Black Hills Bentonite, L.L.C.
Permit to Mine No. 281C, Amendment No. 7 July 2008

APPENDIX D-4

CLIMATOLOGY

Introduction

Climatological data presented for the amendment area are data collected from the Ten Sleep
4 NE Station #488852 of the Western Region Climate Center. The Record Monthly Climate
Summary for the period of June 1, 1964 through December 31, 2005 is included at the end of this
section of the amendment application as Appendix D4-Addendum 1. Also included, as Appendix
D4-Addendum 2, is the National Climatic Data Center’s Climatography Summary for the period of
1971-2000.

Setting

The amendment area is located approximately 6 miles west of the town of Ten Sleep,
Wyoming, in northeastern Washakie County. The average elevation of the area is approximately
4,600 feet above sea level with a cool, semiarid, infand continental climate. Weather in the area is
rapidly changing and can produce a variety of extreme conditions in a relatively short peniod of time.

The average wind velocity for the entire area is less than five miles per hour. This portion
of the Big Horn Basin is generally protected from the prevailing southwesterly winds; however, the

strongest winds are northerly.

Temperature and Precipitation

Climatotogical records for Ten Sleep, Wyoming reveal that temperatures in this area tend to
be cool with substantial seasonal and diurnal variations. The large temperature fluctuations are due
to the advent of warm and cold air masses and the relatively high elevation of the area. This permits
rapid incoming and outgoing radiation. The mean daily temperature is 48.2 degrees. The hottest
month is July. January is typically the coldest month. Temperatures may reach as high as 102
degrees in July and as low as -34 degrees in December.
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The average annual precipitation for the area is 13.00 inches. May typically has the highest
mean precipitation (2.20 inches) while January had the lowest (0.51 inches). Approximately 70
percent of the moisture falls in thunderstorms during the growing season of late spring and early
summer. Snowfall amounts are fairly uniform from November through February. Snowfall amounts

are somewhat heavier during February and March.

D4-2




TEN ST.EEP 4 NE, WYOMING - Climate Summary rape 1 Ul i

{ f

CK t0o: =]

(s;ate uﬂe;tej (gnmj TEN SLEEP 4 NE, WYOMING (488852)
ap map a2qe

NO Period of Record Monthly Climate Summary

TE:
e beore i 01 ek on g Period of Record : 6/ 1/1964 to 12/31/2005
1971 - 2000 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
e Daily Temp. & Precip., Average Max. 36.9 41.2 499 59.5 69.4 79.0 87.9 86.1 75.4 62.7 462 380 61.0

N ’ Temperature (F)
o Duily Tabudar deta (~23 K13 ,
o Monthly Tabular data (~1 K1) Average Min, 13.6 182 26.1 34.1 423 504 57.1 55.6 454 353 23.9 156 348
o NCDCH971-2000 Noruls (-3 || Temperature (F)
M) Average Total 51 541 081 1.45 2.20 2.05 096 0.71 1.35 1.14 0.79 0.63 13.00
T -— Precipitation (in.)

Average Total 79 54 18 00 00 00 08 3.0 7.7 98 527
1961 - 1990 SnowFall (in.) 91 7279 5
Average Snow 0 0 0 1 b) 1

s Duily 'E'mm & Precip. Depth (in.) 3 2 1 0 0 0 0
* Daily Labular dat (~23 Ki3) Percent of possible observations for period of record.

o Montbiy Tabulir date (~1 K13y~ Max. Temp.: 99.5% Min. Temp.: 99.4% Precipitation: 98.6% Snowfall: 99.1% Snow Depth:
o NUDRC 19611990 Normals (-3 98%

KB Check Stution Metadata or Metadatu praphies for more detail about data completeness.
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U.S. Department of Commerce C l . h Natlonal Climatic Data Center
National Qceanic & Atmospheric Administration m atograp y Federal Building
National Environmental Satellite, Data, Of the United St ates 151 Patton Avenue
and Information Service Asheville, North Carollna 28801
NO. 20 w“w.ncdc.noaa.gov
Station: TEN SLEEP 4 NE, WY 1971-2000 COOP ID: 488852
Climate Division; WY 4 NWS Call Sign: Elevation: 4,820 Feet Lat: 44°04N Lon: 107°23W
Temperature ("F)
Degree Days (1)
Mean ) Extremes Mean Number of Days (3
Base Temp 65
Daily | Dagt Highest Lawert Max Max Max Max Min Min
Manth Y1 | Mean TN ) year | Day | Mowht) | ear | ™% | vear | Day | Mewh) | Year | Heating | Cooling = [ = o= b =
Max | Min Dalb() Dnily(z)
Mean Mean 160 90 50 n ko) [0
Jan 56 1 137 | 247 64 1981 21 357 1981 25+ 1997 11 7.9 1979 1251 0 Q 0 L3y 10.3 29.8 5.8
Feb 404 | 184 | 254 66+ 1982 22 383 1992 -31 1989 3 15.8 1989 996 0 0 0 68 56 264 2.9
Mar 49.7 | 265 381 79 1986 27 45.7 1986 -12 198% 4 310 1396 835 0 .0 0 17.4 2.1 24.4 4
Apr 58.2 | 342 46.7 g7+ 2000 29 550 1987 10+ 1997 11 185 1975 351 2 .0 0 24.5 4 13.4 0
May 692 | 430 | 561 A 1687 15 61.6 | 2000 20 1967 1 514 1975 291 15 0 @ 301 0 33 0
Jun 790 | 519 | 655 100 1970 i 75.0 1988 H 1970 13 58.6 1958 20 105 £ 3l 29.9 £ 0 0
Jul 86.7 58.4 72.6 162 1976 13 771 1988 38 1983 16 66.0 1993 12 244 A 12,2 30 Rt 0 0
Aug 85.6 57.8 7 10+ | 2001 7 77 1971 36 1965 3l 67.7 1977 20 227 0 9.5 30 Q0 .0 0
Sep 75.1  48.0 | §l6 95+ 1483 2 68.1 1979 15 1984 25 55.5 1934 163 60 0 1.3 24.1 @ 22 0
Oct 62.3 1 376 | 500 B+ 1992 3 54.5 1988 4+ 1991 k) 452 1984 468 1 0 0 271 4 11.7 0
Nov 452 | 255 | 354 4+ | 2001 [ 46.6 1964 -16 1985 23 219 1985 839 0 0 £ i 4.1 250 12
Dee 374 | 164 | 269 b6 1980 27 364 1980 -4 1990 22 14.4 1983 1182 0 0 £ 48 g4 292 38
Jul Aug Dee Jan
Ann 60.5 3640 48.2 102 1978 13 177 1971 -34 1950 22 7.9 1979 6748 654 1 26.1 247.4 313 165.4 14.1
+ Also occurred on an earlier date(s) (1) From the 1971-2000 Monthly Normals
@ Denotes mean number of days greater than 0 but less than .05 (2) Derived from station's available digital record: 1964-2001
Complete documentation available from: www.ncde.noaa.gov/oa/climate/normals/usnormals.htmi (3) Derived from 1971-2000 serially complete daily data
Issue Date: February 2004 D4R-1
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Us. Depai t of Commerce Clim atographs Natlonal Climatic Data Center

Natlonal Oceantc & Atmospheric Ad:;ﬂnistraﬂon . Federsi Bullding
Natonal Ensirontaentat Satclte, Dats, of the United States 151 Patton Avenve
and Information Servi Asheville, North Carolina 28801
" e Serice NO' 20 www.ncde.sonn.gov
. 1971-2000
Station: TEN SLEEP 4 NE, WY COOP ID: 488852
Climate Division: WY 4 NWS Call Sign: Elevation: 4,820 Feet Lat; 44°04N Lon: 107°23W

Precipitation (inches)

Precipitation Probabilities (1)

Precipitation Totals Mean Number Probability that the monthly/annual precipitation will be equal to or less than the
of Days @ indicated amount
Means/ Ext Daidy Precipitati Monthly/Annua] Precipitation vs Probability Levels
Medianyn xiremes aly Frecipitation These values were determined from the (ncomplete gamma distribution
Med- Highesr Highest Lowent - = = -

Menth | Mean an Dallyczy | Year | Day Monthly(D) Year Montaty() Year | 400 0.0 | 050 | 100 Q8 10 20 30 40 50 .60 .70 .80 S0 95
Jan 57 50 .85 1567 14 162+ 1978 .00 1983 58 2.0 A 0 0 .08 A7 25 34 44 .56 70 90 1.23 1,55
Feb i .30 A6 1991 17 1.24 1971 00 1985 4.5 1.6 0 kil .02 06 12 A7 24 30 38 48 52 84 1.06
Mar .54 .84 110 1481 17 243 1996 25 1979 6.7 12 2 1 26 35 48 &0 72 84 97 .13 1.34 1.67 1.97

Apr 1.39 131 i49 1978 | 28 3.52 1978 08 1985 8.0 4.6 3 N 35 A8 .68 .86 1.04 1.23 1,43 1.68 2.01 2.52 3.00

May | 232 1.97 2.26 1988 ? 4.32 1975 16 1994 3.6 36 i3 2 .67 &9 .23 1.51 179 2.09 241 2.79 3.28 4.05 4.77
Jun 1.83 1.88 2.62 1969 | 25 4.56 1993 06 1971 78 4.7 1.2 2 32 A5 715 1.00 1.26 1.54 1.85 2.23 2.14 3.56 4.35
Jul 36 .68 2,02 1977 4 303 1997 02 1999 53 2.5 S| 2 a7 13 25 .39 .53 10 91 1.17 .53 214 2.74
Aug 67 58 1.50 1976 3 221 1976 .00 1981 4.4 2.0 2 1 02 06 15 24 35 A48 .63 B2 1.09 1.55 2.00
Sep 1.44 1,48 L76 1990 19 3.56 1686 O 1581 6.3 LR 2 A .00 23 .51 T4 97 1.21 1,49 1.80 2.24 2.93 160
Oct 125 101 155 1971 i 561 1971 00 1984 6.0 37 B 1 06 A7 15 .54 13 86 1.22 1.54 1.9¢ 273 345
Nov | 70 3 130 [ 1984 | 9| 190 | 1984 08 1985 | 54 ) 26 2 1 18 26 37 A8 58 £9 81 86 L6 [ 146 | 1.75
Dec | .60 45 Bl L1esd | 24| 1rss | w92 06+ 11985 | 55 | 19 2 .0 00 09 21 31 40 50 61 75 92 1.2 1.49
Ann Jun Oct Dec
13.15 | 13.02 2.62 25 5.81 D0+ 743 | 382 58 1.2 5.07 9.85 1086 | 10163 | 1232 | 1258 | 13.67 | l4.43 13.36 | 16.71 17.88
1969 1971 1985
+ Also oceurred on an earlier date(s) (1) From the 1971-2000 Monthly Normals
# Denotes amounts of a trace (2} Derived from station’s available digital record: 1964-2001
@ Denotes mean number of days greater than 0 but less than .05 (3) Derived from 1971-2000 seriaily complete daily data
** Batistics not computed because less than six years out of thirty had measurable precipitation Complete documentation available from:

www.ncdc.noaa. gov/oa/climate/nommals/usnormals. html
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LS. DepnA. . ur Commerce C lim at Ogl’ g}' 1 ly Natlonal Climatic Data Centex
Natienal Oceanle & Atmospheric Adminlstration Federal Bullding

*
Natlonai Envirormental Satellite, Data, Of the Unlted States 151 Patton Avenue
and Information Services Asheville, North Carelina ZB801
NO- 20 www.ned . Roas.gov
Station: TEN SLEEP 4 NE, WY COOP 1D: 488852
Climate Division: WY 4 NWS Call Sign: Elevation: 4,820 Feet Lat: 44" 04N Lon: 107°23W
Snow (inches)
Snow Tetals Mean Number of Days )
. Snow Fall Snow Depth
Means/Medians (1) Extremes 2) P
>= Thresholds >= Thresholds
Highest Highest Highest Highest
Snow | Snow | Snow | Snow | Monthl Datt Manthly
Month | Fall | Fall |Depth| Depth Y| Year | Day Y1 Year Y| vear | Day | Mean | vear | 01 | 10 ] 30| so{we| 1] 3| s | 1
Mesn | Median | Mean | Median | SV Suow Snow Snow
Fall Fall Depth
Depth
Jan 103 99 4 4 200 1978 25 40.5 1978 36 1978 i 14 1979 4.6 30 1.1 3 A 235 1a.] 7.8 1.5
Feb 6.3 50 3 2 6.0 1976 4 17.0 1978 22 1978 1 11 1979 3.5 2.5 ) 2 0 16,0 Q.5 4.5 1.1
Mur 835 7.0 1 i 5.0 1982 24 24.0 1977 11 1998 8 4 1998 4.5 s 1.0 2 0 6.3 30 1.4 2
Apr 57 55 # # 70 | 1999 1 160 | 1975 8 1977 2 L 1891 | 27 ] 21 6 2 0 1.4 6 2 0
May 2.1 ke # 0 8.0 1983 12 14.0 1975 6 1983 12 #+ 1999 b -] 3 1 .0 3 1 @ £
Jun 0 0 il i} 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 .0 K 0 0 0
Jul 0 £ 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0
Aug 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 )
Sep 5 0 # 0 6.0 1985 28 6.0 1985 4+ 2004 23 #+ 2000 4 2 . .1 0 A A 0 0
Oct a3 t.5 [ # 6.0 1971 2 210 1971 10 1971 29 1 1993 1.5 1.1 4 2 0 1.2 6 4 @
Nov 7.8 72 1 1 g0 | 1978 10 165 | 1988 10 1973 3 3 1986 | 36| 30 10 3 0] 9l 4.1 15| @
Dec 88 57 2 2 10.0 1598 18 20 1989 15 15689 22 10 1978 4.6 33 1.2 5 @ 154 73 ib .5
Amn osis | oais | A | owa | e | PR a5 | oaas | | s DL | we | P asef wesd s | v | u | 3] ara] 19| 33
' ’ 1578 ) 1978 1578 1579 ' ) ' ’ ' ' ’ ' '
*+ Also occurred on an earlier date(s) #Denotes trace amounts (1) Derived from Snow Climatology and 1971-2000 daily data
@ Denotes mean number of days greatee than 0 but less than .05 (2) Derived from 1971-2000 daily data
-9/99 represents missing values Complete documentation available from:
Annual statistics for Mean/Median snow depths are not appropriate www.ncdc.noaa. gov/oa/climate/normals/usnormals. html
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U.s. Depnnm{ I merce Clim atogl( ‘y National Cllmi a Center

Natlonal Qceanie o Atmospheric Admlinistration Federal Building
Natlonal Environmental $atellite, Data, Of the Unlted States 151 Patton Avenue
and Infermation Service Asheville, North Carolina 28801
NO- 20 www.nede.noas.goy
Station: TEN SLEEP 4 NE, WY COOP ID: 488852
Climate Division: WY 4 NWS Call Sign: Elevation: 4,820 Feet Lat: 44°04N Lon: 107°23W
Freeze Data
Spring Freeze Dates (Month/Day)
Temp (F) Probability of later date in spring (thru Jul 31) than indicated(*)
P 10 20 30 40 50 60 0 80 50
36 614 6/08 6/04 531 5728 5/24 5121 5i17 5711
E7] 528 5/22 518 5i15 512 508 5105 501 4126
28 5716 510 5106 5102 429 425 4722 47 4/11
4 428 anz 417 414 410 4/07 4/03 3730 324
20 422 4/14 4709 4704 3731 327 3022 317 3/09
16 411 4/03 /28 324 19 314 310 304 2/14
Fall Freeze Dates (Month/Day)
Temp (F) Probability of earlier date in fall (beginning Aug 1) than indicated(*)
p 10 20 30 40 50 60 70 80 50
35 9/06 9/09 9/12 9/15 917 9/19 9721 9724 9/28
E7) 9111 9/16 5720 9/23 9/26 9/29 10702 10/05 10710
28 9/20 9/26 9/30 10/03 16707 10710 10713 10717 10123
4 10/02 10/08 10712 10716 10/19 10122 10/26 10/30 11705
20 10/16 10/17 1022 1026 10730 11/04 11708 11713 11720
16 10715 10/22 10727 1101 11/05 11/09 1113 11/18 11/25
Freeze Free Period
Temp (F) Probability of longer than indicated freeze free period (Days)
p 0 20 20 A0 50 60 70 80 90
36 130 124 119 115 111 107 103 99 92
R 162 153 147 141 136 131 126 120 11
28 186 177 171 165 160 155 150 143 134
24 217 208 202 156 191 186 180 174 164
20 250 237 238 220 213 205 198 188 176
16 265 253 244 237 236 223 216 207 195

* Probability of observing a temperature as cold, or colder, later in the spring or earlier in the fall than the indicated date.

0/060 Indicates that the probability of occurrence of threshold temperature is less than the indicated probability,
Derived from 197]-2000 serially complete daily data Complete documentation available from:
www.ncdc,noaa.gov/oa/climate/normals/usnormals. html
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Us, D![' of Commerce C lim ato gr aH' Natlonal Climatic Data Centr

Natlon -nul¢ & Atmospheric Administratlon . Federal Building
Natlonal Environmental Satellte, Data, Of the Unlted States 151 Patton Avenue
and Information Servi Asheville, North Carollna 28801
[ 1 ce N 0. 20 Bhng €, [
www.ncde.nosa.goy
Station: TEN SLEEP 4 NE, WY COOPF 1D: 488852
Climate Division: WY 4 NWS Call Sign: Elevation: 4,820 Feet Lat: 44°04N Lon: 107°23W
Degree Days to Selected Base Temperatures (°F)

Base Heating Degree Days )

Below Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann
65 1251 596 835 53l 291 90 12 20 163 468 889 182 6748
60 1096 856 680 409 172 35 1 4 81 120 739 1027 5420
57 1003 772 587 139 116 17 0 1 47 240 652 534 4699
35 941 716 526 280 86 10 0 0 1 193 596 872 4251
50 787 582 382 175 33 i 0 0 8 98 458 723 3247
EF; 310 182 46 7 0 0 0 0 ] 2 mn 264 922

Base Cooling Degree Days 1)

Above Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann
R 82 111 235 448 147 1005 1256 1231 887 558 212 106 6878
55 o 0 2 30 119 24 543 518 227 36 7 ) 1806
57 4 [ ) 20 28 271 481 457 184 22 3 0 1527
60 0 0 0 10 50 199 389 167 128 g 0 0 1151
65 0 0 0 2 15 105 244 227 &0 1 0 0 654
n 0 0 [} 0 2 43 125 117 21 0 ] 0 308

Growing Degree Units ()

Base Growlng Degree Units (Monthly) Growleg Degree Units (Accumutated Monthly)
Jan | Feb | Mar | Apr { May | Jun Jul | Aug | Sep [ Oct § Nov | Dec | Jan | Feb | Mar | Apr { May | Jun Jul | Awg | Sep Oct Nov | Dec
40 5 17 91 ) 246 | 497 | 762 | 989 [ 954 } 617 [ 308 67 14 5 22| 13| 359 | B56 | 1618 | 2607 | 3561 | 4178 | 4486 | 4553 | 4567
45 0 2 3R 141 154 612 834 799 473 189 24 2 0 2 40 181 535 | 1147 | 1981 | 2780 § 3253 | 3442 | 3466 | 3468
| 50 0 i} 10 721 226 | 465 [ 679 | 644 | 235 96 5 i i} 0 10 82 | 308 | 773 | 1452 | 2096 | 2432 | 2528 | 2333 | 2533
35 0 0 28 g | 322 s2s | 4% § 217 37 [t 0 0 2 30 | 149 | a7t | 996 | 1486 ] 1703 | 1740 | 1740 | 1740
L 0 ¢ ) 52 192 | 373 | 336 | 113 n 0 0 0 0 9 61 | 2531 626 | o962 | 1075 | 1086 | 1086 | 1086
Base Growling Degree Unlts for Corn {Manthiy) Growing Degree Units for Corn (Accumulated Monthiy)
50/86 1 [ 157 757 176 | 315 | 486 | 638 | 623 | 41l {zo| s3] 9 t | 16 ] 91 | 267 [ 586 | 1072 ] 1710 | 2333 [ 2744 [ 2963 | 3016 | 3025
(1) Decived from the 1971-2000 Monthly Normals Complete documentation available from:
(2) Derived from 1971-2000 serially complete daily data www.ncde.noaa.gev/oa/climate/normals/usnormals.html
Note: For com, temperatures below 50 are set to 50, and temperatures above 86 are set to 86
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Notes
a. The monthly means are simple arithmetic averages computed by summing the monthly values for the period 1571-2000 and dividing by thirty. Prior to averaging, the data
are adjusted if necessary to compensate for data quality issues, station moves or changes in station reporting practices. Missing months are replaced by estimates based on
neighboring stations.
b. The medien is defined as the middle vatue in an ordered set of values. The median is being provided for the snow and precipitation elements because the mean can be a
misleading value for precipitation normals.
¢. Only observed validated values were used to select the extreme daily values,
d. Extreme monthly temperature/precipitation means were selected from the monthly normals data.
Monthly snow extremes were calculated from daily values quality controlled to be consistent with the Snow Climatology.
&. Degree Days were derived using the same techniques as the 1971-2000 normals.
Compete documentation for the 1971-2000 Normals is available on the internet from:
www. nede.noaa.gov/oe/climate/normals/usnormals. html
f. Mean “number of days statistics™ for temperature and precipitation were calculated from a serially complete daily data set .
Documentation of the serially compiete data set is available from the link betow:
g. Snowfall and snow depth statistics were derived from the Snow Climatology.
Documentation for the Snow Climatology project is available from the link under references.

Dats Sources for Tables

Several different data sources were used to create the C1im20 climate summaries. In some cases the daily extremes appear inconsistent with the monthly extremes and or the mean
number of days statistics. For example,  high daily extrerne value may not be reflected in the highest menthly value or the mean number of days threshold that is less than and
equal to the extreme value. Some of these difference are caused by different periods of record, Daily extremes are derived from the station's entire period of record while the
serial data and normals data were are for the 1971-2000 period. Therefore extremes observed before 1971 would not be included in the 1971-2000 normals or the 1971-2000
serial daily data set. Inconsistencies can also occur when monthly velues are adjusted to reflect the current observing conditions or were replaced during the 1971-2000 Monthly
Normals processing and are not reconciled with the Summary of the Day data.

&. Temperature/ Precipitation Tables ¢. Snow Tables
1. 1971-2000 Monthly Normals 1. Snow Climatology
2. Ceoperative Summary of the Day 2. Cooperative Summary of the Day
3. National Weather Service station records
4. 19712000 serially complete daily data d. Freeze Data Table

1971-2000 serially complete daily data
b. Degree Day Table
1. Monthly and Annual Heating and Cooling Degree Days Normals to Selected Bases derived from 1971-2000 Monthly Normals
2. Daily Normal Growing Degree Units to Selected Base Temperatures derived from 1971-2000 serially complete daily data
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