98 81 99 88

9" 99 55 96 88
100 99.77 98.81
102 99.35
104 99.78

106
108
10

112
1 4 -- -~--

PERIOO OF RECORD: 1931-1960

Source: Clarence F. Becker and John D. Alyea. 1964.
Wyoming. Bulletin 415. Laramie, Wyoming:
University of Wyoming.
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Table 6

Empirical Probabilities of Observing Minimum Temperatures
Less Than or Equal To the Specified Values

LATITUDE: 42° 46'
LONGITUDE: 105° 25'
ELEV (Ground)' 4853 feet

~~~~(~~) JAN FEB

-50
-48
-46
- 44
- 4?
-40
- 'R .11
- 36 .11
- 34 .10 11
- 32 .10 .11
- 30 .43 .23
- ?R .64 .35
- ? 6 86.82
- 24 1.18 1.29
-?? 1.82 2.00
- O() 2.90 2.-'
-18 4.30 318
- 16 5.91 3.65
- 14 7.74 4 83
- I 8.70' 30

~_

10 .. '10.86 707
13.33 8 20

- 6 14,51 9."
- - 4 17.84 10.84

20.75 I 'J 1R

- 0 I 24.94 16 so- :@ zt.r: , ".n___ ,!__ I 32.04 I 22.87
36.55 27.12

8 40.64 31.36
I 0 46.12 3 96
12 II e t ?'

14 "<l 404
16 "'0 ".lR
18 n655 60.84

20 77 C' I 68 39
22 "7 no 74 29
24 0" 00 79 24
26 07 <7 I 83 83
28 G7 N 85 32
30 a; " I 92 33
32 a<7" "<2R
.'4 07 -a t ,. on
36 ao"o qo 70
38 00 x t 99 05
40 00"' 99.41
42 99 64
44 99.88
46
48
50 I
52 I

54
1''''58
60
"'~64
66
68
70
72
74
76
78
80

Source:

7' no
10.00
36.66
44 1
07 2
62 6
7n.9
77

84
on
04

07 no
07 R4
o c 01

99.06
99 67
09 7R
00 Ro

STATION: Douglas

MAR APR MAY JUNE JULY

PER 100 OF RECORD: 1931-1960

OCT

71

.12

"32
.64

"1 82
2 2
2
3.
4

7

8.49
10.00
11 93
14.40
18.70

.88

.8?_ .. _
1 00
1 44
2-'0"

I ,.,,"
<00

8.77
J2nr1

u,
«

.10

.10
• 32
.32
. 75

1. 39
2 .25
3.97
5.91

10.75
18,49
26.02
33.97
42.79
54.08
64.51
75.80
84.73
91.39
94,94
97.09
99.03
99.67
99.89

.11

.33
1. 7/
2.66
3.88
7.55

13,00
20.11
30.00
40.66
54.00
64.77
74. il
t)q.77
90 DO
94 oS
97.33
98.77
99.44
99.66

10
,32
.96

1 £2
2.90
4.n
8.70

14,94
25.05
36.12
50 00
h2 hO
7017
86.45
93,22
96,98
98.70
99.35
99.78
99.89

Clarence F. Becker and John D. Alyea. 1964.
~~ming. Bulletin 415. Laramie, Wyoming:
University of Wyoming
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AUG

10
17

.75
2.04
3.44
5.91
9.89

17.63
26,55
38 06
'0 In
62 60
70 '<
01 7<

91 50
95 59
07 <2
99.03
99.78

.11
55

1. 00
1. 66
2 'is

4 "o
1 11
1f1 11

27 00
36.11
4' 00
SJ 44
63 Jl
70,66
7 77
~, 77

RR44
q,> ':l'l

0- 77

07 77

00 "
00 RR

SEPT

.10

.10

.21

.32

.53

.96
1 50
2 47
3 65
4.30
7.74

11.72
17.74
25.16
35 80
48 38
58,70
«: 4,

74.62
80,64
86 88
90.64
94.62
96.77
98.38
99 03
qq '6
OQ 00

.11

.22

.44

.55

.77

.88
1. 33
1.88
2.11
3 22
4 11
5.33
7.77
9.55

12.22
15.11
17.55
20.55
24 on
20.00
11.77
40.22
47 22
54 7
63 11
2 11

70. SS
Ro.l
89 '7

07 "
94 22
96.33
0, 88
99 33
99 77
99 8P.

NOV DEC

10
.21
.53
96

1.29
1.72
2 25
3.54
4.73
5 91
7.74
9 '8

12.47
16.34
18.70
22.04
25.59
30.86
37 31
411'

4946
53
58.81
65 lJ
70 0<
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Figure 10

Probabilities of Minimum and Maximum Temperatures Less Than or Equal To Indicated
Values, Monthly Mean, and Extreme Temperatures, Dull Center

The intersection of the vertical lines for the various months with the temperature
lines indicate the expected temperatures for the middle of the month.

Source: Clarence F. Becker and John D. Alyea. 1964. Temperature Probabilities in
Wyoming. Bulletin 415. Laramie, Wyoming: Agricultural Experiment Station,
University of Wyoming.
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Figure 11

Probabiliti.es of Minimum and Maximum Temperatures Less Than or Equal To l:,\:.iicated
Values, Monthly Mean, and Extreme Temperatures, Gillette

The Lnt.e'r sec ti.on of the vertical lines for the various months with the temperature
lines indicate the expected temperatures for the middle of the month.
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Table 7

Empirical Probabilities of Observing Minimum Temperatures
Less Than or Equal To the Specified Values

LA(lT'JDE: 44° 17'
lONGITUDE' 105° 28'
ELE V. (Ground): 4556 feet

STATION: Gillette 2E

MINIMUM JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DECTEMP("F)

-50
-48
-46
-44
-4
-40 11
- '0 .11
-36 .11
- 34 11
- 32 .10 .35
-30 .21 .47
- ?A .43 .94
- ? I'; .53 1.41 .11-24 I. 07 I. 88 .11
- ?? 2.15 I. 88 .21 .22 .32
- ?() 3.44 2.24 .21 .44 .53- /8 4.19 3.18 32 .55 .75- 16 5.59 3.77 .75 .66 1.18
- 14 , 7.20 4.71 I 29 I .77 1. 93- ? 9.03 5.07 1 93 11 .88 1 ru- /0 12.47 6.25 2 47 .11 u« .19
- A 11 6 8.01 3 01 11 1 ~~ z . ,I- 6 1 '.3 In n2 3 87 11 1.1& r-;.Z~- 4 17 74 12 oz 48 33 3. 11- ? zo 12 1'.33 6 66 .44 nn 9.2'0 23 8 19.45 8 38 .44 .10 In 5,66 12 252 26.34 21. 93 9.89 .77 .10 .21 6.66 14.624 30.53 25.11 12.15 1.00 .10 .21 8.55 16.23

I'; 33.76 28.30 13.54 1.11 .10 "' 9 88 1 -8 38.81 31.36 16.12 1.66 .10 "' 12 11 2/0 44.40 38 67 21. 50 2.55 .21 "" 17 on12 I '0 32 "1 • 26 02 4.66 21 1 18 2n.27 ,
/4 56 23 '" " 2 78 6.77 32 2? 1.72 zs.:»16 I; 60 21 .5 AO 31. 03 8.11 .32 " 2 'A ?? "18 i 66.12 61. 20 37.20 10.44 .43 33 3.76 32 6620 74.94 69 33 47.74 14.44 .64 "" 6 12 19 AR22 EI.39 76.65 56.66 20 77 1 29 00 8 81 u« RA24 86.02 R2 4 66.45 26.88 2.68 1 13 8 ""26 90.75 R, 96 73 76 33.00 3.97 2 18 6 ~3. 22

"'"28 93 76 R' .3R 80.32 43 88 6 66 .22 , 2 QL. 71 nn AA 7n30 '6 03. " 88.4 54 33 12 70 AR , " A? ?? O? on32 , 0, oR OR 0' 92.04 h1 IR 7r 1 77 A 07 "2. on RR ?? OR 01

"" qR R1 oR 21 0' 0' 73. " ?nOR
1 " .21 ," ~R R2. 92. " 97 \ 136 99 56 90 n' 96 5R 78 55 34 40 11 .21 2n 31 59.4 95.44 9R .4038 99.56 99 2 97 84 84.88 42.58 3 .96 ?h 74 68.06 97.66 OR.9240 00 AO 99.7f . 98.8 17 " r. IR 2.79 1, 71 70 2 99.33 00 \~42 99.67 OL. " 66 ~~ .90 4.83 HCl 86 23 99.44 00 7R44 99 78 97.00 78 27 0" 8.60 " 71 91.03 99.5546 99 11 85 91 4R J 7 13.97 ~2 A1 95.05 99.8848 99.55 90.75 'R ()4 20.75 7n 01 07 11 99.88

5 99 17 R ~Q 23. ,4 33.44 7A '" OA ~n52 09 77 4R 7Q "nl 45.59 AR R7 99 1354 90 RR .27 R7 " "' RO 57.74 on 12 00 7A
fil'; C? 0' PO % OR 71. 07 0' <7 00 7A58 M. 0< 77 -rrv " 80.21 0< no 99.89
60 99 80 OA oR 87.84 OA no 99.89
1';2

00 " 93.22 00 "64 00. RR 96.77 00 AR66 00. RR 98.1768 99.88 'R 99.24
70 99 672 99.6774
76
78
80

PERIOD OF RECORD: 1931-1960

Source: Clarence F. Becker and John D. Alyea. 1964.
Wyoming. Bulletin 415. Laramie, Wyoming:
University of Wyoming.

Temperature Probabilities in
Agriculture Experiment Station,
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Table 8

Empirical Probabilities of Observing Maximum Temperatures
Less Than or Equal To the Specified Values

l.ATITUDE: 44° 17'
l.ONGITUDE: 105° 28'
f:LEV. (GROUND): 4556 feet

STATION:

-

~
M.~XIMUM JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCTTEMP.(·F),

-16 .32
-14 .43 35
-12 .43 8
-10 .75
- 8 1.39 94 .32
-6 1.39 ' '" .32
-4 1.82 1 41 .43
- 2 2.04 1 '3 . 33 .43

0 3 6 ~ 21 33 .53
2 4 <1 2 12 :<3 33 .53
4 5 59 ? <0 7< .44 .86.-.~
6 5.91 3 41 1.18 .55 1.50..-
8 6.77 4.36 1.39 .11 .77 1.72
In 9.35 - 5.66 1.82 .11 1.33 2.58
12 10.32 6.48 2.58 .22 2.11 3.65
14 12.68 7.78 3.11 .22 .10 2.88 5.37
16 13.76 8.96 3.44 .33 .21 3.22 5.69
tl 15.26 10.96 4.62 .33 .21 4.22 7.63
20 18.49 14.15 5.59 .44 .21 5.11 10.53
22 20.86 16.39 7.41 .4" .32 5.66 12.68
24 24.83 20.40 9.35 .77 .32 8.00 15.16
26 23.93 11.18 "" .43 9.55 17.63
28 01 28.06 14.73 " " .22 .53 lk .88 22.79.30 " 34.66 19.89 2.77 .21 .22 .86 16.44 29.03
32 .79 38.20 23.33 4.33 .21 .22 1.29 19.00 33.87
34 0< 45.40 28.81 "7' ?? .43 .22 2.47 ',: .33 41. 82
36 no 51.29 33.44 9.22 .75 .22 3.01 21' .66 47.84
38 <1 « <7 19 38.49 11.77 1. 07 .11 .44 4.73 3:.,77 53.54

-r-t 'n 66 62 46 45 16.44 1. 93 .22 1 10 6.88 4(1.44 62.58
42 70 I:C 71. 93 53.01 19.33 2.90 .22 1.44 9.67 ~S.ll 70.53
44 0< 01. 77.24 59.03 22.77 5.05 .77 1. 99 12.79 51. 22 71.63
46 on 1 n 81. 25 64.19 26.00 6.7) .77 2.44 14.19 56.77 83.44
48 0" no 85.61 69.03 30 44 8.60 1. Oil .10 3.32 16..lL 61. 22 86.98
50 9< 89.03 76.34 36.55 12.3G 1.6G .10 4.10 22.68 69.11 91.61
52 , 91.39 80.00 I 42.11 14. 9/~ 2.55 .10 5.66 26.02 73.66 94.40
54 94.45 84.40 47.77 18.38 4.4/. .10 8.88 29.46 79.44 . 96.66

"" 95.99 87.52 51. 77 21.39 6.01l .21 .21 8.32 34.40 83.77 97.95
58 97.52 90.32 58.11 I 26.7/ 9.00 .21 .21 , 10.76 38.06 86.22 98.60''0 98.11 93.33 65.33 33.9, 12.33 .32 .43 14.53 43.33 90.44 99.56
62 99.29 95.16 71. 55 40.43 15 on .64 .53 16.98 47.84 93.66 99.67
"4 99.76 97.31 76.77 45.59 18.55 1.39 2.04 21.42 54.94 96.22 99.78
66 97.95 81. 00 50.86 22.22 1. 50 3.11 25.08 60.0U 97.33 ' 99.78
68 98.60 86.22 58.27 27.88 2.04 3.87 29.41 65.26 98.44
70 99.24 91. 33 66.45 33.22 5.16 6.12 35.84 72.90 99.77
7~ 99.89 94.11 73.01 39.22 6.02 8.81 40.17 78.60

99.89 96 22 79.03 47.22 8.49 11 82 47.61 85 37
76 0000' oo;.e: "1 \1 52 88 1 '';-0 -z;;-

1 'o',;OC
78 98 88 87 95 59.88 15 59 19 78 59 26 93 11
80 99.66 91.39 68.33 20.21 26.88 65.70 96.77
82 99 88 93.87 74.66 25.59 33.76 71.92 98.60
84 96.23 81.55 34.08 42.68 80.02 99.35
8e. .. 97.52 37.77 42.25 50.21 86.12 99.89
88 98.70 91.77 51. 93 57.31 90.56
90 99.35 95.22 64.51 69.56 94./,5
9? 99.89 96.77 74.83 79.78 96 11
94 98 33 83 9 90 86 08 44
96 99 11 90 32 c-i. -02 .;; --
9A 99 77 94 40 9784'

100 99.77 97.74 99.03
102 99.88 99.35 99.67
104 99.89 99.89
106
108
10

112
14

PERIOD OF RECORD: 1931-1960

(

8;:,urce: Clarence F. Becker and John D. Alyea. 1964.
Wyoming. Bulletin 415. Laramie, Wyoming:
Thdversity of Wyoming.

Temperature ~robabi1ities in
Agriculture Experiment Station,
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Figure 12

Probabilities of Minimum and Maximum Temperatures Less Than or Equal To Indicated
Values, Monthly Mean, and Extreme Temperatures, Recluse

The intersection of the vertical lines for the various months wfth the temperature
lines indicate the ~xpected temperatures for the middle of the month.

Source: Clarence F. Becker and John D. Alyea. 1964.
Wyoming. Bulletin 415. Laramie, Wyoming:
University of Wyoming.
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Supporting Data



Aa-Ab - Arvada clay-clay loam

Table 10

Arvada clay-clay loam occupies sloping terraces and alluvial fans that have been formed by local
alluvium from upland soils. The soil has alkali or saline areas and bare spots where wind erosion
has removed the surface and exposed the clay subsoil.

The surface horizon is light brownish gray friable clay or clay loam about 4 inches thick. The
soil reaction (pH) ranges from slightly to strongly alkaline. The subsoil is brown to gray clay to
clay loam about 20 inches thick and has columnar to prismatic structure. The substratum is clay
loam to clay to 60 inches or more. The soil reaction of the subsoil and substratum ranges from
strongly to very strongly alkaline. The internal drainage is very slow. The exchangeable sodium
percentage of the subsoil and substratum is high, more than 15%.

Surface
Surface Thickness AWC
Texture Inches Inches

Clay 3-6 5-6
loam

Natrargid, fine, montmorillonitic, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/hr AASHO Unified

Frost
Hazard

Shrink-
Swell

Soluble
Salts

alkali-
salinity
CaC03

Production
Potential
(/1/AC dry wt.)

250-600

Soil Classification: Ustollic

0.06 A-7 CL-CH Low High

pH
7.4
to

9.0+

Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
High
Noderate
Low
Low
o
Low
Low
Low
Low
Low
Low
D

QUALIFICATIONS
basic erosion rate .65
fine textured, sodic and nearly level
saline, sodic, very slow permeability
saline, sodic, very slow permeability
saline, sodic, slow permeability, clayey
high shrink-swell, sadie, subject to piping
high shrink-swell, sodic soils, subject to piping
very slow permeability - near streams
near streams
near streams, clayey textures
high shrink-swell
sadie, clayey, slow permeability

Ac - Arvada loam

Table 11

Arvada loam occupies sloping terraces that have been formed by local alluvium. The soil has
alkali or saline areas and bare spots where wind erosion has removed the surface and exposed
the clay subsoil. The surface horizon is 5 - 10 inches thick and ranges from sandy loam to
loam. The subsoil is clay loam to clay and has columnar to prismatic structure. The substratum
is clay to silty clay loam to 60 inches or more. The soil reaction of the subsoil and sub-
stratum ranges from strongly to very strongly alkaline. The internal drainage is very slow.
The exchangeable sodium percentage of the subsoil and substratum is high, more than 15%.

Surface
Texture

Surface
Thickness
Inches

Natrargid, fine, montmorillonitic, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/hr AASHO Unified

Frost
Hazard

Shrink-
Swell

Soluble
Salts

alkali-
salinity
CaC03

Production
Potential
(/1/AC dry wt.)

Soil Classification: Ustollic

AWC
Inc.hes

Loam 3-6 5-6 CL-CH Low High0.06 A-7

pH
7.4
to

9.0+
250-600

Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
High
Moderate
Low
Low
o
Low
Low
Low
Low
Low
Low
D

QUALIFICATIONS
basic erosion rate .54
medium textured, sodic, nearly level
saline, sodic, slow permeability, clayey
saline, sodic, slow permeability, clayey
saline, sodic, slow permeability, clayey
high shrink-swell, sodic, subject to piping
high shrink-swell, sadie, subject to piping
very slow permeability - near streams
near streams
near streams, clayey textures
high shrink-swell
sodic, clayey, slow permeability
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Ba - Bankard fine sandy loam

Table 12

Bankard fine sandy loam occupies nearly level floodplains that have been formed by local alluvium.
The surface layer is grayish brown, mildly alkaline loamv sand about 3 inches thick. The subsoil
is loamy fine sand texture, pale brown to light brownish gray and about 27 inches thick. The sub-
stratum is loamy sand to a depth of 60 inches or more. Internal drainage is very rapid. Soil
reaction is moderately alkaline.

Soil Classification: listie

Surface
Texture

Surface
Thickness
Inches

Torrifluvent, sandy, mixed, calcareous, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
inlhr AASHO Unified

Production
Potential

(II lAC dry wt , )
AWC

Inches

Loamy
sand

2-4 .05-
.07 ate

Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

6-20 A-2

Frost
Hazard

Shrink-
Swell

Soluble
SaltspH

7.9
to

8.4
CaC03 1400-2500

RATING
~te
High
Moderate
Low
o
Moderate
High
Moderate
Very Low
Very Low
Low
A

SM Moder- Low

QUALIFICATIONS
basic erosion rate .17
sandy
medium texture, deep
intake rate too fast
too coarse, low water capacity
occasional flooding
moderate frost action
occasional flooding
rapid percolation
percolation too rapid
flood hazard
rapid permeability

Bb - Satanta loam

Table 13

RATING
~
High
Moderate
Moderate
9
Moderate
Moderate
High
Medium
Medium
Medium
B

Satanta loam occupies nearly level to undulating sloping, uplands and high terraces. They formed in
loamy, eolian materials that have been partially reworked by wind action. The surface horizon is
dark grayish brown loam about 9 inches thick. The subsoil is grayish brown clay loam about 25
inches thick. Soil reaction is neutral to slightly alkaline.

Surface
Texture

Surface
Thickness
Inches

AWC
Inches

Argiustoll, fine-loa~y, mixed, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
inlhr AASHO Unified

A-4

Production
Potential

(III AC dry w t , )

1800-2500

Frost
Hazard

Shrink-
Swell pH

6.1
to

8.4

Soluble
Salts

Soil Classification: Aridic

Loam <.5 0.6- to ML-CL Low ~ledium
2.0 A-7

Estimated Behavior Characteristics

8-10

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

QUALIFICATIONS
basic erosion rate .28
coarse, loamy
low water holding capacity

good medium texture
low strength, moderate shrink-swell
moderate shrink-swell
moderate permeability
too rapid permeability
slope
moderate shrink-swell
moderate permeability
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Table 14

La - Haverson loam

Haverson loam occupies nearly level to very gently sloping floodplains that have been formed in
alluvium. The surface horizon is light brownish gray loam, seven inches thick. The subsoil is
light brownish gray loam stratified with thin lenses of sandy loam and very fine sandy loam to a
depth of 60 inches.

Surface
Texture

Surface
Thickness
Inches

Torrifluvent, fine-loamy, mixed (calcareous) mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/hr AASHO Unified

Frost
Hazard

Shrink-
Swell pH

7.9

Soil Classification: Ustic

AWC
Inches

Loam 6-10 .16-
.18

0.6- A-4 HI. High }\oder-
2.0 ate

Estimated Behavior Characteristics

to
8.4

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Hined Land (inches)
Transportation Routes
Roadfill Haterial
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
High
Moderate
i'1oderate
~Ioderate
High
Low
Low
Moderate
}foderate
Low
Lew
B

Table 15

Hb - McKenzie Clay

QUALIFICATIONS

Soluble
Salts

medium texture
moderate permeability
medium texture
medium texture
high susceptibility to frost heave
high frost action
moderate permeability
moderate permeability
high frost action
high frost action
moderate permeability

McKenzie clay occurs in shallow, intermittent lakes on upland landforms. The soil consists of
gray or dark gray clay materials which have eroded from upland soils. ~cKenzie clay varies in
stage of development as carbonate bearing layers may occur a few inches to several feet below
the surface. The surface layer is 2 - 5 inches thick and ranges from sandy loam to clay. The
substratum is dominantly a massive gray clay and may be more than 60 inches deep. Soil reaction
is normally strongly to very strongly alkaline. Carbonate content is variable but usually
increases with depth. Internal drainage is very slow. Saline and sadie salts are present in
some locations.

Surface
Texture

Surface
Thickness
Inches

AWC
Inches

Haplaquept, fine, montmorillonitic, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/hr AASHO Unified

Frost
Hazard

Shrink-
Swell pH

7.0
to

8.5

Soil Classification: Typic

Clay 3-10 8-12 A-7 CL-CH0.06

Estimated Behavior Characteristics

Moder-
ate

High

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material

RATING
High
Moderate
Low
Low
Low
Low
Low

Septic-Tank Absorption Fields Low

Sewage Lagoons
Sanitary Landfills (trench)
Hydrologic Group

Low
Low
D

Soluble
sal ts

Alkali-
saline
CaC03

Production
Potential

(II lAC dry w t .")

1800

Production
Potential

(lilAC dry wt.)

400-1000

QUALIFICATIO~S
basic erosion rate .65
fine textured, nearly level
clayey, saline, sodic, ponGed water
slow permeability, ponded water
clayey, saline, possible sodic
high shrink-swell, ponded water
high shrink-swell, possible piping due to sodic

soils
slow permeability, possible water table

contamination
possible water table contamination
possible water table contamination
clayey, slow permeability
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Table 16

Rio - Renohill clay loam

Renohill clay loam occupies gently sloping to rolling uplands. The parent material is weathered
shale of the Wasatch, Lance, and Fort Cnion formations. The clay loam surface horizon is 3 - 6
inches thick and has granular structure. The upper subsoil is clay to clay loam w i t h prismatic
and blocky structure. It normally contains no free calcium carbonate. The Lower subsoil is
clay loam and cont aLns calcium carbonate. i ne clay loam SUbSLfC:ilUIn is calcareous extending (0

bedrock which occurs at depths of 20 - 40 inches. Soil reaction is normally neutral to moderately
alkaline. The depth to calcareous material ranges from 6 - 20 inches. Internal drainage is slow.

Surface
Texture

Surface
Thickness
Inches

Awe
Inches

Haplargid, fine, montmorillonitic, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/lor' AASHO Unified

A-6

Frost"
Hazard

Shrink-
Swell pH

7.0
to

8.6

Soluble
Salts

Soil Classification: Ustollic

Clay
loam

3-6 5-6 or
A-7

Estimated Behavior Characteristics

CL High High0.06-
0.2

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for ~ined Land (inches)
Transportation Routes
Roadf i11 ~taterials
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic group

RATING
High
:1oderate
Node r a t e
Low
6
Low
Low
Low
Low
Low
Low
C

Table 17

Ql'ALIFICATIO;\S
basic erosion rate .54
clayey surface texture, smooth slopes
clayey, slow permeability
clayey, slow permeability
fair, due to high clay content
high shrink-swell
high shrink-swell, low strength
slow permeability and moderate depth
bedrock at 20 - 4011

bedrock at 20 - 40'1
high shrink-swell
clayey, slow permeability

Rc - Renohill clay loam, rolling phase

This rolling phase differs from Renohill clay loam in topography, depth of soil and degree of
~rosion. The.topography is rolling to steep~ The depth to bedrock ranges from less than 10
~nches to 40 lnches. Bedrock is exposed on some of the steeper slopes. :\atural erosion has
formed gullies in some areas. The parent material is weathered shale of the Lance Wasatch
and Fort Cnion formations. The clay loam surface layer is generally 3 - 6 inches ~hick and'
has granular structure. The subsoil and substratum are clay loam to clay with carbonates at
depth of 6 - 20 inches. Soil reaction is normally neutral to moderately· alkaline. Internal
drainage is slow.

Soil Classification: Cstollic

Surface
Texture

Surface
Thickness
Inches

AI-.'C
Inches

Haplargid, fine montmorillonitic, mesic
Estimated Physical & Chemical Properites

Perme- Engineering
ability Classification
in/lor AASHO Unified

A 6
Clay
loam

3-6 5-6 ,06- or CL High High
0.2 A-7

Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for ~!ined Land (inches)
Transportation Routes
Roadfill ~~terial
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
High
Low
:!oderate
Low
6
Low
Low
Low
Low
Low
Low
C

Fros t
Hazard

Shrink-
Swell pH

7,0
to

8.6

Soluble
Salts

QLALlFICATIO~S
basic erosion rate .47
clayey, rolling topography
clayey, slow permeability
clayey, slow permeability
fair, due to high clay content
high shrink-swell -
high shrink-swell
slow permeability, bedrock 20-4011

bedrock at 20-~0J1
bedrock at 20-4011

high shrink-swell
clayey, slow permeabilitv

Prod uc lion
Potential

U/AC dry "t.)

750-1800

Produc tion
Potential

(I!/AC dry w t . )

500-1400



Rd - Renohill loam

Table 18

Renohill loam occupies gently sloping to rolling uplands. The parent material is weathered
shale of the Lance, Wasatch, and Fort Union formations. The loamy to sandy loam surface
horizon is 3 - 8 inches thick. The upper subsoil is clay loam to clay with prismatic and
blocky structure. It normally contains no free calcium carbonate. The lower subsoil is clay
loam and contains calcium carbonate. The clay loam substratum is calcareous extending to
bedrock which occurs aL deplhb vf 20 - 40 inches. Soil reaction is usually neutral to
moderately alkaline. The depth to calcareous material ranges from 6 - 20 inches. Internal
drainage is slow.

Surface
Texture

Surface
Thickness
Inches

Haplargid, fine, montmorillonitic, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
inlhr AASHO Unified

A-6

Frost
Hazard

Shrink-
Swell

Soluble
Salts

Production
Potential

(IliAC dry w t ; )

Soil Classification: Us tollic

AWC
Inches pH

7.0
to

8.6
750-2000Loam 3-6 5-6 .06- or CL High High

0.2 A-7
Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Ni.ne.dLand (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
Moderate
Hoderate
Moderate
Moderate
8
Low
Low
Low
Low
Low
Low
C

QUALIFICATIONS
basic erosion rate .47
medium textured, smooth slopes
medium texture, slow permeability subsoil
medium texture, slow permeability subsoil
good, medium textures
high shrink-swell, clayey
high shrink-swell, clayey
slow permeability, bedrock 20-40"
bedrock 20-40'1
bedrock 20-40"
high shrink-swell, clayey
clayey, slow permeability _

Re - Renohill loam, rolling phase

Table 19

This rolling phase differs from Renohill loam in topography, depth of soil and degree of erosion.
The topography is rolling to steep. The depth to bedrock ranges from less than 10 inches to
40 inches. Bedrock is exposed on some of the steeper slopes. Natural erosion has formed gullies
in some areas. The parent material is weathered shale of the wa se t ch , Lance, and Fort Union
formations. The loam to sandy loam surface layer is usually 3 - 6 inches thick. The upper subsoil
is clay loam to clay with blocky and prismatic structure. It normally contains no free calcium
carbonate. The lower subsoil is clay loam and contains calcium carbonate. The clay loam sub-
stratum is calcareous. Soil reaction is normally neutral to moderately alkaline. The depth to
calcareous material ranges from 6 - 20 inches. Internal drainage is slow.

Surface
Texture

Surface
Thickness
Inches

AWC
Inches

Haplargid, fine, rnontmorillonitic, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
inlhr AASHO Unified

A-6

Frost
Hazard

Shrink-
Swell

Soluble
Sal ts

Produc tion
Potential

(II!AC dry wt ,")

Soil Classification: Ustollic

pH
7.0
to

8.6
600-1500Loam 3-6 5-6 .06- or CL High High

0.2 A-7
Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for ~ined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
!'foderate
Hoderate
Hoderate
Hoderate
8
Low
Low
Low
Low
Low
Low
C

QUALIFICATIONS
basic erosion rate .47
medium texture, rolling topography
medium texture, slowly permeable subsoil
medium texture, slowly permeable subsoil
good, medium textures
high shrink-swell, clayey
high shrink-swell, clayey
sLow permeabili ty J bedrock 20-4011

bedrock 20-40"
bedrock 20-40"
high shrink-swell, clayey
clavey, slow permeability
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Table 20

Rf - Rough Broken Land

Rough broken land consists of steep, eroded, strongly dissected areas along escarpments,
steep-walled drainage channels and rock outcrops. The parent material is interbedded
shale, sandstone, and limestone. Small areas of shallow to deep soils are intermingled
in rough broken land. The density of vegetation is quite variable ranging from bare areas
or sparse vegetation on rock outcrops to dense stands on the deeper soils. The physical
and chemical properties of the unit are very variable.

Soil Classification:

Surface
Texture
Sandy
loam to
clay

Surface
Thickness
Inches

2-6

Unclassified and Vstie Torriorthents f .Loamy and clayey, mon trno r t Llon i tic f

calcareous, mesic, shallow
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/hr AASHO Unified
.06- A-4
2.0 to

A-7
Estimated Behavior

AWC
Inches

0-3 SM-CL

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
High
Low
Low
Low
o
Low
Noderate
Low
Low
Low
Low
D

Table 21

Frost Shrink-
Hazard Swell
Low Low
to to

High High
Characteristics

Soluble
SaltspH

7.0
to

8.4

Ql:ALIFICATIO~S
basic erosion rate .65
roughness of topography
shallow soils, low AWC
shallow soils, low AWC
locally 6-10" fair (minor)
steep slopes, locally fair
locally fair due to rock content
shallow to bedrock, steep slopes
shallow to bedrock, steep slopes
shallow to bedrock, steep slopes
greater than 15% slopes
steep slopes, shallow soils

Rh - Rough Broken Land, Searing soil material

AWC
Inches

This unit is a complex of rough broken land and eroded areas of scoria. Rough broken land
includes steep, eroded, strongly dissected areas along escarpments, steep-walled drainage
channels and rock outcrops. Scoria is a red or reddish colored shaly material and clinker
produced by the heating and partial fusing of clays during the burning of underlying coal
beds. Searing soil is characterized by a reddish brown gravelly loam surface horizon about
5 inches thick. The subsoil is a gravelly clay loam to loam which has blocky structure.
The substratum is a friable, calcareous gravelly loam. Bedrock generally occurs at an
average depth of 2 feet. This unit has fragments and ~locks of red shale, stone, and clinker
scattered on the surface. Internal drainage is good.

Gravelly
loam

2-4

Soil Classification:

Surface
Texture

Surface
Thickness
Inches

Unclassified and Us tic Torriorthent, loamy-skeletal over fragmental,
mixed, non-acid, mesic

Estimated Physical & Chemical Properties
Perme- Engineering
ability Classification
in/hr AASHO Unified

A-4

Frost
Hazard

Shrink-
Swell pH

7.0

Soluble
Salts

2-3 .06- to SH-CL Low Low
2.0 A-7

Estimated Behavior Characteristics

to
8.4

CaC03

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
High
Low
Low
Low
o
Low
Moderate
Low
Low
Low
Low
D

gl:ALIFICATIO:;S
basic erosion rate .47
roughness, dissected slopes
gravelly shallow soils, ste~p slopes
gravelly shallow soils, steep slopes
locally fair due to rock content
steep slopes, locally fair
locally fair due to rock content
shallow to bedrock, steep slopes
shallow to bedrock, steep slopes
shallow to bedrock, steep slopes
greater than 15% slopes
steep slopes, shallow soils

r-3?

Production
Potential

(II! AC dry wt.)

200-1000

(

Produc tion
Potential.

(Ii / AC d rv w t . )

200-1500



Table 22

Sb - Searing gravelly loam

Searing gravelly loam is developing in scoria, the beds of burned shale and clinker that have
been formed by the burning of underlying coal beds. The scoria beds consist of red hardened
shales and red to nearly black clinkers. This soil occurs on undulating to rolling areas and
includes scattered outcrops of scoria. The surface horizon is reddish brown gravelly loam about
5 inches thick. The subscil is a reddish brown grRvPl1y rlay loam which has blocky structure.
The substratum is friable, calcareous gravelly loam. Bedrock generally occurs at an average
depth of 2 feet. Internal drainage is good.

Surface
Texture

Surface
Thickness
Inches

Haplargid, fine-loamy, mixed mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
inlhr AASHO Unified

Production
Frost Shrink- Soluble Potential
Hazard Swell pH Sal ts (iliAC dry wt.)

7.0
Low Low to CaC03 500-1300

8.5

Soil Classification: Ustollic

AWC
Inches

Gravelly
loam

2-5 2-4 0.2- A-4 ML-CL
0.6

Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
Moderate
Low
Low
Moderate
15
Moderate
Moderate
Low
Low
Low
Moderate
C

QUALIFICATIONS
basic erosion rate .32
rolling topography, medium textured
gravelly texture, bedrock at 20-40"
bedrock at 20-4~'
fair, scoria coarse fragments
bedrock at 20-40"
medium textures
bedrock at 20-40"
bedrock at 20-40"
bedrock at 20-40"
slop ing soils
bedrock at 20-40"

Ta - Terry sandy loam

Table 23

Terry sandy
sandstone.
reaction is
The subsoil
rapid.

loam occupies sloping to moderately steep (6-15%) sidehill slopes formed from
The surface layer is grayish brown, fine sandy loam about 4 inches thick. Soil
mildly alkaline. The subsoil is brown, fine sandy loam about eight inches thick.
reaction ranges from mildly to stronglv alkaline. Internal drainage is moderately

Soil Classification: Ustollic

Surface
Texture
Fine
sandy
loam

Surface
Thickness
Inches

Haplargid, coarse-loamy, mixed,
Estimated Physical & Chemical

Perme- Engineering
ability Classification
inlhr AASHO Unified

S-2

Production
Potential

(IIIAC dry wt.)
AWC
Inches

3-5 .10-
.15

2.0- or SM-SC Moder- Low
6.0 A-4 ate

Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Bdildings
Hydrologic Group

RATING
High
Moderate
Low
Low
5
Moderate
Low
Low
Low
Low
Moderate
C

mesic
Properties

Frost
Hazard

Shrink-
Swell pH

6.8
to

8.6
1000-2000

Soluble
Salts

QUALIFICATIONS
steep slopes
medium texture
rapid permeabilitv
rapid permeability
medium textures
sLope, shallow to bedrock

bedrock less than 20"
bedrock less than 20"
bedrock less than 20"
slope, shallow to bedrock
slow permeability

r.-11



Table 24

Vb - Ulre clay loam, shallow phase

This phase differs from Ulm loam in topography, texture, and depth of soil. The topography is
rolling and the depth to interbedded sedimentary bedrock ranges from 10 - 20 inches. The
steeper slopes have some rock outcrops. The surface horizon is granular clay loam about 6
inches thick. The subsoil is calcareous silty clay loam with prismatic structure. The subsoil
normally becomes more loamy and friable with depth. Internal drainage is moderate to slow.
Soil TRaction n or-ma l l y r-anges from ne ur r a l to mod e r a t e Ly a l k al i ne •

Soil Classification:

Surface
Texture

Surface
Thickness

Inches

Clay
loam

3-6

Ustollic

AWC
Inches

2-4

Haplargid, fine-loamy, mixed mesic, shallow
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/hr AASHO Unified

0.2-
0.6

A-6 ML-CL
erate

Estimated Behavior Characteristics

Low Mod-

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
High
Moderate
Low
Low
6
Low
Low
Low
Low
Low
Moderate
C

Table 25

Uc - UIm loam

Frost
Hazard

Shrink-
Swell pH

7.0
to

8.6

Soluble
Salts

QUALIFICATIONS
basic erosion rate .41
medium textured, rolling topography
bedrock less than 20"
bedrock less than 20"
fair, clayey texture
shaley bedrock less than 20"
clayey texture
bedrock less than 20"
bedrock less than 20"
bedrock less than 20"
shrink-swell
clayey, shallow

Ulm loam occupies gently sloping to rolling uplands. The parent material is interbedded sandstone,
shale and loamstone. The surface horizon is friable loam 3 - 7 inches thick. The subsoil ranges
from sandy clay loam to clay loam and has prismatic structure. The calcareous substratum ranges
from sandy loam to clay loam and extends to weathered bedrock at depths of 20 - 40 inches. Soil
reaction normally ranges from neutral to moderately alkaline. Internal drainage is good.

Soil Classification:

Surface
Texture

Surface
Thickness
Inches

Loam 3-6

Ustollic

AWC
Inches

4-7

Haplargid, fine-loamy, mixed, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/hr AASHO Unified

A-4

Production
Potential

(II lAC dry w t , )

500-1300

f(

Frost
Hazard pH

7.0
to

8.5

Soluble
Salts

Production
Potential

(lilAC dry wt.)
Shrink-
Swell

0.2- to ~~-CL Low Moder-
0.6 A-6 ate

Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
Moderate
Noderate
Hoderate
~oderate
16
Moderate
~loderate
Low
Low
Low
Moderate
C

QUALIFICATIONS
basic erosion rate .32
medium texture, rolling topography
bedrock at 20-40", medium texture
bedrock at 20-40", medium texture
fair, includes clayey subsoil
clayey textured subsoil
clayey textured subsoil, bedrock at 20-40"
bedrock at 20-40"
bedrock at 20-40"
bedrock at 20-40"
shrink-swell
bedrock at 20-40"
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Ud - Ulm loam, reddish subsoil phase

Table 26

This phase occupies gently sloping to rolling uplands. It is developing in material weathering
from brownish-red or light red sandy shale. The surface horizon is friable loam to sandy loam
6 inches thick. The reddish brown clay loam subsoil has blocky structure. The calcareous to
neutral substratum ranges in texture from clay loam to sandy loam. The shaly parent material
occurs at depths of 20 - 30 inches. Fragments of scoria are present on the surface and in the
soil profile in most places. Soil reaction normally ranges from neutral to moderately alkaline.
Internal drainage is good.

Soil Classification: Ustollic

Surface
Texture

Surface
Thickness
Inches

Haplargid, fine-loamy, mixed, mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/hr AASHO Unified

A-4

Production
Potential

(lilAC dry wt.)
AWC
Inches

Loam 3-6 4-7 0.2- to ~-CL Low Moder-
0.6 A-6 ate

Estimated Behavior Characteristics

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
Moderate
Moderate
Moderate
Moderate
16
Moderate
Moderate
Low
Low
Low
Moderate
C

Frost
Hazard

Shrink-
Swell pH

7.0
to

8.5
750-1800

Soluble
Sal ts

QUALIFICATIONS
basic erosion rate .32
medium texture, rolling topography
bedrock at 20-40", medium texture
bedrock at 20-40", medium texture
fair, includes clayey subsoil
clayey textured subsoil
clayey textured subsoil, bedrock at 20-40"
bedrock at 20-40"
bedrock at 20-40"
bedrock at 20-40"
shrink-swell
bedrock at 20-40"

Ue - Ulm loam, rolling phase

Table 27

This phase differs from Ulm loam in topography, texture, and depth to bedrock. The topography
is rolling to steep and often strongly dissected. The depth to bedrock is usually less than
20 inches. Bedrock is exposed on some of the steeper slopes. The parent material is inter-
bedded sandstone, shale, and loamstone. Gullies have formed in some areas. The soil is more
friable and sandy than Ulm loam. Soil reaction normally ranges from neutral to moderately
alkaline. Internal drainage is good.

Haplargid, fine-loamy, mixed mesic
Estimated Physical & Chemical Properties

Perme- Engineering
ability Classification
in/hr AASHO Unified

A-4
0.2- to
0.6 A-6

Estimated

Soil Classification: Ustollic

Surface
Texture

Surface
Thickness
Inches

AWC
Inches

Loam 3-6 4-7

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

Production
Potential

(II IAC dry wt.)

500-1500

Frost
Hazard

Shrink-
Swell

Soluble
Sal ts

Moder-
ate

Behavior Characteristics

Low

pH
7.0
to

8.5

RATING
Moderate
Low
Moderate
Moderate
10
Moderate
Moderate
Low
Low
Low
Moderate
C

ML-CL

QUALIFICATIONS
basic erosion rate .32
medium textures, rollLig topography
bedrock at 20-40", medium texture
bedrock at 20-40", medium texture
good, medium texture
clayey textured subsoil
clayey textured subsoil
bedrock at 20-40"
bedrock at 20-40"
bedrock at 20-40"
shrink-swell
bedrock at 20-40"
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Table 28

Wa - Wibaux - Searing Complex

This complex occupies rolling to hilly topography. It is characterized by numerous outcroppings
or knolls of scoria which rise above the general surface of the land. Scoria is a reddish
colored shaly material and clinker produced by the burning of underlying coal beds. The very
shallow to shallow Wibaux soils occur on the knolls and steep slopes. It includes knolls, mounds,
and steep slopes where unweathered scoria is exposed. The texture is gravelly to very gravelly
loam and sandy loam. The depth to bedrock is less than 10 inches to 20 inches.

Searing soil normally occurs between the knolls. The surface horizon is reddish brown gravelly
loam about 5 inches thick. The subsoil is a reddish brown gravelly clay loam and has blocky
structure. The substratum is friable, calcareous gravelly loam. Bedrock generally occurs at an
average depth of 2 feet.

mixed, non-acid, mesicWibaux - Ustic Torriorthent, loamy-skeletal over fragmental,
Searing - Ustollic Haplargid, fine-loamy, mixed, mesic

Estimated Physical & Chemical Properties
Perme- Engineering
ability Classification
in/hr AASHO Unified

A-2

Soil Classification:

Surface
Texture

Surface
Thickness
Inches

AWC
Inches

Production
Potential

(IliAC dry w t . )

450-1200

Frost
Hazard

Shrink-
Swell

Soluble
Salts

Gravelly
loam

2-4 SM-CL.06- to
2.0 A-4

Estimated Behavior Characteristics

Low

pH
7.0
to

8.5
2-4

Erosion Hazard (water)
Erosion Hazard (wind)
Revegetation Potential
Sprinkler Irrigation
Final Cover for Mined Land (inches)
Transportation Routes
Roadfill Material
Septic-Tank Absorption Fields
Sewage Lagoons
Sanitary Landfills (trench)
Small Commercial Buildings
Hydrologic Group

RATING
High
Low
Low
Low
8
Moderate
High
Low
Low
Low
High
D

Low

QUALIFICATIONS
basic erosion rate .32 to .41
roughness, rolling to hilly topography
gravelly, shallow to bedrock, steep
gravelly, shallow to bedrock, steep
poor, gravelly
steep slopes, locally good
locally poor due to texture
shallow to bedrock
shallow to bedrock
shallow to bedrock
locally poor due to steep slopes
shallow to bedrock
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Wildlife and Fish

Impacts Analysis

It is often stated that some particular action will benefit

"wildlife." Such a statement is usually inappropriate when it does not

relate to a particular species. All species are different. ~~at is

beneficial to one species may be detrimental to another. Where some critical

element of an animal's habitat is replaced by a substitute that does not

fulfill the role of the critical element, the action cannot be considered

habitat rehabilitation or habitat improvement as far as that species is

concerned. Even though the substitute may be quite attractive under certain

conditions, the loss of the critical habitat element usually makes the

action detrimental to the species involved. As an example, one might

establish palatable grasses and forbs on a railroad or road right-of-way

through deer winter range where browse is the major factor limiting deer.

Browse is destroyed during construction. Deer are attracted to the grass

and forbs in the spring where they are subject to increased mortality through

train or auto collisions. Because of their concentration in the area,

they overuse the browse adjacent to the right-of-way. The concentration

of deer on the seeded grasses and forbs may give the appearance of

exceptional "habitat improvement" while in reality it results in

increased mortality and long-term winter carrying capacity loss to the habitat.

The variety of animals in the basin is too great to permit

detailed description of development and rehabilitation impacts on each

species. In Table 11, Chapter V, species are grouped according to important

habitat requirements, habits or life forms. Species in each group will be

similarly affected by development action and rehabilitation. These
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species groups will be used to illustrate differences in impacts resulting

from differences in the animals themselves.

Direct destruction of animals

A number of development operations will directly destroy wild ani-

mals ranging from individuals to entire populations. Those actions which will

cause the greatest losses are those which initially excavate, bury, overturn,

clear or grade large areas of previously undisturbed terrestial habitat.

Examples are overburden removal, spoil piling, plant and facility site prepara-
tion, railroad and highway roadbed construction, pipeline excavation, homesite

and service area preparation and canal and drainage diversion construction.

The large machinery will bury, crush and suffocate many small animals, pri-
marily those which are not capable of moving fast enough to escape and those

which retreat to burrows for protection. A variety of invertebrates, mice,

shrews, ground squirrels, prairie dogs, snakes, lizards, young birds, and eggs

are potential casualties.
Any of the above operations, and others such as well drilling, blast-

ing or industrial and municipal use of water, which cause dewatering of
aquatic habitats will result in death to fishes, aquatic invertebrates, and
amphibians in certain stages of life.

Permanent habitat losses
Considering the changes which have taken place in this country

during the last 50 - 75 years and those probable in decades ahead, native
wildlife habitat removed from the land for over 30 years must be considered

permanently lost.
Actions which will result in permanent habitat losses include

construction, operation and maintenance of railroads, highways, secondary

roads, power plants and gasification plants and construction of office
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buildings, equipment garages, coal loading and storage facilities and other

mine site facilities. Additional habitat will be permanently lost with the

expansion of population centers. Home building, commercial area expansion,

new streets, parking lots, schools, sewage treatment plants, sanitary land

fills, governmental facilities, airports, etc., will relegate thousands of

acres of land to human use. All of the above actions will destroy wildlife

habitat and preclude its reestablishment.

The greatest losses can be expected in the sagebrush and grass-

land ecosystems since these predominate in the area, but aquatic habitat

and terrestrial habitat in other ecosystems will also be lost. Almost all

animal species in the basin will be affected. Total permanently lost acreage,

based on the projections, will approximate 5,000 acres in 1980, 8,000 acres

in 1985 and 10,000 acres in 1990. Total local populations of some animals

will be immediately lost where habitats involved are limited and well

defined. Where aquatic habitats are destroyed, animals such as those listed

in Group VIII, Table 11 (Chapter V), will be impacted most severely. Local

populations of invertebrates, most reptiles and amphibians, and small animals

with limited ranges will be quickly lost when their required habitat is

destroyed. The more mobile and wide-ranging animals such as birds, antelope,

deer, elk, rabbits, and the predators will be displaced into adjacent areas.

However, since population levels are determined by the availability of suitable

habitat, displaced animals eventually succumb to natural mortality or they

displace other resident animals. The end result will be a net loss to the

overall populations of such species involved.

One area of potential permanent habitat loss not covered by pro-

jections involves the situation where the aquatic habitat of small streams

and springs is dryed up as a result of well drilling or mining operations.
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The extent to which this may happen is unknown but it could cause signi.ficant

additional losses of aquatic wildlife.

Permanent changes from terrestrial to aquatic categories may

also occur. Water storage reservoirs and mine-pit lakes created where

none previously existed can potentially convert hundreds of acres from

terrestrial wildlife habitats to aquatic habitat. It is obvious that this

could be quite beneficial to the animals of Group VIII, Table 11, while devastat-

ing to most of those in Groups II and III. These potentially permanent changes

in habitat were not covered under "Disturbed Acres" in the projections either.

Initial habitat destruction followed by
some degree of recovery in habitat value

Mined lands, haul roads, railroad and road rights-of-way, pipeline

and power line rights-of-way, borrow areas, cleared fence lines, temporary

parking areas, initial spoil areas, temporarily diverted streams, and other

areas will be stripped of almost all wildlife habitat value by the widescale

excavation, overturning and clearing of the land surface. Where significant

changes in topography, ground water conditions, surface drainage patterns or

surface soil conditions occur, the potential to reestablish some previously

existing habitat types may be permanently lost. After smoothing, shaping and

replacement of a viable soil material on the surface of most of these dis-

turbed areas, natural processes, often times influenced by man's reclamation

activities, will begin to restore wildlife habitat in one form or another.

Plants are the immediate or ultimate source of all foods and most

cover for wildlife. Various characteristics of the vegetative cover in an

area determine to a large extent the kinds of wildlife which will be present.

The initial stages of plant succession will begin on disturbed lands almost

immediately after the disturbance ceases. At the time of disturbance, the
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habitat value is almost totally lost for all wildlife. As succession proceeds,

continual changes in the plant community influence the availability of food

and cover plants and thus the kinds and numbers of animals present. The

results of several studies of succession on abandoned farmlands in the

sagebrush-grasslands of the study area indicate that revegetation of develop-

ment disturbed lands to approximately original conditions can be expected to

take over 50 years if left to natural succession (Lang 1941; Lang 1973;

Ries, Fisser, and Harrison 1974). Lang's studies on abandoned farms showed

that in the early stages of succession, the vegetation changed from a pre-

dominately annual weed type to a predominantly perennial grass type. Figure 6,

Chapter V, shows the relative densities of the vegetative groups. Keep in mind

that, after 9 years, the total vegetative cover was only slightly over 3

percent; cover was less than 50 percent of that found on adjacent undisturbed

lands (Lang 1941). In the A.R.Co. coal lease area, data from recent studies of

farmlands abandoned between 40 and 45 years ago indicate that total vegetative

cover still averages about 43 percent less than average total cover on

adjacent undisturbed rangeland. Average sagebrush cover has now recovered

to about the same as that on undisturbed lands (Ries, Fisser, and Harrison

1974).

The long time period and the pattern seen in natural vegetative

recovery in the basin is highly pertinent to artificial rehabilitation efforts

on disturbed lands and their value as wildlife habitat. The forces of natural

succession will still be very much at play on the disturbed lands in spite of

man's rehabilitation efforts. In all probability, disturbed areas will be

leveled or reshaped, some type of soil material may be spread over the area

and grass species will be seeded and possibly fertilized. A fair grass stand
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may be expected to establish initially over much of the area. Significant

areas of poor or no grass establishment can be expected due to locally

inhibiting conditions of soil, moisture, erosion, wild animal damage and,

where unfenced, livestock damage. After almost five years, reseeded pipe-

line rights-of-way on the Atlantic coal lease had an average of over 60 percent

less vegetative cover directly over the pipeline, where soil was deeply

disturbed, than the average on adjacent rangelands. This vegetation was

almost all planted grasses and weedy species. The average vegetative cover

along the border of the pipeline averaged about 20 percent less than the

average on adjacent native rangelands. Much of vegetative cover here was

residual native plants indicating that the disturbance along the borders was

slight. On reseeded oil well sites, there was at least 30 percent less

vegetative cover than on the adjacent undisturbed rangeland and an average

of over 80 percent of the vegetation present was unplanted weedy forbs.
Planted grass made up about 10 percent of the vegetation. All of the studies

reviewed and the observations of Bureau of Land Management and Forest Service

personnel familiar with the area indicate that the shrub group, predomi-
nately sagebrush, is lost or severely reduced on all sites disturbed to any

appreciable degree of severity. This condition appears to persist for a

minimum of 20 to 30 years with or without artificial rehabilitation efforts.

(See Figure 7, Chapter V.)
After initial attempts to rehabilitate disturbed areas to perennial

grassland~ the majority of the lands will eventually be subject to the same

general conditions of climate, grazing and land use as other rangelands
in the region. Reestablished vegetation which has been subject to special

practices such as temporary irrigation, fertilization, total protection
from grazing, etc., may not be able to survive. Where the artificial
revegetation fails, natural plant succession will take over the long, slow
process. Once these sagebrush grasslands have been severely disturbed,
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they may be unable to recover to a point to which they will provide habitat

of similar type, quality, quantity and for the array of species that presently

exists on the undisturbed rangeland. In 1965, 20 plus years after his early

research, Lang found that the vegetation on his original abandoned farmland

and study area actually deteriorated further, rather than improving. Total

ground cover decreased by 40 percent (Lang 1973, p. 408). This happened under

conditions of grazing and climate which cannot be considered uncommon for this

region.
After analysis of the available data, it seems reasonable to make

several general observations concerning the nature of the vegetative cover

which will be established on disturbed lands in the study area between now and

1995. They are:
--The total vegetative cover will be greatly reduced,

probably near 50 percent of that found on adjacent
undisturbed range.

--The shrub component will be absent or nearly so.
--There is a good possibility that reestablished

plant communities will deteriorate rather than
improve over time as they are exposed to periodic
drought, continued grazing, etc.

--The composition trends of plant species groups
will approxmiate those shown in Lang's graph
(Figure 6, Chapter V). Exceptions will be, that
where perennial grass establishment due to
rehabilitation is fairly successful, the trend
line will rise sharply in the first few years
rather than later as shown, and that the weed
or forb trend line will drop earlier.

Because of various important plant-animal interrelationships,

the recovery of habitat value for many species will approximate the

recovery of that portion of the plant community with which they have close

ties. Figure 7, Chapter V, presents a qualitative indication of trends

in habitat value for several of the animal groups listed in Table 11,
Chapter V. The species groupings, while flexible, are logical for
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the study area. They are based upon similarity of habitat requirements,

habits or life form. The habitat value trends are based on a comparison of

existing habitat types with those expected to develop as a result of

rearranged topography, artificial vegetative rehabilitation efforts and

the natural forces of plant succession, and erosion on disturbed areas.

The broad type called sagebrush-grassland usually includes a

variety of different shrub and grass communities and gradations between

them (Figure 13). Under natural conditions some animals more heavily

depend upon, or thrive in association with, the shrub component, some with

the perennial grassland component, and others with weedy annuals, forbs,

etc., common on disturbed areas. For those animals closely associated with

the sagebrush and shrub component of the sagebrush grassland, Group I in

Table 11, habitat values are expected to remain severely reduced on disturbed

lands throughout the study period. The animals of Group II, primarily

heavy users of weed seed, forbs, and weedy species, will probably

experience increases in habitat value a short time after the initial habitat

loss. This group will probably be the only group to experience "habitat

improvement" over present conditions, during the study period. Habitat

value for Group III animals is expected to recover significantly within five

to ten years after disturbance, depending heavily on the success of the

expected efforts to reestablish perennial grasslands.

Many animals of the study area are primarily dependent upon

various vegetative aspects of the more moist riparian community (see

Figure 14). Where this community is destroyed by development, the grass-forb

component is not expected to recover significantly for 5 to 10 years.

If favorable hydrologic characteristics are not permanently destroyed,
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habitat values of the shrub component may show significant recovery in 10

to 15 years. Almost no recovery of habitat values associated with cottonwood

trees above the sapling stage is expected during the study period. In general,

the habitat values for animals of Group IV will remain severely reduced far

beyond the study period.

The total disturbed acreage of pine timber, juniper breaks and rough

rocky areas which fulfill the habitat requirements of the animals of Group V is

expected to be small. In those situations where they are destroyed, habitat values

for the species involved will be lost, probably for many years beyond the study

period.
Insects and other invertebrates, Group VI, occupy a multitude of micro-

habitats throughout all biotic co~~unities. Insects tend to reach their greatest

abundance and species diversity in the intermediate stages of succession in grass-

land types (Kendeigh 1961, p. 115). It is probable that the majority of the sage-

brush-grassland type in the study area is in intermediate stages of succession

since most of this land has long been heavily grazed. Insect habitat value is

probably near its greatest potential now, except in severely overgrazed areas.

If grassland rehabilitation efforts are successful, intermediate stages of grass-

land development may be bypassed. In this situation abundance and species diver-

sity would be reduced, but habitat for particular insect groups may recover

rapidly. Total numbers and biomass of sagebrush-grassland invertebrates could be

expected to remain reduced until such time as the reestablished plant community

either progressed or digressed to one similar to the original community both in

relative vegetative group density and total vegetative cover. It is estimated

that this could take anywhere from 15 to over 50 years. Invertebrate habitate

values, lost with the destruction of aquatic, riparian and other habitat types,

will remain lost or reduced similar to the habitat values of the other animals

found there. C-45



The insectivores of Group VII and the predators of Group IX

are secondary consumers dependent upon the plant communities for

a food source through other animals. A particular species of either group

may also depend heavily on the plant community for a particular type of

cover, nesting site, etc. The quality of habitat for a particular species

within either group is strongly influenced by the availability of its

prey species. Recovery of destroyed habitat for the animals with

flexible food habits or whose prey species are favored early in rehabilitation

i.e., Group II, will probably be complete within a few years after disturbance.

This may well be the case for red fox and coyote. Habitat for

more specialized species such as the short horned lizard may not recover

to pre-disturbance condition for 15 to 20 years. A severe reduction with

negligible recovery of cottontail rabbit habitat due to loss and negligible

recovery of the shrub component in sagebrush-grassland will also mean a

reduction and negligible recovery of the winter food supply for golden

eagles over the study area. With the types of habitat which will be

disturbed and the vegetative recovery expected, the capability to support

the present total numbers of biomass of predators and insectivores will be

lost on the disturbed lands and will remain reduced well beyond the study

period.

Aquatic and semi-aquatic animals are inseparably tied to the

stream, lake and pond-marsh biotic communities. Where the water source is

not lost during disturbance, there is potential for restoring aquatic

communities. Where disturbance is slight, recovery will be rapid. Where

streams are channeled and moved back and forth across the land as

coal mining proceeds, aquatic communities cannot be expected to recover to

any great extent. Aquatic habitat is limited in extent within the study area.
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There appears to be a potential for significant additions with development

of mine-pit lakes after mining. It is not known to what extent this is

feasible. With proper construction to include aquatic habitat enhancement,

these lakes could result in a gain in aquatic habitat over the present conditions

in the basin. Here again, some species may gain while others loose, for

example, where stream habitat is lost and lake habitat is gained. Aquatic

habitat values over the study area are expected to remain reduced throughout

most of the study period, but they may recover significantly in 15 to 20

years if mining companies see fit to construct mine-pit lakes.

Habitat impaired or reduced in value

In addition to those physical losses of habitat which are specific

to a particular acreage of disturbance or development, wildlife will suffer

further significant losses due to off-site reduction in habitat quality.

The almost three-fold increase in population expected by 1990

will foster tremendous increases in human activity over the immediate study

area. Humans will be living, working and recreating in wildlife habitat

never before impacted by this level of intrusion. In addition to the noise,

activity, smell and pollution around the whole gamut of new developments

and expansions, wildlife will be intruded upon by greatly increased numbers

of workmen, planners, investigators, recreationists, etc., operating various

utility and recreation vehicles and airplanes over the back country areas.

Human intrusion is tolerated only to a certain point by most wild

animals. The degree of tolerance varies widely between species. As long as

their habitat is intact, insects, for example, are relatively indifferent

to human activity. Conversely, habitat of most of the larger mammals and

predators will be abandoned close to areas of intense human activity. Habitat
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may be used only occasionally in areas near heavy intermittent human concentra-

tion or use may be only lightly reduced with low intensity human activity.

Variable zones of extended human influence around developments affect,

particularly, the living space component as well as the cover, food and

water components of wildlife habitat. Some of the more obvious factors

establishing these zones, which are often observed in Wyoming, are wide-

ranging domestic cats and dogs, concentrations of shooting, hunting and

trapping youngsters, motorcycles, dune buggy and 4-wheel drive race and

"test" courses, weed control efforts, increased incidences of man-caused

fires and accidental land and water pollution and the concentrated effects

of converging transportation and utility routes. Another common phenomenon

impacting wildlife, usually on the outskirts of towns and along stream courses,

is the expansion of semi-rural "acreage" areas where large areas of land

are occupied in 1 to 15 or 20 acre plots. These areas are often

heavily cross-fenced and heavily overgrazed by family horses and other

"pet" livestock. Around industrial sites and along transportation corridors,

vegetation is often reduced in palatability by dust and smoke pollutants.

Tight fencing and intense weed control is often practiced along railroads,

highways and around industrial sites.

As an example of the extent of concentrated human activity which

is projected for the study area in 1990, one might picture the approximately

48 aquare miles and 45,000 population of the urban area encompassing Casper,

Wyoming, split onto about 20 sites in a 100 mile, north-south swath through

the center of the study area. In terms of population, acreage of surface

disturbance or permanent use, and on-site human activity, it is a fair

approximation. If each of the twenty sites were of similar size the average
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would be about 2.5 square miles. Considering» for example» a 1/2 mile wide

strip around each site as an area of lost or severely reduced habitat value

for big game animals» the additional impact area would be almost twice the

size of the development area. The total area of habitat lost or reduced

in each "spot" would cover almost seven square miles. Of course, the

width of such an impact zone would vary with the species involved» type of

activity taking place in the developed area» its physical shape and layout

and the quality of escape cover» etc. An "influence" strip one mile wide

around each spot would increase the habitat area influenced by almost five

times.

Most of the habitat deteriorating effects of the more dispersed

human activities which will increase in the study area are more difficult

to define. The affects of harrassment and disturbance will disrupt the living

space component of habitat. The more severe affects will be felt during

stress periods and in crucial areas for various species. Where game bird

and waterfowl nesting areas are subject to human activity» nesting success

will be reduced. Where wintering big game are harrassed» losses of weakened

animals and abortions may occur. Where boating» camping and other recreation

activities take place in increased concentrations» as may be expected around

Keyhole Reservoir and other recreational waters» aquatic and surrounding

terrestrial habitat will be degraded from pollution and disturbance.

Development activites such as coal mining or well drilling may

cause losses of surface waters critical to many species over significant

areas in arid areas.

C-49



It appears certain that the combined affects of impaired wildlife

habitats will result in reduced wildlife production on an additional acreage

three to five times larger than the projected 30,000+ acres to be lost or

reduced through actual habitat destruction by 1990. Nearly all species will

suffer but those species of greatest interest to man will probably suffer

most.

It is apparent that these actions described above will cause major

cumulative negative impacts on wildlife habitats throughout the study area.

Significantly, the magnitudes mentioned above do not take into consideration

coal development after 1990, much of the development of private and

state land coal, or developments already expanding in the basin related to

production of uranium, oil and gas, and others.

Disruption of existing ecological interrelationships

Development of the basin will cause numerous secondary effects

on wildlife through the disruption of food chains, behavior patterns, and

various activities of species playing key roles in the ecosystem. These

interactions are often subtle and complex but their disruption can cause

significant negative impacts on certain species. Some of the more important

examples follows.

Big game animals displaced into other areas of suitable habitat

almost invariably encounter resident animals of the same species occupying

the habitat at or near its carrying capacity. While natural mortality

factors will eventually eliminate the excess animals if man doesn't, it

is well documented that before this is accomplished the animals, especially

browsers, often severely overuse the browse range. This can result in a
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further overall reduction in carrying capacity and animal numbers in the

region that will be evident for many years.

If the type of vegetation which establishes on significant

acreages of disturbed land encourages high rodent populations, predators such

as coyotes and fox will tend to increase in the general area. As vegetative

composition progresses toward that of perennial grassland, rodent populations

may sharply decline. The predators will then increase use of alternate

prey species, often those of particular interest to man, such as sheep or

game birds. Further, humans may react to this situation by demanding increased

predator control which has further ramifications.

The burrow systems of prairie dog colonies are important to a

number of species in the sagebrush grasslands. Loss of these colonies through

mining or other development activities will reduce the available habitat

for, among other species, the "endangered" black footed ferret and the

western burrowing owl considered "status undetermined" by the U.S. Department

of Interior. Overshooting of prairie dog colonies by varmint hunters will make

these colonies unacceptable as ferret habitat.

Improved habitat

The broad-scale development forthcoming in the basin, both from

coal related development and other industrial development, will bring about

significant changes in the wild fauna. Most changes will be toward less total

wildlife production and will involve trade-offs between species and types of

wildlife or between wildlife in one area for wildlife in another. There is

some potential for improved habitat and benefited wildlife if we keep in mind

that this usually does mean trade-offs.

There is optimism that the potential exists for the creation of

several hundreds of acres of fish and waterfowl habitat in mine-pit lakes.
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Available water supply to fill and maintain water quality in these lakes

may be a limiting factor. Large quantities of out-basin water may be

imported for industrial use. Clean waste water from these sources may

provide an additional water supply in some situations. Careful planning and

construction of these lakes will be required if significant wildlife habitat

values are to be realized.

The disturbance of large land areas is expected to result in

vegetative changes favoring increases in population of some rodent species.

Certain predators will benefit from these increases in prey species. These

improved habitat conditions are expected to be temporary in any particular

area of disturbed land.

In some areas of rough, steep terrain, where overburden becomes

deep, areas of high-wall cliffs may be left exposed. These areas could provide

increased nesting sites for birds such as the rare prairie falcon, eagles,

various other raptors, and swallows.

Increased human populations will bring increases in the population

of exotic wildlife which commonly thrive around human settlements. Some of

these include the English sparrow, house mouse, Norway rat, and the starling.

Habitat changes resulting from off-site changes in land and water use

Impacts upon terrestrial and aquatic habitat falling outside of

the study area must also be anticipated. Industrial water requirements in

the Powder River Basin are certain to increase beyond that which is available

"on-site." Several proposals and alternatives have been suggested to allow

"importations" of additional water for use during coal development.
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Drilling of deep wells in the study area would remove

water from an aquifer which underlies lands outside of the study area as

well. Off-site springs, seeps or wetlands, presently valuable to upland

or aquatic fish and wildlife species may be reduced or eliminated through

eventual lowering of the water table.

Trans-basin diversion (taking water from one drainage and placing

it in another) might involve the construction of storage impoundments, on

the Green River, for example, as well as change existing water uses.

Flooding or drying of existing terrestrial and aquatic habitat will become

a land affecting possibility. Adverse impacts on associated fauna can be

expected. Several off-site storage reservoirs have already been proposed

(Wheatland, Green River, Bighorn Slope, Nowood and increased storage in Lake

DeSmet).

At the present time, most water consumed in northeastern Wyoming is

used for irrigation and agriculture. Changes in existing agricultural water uses

would affect fish and wildlife use patterns. A shortage of irrigation

water may result in croplands reverting to native vegetation. Existing

pheasant habitat, for example, may be lost. Many species of wildlife

presently depend on irrigated lands for all or part of their habitat

requirements.

Impacts on wildlife management

Projected population increases between 1970 and 1990 are estimated

at over 200 percent of the present population in the study area and a 60 percent

increase throughout northeast Wyoming. This will be accompanied by comparable

increases in consumptive and non-consumptive pressures on wildlife resources.

Most game species of fish, birds and mammals will not be able to absorb
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increased pressures. Where population of some species are adequate to

absorb increased pressure in general, problems of new access, denied access,

closed lands and restricted areas will cause problems of over-exploitation

in some areas, under-exploitation in others, more wildlife damage claims,

etc.

The Wyoming Game and Fish Department presently employs Game

Wardens, Big Game Biologists, Bird Biologists, Fisheries Biologists,

Waterfowl Biologists and others amounting to 15 to 25 employees for

enforcement and management in the study area. The present staff of employees,

in each category, will be unable to adequately meet the increased enforcement,

management and habitat development needs or the increased needs for studies,

research, or coordination and cooperation with industry and government in

the face of the proposed development.
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Figure 13

Antelope in Sagebrush-Grassland Habitat
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Figure 14

Well-Developed Riparian Habitat in the Study Area
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Table 29
Taxonomic Ranking, Scientific and COmmon Names for Mammals

Which May Be Found on or Near the Study Area

Species Taxonomic Rank

Order ~arsupialia - ~arsupials
Family Didelphidae - Opossums

Didelphis marsupialis virginiana Kerr
(opossum)

Order Insectivora - Insectivores
Family Soricidae - Shrews

Sorex cine reus cinereus Kerrsorex cinereus haydeni Baird
-c;;ia.sked shrew)
~ merriami leucogenys Osgood

(Merriam's shrew)
~ vagr~ns obscurus

(vagrant shrew)
Order Chiroptera - Bats

Family Vespertilionidae -
Vespertilionid bats

Euderma maculata
(spotted bat)

~yotis lucifugus caris sima Thomas
(little brown myotis)

~yotis subulatus subulatus (Say)
(small-footed myotis)

~yotis volans interior Miller
--O:;ng-legged myotis)
Lasionycteris noctivagans (Le Conte)

(silver-haired bat)
~yotis keenii septentrionalis (Trouessart)
--a<een's myo t Ls )
~yotis evotis eyotis (H. Allen)

(long-eared myotis)
Lasiurus cinereus cinereus (Palisot de Beauvois)

(hoary bat)
Plecotus townsendii pallescens (Miller)

(Townsend's bat)
Eptesicus fuscus pallidus Young

(big brown bat)
Order Lagomorpha

Family Leporidae - Rabbits and Hares
Sylvilagus nuttallii grangeri (J. A. Allen)

(Nuttall's cottontail)
Sylvilagus audubonii baileyi (Merriam)

(desert cottontail)
Lepus townsendii campanius Hollister

(white-tailed jackrabbit)
Lepus californicus melanotis Mearns

(black-tailed jackrabbit)
Order Rodentia

Familv Sciuridae - Sauirrels
Eutamias m~n~mus operarius

(leas t chipmunk)
Eutamias minimus pallidus (J. A. Allen)

(least chipmunk)
Spermophilus tridecemlineatus olivaceus

(thirteen-lined ground squirrel)
Spermophilus tridecemlineatus pallidus J. A. Allen

(thirteen-lined ground squirrel)
Cynomys ludovicianus ludovicianus (Ord)

(black-tailed prairie dog)
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Table 29 Continued

Species Taxonomic Rank

Family Geomyidae - Pocket gophers
Thomomys talpoides attenuatus Hall & Montague
Thomomvs talpoides bullatus V. Bailey

(northern pocket gopher)
Thomomys talpoides cheve~

(northern pocket gopher)
Thomomys talpoides nebulosus

(northern pocket gopher)
Geomys bursar ius lutescens Merriam

(plains pocket gopher)
Family Heteromyidae - P0cket mice and

Kangaroo rats
Perognathus fasciatu~ olivaceogriseus Swenk

(olive-backed pocket mouse)
Perognathus flavus piperi Goldman

(silky pocket mouse)
Perognathus hispidus paradoxus Merriam

(hispid pocket mouse)
Perognathus fasciatus callistus

(pocket mouse)
Dipodomys ordii priscus Hoffmeister
Dipodomys ordii terrosus Hoffmeister

(ard's kangaroo rat)
Dipodomvs ordii luteolus

(ard's kangaroo rat)
Family Castoridae - Beavers

Castor canadensis missouriensis Bailey
~aver)

Family Cricetidae - Cricetids
Reithrodontomys rnontanus albescens Cary

(plains harvest mouse)
Reithrodontomys megalotis dychei J. A. Allen

(western harvest mouse)
Reithrodontomvs megalotis dychei
Peromyscus maniculatus nebrascensis (Caues)

(deer mous e)
Peromyscus leucopus aridulus Osgood
Onvchomys leucogaster arcticeps Phodes
Onvchornys leucogaster missouriensis (Audubon and Bachman)

(northern grasshopper mouse)
Neotoma cineria orolestes Nerl'iam
~hy-tailed wood rat)
~ cineria rupicola

(bushy-tailed wood rat)
~icrotus pennsylvanicus insperatus (J. A. Allen)

(meadow voLe)
Microtus longicaudus longicaudus (Merriam)

(long-tailed vole)
~icrotus ochrogaster haydenii (Baird)

(prairie vole)
Lagurus curtatus levidensis (Goldman)

(sagebrush vole)
Ondatra zibethicus cinnamorninus (Hollister)
~krat)

Family Muridae - MuridG
~~s musculus dornesticus Rutty

(house mouse)
Family Ere thizontidae - Porowpanes

Erethizon dorsaturn bruneri Swenk
(porcupine)

Order Carnivora - Carnivores
Family Canidae - Canids

Canis latrans latrans Say
--ZCoyote) ---
Vulpes vulpes regalis Merriam

(red fox)
Vulpes velox velox (Say)

(swift fox)
urocyon cinereoargenteus ocvthous Bangs

(gray fox)
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Table 29 Continued

Species Taxonomic Rank

Family Procyonidae - Procyonids
Procyon ~ hirtus Nelson & Goldman

(raccoon)
Family Mustelidae - Mustelids

Mustela erminea muricus (Bangs)
(ermine)

Mustela frenata nevadensis Hall
(long-tailed weasel)

~ustela frenata longicauda
(long-tailed weasel)

Mustela vison letifera Hollister
(mink-)--

Taxidea taxus ~ Schreber)
(badger)

Mustela nigripes (Audubon & Bachman)
(black-footed ferret)

Spilogale putorius interrupta (Rafinesque)
(spotted skunk)

Mephitis mephitis hudsonica Richardson
(striped skunk)

Family Felidae - Cats
~ ~ .E.allescensMerriam

(bobcat)
Order Artiodactyla - Artiodactyls

Family Cervidae - Deer
Cervus canadensis nelsoni V. Bailey
~erican elk)
Odocoileus hemionus hemionus (Rafinesque)

(mule deer)
Odocoileus virginianus dacotensis (Goldman and Kellogg)

(white-tailed deer)
Family Antilocapridae - Pronghorn

Antilocapra americana americana (Ord)
(pronghorn)
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Table 30

Scientific and Common Names of Reptiles and Amphibians
Which May Be Found on or Near the Study Area

Species

Common Name

Ambystomidae Tiger salamander

Plains spadefoot toad Scaphiopus bombifrons

Ambystoma tigrinum

Pelobatidae

Bufonidae Great plains toad
Woodhouse's toad

Hylidae Chorus frog

Ranidae Leopard frog

Chelydridae Snapping turtle

Testudinidae Painted turtle

Trionychidae Spiny softshell
tllrtle

Iguanidae Sagebrush lizard
Short-horned lizard

Colubridae Western hognose snake
Smooth green snake
Racer snake
Gopher snake
Milk snake
Common garter snake
Western terrestrial

garter snake
Plains garter snake

Viperidae Western rattlesnake
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Scientific Name

~ cognatus
Bufo woodhousei

Pseudacris triseriata

~ pipiens

Chelydra serpentina

Chrysemys picta

Trionyx spiniferus

Sceloporus graciosus
Phrynosoma douglassi

Heterodon nasicus
Opheodrys vernalis
Coluber constrictor
Pituophis melanoleucus
Lampropeltis triangulum
Thamnophis sirtalis
Thamnophis elegans

Thamnophis ~

Crotalus viridis



Table 31

Scientific and Common Names of Birds Which May
Be Found on or Near the Study Area

Order/Family

PODICIPEDIFORMES
(Grebes)

CICONIIFORHES
(Herons, Ibises,
Bitterns)

ANSERIFORMES
(Waterfowl)

FALCONIFORMES
(Vultures, Hawks,
Falcons)

GALLIFORMES
(gallinaceous birds)

GRUIFORHES
(Cranes and
their allies)

CHARADRIIFORMES
(Shorebirds, gulls,
etC.)

Conunon Name

Eared grebe
Wes tern grebe
Pied-billed grebe

Great blue heron
Black-crowned night heron
White-faced ibis
American bittern

Canada goose
Snow goose
Mallard
Gadwall
Pintail
Green-winged teal
Blue-winged teal
Cinnamon teal
American widgeon
Northern shoveler
Redhead
Ring-necked duck
Canvasback
Lesser scaup
Common goldeneye
Ruddy duck
Common merganser

Turkey vulture
Sharp-shinned hawk
Cooper's hawk
Red-tailed hawk
Swainscn's hawk
Rougp-legged hawk
Ferruginous hawk
Go Idp,n eagLe
Bald eagle
Marsh hawk
Gyrfalcon
Prairie falcon
Peregrine falcon
Herlin
American kestrel

Sage grouse
Sharp-tailed grouse
Chukar partridge
Gray partridge
Ring-neck pheasant

Sandhill crane
Sora
American coot
Virginia rail

Killdeer
Mountain plover
Long-billed curlew
Whimbrel
Upland plover
Spotted sandpiper
Solitary sandpiper
Willet
Greater yellow legs
Lesser yellow legs
Pectoral sandpiper
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Scien titic Name

Podiceps caspicus
Aechmophorus occidentalis
Podilymbus podiceps

~ herodias
Nycticora~ nycticorax
Plegadis ~
Botaurus lentiginosus

Branta canadensis
~aerulescens
Anas platyrhynchos
Anas strepera
Anas acuta~c;eccax;;:as~s
Anas ~era
Anas americana
Anas clypeata
Aythya americana
Aythya collaris
Aythya valisineria
Aythya affinis
Bucephala clangula
Oxyura jamaicensis
Margua merganser

Cathartes ~
Accipiter striatus
Accipiter cooperii
~ jamaicensis
Buteo swainsoni
~ lagopus
~ regalis
Aquila chrvsaetos
~etus leucocephalus
Circus cyaneus
Falco rusticolus
Falco mexicanus
Falco peregrinus
Falco columbarius
Falco sparverius

Centrocerus urophasianus
Pedioecetes phasianellus
Alectoris chukar
~ perdix
Phasianus colchicus

GrUB canadensis
PQ;Zana carolina
Fulies americana
Rallus limicola

Charadrius vociferus
Charadrius ~
Numenius americanus
Numenius phaeopus
Bartramia longicauda
Actitis macularia
Tringa solitaria
Catoptrophorus semipalmatus
Tringa melanoleucus
Tringa flavipes
Calidris melanotos



Table 31 Continued

Order/Family
CHARADRII FORMS

Common Name
(Continued)

Baird's sandpiper
Least sandpiper
Long-billed dowitcher
Semipa1mated sandpiper
Western sandpiper
Marbled godwit
Hudsonian godwit
American avocet
Wilson's phalarope
Common snipe
California gull
Forster's tern
Western burrowing owl
Short-eared owl
Great horned owl
Long-eared owl
Screech owl
Saw-whet owl

STRIGIFORMES (owls)

CAPRIMULGIFORMES
(goatsuckers) Poor-will

Common nighthawk
APODIFORMES
(Swifts, hummingbirds) White-throated swift

Broad-tailed hummingbird
Calliope hummingbird

CORACIIFORMES
(Kingfishers) Belted kingfisher

PICIFORMES
(Woodpeckers) Common flicker

Red-headed woodpecker
Hairy woodpecker
Downy woodpecker

PASSERIFORMES
(Perching birds)

Family: Tyrannidae (tyrant flycatchers)
Eastern kingbird
Western kingbird
Cassin's kingbird
Say's phoeb e
Western flycatcher
Western wood pewee
Olive-sided flycatcher
Least flycatcher
Hammond's flycatcher
Dusky flycatcher
Trail1's flycatcher

Family: Alaudidae (larks)
Horned lark

Family: Hirundinidae (swallows)
Tree swallow
Rough-winged swallow
Bank swallow
Barn swallow
Cliff swallow
Violet-green swallow
Purple martin

Family: Corvidae (jays, magpies, and crows)
Blue jay
Pinyon jay
Black-billed magpie
Common crow
Common raven

Family: Paridae (chickadees, titmice, etc.)
Black-capped chickadee

Family: Slttidae (nuthatches)
Red-breasted nuthatch
White-breasted nuthatch
Pygmy nuthatch

Family: Troglodytidae (wrens)
House wren
Rock wren
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Scientific Name

Ca1idris bairdii
Calidris ~la
Limnodramus scolopacet\s
Caldris pusi1lus
Calidris mauri
Limosa fe~
~ haemastica
~'ir:;;:qtt~--~~r icana

Steganopus tricolor
Capella ga1linago
~ californicus
Sterna forateri
~to cunicularia
Asio flarnmeus
Bubo virginianus
Asio otus
~ asia
x;gol~acadicus

Phalaenoptilus nutta1li
Chordeiles minor

Aeronautes saxatalis
Selasphorus platycercus
Stellula calliope

Megaceryle aleyon

Colaptes auratus
Melanerpes erythrocephalus
Dendrocopos villosus
Dendrocopos pubescens

Tyrannus tyrannus
Tyrannus verticalis
Tyrannus vociferans
Sayornis saya
Empidonax difficilis
Contopus sordidulus
Nuttal10rnis borealis
Empidonax ~
Empidonax hammondii
Empidonax oberholseri
Empidonax traillii

Eremophi1a alpestris

Iridoprocne bicolor
Stelgidopteryx ruficollis
Riparia riparia
Hirundo rustica
~e~yrrhonota
Tachycineta thalassina
Progne ~
Cyanocitta cristat~
Gymnorhinus cyanocephalus
~ pica
C~ brachyrhynchos
~~
~ atricapillus

Sitta canadensis
~ carolinensis
Sitta~
Troglodytes aedon
Salpinctes obsoletus



Order/Family

Table 31 Continued

Connnon Name

Family: Mimidae (mockingbirds and thrashers)
Mockingbird
Gray catbird
Brown thrasher
Sage thrasher

Family:

Family:

Family:

Family:

Turdidae (thrushes, solitaires, and bluebirds)
American robin
Hermit thrush
Swainson's thrush
Veery
Mountain bluebird
Townsend's solitaire
Western bluebird
Eastern bluebird

Fringillidae (grosbeaks, finches, sparrows and
House finch
Gray-crowned rosy finch
Purple finch
Black rosy finch
Connnon redpoll
Pine siskin
American goldfinch
Red crossbill
Green-tailed towhee
Rufous-sided towhee
Lark bunting
Savannah sparrow
Grasshopper sparrow
Baird's sparrow
Vesper sparrow
Lark sparrow
Cassin's sparrow
Black-throated sparrow
Sage sparrow
Slate-colored junco
White-winged junco
Gray-headed junco
Tree sparrow
Chipping sparrow
Clay-colored sparrow
Brewer's sparrow
Harris' sparrow
White crowned 'sparrow
Lincoln's sparrow
Song sparrow
McCrown's longspur
Lapland longspur
Chestnut-collared longspur
Black-headed grosbeak
Evening grosbeak
Blue grosbeak
Lazuli bunting
Dickcissel

Motacillidae (pipits and wagtails)
Sprague's pipit

Bombycillidae (waxwings)
Bohemian waxwing
Cedar waxwing
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Scientific Name

Mimus polyglottos
Dumetella carolinensis
Toxostoma rufum
Oreoscoptes montanus

Turdus migratorius
Catharus guttatus
Catharus ustulatus
Catharus fuscescens
Sialia currucoides
~tes townsendi
Sialia mexicana
Sialia sialis

buntings)---
Carpodacus mexicanus
Leucosticte tephrocotis
Carpodacus purpureus
Leucosticte atrata
Acanthis flannnea
Spinus pinus
Spinus tristis
Loxia curvirostra
~ura chlorura
Pipilo erythrophthalmus
Calamospiza melanocorys
Passerculus sandwichensis
Ammodramus savannarum
Ammodramusbairdii
Pooecetes gramineus
Chondestes grannnacus
Aimophila cassinii
Amphispiza bilineata
Amphispiza belli
Junco hyemalis
Junco aikeni
Junco canIC'eps
Spizella arborea
Spizella passerina
Spizella pallida
Spizella breweri
Zonotrichia suerula
Zonotrichia leucophrys
Melospiza lincolnii
Melospiza melodia
Calcarius mccownii
Calcarius lapponicus
Calcarius ornatus
Pheucticus melanocephalus
Hesperiphona vesper tina
Guiraca caerulea
Passerina amoena
Spiza amer~

Anthus spragueii

Bombycilla garrulus
Bombycilla cedrorum



Table 31 Continued

Order/Family Common Name

Family: Laniidae (shrikes)
l'orthern shrike
Loggerhead shrike

Family: Sturnidae (starlings)
Starling

Family: Vireonidae (vireos)
Red-eyed vireo
Harbling vireo
Solitary vireo

Family: Parulidae (warblers)
Orange-crowned warbler
Virginia's warbler
Yellow warbler
Yellow-rumped warbler
Townsend's warbler
Chestnut-sided warbler
Blackpoll warbler
Northern water thrush
MacGillivray's warbler
Common yellow throat
Yellow breasted chat
Oven bird
Hilson's warbler
Canada warbler
American redstart
Black-throated gray warbler

Family: Ploceidae (weaver finches)
House sparrow

Family: Icteridae (blackbirds, orioles, etc.)
Hestern meadowlark
Red-winged blackbird
Yellow-headed blackbird
Orchard oriole
Northern oriole
Brewer's blackbird
Common grackle
Brown-headed cowbird
Bobolink

Family: Thraupidae (tanagers)
Western tanager

C-64

Scientific Name

Lanius excubitor
Lanius ludovicianus

Sturnus vulgaris

Vireo olivaceus
Vireo gilvus
Vireo solitarius

Vermivora celata
Vermivora virginiae
Dendroica petechia
Dendroica coronata
Dendroica townsendi
Dendroica pensylvanica
Dendroica striata
Seiurus noveboracensis
Oporornis tolmiei
Geothlypis trichas
Icteria virens
Seiurus aurocapillus
Wilsonia pusilla
Wilsonia canadensis
Setophaga ruticilla
Dendroica nigrescens

Passer domesticus

Sturnella neglecta
Agelaius phoeniceus
Xanthocephalus xanthocephalus
Icterus spurius
Icterus galbula
Euphagus cyanocephalus
Quiscalus guiscula
Molothrus ater
Dolichonyx~zivorus

Piranga ludoviciana



Table 32
List of Known and Probable Fish Species

Found in the Study Area*

Common Name Scientific Name

Brook trout
Brown trout
Rainbow trout
Largemouth bass
Smallmouth bass
Green sunfish
Bluegill
Rock bass
Channel catfish
Black bullhead
Stonecat
Walleye
Sauger
Northern pike
Yellow perch
River carp sucker
Goldeye
Longnose sucker
White sucker
Mountain sucker
Northern redhorse
Carp
Creek chub
Lake chub
Flathead chub
Plains minnow
Sand shiner
Golden shiner
Fathead minnow
Longnose dace
Plains killifish
Plains topminnow
Brassy minnow
Silvery minnow
Flathead catfish

Salvelinus fontinalis
Salmo trutta
Salmo gairdneri
Micropterus salmoides
Micropterus dolomieu
Lepomis cyanellus
Lepomis macrochirus
Ambloplites rupestris
Ictalurus punctatus
Ictalurus melas
Noturus flavus
Stizostedion vitreum
Stizostedion canidense
Esox lucius
Perca flavescens
Carpoides carpio
Hiodon alosoides
Catostomus catostomus
Catostomus commersoni
Pantosteus platyrhynchus
Moxostoma macrolepidotum
Cyprinus carpio
Semotalus atromaculatus
Hybopsis plumbea
Hybopsis gracilis
Hybognathus placitus
Notropsis stramineus
Notomigonus crysoleucas
Pimephales promelas
Rhinichthys cataractae
Fundulus kansae
Fundulus sciadicus
Hybognathus hankinsoni
Hybognathus nuchalis
Pylodictus olivaris

Officially considered to be rare in the State of Wyoming are:

Shovelnose sturgeon
Pearl dace
Finescale dace
Sturgeon Chub
Goldeye

Scaphirhynchus platorynchus
Semotilus margarita
Phoxinus neogacus
Hybobsis gelida
Hiodon alosoides

*Includes portions of the Belle Fourche, Cheyenne, Little
Missouri, Little Powder and Powder River drainages.
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Table 35

Summary of Planned Future Development

Type of Development
e

Local

Converse County
1. Douglas: Washington Park Improvements--install

playground equipment, fencing of play area. (226)
2. Converse County: Ayre's Natural Bridge--site

improvements, landscaping, installation of fenc-
ing, area ligh to, sp'r Lnk Le'r system, graveling
roadways. (233)

County Total

Natrona County
3. Natrona County: East End Road--(parks inter-

connect) complete road construction.
4. Casper: Nancy English Park--clean & grade

North Creek area, install irrigation system for
entire park, plant grass in north portion. (77)

5. Casper: Automate golf course.
6. Casper: Bicycle trails.
7. Edgerton: Town Park--construct dam, install

fence, construct trap & rifle range, planning
& engineering. (228)

8. Midwest: Swimming Pool--improvement of existing
swimming pool, filtration system, chlorination
equipment, pool & first-aid equipment, building,
septic tank, site improvements, planning &
engineering. (232)

9. Natrona County: Alcova Canyon--development of
public use area, construction of roads & parking
areas, develop trails for canyon overlook, con-
struct & install toilets, beach shelter, boat
ramp, informational and directional signs, site
planning & engineering. (192)

10. Casper: Develop historical site.
11. Casper: River front development.
12. Casper: Red Butte Battle Site
13. Casper: Golf course expansion (9 holes)
14. Edgerton: Lions Club Park--landscaping, picnic

table & shelter, water hook-up, signs & perimeter
fencing. (263)

15. Natrona County: Archery Range--clean flight
lines, construct trail, construct shooting stake
positions, trail guides, bow racks & benches,
const ruc t access road, picnic area, sanitary
facilities, trailer park area, construct parking
area, shelter house/utility building, playground
area, installation of playground equipment, fenc-
ing, gates, interpretive signs & water development.
(159)

16. Casper: North Park No. 2--install backstop &
dugouts at North field. (259)

17. Natrona County: Ponderosa-Winter Recreation Area
18. Casper: Park in Southeast Casper.
19. Casper: Automation of park areas
20. Casper: Washington Park No. 2--backstop &

scoreboard for ball field, sidewalk, landscap-
ing, planning & engineering. (261)

21. Natrona County: Muddy Mountain Park (BLM trans-
fer) 10 picnic units.

22. Natrona County: Crimson Dawn-Memorial Preserve--
nature trails, fence.

23. Casper: City Park Improvements. (Cheyenne
Processing).

24. Casper: Eastdale Park Improvements. (Cheyenne
Processing).

25. Casper: Meadow Park Improvements. (Cheyenne
Processing).

26. Casper: Mike Sedar Park Improvements No.2.
(Cheyenne Processing).

27. Casper: Municipal CoIf Course Improvements.
(Cheyenne Processing).

28. Casper: Westwood Improvements. (Cheyenne
Processing).

County Total

Fiscal Year

1973*

1975*

1972-1977

1973*

1973-1977
1974
1974*

1974*

1974*

1974-1976
1974-1976
1974-1977
1974-1977

1974*

1975*

Amount

$ 6,500.00*

8,300.00*

14,800.00

100,000.00

13,994.40*

49,000.00
27,000.00
23,500.00*

11,100.00*

17,385.00*

15,000.00
80,000.00
11,000.00
60,000.00
1,800.00*

39,409.86*

1975* 6,000.00

1975 17,500.00
1975 25,000.00

1975-1976 18,000.00
1976* 10,000.00

1976 Unknown

1977 75,000.00

5,130.00*

12,298.50*

1,885.00*

33,996.78*

78,420.38*

5,887.00*

738,306.92
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Table 35 (Cont'd)

Type of Development -- Local Fiscal Year

Niobrara County
29. Lusk: Golf Course Acquistion & Development-- 1975*

develop picnic facilities, playground equip-
ment, tennis courts, trap shoot area, fishing
improvements, landscaping, fencing, sanitary
facilities, parking, lighting, water including
irrigation facilities. (Acquisition Separate) (234)

___________C_o__unty Total

Campbell County
30. Gillette: Dalbey Park--site improvements, roads,

parking, landscaping, ice skating facilities,
restroom facilities, water system, lighting,
planning & engineering. (256)

31. Campbell County: Pioneer Stocktrail Park.
(Cheyenne Processing).

1977*

County Total

Crook County
32. Crook County: Multiple-Use Recreation Area & 1972-1977

Rodeo Arena.
33. Crook County: Washington Park--earthwork, con- 1973*

struction and installation of water, sewer,
sanitary facilities, storage, foot bridge,
parking area, picnic facilities, roads &
landscaping. (185)

34. Hulett: Hulett Recreation Area--rodeo arena, 1975
fencing, chutes, lighting, water & sewer system,
utility building, sanitary facilities. (Acquisi-
tion Separate).

Amount

$223,650.00*

223,650.00

35,000.00*

32,164.00*

67,164.00

Unknown

51,494.85*

60,212.00

1974*

County Total 1_11,706.85

3,600.00*
Johnson County
35. Buffalo: Frank Prosinski Park--construct dug-

outs, announcers booth, install public address
system, planning & engineering. (266)

36. Buffalo: Swimming Pool.
37. Kaycee: Barnum School Recreation Area.

(Cheyenne Processing).

1974

County Total

Sheridan County
38. Sheridan: Sheridan Golf Course--underground 1973*

sprinkler system to #1 & #9 fairways, install
underground sprinkler system on 4 additional
fairways, install 4 grass greens, install under-
ground sprinkler system on 3 remaining fairways,
installS remaining grass greens. (198)

39. Sheridan: Thorne Rider Park--renovation of 1976*
existing dugouts, develop Babe Ruth baseball
field, picnic facilities, tennis courts, horse-
shoe courts, playground area & wading pool,
support facilities, sidewalk, bleachers, dugouts,
playground equipment, parking, road with curb &
gutter, landscaping,sprink1er system, water,
sewer, electricity, gas service, fencing, gates,
entry booth, restroom/storage facilities, light-
ing, speaker system, scoreboard, planning and
engineering. (243)

40. Sheridan: Golf course, sheltered acres (develop- 1973-1977
ment) and native animal display (fencing).

County Total _

Weston County
41. Newcastle: Dow Park Improvements--playground

equipment, drinking fountain, trees, shrubs,
landscaping, drainage structure and curb &
gutter and surface paving. (49)

1973*

County Total 33,131.99
Source:

100,000.00
2,525.00*

106,125.00

200,000.00*

315,000.00

Unknown

515,000.00

33,131.99*

Wyoming Recreation Commission, Wyoming Statewide Comprehensive Outdoor
Recreation Plan, 1973.
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Population and Employment Projection Model

Background

Projections of population and employment used in this EIS

were based on a predictive model developed originally by the Water Resources

Institute of the University of Wyoming for the Northern Great Plains Resources

Program (NGPRP), with more recent coal production estimates for Campbell and

Converse Counties provided by the U.s. Geological Survey. These figures have

been substituted into the model. The NGPRP Study has developed three alter-

native scenarios, each projecting a different coal production level for the

eight counties of the Powder River Basin. Since coal development has been

assumed to occur principally in Campbell and Converse Counties, the least

additional development scenario of the NGPRP has been included in the popu-

lation and employment projections of this report to provide a coal production

base for each of the remaining six counties. The least additional develop-

ment scenario assumes that no further coal development would take place

other than that necessary to supply the future demand for coal within the

Northern Great Plains Region (NGP) to fulfill contracts presently in existence

or being negotiated for short term forseeable NGP coal demands.

Assumptions

The population and employment figures used in this report serve

only to indicate what may happen in the future based on several assumptions

and the best possible available information. As it is impossible to pre-

dict accurately future outcomes, these population projections are only indica-

tive and should not be understood as real future occurrences. The assumptions

for population and employment forecasts are critical and a discussion and out-

line of these follow. C-76



Many assumptions exist for both the export and residentiary sectors.

The estimates by the USGS of coal production and number of power and coal

gasification plants is crucial. Given productivity levels for workers in

coal mining, coal gasification, and power plants by permanent and construction

status, the basis has been established to develop coal-related employment as

part of the export sector. Productivity levels have been provided by USGS

and the University of Wyoming.

Uranium mining and milling operations and employment are predicted

on a survey undertaken by the Wyoming Department of Economic Planning and

Development (DEPAD). The DEPAD questionnaires resulted in specific infor-

mation concerning future sites, expected timing, and anticipated employ-

ment of firms with development interests in the basin. Levels of petroleum

and natural gas employment are contained in the NGPRP study. Employment

for the remaining export sectors of agriculture, railroads, other mining and

manufacturing is premised upon a continuation of historic trends for each of

these sectors as observed and analyzed by the University of Wyoming.

Employment in the construction and residentiary sectors is based

on the existing relationships of employment in these sectors to populations.

Levels of employment for each of the residentiary sectors, i.e., construction,

consumer services, business services and government and education, were derived

as a function of population through a cross-sectional analysis using 1970

census data. Construction employment has been increased to account for

employment associated with construction necessary for coal mining, coal

gasification facilities and powerplants.
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A final assumption having important regional repercussions is the

residential location of the workforce and their families in the same county

where the coal development activity occurs. This assumption may prove in-

correct as employees may choose to commute long distances and possibly cross

county boundaries. Because it is difficult to measure commuting patterns

of a future workforce, the workforce has been assumed to reside in that

county where it works. It is equally difficult to estimate their location

within the county.

Methodology

The model establishes a historic relationship between employment

in export and local industries and population, and projects these relation-

ships forward in time when supplied with the appropriate data. Export in-

dustries are those employment sectors where the production of goods and

services is intended for distribution to areas outside the region. Export

employment includes agriculture, petroleum and natural gas, synthetic gas,

coal mining, uranium mining and milling, power generation, other mining and

other manufacturing. Local or residentiary industries are the secondary
and indirect effects of employment in the export sector. Essentially, resi-

dentiary industries produce those goods and services consumed locally and

include employment in construction, consumer services, business services and

government and education.
The University of Wyoming predictive model emphasizes a mutual

determination of population and employment. The model yields employment and

associated population projections resulting from multipliers operating upon

basic employment. The growth of the local or residentiary sector as influ-

enced by initial expansion of the export sector has been designed to fluctuate

and reflect the availability of labor in the region. The relationship between
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employment and population has been established through a cohort survival

model where migration has been determined endogenously based upon relative

unemployment rates and per capita income levels. For the purposes of this

report, initial population and employment values have been developed under

birth rate assumptions consistent with the Census Series "E" projections.
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Table 38

Urban and Rural Population of Wyoming
1950 - 1970

PERCENT PERCENT
YEAR TOTAL POPULATION URBAN'~ RURAL

1900 92,531 28.8 71. 2
1910 145,965 29.6 70.4
1920 194,402 29.4 70.6
1930 225,565 31.1 68.9
1940 250,742 37.3 62.7
1950 290,529 49.8 50.2
1960 330,066 56.8 43.2
1970 332,416 60.5 39.2

*P1aces with 2,500 people and more.

Source: U. S. Department of Commerce, Bureau of the Census,
Census of Population, 1970.

C-81



Table 39

Population Density: Wy~ming Counties in Powder
River Basin, Region, State of Wyoming and United States

1970

Area Total Popula tion Per
(Square Miles) Population Square Mile

Campbell 4,756 12,957 2.7

Converse 4,281 5,938 1.4

Crook 2,882 4,535 1.6

Johnson 4,175 5,587 1.3

Natrona 5,342 51,264 9.6

Niobrara 2,614 2,924 1.1

Sheridan 2,532 17,852 7.1

Weston 2,407 6,307 2.6

Region Total 28,989 107,364 3.7

Wyoming Total 97,203 332,416 3.4

U.S. Total 3,548,974 203,184,772 57.2

Source: U. S. Bureau of the Census, Census of Population,
1950 Through 1970.
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Table 44
Projected Population Levels and Projected

Population as a Percentage of 1970 Populations"

1970 1980 1985 1990
1970-80 1970-85 1970-90

County, City or pop. change pop. change pop. change
Area Population Population Population Population Population Population Population

Campbell 12,957 32,200 148.5 45,600 251. 9 50,400 289.0
Gillette 7,194 17,900 148.8 25,300 251. 7 28,000 289.2
Rural 5,763 14,300 148.1 20,300 252.2 22,400 288.7

Converse 5,938 13,200 122.3 14,900 150.9 15,200 156.0
Douglas 2,677 6,000 124.1 6,700 150.3 7,000 161. 5
G1enrock** 3,400 124.4 3,800 150.8 4,000 164.0
Rural 3,261 3,800 16.5 4,400 34.9 3,800 16.5

Crook 4,535 4,500 0.8 4,600 1.4 4,600 1.4
urban
Rural 4,535 4,500 0.8 4,600 1.4 4,600 1.4

Johnson 5,587 7,500 34.2 7,400 32.5 7,400 32.5
Buffalo 3,394 4,600 35.5 4,500 32.6 4,500 32.6
Rural 2,193 2.900 32.2 2,900 32.2 2,900 32.2

Natrona 51,264 59,000 15.1 60,400 17.8 61,800 20.6
Casper 39,361 45,300 15.1 46,400 17.9 47,500 20.7
Rural 11,903 13,700 15.1 14,000 17.6 14,300 20.1

Niobrara 2,924 2,800 4.2 2,700 7.7 2,600 - 11.1
Urban
Rural 2,924 2,800 4.2 2,700 7.7 2,600 - 11.1

Sheridan 17,852 18,200 1.9 18,300 2.5 18,500 3.6
Sheridan 10,856 11,100 2.2 11,100 2.2 11,300 4.1
Rural 6,994 7,100 1.5 7,200 2.9 7,200 2.9

Weston 6,307 6,300 - 0.1 6,300 - 0.1 6,500 3.1
Newcastle 3,432 3,400 - 0.9 3,400 - 0.9 3,500 2.0
Rural 2,865 2,900 1.2 2,900 1.2 3,000 4.7

Study Area 'rota1 1n7, :V"4 1l<'\,7nn ".A Ihn,?nn bO.? .1.h7,nnn .~5..~
*City population is projected at the 1970 proportion of city to county population.
**1970 population of Glenrock was 1,515 which is below the U.S. Census urban place population requirements

of 2,500.

Source: Proj ections developed by Water Resources Institute, University of Wyoming.
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Employment Sector Breakdown

For purposes of analysis, employment is divided into ten sectors on

a format identical to that used by the Water Resources Reseanch Institute at

the University of Wyoming. The ten sectors and their individual components

are as follows:

1. Agriculture - includes agriculture, forestry, and fisheries

employment.

2. Petrochemicals - includes petroleum, natural gas, and

synthetic gas employment. (As of 1970, synthetic gas

played no part in employment in any of the eight counties.

Synthetic gas is synonymous with coal gasification.)

3. Coal mining - is coal mining employment only.

4. Uranium mining and milling - is uranium mining and milling

operations employment only.

5. Power generation - is electric power generation employment

only.

6. Other mining - is mining activity employment not related

to the mining and processing of fuels. This includes

mining of bentonite and other clays, stone, and sodium sulphate.

7. Other manufacturing - comprises two types of employment

not related to fuels or construction: (a) processing of

farm and forest products, and (b) a variety of miscellaneous

manufacturing activities.

8. Railroads - is direct railroad employment only.
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9. Construction - in addition to conventional construction

employment, this includes sand and gravel mining, the manu-

facture of cement block and other nonmetallic building

products, and the fabrication of structural steel.

10. Other residentiaries - comprises employment in three

service sectors: (a) consumer service which exists primarily

to serve local households, exclusive of governmental and

educational services; (b) government and education services

and public administration as well as military employment; and

(c) business services which exist in large part to provide

services to the business community.
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Approach and Methodology for Socio-Economic Impact Analyses

In the analyses a development concept model was utilized to serve as

the baseline for evaluating the impacts on a diverse number of socia-economic

factors and variables. A graphic illustration of this process follows this

description section.

The approach assumes that coal development triggers a complex set of

actions. Coal development can be described in terms of (1) development, (2)

energy conversion, and (3) distribution. The system's model becomes operation-

al through mining operations, utilization processes and distribution systems.

These interactions produce or cause effects. The effects in essence constitute

the impacts. Some of these relate specifically to the area's socio-economic

environment.

Incidence of the impacts is evidenced in three major socio-

economic factor areas. These are: (1) population, (2) employment, and (3)

income. Impacts on these factors in turn generate demands by the popula-

tion (including the industries, government and general public) for facilities

and services. Facilities can be considered as being the actual physical center

of the activities, while services are the activities themselves. Changes in

the factors of population, employment and income causes demands to be generated

for facilities of the following major types: (1) housing, (2) highways-roads-

streets, (3) utilities, (4) commercial business, (5) health, (6) recreation-

leisure-culture, (7) criminal justice-judicial administration, (8) schools, and

(9) public services. Services demands are expressed in terms of the following:
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(1) shelter, (2) mobility, (3) infrastructure, (4) goods and services, (5) phys-

ical and mental health services, (6) leisure time and cultural activities, (7)

law enforcement-criminal justice-judicial administration activities, (8) pro-

tection services, and (9) education.

The impacts fall into two major categories: primary and secondary.

Primary impacts are those which relate to basic, necessity types of socio-

economic requirements of both existing and newly generated population influx.

Secondary impacts relate to nonbasic requirements that are amenities which make

for a higher level of quality of life and surroundings. In order to convert

primary and secondary impacts into a facilities or services, an inventory is

performed to determine the existing supply base.

Based on projected demands (i.e., in population, employment and

income triggered by the development program) it is possible to relate existing

supply to future demands. This relationship will give a description or quanti-

fication of any net deficiencies of future demands over current supply. From

this, it is then possible to convert the net deficiency into a description of

needs that are unmet over the development program time horizon under evaluation.

These unmet needs must be related to the system's ability to supply facilities

and services. Given net deficiencies in demands and equating this to the

system's supply capability net deficiency between the gap in demand and supply

can now be established.

The net deficiencies comprise the impacts against which mitigation

measures can be developed. Based on mitigation measures that can be feasibly

applied and their relative chance of success and/or failure one is left with

those which will remain regardless of the effectiveness of the mitigating

measures.
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These net residual impacts remaining become the unavoidable adverse

impacts, decision factors for consideration of alternatives to the proposed

action, indicators to be utilized in performing trade-off analyses and optimi-

zation studies of short term gains versus long term losses or vice versa, and

the impacts that ultimately become the commitment of resources to loss or

destruction by the action as the result of implementation of an irreversible

and irretrievable course of action.
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Table 57

Approximate Cost Breakdown of an Average
Single-Family House, 1969

Item
Percentage of Cost

NAHB FHA

Structure
Basement and Masonry
Envelope
Mechanical/Electrical Services
Balance of the Structure
Inside Work
Outside Work

Total Structure

9.6% 9.0
15.6 15 ·7
11.4 11.4
10.7 11. 3
7.3 7.1
2.1 1.7

56.7% 56.2%

Other Costs
Land
Financing
Overhead and Profit
Other Expenditures

Total Other Cost

22.8% 21. 5%
6.5 7.5

12.7 13.0
1.3 1.8

43.3% 43.8%

100.0% 100.0%TOTAL COST OF UNITS

Source: "Housing Components", National Association of Home Builders, Dec. 1973(
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Education Assumptions

Assumption: There will be 250 families per 1,000 population; each family unit
consists of 3.5 persons.

The 1970 Census of Population provides the
concerning family size and number of families_per 1,000

State of Wyoming Average
Urban Population

Cities with 2,500-10,000 people
Cities with 10,000 or more

people

Family Size
3.53
3.49
3.58

following information
population:
Number of Families
Per 1,000 Population

254.8
252.7
247.6

Rural Population
3.43
3.61

255.7
258.0

From these figures above, 250 families per 1,000 population and an average
family size of 3.5 persons was assumed for the purposes of this report.

Assumption: There will be 1.0 school age child per family unit or 250 school
age children per 1,000 population.

State of Wyoming
1960 1970

Urban Population
1970

Rural Population
1970

Number of school
age children per
family 0.98 1.04 1. 003 1.09

Source: U.S. Bureau of Census, Census of Population, 1970.

Assumption: The number of school age children per family by school grade level
are provided below:

Type of School Grade Levels
Number of school age
Children Per Family Unit

Elementary
Junior High
Senior High

K - 6
7 - 9

10 - 12

0.500
0.250
0.250

Table 58 provides the percentage of elementary, junior high and senior high
school students in Powder River Basin School Districts. The above assumptions
were made using regional averages.
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Table 58
Percentage of Elementary, Jr. High, Sr. High Students in School

Districts of Powder River Basin
1972-1973

School Enrollment Elementary (K-6) Jr. High (7-9) Sr. High (10-12)
Districts Fall Number % Number % Number %

Gillette 3,117 1,704 54.7 790 25.3 623 20.0

Douglas 1,153 590 51.2 280 24.3 283 24.5

Glenrock 685 359 52.4 172 25.1 154 22.5

Sundance 1,239 659 53.2 299 24.1 281 22.7

Buffalo 1,271 591 46.5 344 27.1 336 26.4

Casper 13,505 6,617 49.0 3,437 25.4 3,451 25.5

Lusk 661 330 49.9 165 25.0 166 25.1

Ranchester 627 267 42.6 185 29.5 175 27.9

Sheridan 3,276 1,593 48.6 812 24.8 871 26.6

Clearmont 115 52 45.2 32 27.8 31 27.0

Newcastle 1,289 654 50.7 339 26.3 296 23.0

Upton 381 161 42.3 103 27.0 117 30.7

Region 27,319 13,577 49.7 6,958 25.5 6,784 24.8

State 84,831 43,841 51. 7 21,275 25.1 19,715 23.2

Source: Wyoming State Department of Education, Division of Management
Information Services, (1974).
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Table 62

Public School Revenues by School District
in Powder River Basin Counties: 1972-1973

Total Revenue Sources of Revenues by Percent
District Receipts District founty State Federal---

Campbell $ 5,457,573 58.5 36.9 4.5 0.09
(1 Gillette)

Converse
(1 Douglas) 1,465,323 54.8 38.7 6.4 0.12
(1 Glenrock) 812,977 52.4 40.2 7.0 0.40

Crook 1,653,021 41. 8 26.1 32.0 0.13
(1 Sundance)

Johnson 1,530,389 53.0 31. 7 14.7 0.64
(1 Buffalo)

Natrona 12,148,074 30.3 18.8 49.1 1.74
(1 Casper)

Niobrara 865,107 43.4 28.1 28.4 0.11
(1 Lusk)

Sheridan
(1 Ranches ter) 736,303 26.3 17.5 56.0 0.14
(2 Sheridan) 2,985,916 27.7 18.3 52.0 1.98
(3 Clearmont) 244,342 37.4 18.4 44.2 0

Weston
(1 Newcastle) 1,324,691 45.0 26.1 28.7 0.20
(7 Upton) 513,560 44.4 26.4 29.2 0.08

Region $29,737,276 40.1 25.4 33.5 1.00

State $91,009,500 37.2 23.4 36.0 3.38

Source: Wyoming Public Schools General Fund Accounting, 1972-1973, State
Department of Education, Division of Planning, Education and
Information Services.
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Table 64

Public Schools in Sheridan County
1974

School District,
Type & Name of School

Grade
Levels

Current
Enrollment

Maximum
Enrollment
Capacity

Percent
of Maximum
Capacity

Ranchester S.D. #1
1. Tongue River Elementary
2. Tongue River Jr.-Sr. High
3. Big Horn Elementary
4. Big Horn Jr.-Sr. High
5. Slack Rural
6. Big Goose Rural

K-6
7-12
K-6
7-12
1-5

150
210
129
163

9
Closed

180
210
159
180
15

83.3
100.0
81.1
90.6
60.0

Sheridan S.D. #2
Elementary:

1. Coffeen K-6 397
2. Hf.gh.Land Park K-6 381
3. Hill Sp.Ed. 69
4. Linden K-6 340
5. Taylor K-6 161
6. Woodland Park K-6 209

Junior High:
1. Central 7-8 427
2. Woodland Park 7-8 75

Senior High:
1. Sheridan 9-12 1,104

Rural Schools:
1. Acme 1-6 33
2. Beckton 1-6 6
3. Story 1-6 46

Totals 3,248 3,600

Clearmont S.D. #3
1. Clearmont Elementary 1-6 29 40
2. Arvada Elementary 1-6 14 40
3. Clearmont Jr.-Sr. High 7-12 75 200

90.2

48.3
35.0
37.5

Source: School Superintendents of Ranchester and Clearmont Unified School
Districts and Assistant Superintendent of Sheridan Unified School
District, March 1974.
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Table 68

Public Schools in Casper, Natrona County Unified School District
1974

Grade Current Schoolsite
Type and Name of School Levels Enrollment Acreage

Elementary:

1. Crest Hill K-6 338 4.0
2. Evansville K-6 242 2.15
3. Fairdale K-6 381 5.05
4. Fort Casper K-6 244 5.8
5. Garfield K-6 230 4.1
6. Grant K-6 350 2.06
7. Jefferson K-6 283 1.6
8. Lincoln-Roosevelt K-6 386 3.2
9. Manor Heights K-6 332 6.8

10. McKinley K-6 276 3.5
11. McKinley Annex Sp.Ed. 51
12. Mills K-6 289 2.2
13. Mountain View K-6 286 3.85
14. Paradise Valley K-6 336 8.0
15. Park K-6 301 2.06 (16. Pineview K-6 385 8.47
17. Southridge K-6 358 3.16
18. University Park K-6 175 3.7
19. Westwood K-6 363 3.3
20. Willard K-6 359 2.5
21. Woods Sp.Ed. 51 4.0--

Sub-total 6,099

Junior High:

1. Cy 7-9 901 17.5
2. East 7-9 990 17.0
3. Morgan 7-9 1,457 4.4

Sub-total 3,348

Senior High:

1. Natrona County 10-12 1,847 11.3
2. Kelly Walsh 10-12 1,153 57.48

Sub-total 3,000

Source: Mr. Gene R. Snider, Assistant Superintendent, Business Affairs, Natrona
County Unified School District.
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Table 69

Rural Schools and Learning Disabilities
Natrona County Unified School District

1974

Type and Name of
School

MIDWEST
1. Elementary
2. Jr.-Sr. High

Total

RURAL
1.
2.
3.
4.
5.
6.
7.
8.

SCHOOLS
Alcova
Arminto
Bell Ranch
Forest Oil
Poison Spider
Powder River
Red Creek
Willow Creek

Total

CASPER LEARNING DISABILITIES
1. Fort Casper
2. Garfield
3. Grant
4. Jefferson
5. Lincoln Roosevelt
6. McKinley
7. Pineview
8. Willard

Total

Grade Levels
Current
Enrollment

School Site
Acreage

10.5
10.5

Source: Mr. Gene R. Snider, Asst. Superintendent, Natrona County Unified
School District, April, 1974.

K - 6
7 - 12

121
139
260

1 - 7
2 - 7
4 - 6
2 - 5
K - 6
1 - 8
K - 1
2 - 7

19
13
3
4

153
48
3
5

248

25
12
12
26
25
37
28
12-rn
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Table 83

Natrona County Unified School District Enrollment Projections,
Impact on School Enrollment Capacities and Teacher Requirements

1980 1985 1990
TOTAL ENROLLMENT

Projected Number of Pupi1s* 14,750 15,100 15,450
Number over (+), under (-) capacity +750 +1,100 +1,450
Percent over or under capacity +5.4% +7.9% +10.4%

ELEMENTARY ENROLLMENT (K-6)
Projected Number of Pupi1s* 7,370 7,500 7,730
Number over (+), under (-) capacity +270 +500 +630
Percent over or under capacity +3.8% +5.6% +8.9%

JUNIOR HIGH ENROLLMENT (7-9)
Projected Number of Pupils 3,690 3,775 3,860
Number over (+), under (-) capacity +130 +215 +300
Percent over or under capacity +3.6% +6.0% +8.4%

SENIOR HIGH ENROLLMENT (10-12)
Projected Number of Pupils 3,690 3,775 3,860
Number over (+), under (-) capacity +315 +500 +585
Percent over or under capacity +12.7% +15.3% +17.9%

FULL-TIME TEACHERS
Projected Number Required** 590 604 618
Deficit*** +24 +10 -4

*Includes figures for rural schools (grades K-8).
**Based on students to teacher ratio of 25 to 1.

***Based on Fall 1973 levels (FTE Classroom Teachers).
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Table 84

Gillette Police Department
Campbell County

Projections for Full-time Manpower, Office Facilities
and Patrol Vehicles

1973 1980 1985 1990

POPULATION** OF GILLETTE 7,194 17,870 25,310 27,970

MANPOWER: FULL-TIME POLICEMEN
Proj ected Number Required*** 16 30 43 47
Deficit1l111l 0 -14 -27 -31

OFFICE FACILITIES IN SQUARE FEET
Projected Area Requiredll 3,500 3,040 4,300 4,750
Def ici tIIllfl 0 0 -800 -1,250

PATROL VEHICLES
Projected Number Required#1I 5 10 14 16
Deficitflflll 0 -5 -9 -11

*1973 figures represent existing levels in manpower, office space, patrol
vehicles, and associated deficits.

**Derived by multiplying 1980-1990 population projections for Campbell County
by 55.5 percent, the county's urban population level in 1970.

***Assume 1.7 full-time policemen per 1,000 population for cities with 10,000
or more people (FBI, Crime in the U.S. - 1972, Uniform Crime Reports)

IIAssume 100 square feet per full-time policeman (Wirth-Berger Associates,
draft, Powder River Basin Capital Facilities Study, 1974).

III1Assumea minimum of one patrol vehicle per three full-time policemen (Wirth-
Berger Associates).

IIl1l1Deficitsequal projected demands minus existing (1973) levels.
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Table 85

Douglas Police Department
Converse County

Projections for Full-time Manpower, Office Facilities
and Patrol Vehicles

1973~~ 1980 1985 1990

POPULATION** OF DOUGLAS 2,677 5,955 6,720 6,990

MANPOWER: FULL-TIME POLICEMEN
Projected Number Required*** 7 12 13 14
Def icidlllli 0 -5 -6 -7

OFFICE FACILITIES IN SQUARE FEET
Projected Area Required# 1,000 1,200 1,300 1,400
Deficit/IIIII 0 -200 -300 -400

PATROL VEHICLES
Projected Number Required## 3 4 4 5
D eficidlllli 0 -1 -1 -2

*1973 figures represent existing levels in manpower, office space, patrol
vehicles, and associated deficits.
**Derived by multiplying 1980-1990 population projections for Converse
County by 45.1 percent, the county's urban population level in 1970.
*** Assume 2.0 full-time policemen per 1,000 population for cities with
less than 10,000 people (FBI, Crime in the U.S. - 1972, Uniform Crime Reports).
#Assume 100 square feet per full-time policeman (Wirth-Berger Associates,
draft, Powder River Basin Capital Facilities Study, 1974).
##Assume a minimum of one patrol vehicle per three full-time policemen
(Wirth-Berger Associates).
###Deficits equal projected demand minus existing (1973) levels.
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'lab1e 86

Glenrock Police Department
Converse County

Projections for Full-Time Manpower, Office Facilities
and Patrol Vehicles

1973* 1980 1985 1990

POPULATION** OF GLENROCK 1,515 3,370 3,800 3.950

MANPOHER: FULL-TIME POLICEMEN
Projected Number Required**)~ 5 7 8 8
Def icit ifffil 0 -2 -3 -3

OFFICE FACILITIES IN SQUARE FEET
Projected Area Requiredll 400 700 800 800
Deficitllifff -100 -300 -400 -400

PATROL VEHICLES
Projected Number Requiredllil 1 2 3 3
Defici til ifff -1 -1 -2 -2

*1973 figures represent existing levels in manpower, office space, patrol
vehicles, and associated deficits.
**Derived by multiplying 1980-1990 population projections for Converse

County by 25.5%, the town's percentage of county population in 1970.
***Assume 2.0 full-time policemen per 1,000 population for cities with less

than 10,000 people. (FBI, Crime in the U.S. - 1972, Uniform Crime Reports).
IIAssume 100 square feet per full-time policeman (Hirth-Berger Associates,
draft, Powder River Basin Capital Facilities Study, 1974).

IIIIAssume a minimum of one patrol vehicle per three full-time policemen
(Hirth~Berger Associates).

IIlIlIDeficitsequal projected demand minus existing (1973) levels.
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Table 87

Buffalo Police Department
Johnson County

Projections for Full-time Manpower~ Office Facilities and
Patrol Vehicles

1973* 1980 1985 1990

POPULATION** OF BUFFALO 3~394 4~555 4~490 4~490

MANPOWER: FULL-TIME POLICEMEN
Pro jec ted Numb er Required*** 6 9 9 9
Deficitllllli -1 -3 -3 -3

OFFICE FACILITIES IN SQUARE FEET
Projected Area Requiredll 130 900 900 900
D efici tllIlIl -770 -770 -770 -770

PATROL VEHICLES
Projected Number Required 1111 2 3 3 3
Def ici tllIlIl 0 -1 -1 -1

*1973 figures represent existing levels in manpower~ office space~ patrol
vehicles~ and associated deficits.
**Derived by multiplying 1980-1990 population projections for Johnson County

by 60.7 percent~ the county's urban population in 1970.
***Assume 2.0 full-time policemen per 1~000 population for cities with less

than 10~000 people (FBI~ Crime in the U.S. - 1972, Uniform Crime Reports).
IIAssume 100 square feet per full-time policeman (Wirth-Berger Associates,
draft~ Powder River Basin Capital Facilities Study~ 1974).

IIIIAssumea minimum of one patrol vehicle per three full-time policemen
(Wirth-Berger Associates).

IIlIlIDeficitsequal projected demand minus existing (1973) levels.
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Table 88

Sheridan Police Department
Sheridan County

Projections for Full-Time Manpower, Office Facilities
and Patrol Vehicles

1973* 1980 1985 1990

POPULATION** OF SHERIDAN 10,856 11,065 11,125 11,250

MANPOWER: FULL-TIME POLICEMEN
Projected Number Required*** 17 19 19 19
Deficidl## -1 -2 -2 -2

OFFICE FACILITIES IN SQUARE FEET
Projected Area Required# 8,640 1,900 1,900 1,900
Deficitlllllt 0 0 0 0

PATROL VEHICLES
Projected Number Required/lit 5 6 6 6
Deficidltttt 0 -1 -1 -1

*1973 figures represent existing levels in manpower, office space, patrol
vehicles, and associated deficits.
**Derived by multiplying 1980-1990 population projections for Sheridan

County by 60.8 percent, the county's urban population in 1970.
***Assume 1.7 full-time policemen per 1,000 population for cities with 10,000

or more people. (FBI, Crime in the U.S. - 1972, Uniform Crime Reports).
#Assume 100 square feet per full-time policeman (Wirth-Berger Associates,
draft, Powder River Basin Capital Facilities Study, 1974).
##Assume a minimum of one patrol vehicle per three full-time policemen

(Wirth-Berger Associates).
###Deficits equal projected demand minus existing (1973) levels.
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Table 89

Casper Police Department
Natrona County

Projections for Full-Time Manpower, Office Facilities
and Patrol Vehicles

1973* 1980 1985 1990

POPULATION** OF CASPER 39,361 45,315 46,390 47,465

MANPOWER: FULL-TIME POLICEMEN
Proj ected Number Required*** 56 77 79 81
Deficit/ltlll -11 -21 -23 -25

OFFICE FACILITES IN SQUARE FEET
Projected Area Requiredll 3,245 7,700 7,900 8,000
Deficit/ltlll -3,455 0**** 0 0

PATROL VEHICLES
Projected Number Required/III 16 26 26 27
Def ici til/III -3 -10 -10 -10

*1973 figures represent existing levels in manpower, office space, patrol
vehicles, and associated deficits.
**Derived by multiplying 1980-1990 population projections for Natrona County

by 76.8 percent, the county's urban population level in 1970.
***Assume 1.7 full-time policemen per 1,000 population for cities with 10,000
or more people (FBI, Crime in the U.S. -1972, Uniform Crime Reports).

IIAssume 100 square feet per full-time policeman (Wirth-Berger Associates,
draft, Powder River Basin Capital Facilities Study, 1974).

IIIIAssumea minimum of one patrol vehicle per three full-time policemen (Wirth-
Berger Associates).

IIlIlIDeficitsequal projected demand minus existing (1973) levels.
****By 1980, department will have new facilities with 12,000 square feet.



Table 90

Mills Police Department
Natrona County

Projections for Full-Time Manpower, Office Facilities
and Patrol Vehicles

1973* 1980 1985 1990

POPULATION** OF MILLS 1,724 2,005 2,005 2,100

MANPOWER: FULL-TIME POLICEMEN
Projected Number Required*** 2 4 4 4
Def icitll/lfl -1 -2 -2 -2

OFFICE FACILITIES IN SQUARE FEET
Projected Area Requiredll 100 400 400 400
Def ic it/lflfl -100 -300 -300 -300

PATROL VEHICLES
Projected Number Required/III 1 1 1 1
Def icit/lflfl 0 0 0 0

*1973 figures represent existing levels in manpower, office space, patrol
vehicles, and associated deficits.
**Derived by multiplying 1980-1990 population projections for Natrona County

by 3.4 percent, the town's percentage of county population in 1970.
***Assume 2.0 full-time policemen per 1,000 population for cities with less

than 10,000 people (FBI, Crime in the U.S. - 1972, Uniform Crime Reports).
IIAssume 100 square feet per full-time policeman (Wirth-Berger Associates,
draft, Powder River Basin Capital Facilities Study, 1974).

IIIIAssumea minimum of one patrol vehicle per three full-time policemen (Wirth-
Berger Associates).

IIlIlIDeficitsequal projected demand minus existing (1973) levels.
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Table 91

Newcastle Police Department
Weston County

Projections for Full-Time Manpower, Office Facilities
and Patrol Vehicles

1973* 1980 1985 1990

POPULATION** OF NEWCASTLE 3,432 3,430 3,430 3,535

MANPOWER: FULL-TIME POLICEMEN
Projected Number Required*** 9 7 7 7
Deficitll 0 0 0 0

OFFICE FACILITIES IN SQUARE FEET
Projected Area Requiredllil 500 700 700 700
Deficitll -400 -200 -200 -200

PATROL VEHICLES
Proj ected Number Required/lflf! 2 2 2 2
Deficit/! -1 0 0 0

*1973 figures represent existing levels in manpower, office space, patrol
vehicles, and associated deficits.
**Derived by multiplying 1980-1990 population projection for Weston County by

54.4 percent, the county's urban population level in 1970.
***Assume 2.0 full-time policemen per 1,000 population for cities with less

than 10,000 people (FBI, Crime in the U.S. - 1972, Uniform Crime Reports).
IIDeficits equal projected demand minus existing (1973) levels.
IIIIAssume100 square feet per full-time policeman (Wirth-Berger Associates,

draft, Powder River Basin Capital Facilities Study, 1974).
IIlIlIAssumea minimum of one patrol vehicle per three full-time policemen (Wirth-

Berger Associates).
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Table 92

Sundance Police Department
Crook County

Projections for Full-Time Manpower, Office Facilities
and Patrol Vehicles

1973* 1980 1985 1990

POPULATION** OF SUNDANCE 1,056 1,050 1,070 1,070

MANPOWER: FULL-TIME POLICEMEN
Projected Number Required*** 1 2 2 2
Deficittl -1 -1 -1 -1

OFFICE FACILITIES IN SQUARE FEET
Projected Area Requiredtltl 400 200 200 200
Deficittl a a a a

PATROL VEHICLES
Projected Number Requiredllli 1 1 1 1
Deficitll a a a a

*1973 figures represent existing levels in manpower, office space, patrol
vehicles, and associated deficits.
**Derived by multiplying 1980-1990 population projections for Crook County
by 23.2 percent, the town's percentage of county population in 1970.

***Assume 2.0 full-time policemen per 1,000 population for cities with less
than 10,000 people (FBI, Crime in the U.S. - 1972, Uniform Crime Reports).

tlDeficits equal projected demand minus existing (1973) levels.
tltIAssume100 square feet per full-time policeman (Wirth-Berger Associates,

draft, Powder River Basin Capital Facilities Study, 1974).
tltItiAssumea minimum of one patrol vehicle per three full-time policemen

(Wirth-Berger Associates).
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Table 93

Lusk Police Department
Niobrara County

Projections for Full-Time Manpower, Office Facilities
and Patrol Vehicles

1973* 1980 1985 1990

POPULATION** OF LUSK 1,495 1,430 1,380 1,330

MANPOWER: FULL-TIME POLICEMEN
Projected Number Required***
Deficit#

4
o

3
o

3
o

3
o

OFFICE FACILITIES IN SQUARE FEET
Projected Area Required##
Deficit#

400
o

300
o

300
o

300
o

PATROL VEHCILES
Projected Number Required###
Deficit#

1
o

1
o

1
o

1
o

*1973 figures represent existing levels in manpower, office space, patrol
vehicles, and associated deficits.
**Derived by multiplying 1980-1990 population projections for Niobrara County

by 51.1 percent, the town's percentage of county population in 1970.
***Assume 2.0 full-time policemen per 1,000 population for cities with less than

1,000 people (FBI, Crime in the U.S. - 1972, Uniform Crime Reports).
#Deficits equal projected demand minus existing (1973) levels.
##Assume 100 square feet per full-time policeman (Wirth-Berger Associates,

draft, Powder River Basin Capital Facilities Study, 1974).
###Assume a minimum of one patrol vehicle per three full-time policemen (Wirth-

Berger Associates).
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Table 94

Required Fire Flow

Population Gallons Per Minute

1,000 1,000

1,500 1,250

2,000 1,500

3,000 1,750

4,000 2,000

5,000 2,250

6,000 2,500

10,000 3,000

13,000 3,500

33,000 5,500

40,000 6,000

55,000 7,000

*Note: Fire flow may be increased or decreased in accordance with structural
conditions and degree of congestion.

Source: Standard schedule for Grading Cities and Towns, U.S. National Board
of Fire Underwriters, N.Y., Chicago, San Francisco.
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