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I, SUMMARY

The following comments are intended to summarize my most significant findings
of the analysis of pertinent weather factors related to the Highway 36
Hazardous Waste Management Facility area and a 55-mile radius area surrounding
the proposed facility:

o The heaviest rainfall at the Project Site will be delivered by large
thunderstorms normally occuring in June, July, and August;

o The duration of a heavy thunderstorm will be less than six hours and
a high fraction of the rain will fall within the first two hours;

o The development of comparative precipitation data from 23 stations
within 55 miles of the Project Site furnished a data base which has
been useful in conducting a statistical-type analysis;

o By performing a statistical analysis of that data base, the peak
24-hr precipitation amounts: for 100, 200, 500, 1,000 and 10,000 year
return periods have been estimated as shown in Figure 12. The
estimated amount of peak 24-hr precipitation for each of these return

periods is as follows:

Return Period (yrs) Peak 24-Hour Amount (inches)
100 5
200 5.9
500 7.0
1000 7.9
10000 ' 11.0

o The validity of the Site Rainfall Intensity-Duration-Frequency curve
for a 100-year storm, developed based on NOAA Atlas 2 Vol III,
Colorado 1973 data and procedures and presented in Attachment LF-3 to
the CDH Permit, has been confirmed by comparing it with information
from the USGS Small Plot Studies;
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o Some of the CDH technical requirements are technically inconsistent.

In such cases, standard meteorological procedures were utilized to
obtain the desired end results;

Differences in terrain elevation are of some importance. The annual
peak 24-hr rainfall amounts are expected to be greater along the
higher terrain running nearly west-to-east several miles south of the
Project than at the Project Site;

The Figure 12 precipitation estimates for various recurrance interval
events were conservatively derived because a disproportionately
higher number of the precipitation measurements used as data points
came from sample stations 1located at higher elevations which
experience more total and larger precipitation events than at the
Project Site;

In my opinion, using data from sample stations which more correctly
reflect the Project Site conditions, the peak 24-hr rainfall amount
at the 1/100 Tevel (100-year recurrance interval) at the Project Site
is estimated to be 4.40 inches. This estimate is lower than the 5.0
inch estimate shown in Figure 12 because Figure 12 is based on the 23
station composite data set which includes the higher elevation data
previously mentioned. Use of a value of 4.75 inches should be
considered conservative and 5.00 inches could be considered to be

very conservative,

The estimates for the 100- and 200-year return periods may be
considered quite reliable. The degree of uncertainty increases for
the 500- and 1,000-year return period estimates. Great uncertainty

must be assigned to this, and any other, estimate for the 10,000-year

return period, no matter what source or technique is utilized,
because of the limited length of record available compared to the
return period. '

Py (pue—~

Loren W. Crow
Certified Consulting Meteorologist

Certification Number 7

o~~~
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II.  INTRODUCTION

This report summarizes the results of an analysis of pertinent weather factors
related to the permit application for the proposed Highway 36 Hazardous Waste
Management Facility (H36HWMF) located near the southeast corner of Adams

County,

Colorado.

Most specific attention has been given to addressing the

requirments of the Colorado Department of Health (CDH) as listed in Part II,

Section E.l.a,
These requirements are as follows:

Permit.

vii.

aa.

bb.

ccC.

dd.

The permittee shall revise the runoff drainage system design
for the active facility life to control the peak and total
runoff resulting from the 24-hour, 500-year rainstorm or
twice the 100-year rainstorm, whichever is 1less, in
conjunction with the largest recorded regional hail fall,
according to the following procedures (264.31, 264.301 (c,
d, g, and e).

The permittee shall survey hail and rainfall records from
all National Weather Service recording stations within 55
air miles from the facility site. Intensity-duration versus
one- to one-hundred-year recurrence interval curves shall be
prepared for each station where the one-hundred-year
rainfall may exceed 4.4 inches. The permittee shall also
determine the years of record for each station and maximum
amount of hail recorded at each station.

The permittee shall estimate the Probable Maximum
Precipitation (PMP) for the site in accordance with National
Weather Service Hydrometeorological Report No. 55. The PMP
is defined as the 10,000-year storm for the purposes of this
permit.

The permittee shall estimate the 24-hour, 500- and
1,000-year rainfalls by analytically fitting a curve to the
largest 100-year (and associated 1- and 10-year) storm
estimate. Alternate procedures for determining the
1,000-year storm may be proposed by the permittee.

The permittee shall obtain a statement from a Certified
Consulting iMeteorologist registered by the American
Meteorological Society regarding the validity of the 100-
year and 10,000-year storm predictions, and of the methods
proposed for estimating the 1,000-year storm. The statement
shall address any geographic factors or known weather
patterns which may cause actual precipitation at the site to
be greater or less than the estimates obtained as specified
in sections as., bb.,, and cc.

of the Highway 36 Land Development Company Hazardous Waste

0885¢c
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- Some of the CDH requirements are technically inconsistent. In such cases, I

complied with the intent of the requirements utilizing standard meteorological
procedures to obtain the desired end results.

The site of the H36HWMF is located in the southeast corner of Township 3 South
and Range 57 West, Adams County, Colorado. The facility is located on a knoll
and local drainage is away from rather than toward the site.

The regional area surrounding the site is a part of the eastern plains of
Colorado. There is a gradual slope downward toward the north, as well as a
gradual slope downward toward the east. Dry land type of farming is the rule
rather than the use of irrigation. Two prominent terrain features are worth
mentioning, as they relate to precipitation. The higher terrain extending
toward the east and northeast from the Palmer Lake Divide plays an important
part in "triggering" heavy summer thunderstorms. The comparatively higher
precipitation 1is further confirmed by the sustained tree growth along the
crest of the Palmer Ridge. A second area of important terrain features is the
tongue of higher terrain that extends northward in Washington County to the
vicinity of Akron. Convective cloud development will tend to begin above this
compérative?y higher terrain before it can begin over the surrounding lower
elevations. Once formed, the convective cloud formations tend to be fed by
inflowing air from over the Tower areas. '

The annual sequence of precipitation in northeastern Colorado tends to follow
the amount of the available moisture within the total column of air from the
surface to near the tropopause (somewhere within the 30,000- to 40,000-foot
ms1 range). The lowest amounts of atmospheric moisture available occur in the
winter months of December through February. July generally has the greatest
amounts of atmospheric moisture.

An excerpt from the recently published "Colorado Average Annual Precipitation
1951-1980" map is presented as Figure 1. The Project Site is identified as

0885¢
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_@ Figure 1. Annual precipitation pattern in northeastern Colorado
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the BFI site near the center of the map segment presented. A circle has been
drawn to include the area within 55 miles from the site. The mean annual
precipitation at the site is approximately 14 inches. Note that the 12-inch
lines and the 16-inch lines fall some distance from the site. Most of the
precipitation falls within the six months from April through September.

0885c¢c
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IIT. STATION SURVEY WITHIN 55-MILE RADIUS

The same geographic area covered in Figure 1 is also covered in Figure 2,
Within this geographic area there have been 23 separate station locations that
have recorded precipitation for periods of two or more years. These 23
stations are listed in alphabetical order in the upper right portion of Figure
2. Although the elevation height 1ines have not been included in Figure 2,
the drainage patterns are clearly portrayed by the various creeks and rivers,
Note the paths of drainage away from the comparatively higher ground along
Highway 24 to the northeast and eastward from Colorado Springs. This ridge
contains some 11 of the 23 places where precipitation has been measured for
two years or more within the period from 1914 through 1986. The greater
density of stations in this area could be explained by the fact that dry land
type farming may have its best chances of success in this area, and thus,
there is a somewhat greater concern for measuring the amounts of precipitation.

Although Figure 1 does not cover enough area to show it, the average annual
precipitation tends to increase as one moves east from the facility site.
This increase is a general trend and ignores local factors. The increase is
caused by higher available atmospheric moisture due to two factors. First,
the total volume of air available to hold moisture increases because the
vertical height differential between the surface and the tropopause increases
as the terrain elevation becomes lower. Second, as the distance to a main
major source of air moisture, namely the Gulf of Mexico, decreases, the
chances of encountering air containing more moisture increases. These two

. factors produce a notably higher susceptability to heavy summer thunderstorms

the further east from the site you go. Subsequent data from the rainfalls at
Cope, Joes, and Siebert will confirm this observation.

A11. the published daily records from stations within a 5S-m11e radius of the
Project Site were reviewed for the period 1914 through 1986, The data
reviewed indicated that most of the high precipitation events occured during
the period of May through September. The review concentrated on precipitation
records for the months of June, July, and August. Only the highest daily
amount per summer season was included within the data set for each station,
However, in a few instances, the highest 24-hour amounts have occured in

0885¢
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either May or September. When this happened, the hourly amounts were notably
lower than during the peak summer thunderstorms. Also, the peak 24-hour
amounts that occurred in May were primarily near the foothills to the west,
where upslope motion toward higher terrain is a factor.

A total of 718 station years of record were analyzed and tabulated. Arrays of
the annual peak 24-hour precipitation amounts for all stations are presented
in Table I. At each station, the set of historical peak 24-hour amounts is
arrayed from lowest to highest as one progresses from the bottom of the column
toward the top. For example, at Akron 4E, one summer had a 24-hour peak
amount of only .18 inch. The highest 24-hour amount at this station was 4.00
inches.

Beginning in 1948 and 1949, recording rainfall gages were added at several
locations. One of the primary purposes for adding the recording gages was to
determine rates of fall within comparatively short periods of time. As time
progressed, some of these stations used both the cumulative once-per-day type
rain gage, along with the new recording gage. "At other stations, only the
recording gage was used after it was installed. In this current study, both
the so-called daily gage readings and the hourly amounts totaled through
midnight from the recording gages were checked when a station continued to use
both type gages. The higher of the two values was used. Thus, the data sets
presented in Table I include the annual peak 24-hour values each year whether
the values came from the so-called daily gage or from the recording gage.
Only the one highest amount for each of the years with complete data during
the summer months was used.

The data presented in Table I dincludes a few recordings greater than 4,40
inches. For example, the Akron FAA Airport station recorded one high value of
4.55 inches and another high value of 5.50 inches. The highest value at
Arriba was 5.10 inches. A rather unusual array of data shows up at Cope.
With only 18 years of valid data available, the highest value was reported as
7.00 inches, followed by the second highest 24-hour amount of 2.24 inches,
The two middle values in this set of 18 were 1.35 and 1.36 inches
respectively. The "neat" rounding off of the highest amount at Cope to
exactly 7.00 inches leaves room for doubt that the value may have been an
estimate rather than an actual measurement.

-9 -
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The second page of Table I shows three values above 4.40 inches. The highest
amount at Hoyt was 5.33 inches; at Joes it was 5.30 inches; and at Seibert it
was 4.84 inches.

Since there were only two summers with valid measurements of precipitation at
Thurman 3 ENE, and since it is comparatively near to the station at Shaw 2 E
the data from the two sites were combined to present an array of some 25

values,
IV. RATES OF FALL DERIVED FROM HOURLY PRECIPITATION RECORDS

The more detailed records furnished by the recording rain gages permit the
examination of rates of fall. An initial request was made to the Colorado
Climate Center in Fort Collins for the detailed hourly records for all days
during June, July, or August when the 24 hours ending at midnight equaled or
exceeded 2.00 inches. The response to that request is presented in the two
pages of tabular data found in APPENDIX A, Note that whenever an amount is
directly followed by the letter A, that amount has been accumulated over a
period of two hours or more. When -the letter I follows the 24 hour total
amount there has been some period of the day when the record is less than

complete (incomplete).

The sets of data presented in Table II have been extracted from the more
complete data in APPENDIX A, Within Table II only the two-hour periods that
produced a combined total of 2.00 inches or more have been included. The
resuitant total from those two peak hours is easily compared with the full
total for all 24 hours ending at midnight in the two columns near the right
edge of Table II. In nearly all instances the peak two-hour amounts
contribute a very high fraction of the full 24-hour amount. On July 19, 1973
the data from the stations at Joes and Seibert show the existence of a broad
general storm area within which comparatively heavy thunderstorms were
imbedded. Note that most of the two-hour periods that produced two or more
inches of precipitation occurred during the afternoon and evening hours.

To illustrate the precipitation intensity patterns of these more intense
summer thunderstorms, copies of the original recording charts for 9 different

- 12 -
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TABLE II
m=§<. OF PRECIPITATION EVENTS WHERE 2-HOUR RAINFALL EQUALED OR EXCEEDED 2 INCHES

NOON MIDNIGHT HIGHEST  24-HOUR
06 07 08 0 10 11 T2 13 14 15 16 17 18 19 20 21 22 23 75— 2-HOURS  TOTAL
AKRON 4 E
7/26/55 2.19 .05 2.24 2.65
7/26/57 1.05 1.30 2.35 2.62
7/20/80 2.07 .61 2.68 2.68
1/17/81 73707 I8 3.54
BYERS 5 ENE
6/30/62 1.18 .88 2.06 2.21
7/21/74 2,10 .10 2.20 2.40
DEER TRAIL
7/31/61 2.10 .15 2.05 2.30
6/15/65 “F T2 7.08 2.64
HUGO .
7/16/58 .50 1.82 2.32 2.63
6/09/60 1.34 .85 2.19 2.23
7/23/65 .97 1.35 2.32 2.39
JOES .
6/14/55 2.1 .49 2.70 3.05
7/19/73 1.17 .85 707 5.27
SIEBERT
6/17/58 1.5 1.23 2.74 2.78
8/03/63 T 85 .45 710 3.53
7/19/73 .38 1.90 1.87 a7 (4 hrs) 4,32 4.84
7/20/77 1.70 70 00 2.00
SHAW 2 E
8/19/53 2.35 .55 2.90 3.19
SIMLA
.97 2.81 3.78 3.84
A 1.96 or——— 00 3.08
7120777 15 1.99 2.14 2.64




e

days at five stations were obtained from the National Climatic Data Center in
Asheville, North Carolina. Copies of all nine chart are presented in APPENDIX
B. The chart from Akron 4 E for July 20-21 has been used as an example and is
shown in Figure 3.

The record of heavy rainfall shown in Figure 3 shows over two inches of
rainfall during the last 30 minutes of the hour ending at 11 P.M. MST. The
chart was using Daylight Saving Time at that time. There was a much slower
rate of fall for the entire hour ending at midnight, (1 AM. MDT). Similar
patterns are shown in each of the several charts included in APPENDIX B.
There were two cases when the total fall within four sequential 15-minute
periods reached approximately three inches. One of these occurred at Akron 4
E on July 17, 1981. The other occurred at Simla on July 9, 1957.

v. PRECIPITATION DATA FROM UNITED STATES GEOLOGICAL SURVEY SMALL PLOT
STUDIES

Within the period from 1972 through 1984 the USGS has conducted, both on their
own and in cooperation with other governmental agencies, several field study
projects to gain additional information on rainfall-runoff relationships in
eastern Colorado. The data sets used in this report have been checked for
validity by the project scientists involved, but summary reports have not yet
been published by the USGS. Segments of two éeparate studies have been
included in APPENDIX C:

RAINFALL-RUNOFF DATA FROM SMALL WATERSHEDS IN COLORADO
by COCHRAN, MINGES, JARRET, & VEENHUIS

USE OF RAINFALL-SIMULATOR DATA IN PRECIPITATION-RUNOFF MODELING STUDIES
by LUSBY & LICHTY

The results from those two separate studies have been reviewed as a part of
this study. Primary concern was given to those instances in which the peak
5-minute rainfall accumulation was greater than .20 inch. As an example, the -
results of the highest case are presented in Table III. The location of this

- 14 -
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TABLE 111

EXAMPLE OF 5-MINUTE INTERVAL RAINFALL AMOUNTS AS RECORDED IN ONE CASE WITHIN
THE USGS SMALL PLOT STUDIES.

FOR OTHERS SEE APPENDIX D.

RAINFALL, IN INCHES, JULY 23, 1972

Station #06821300 Near Shaw, Colorado

~INTERVAL

DATE  TIME DEPTH
07-23 1400

07-23 1655 0.12
07-23 1700 0.64
07-23 1705 0.37
07-23 1710 0.11
07-23 1715 0.01

STORM TOTAL = 1.25

DURATION

TIME
DEPTH

INTENSITY

5-MIN 15-MIN

1655 1650
0.64 1.13
7.68 4.52

ACCUMULATED
DEPTH

0.12
0.76
1.13
1.24
1.25

30-MIN
1645
1.25
2.50

- 16 -

DAILY TOTAL

MIDNIGHT
DIAL

1-HR
1615
1.25
1.25

3~HR

5.36 (first reading
on tape)

6-HR

12-HR

0885¢
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study area, near Shaw, Colorado, is identified as rainfall-runoff station
06821300 on the locator map shown on page 3 of APPENDIX C. The peak 5-minute
accumulation of rainfall was .64 inch. When multiplied by 12 this would
produce an intensity level 7.68 inches per hour. The peak discharge from this
5.72 miz watershed area occurred some 20 minutes later. Nine of the 11
cases with 5-minute rainfall accumulations above .20 inch came from four
Tocations within 55 miles of the Project Site as a part of the first USGS
study listed above. The other two cases occurred at the single location of
the second USGS study area located near Deer Trail.

The 1locations of the eleven 5-minute rainfall accumulation amounts of more
than .20 within the USGS small plot studies are shown in Figure 4. At three
locations the highest value has been multiplied by 12 to show the peak
intensity rate. To 1illustrate the comparative relationship of all eleven
intensity rates at both the 5-minute and the 30-minute time periods the full
set of eleven values has been plotted on the "Site Rainfall Intensity-
Duration-Frequency Curve" for a 100-year storm at the Project Site which is
part of ATTACHMENT LF-3 of the CDH permit. This plot is presented here as
Figure 5. As can be seen the plotted annual measurements fall well within the
enve]Qp defined by the 100-year storm curve.

VI. HISTORICAL STORMS IN EASTERN COLORADO

Most of the better recorded rainfall and/or flood-water measurements which
have been made in Colorado since 1910 have been made in northeastern
Colorado. In many instances the streamflow values have been estimated rather
than measured. In somewhat fewer instances estimates have been made of not
only the patterns of rainfall but the peak storm center amounts. Such
estimates are directly dependent on the various assumptions made by 2
particular analyst. In some instances, particularly when there has been
severe flood damage, there is a strong tendency for some exaggeration of the
amount of rain "that must have fa11enf. The set of data in Table IV covers
Maximum Flood Discharges For South Platte Tributaries for the period 1922
through 1975. Emphasis has been given to three storm periods for which
locations and isohyetal patterns are shown on the maps prepared by the U.S.

-17 -
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Site Rainfall Intensity-Duration-Frequency Curve
 (Ref : Attachment LF-3, CDH Permit)
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accumulations within the 11 cases contained in USGS
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Table IV.
Maximum Flood Discharges
For South Platte River Tributaries

Index Stream and Locatfon . Date DAR Q Q/DA
7 (sq.ni.) (c.f.s.) (cfs per
I R sq.ami.)

PLAINS TRIBUTARIES

% 1 Bayou Culch near Mouth 1922 (19) 8,670 456
; 2 Cherry Ct, Sec &, T6S, 1922 (87) 17,000 195
RESW ‘
B 3 Cherry Cr Above 1933 (100) 35,000 350
Laaclegnad. Dax
- 4 Kiowa Cr near Elberc 1935 (60) 43,500 725
| M Kiowa Cr, Sec 21, T6S, 1935 (190) . 110,0C0 579
: R63W
v 6 Kiowa Cr at Bennect 1935 (266) 75,300 233
7 Wesc Bijou Cr, Sec 13, 1935 (118) 34,250 290
- T8S, R62W
I 8 West Bijou Cr near Peoria 1935  (187) 44,400 237
{ 9 Middle Bi{jou Cr, Sec 26, 1935 (151) | 71,720 472
¢ T78, R6OW
10 Middle Bijou Cr, Sec 28, 1935 (230) 143,640 625
L T4S, REOW
e 1T Toll Cate Ct at 6¢h Ave 1959 I5°8 107300 i)
; 12 Sand Cr Norch of 1959 175 - 25,500 146
P Stapleton Airport
13 Russellville Gulch 1961 16.9 2,900 172
near Frankton
23 : ) 14 Black Wolf Cr 13 miles 1962 (25) 17,800 B 5 ¥
: South of Wray
I3 ’ 15 Hclncyre Gulch at Denver 1963 3.22 968 301
’ Fedeval Center .
16 Nevlin Cr near Parker 1963 13.6 7,620 560
¥ 17 Trib to Cottoawcod Cr .1963 0.65 . 223 343
: near Parker .
: 18 Cottonwvood Cr neatr Parker 1963 7.8 3,330 426
- 19 lone Tyee Cr neat Packer 1963 1.38 930 6§24
20 East Plum Cr Above 1965 (108) 126,000 1,167
West Plum Cr :
21 Piney Cr near Melvin . 1965 (21.9) 14,100 644
. 22 Sand Cr ac Sable Ave 1965 113 13,400 119
&b 2} Toll Cate 3elow Eastc 1965 (35.8) 16,000 447
and Westc Toll Cace
ki ’ 24 Sand Cr Below Toll Cate 1965 187 18,900 101
25 Kiouwa Cr sub-watershed 1965 (1.12) 2,600 . 2,321
i ' near Eastonville
: 26 Kiowa Cr sub-watershed . 1965 (2.82) 2,010 713
near Elberc
27 Kiowa Cr near Bennett 1965 236 24,900 106
28 Easc Bijou Cr at Deer 1965 (302) 276,000 907
Trail
29 Middle Bijou Cr necar 1965 (190) 145,000 763
Deer Trail
w 30 West Bijou Cr near Xiowa 1965 (85.7) 67,200 784
E 31 Bijou Cr near Wigpgins 1965 1,314 466,000 355
i 32 Cherry Cr at Cherty Cr 1965 (146) 58,000 397
=2 Reservoir
33 Plum Cr near Louviers 1965 302 154,000 510
34 Rennedy Drive Drain at 1Ue38 0.1 85 850
Norchglean .
35 Sand Cr Trib near Laadon 1969 3.85 1,540 400 « - -
36 Kiowa Cr Trib near Sennectc 1970 6.41 2,170 3
37 Middle Bijou Cr Trid 1970 2.27 455 205
. near Deer Trail
38 Darby Cr near Buchanan 1971 7.39 1,740 235
¢ 39 Concourse "D" Drain ac 1972 0.12 119 992
B Scaplecon Airpore %
’ 40 Boulder Cc Teidb ac 1972 .2 152 760
Boulder
v ) 4l 8i{g Dry Cr at Litclecton 1973 19 4,400 232
: L4 TolIl Gate Gt Tfib at TI7S L) 193] 3-8
I Aurora
= & 43 Sand Cr Trid ac Deanver 1974 0.6 © 250 417
44 Hillcresc Drain ac 1975 0.28 107 J82
Norchyglenn
4s Kennedy RDrive Drain 1975 0.1 125 1,250

ac MNorchglenn

- 20 -
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Army Corps of Engineers in 1977. These three maps follow as Figures 6, 7, and
8.

The Tocations and patterns of the large storm centers add confirmation to the
“triggering" influence of the higher terrain along and near the Palmer Ridge

to the northeast of Colorado Springs as well as the probable availability of
more moisture above the lower terrain near the Kansas border. The elongated

patterns along the southwest-to-northeast axis fit the more typical paths of

severe thunderstorms in which the tops of the cloud mass reach heights that

are stongly 1influenced by high elevation winds that cause translational

movement toward the north or northeast. In each map the Project Site is shown

as a small box near the center.

In Figure 6 some dashed lines have been added to show the separation of the

~various watersheds. The influence of the "triggering" of heavy thunderstorms

along and near the Palmer Ridge is probably greatest in the June, 1965 storm.
It was in this storm that the highest cfs per square mile value in Table IV is
shown. The town of Eastonville, not shown on the map, is about 4 miles north
of Falcon, which is shown. The elevation of Eastonville is 7,233 feet above
sea level, which is moré than 2,300 feet higher than the Project Site. It is
important to remember that part of the reason for the somewhat higher
precipitaiton amounts along and near the Palmer Ridge derives from the fact
that raindrops have a shorter distance to fall between the cloud bases and the
ground and, therefore, less chance to evaporate.

A11  three maps show some decrease in storm intensity with northward
progression toward the lower broad valley along the Platte River.

As a follow-on to the large storm center indicated as "SOUTH REPUBLICAN RIVER
CENTER" in Figure 6, the same storm was also listed in the HYDROMETEOROLOGICAL
REPORT NO. 51 (HRM 51). In that report an estimate was made to indicate that
the storm might have been increased by 22% if the moisture of the air when the
storm actually happened were to be adjuspgd upward to the maximum moisture
that can be delivered at some possible time in the future. APPENDIX D shows
the title page of that report, and the resultant estimated precipitation
amounts for various time periods.

-2 -
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Since the first two hours of heavy summer thunderstorms in eastern Colorado
are likely to produce the highest fraction of runoff per unit time this
investigator has made a rough estimate that 11.6 of the 16.5 inches might have

fallen within the first two hours.

In HRM 51 considerable attention was given to high precipitation estimates.
Figure 9 of that report, which is reproduced in Appendix D, contains useful
information across the entire country regarding the GREATEST 24-HR STATION
PRECIPITATION WITHIN EACH STATE CLIMATIC DIVISION. It is the investigator's
opinion that, due to one 24-hr amount in eastern Montana of 11.5 inches the
authors of HRM 51 chose to move several of the lines farther to the northwest
than is warranted by the other data points. 1 have redrawn three envelopment
lines of the greatest 24-hr precipitation within each state climatic division
across a large portion of the United States based on what I feel is a more
correct interpretation of the data. The measured precipitation peak values
within these many climatic divisions fit rather well with the data found
within 55 miles of the Project Site in Colorado. The data point labelled 8.0
inches in northeastern Colorado has a geographic location within the foothills
of the Rocky Mountains, and would not be representative of the eastern plains
area. With 10 to 20 precipitation stations in each climatic division there
must have been several thousand station-years of precipitation measurements
represented in those divisions reporting PEAK 24-HR AMOUNTS 1less than 10
inches. It is certainly true that storms could have and did occur at
Tocations where there were no regularly reporting precipitation stations. But
the very large gedgraphic areas covered by climatic divisions which have not
made peak 24-hr measurements greater than 8 inches clearly speak to the Tow
risk per unit area per Timited timé period for 24-hr amounts greater than 8

inches,
VII. RAINFALL FREQUENCY ESTIMATES

A tabulation of the annual peak 24-hour precipitation from 718 station years
of record has already been presented in Table I of this report. The one
highest reported value at each of the 23 stations, the date of occurence, and
the period of record within which that highest amount was recorded are

- 25 -
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TABLE V

HIGHEST 24-HOUR PRECIPITATION AMOUNTS DURING THE TIME PER10054COVERED IN THIS

* Missing data forced the omission of some year's peak precipitation

ANALYSIS
GREATEST

STATION 24-HR AMT.
AKRON 4 E 4.00
AKRON FAA AP 5.50
ARRIBA 5.10
BOVINA 3 NE 2.95
BYERS 5 ENE 4.40
COPE | 7.00
DEER TRAIL 4,12
FLAGLER 2 NW 3.65
FORT MORGAN 4,60
GENOA 1 W 2.50
HOYT 5.33
HUGO 2.42
JOES 5.30

~ LIMON 2.82
LIMON 10 SSW 3.72
LIMON WSMO 2.27
PARKER 6 E 3.60
PEVERLY RANCH 2.88
SEIBERT 4,84
SHAW 2 E 3.19
SIMLA 3.84
SIMPSON 2.15

" THURMAN 3 ENE 3.21

DATE

MAY
JuL

JUN
AUG

MAY
AUG

MAY

SEP
JuL

JUN

JUL
JuL

JUuL
MAY
AUG
JUL
MAY
AUG
JUL
AUG
JUL
JUL
JUL

OBSERVED

6
26

5-6
10

5-6

21
31

31
16

19-20
26
19
25

23
19
19

17
27

- 26 -

YEAR

1973
1981

1946
1947

1973
1930

1973

1963
1956

1969

1916
1958

1973
1967
1965
1977
1973
1946
1973
1953
1957
1924
1950

PERIOD NUMBER
COVERED YEARS*
1948-86 37
1937-86 49
1914-17

1928-58 33
1944-59 14
1920-22

1931-86 58
1925-42 18
1949-86 32
1920-27

1950-86 37
1914-86 69
1941-82 36
1915-22

1948-86 35
1949-86 36
1949-86 34
1948-68 17
1914-70 52
1971-86 15
1951-86 36
1944-55 12
1951-86 29
1949-86 23
1950-86 32
1916-29 11
1950-52 2

0885¢
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presented in Table V. However, that single peak value at each station does
not yield much information on frequency.

The full sets of annual peak 24-hour precipitation amounts at each station do
lend themselves to curve fitting as well as comparative information from one
station to another, Initial plots on normal probability paper showed that the
data did not fall in a straight line. The procedures for fitting a curve to
the data were discussed with experienced hydrologists and consulting
meteorologists familiar with precipitation data and frequency analysis. It
was determined that an acceptable approach would be to find a procedure which
yielded curves that consistently and reasonably matched the data and indicated
the “skewedness" in all data sets.

Although some variation would be expected between the precipitation
measurements made at the three stations that have recorded data within 10
miles of Limon, that variation might be expected to be small. By combining
the three sets, a combined set of 84 values is available to try for a
reasonable fit. The results are shown in Figure 9. The first line drawn was
the straight 1line from the 10th percentile point along the bottom scale
through the median (the 50th percentile point) and continuing on to the right
in -a straight Tine to the 90th percentile value., Such a 1line shows the
abnormality - or ‘“skewdness" that is indicated by the middle 80% of the data
set (10 through 90). It is quite obvious that the plotted values are moving
away and upward to the right of the median value, as compared with a NORMAL
distribution - in which all points would have continued on or very near to a

straight line.

The final adjustments away from normal distribution are illustrated in Figure
10. By returning to Figure 9 and by referring to Table VI to see the results
applied to the 84 values from the three combined Limon stations the following

steps were taken:

Step 1 Find the median (50th percentile point).

Step 2 Find the increment between the 50th and 84th points.

Step 3 Multiply that increment by 4. |

Step 4 Add amount from step 3 to the median and plot on the 99th
(1/100) percentile point.
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JOINT AND CONTINUOUS

(d) extends without limit to the left and to the right, and approaches
the r-axis very rapidly as we move away from r = 0 in either direction.

We shall accept on faith a further property of the normal curve that
can be proved by advanced calculus:
(e) the total area under the curve and above the r-axis equals 1.

Property (e) corresponds to the fact that 1 is the probability that the
standard normal random variable X takes a value between — oz and +2¢.
Properties (a) and (e) imply that the area below the curve and to the
left of the y-axisis %, and so is the area to the right of the y-axis.

How do we use the normal probability distribution? The definition tells

s what probabilities are to be assigned to the standar 'mal r .
us w pr ihitics S1g e standard E.v::i .S:Qo:, Approximate
variable. I'or example, the probability that X takes a value in the interval s
a tor = bisequal to the measure of the area bounded by th Curve Fitting

‘ Y ¢ pgsumptions

from r =
normal curve, the az-axis, and the vertical lines x =

cated by the shaded region in Fig. 6-11.

a and ¥ = b as indi-

-

\

W

\

>

@

-
(=]

area of shaded region.

<o

Fic. 6-11. Pla £ X ) =
How do we determine the measures of such areas? Recall that the
total area under the normal curve is 1. Partial areas of the type shown
in Fig. 6-11 can be approximated by rectangles. However, in practice
we shall use Table 6-8 (which gives areas from 0 to z at intervals of 0.1,
where 0 < = < 4.0) or the larger Table III at the back of the book.
The following examples show how Table 6-8 is used to find probabilities.

ExaypLe 1. What is the probability that a standard normal random

variable takes a value between 0 and 1?7
Solution. P(0 < X < 1) = A(1) = 0.3413. About 34%, of the total
probability is between 0 and I and, by symmetry, about 687, is between

—1 and +1.

sets of annual veak 24-hour orecinitati n

L B N T |

NI, PO -

-.{OMAS - Addison-Wesley Publishing Company,

G-4) THE NORMAL CURVE 233
TasLe 6-8
AREN UNDER THE STANDARD NORMAL CURVE FroM 0 To =z,
, SHOWN SHADED, 15 A(2).
o) y = 1 o2
AL m_ ./.\WNM
- ;mlll;.ll:.”! e —r —

x * Arca. 1{x) x Arca, J1(x)

50%~ MEDIAN-0.0 .0000 2.1 4821
0.1 .0398 2.2 .48061
0.2 .0793 2.3 4893
0.3 L1179 2.4 .4918
0.4 L1554 2.5 .4938
0.5 1915 2.6 4933
0.6 L2257 2.7 .4965
0. .2550 2.8 4974

wv_ 2.9 .4981 Near

0.0 y X 4.0 2 1087 2=99th - point in

'84% 1.0 3413 3.1 4990 distributive
1.1 L3643 3.2 4993 fitted curve
1.2 3549 3.3 4995
1.3 .4032 3.4 4997
1.4 4192 3.5 -4993
1.5 4332 3.6 4998
16 He2 3.7 4999
1.7 4554 3.8 4999
1.8 .64 3.9 .5000
1.9 4713 4.0 .5000
2.0 4772

Examrre 2. What is the probability that a standard normal random

variable takes a value between —2 and 427

Since the normal curve is symmetric about the y-axis, the

Solution.
area from —2 to -k2 is twice the area from 0 to 2:
P(—2 < X <2) = (areafromzr = —2tox = +42)
= 2(area fromx = 0 toxr = +2)
= 24(2)
= 2(0.4772) 0.954. o

Slightly more than 939 of the total arca lies over the interval between

—2and +

FigurelQ, Arbitrary adjustment to "NORMAL" probability medHHdeHos to mmHu.e.m m Qoom mm%ﬂoxwamdm fit to 20 data
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STATION

AKRON 4 E
AKRON FAA AP
ARRIBA
BOVINA 3 NE
BYERS 5 ENE
COPE

DEER TRAIL
FLAGLER 2 NW
FORT MORGAN
GENOA T W
HOYT

HUGO

JOES

LIMON 10 SSW
LIMON

LIMON WSMO
PARKER 6 E
PEVERLY RANCH
SIEBERT

SHAW @ E

+ THURMAN 3 ENE

SIMLA
SIMPSON

YEARS OF RECORD
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TABLE VI

MEDIAN ANNUAL
PEAK 24-HR PPT.

.50 T0 .84
INCREMENT

U1~ OO
OO O

.65
v
.90

.61
.75
.51

LN ~N

N W

INCREMENT
TIMES 4

WWWMNNIMNDWNDWNWWwW
« o o . ¢ o o+ o

.60
.84
.60

.44
.00
.04

ww

W P w

1/100 LEVEL
IF 4.40 OR LESS

.18
.37
.36
.92
.40
.33
.40
.63
.36
.26

.10
.85
.93

.83
.25
.33

IF ABOVE 4.40

APPROXIMATE
1/100 LEVEL

~

-

. .
[eol)]
OO

4.82

5.00

APPROXIMATE 24-HOUR PRECIPITATION AMOUNTS AT THE ONCE-IN-100-YEAR LEVEL BASED
ON SETS OF HISTORICAL ANNUAL PEAK PRECIPITATION AMOUNTS AT 23 LOCATIONS WITHIN
A 55 MILE RADIUS OF THE PROPOSED HIGHWAY 36 WASTE MANAGEMENT FACILITY.

OUTLIER*
AMOUNT GREATER
THAN 1/100

4.60
5.33
5.30

* "An OUTLIER in a set of data is an observation that appears to be
inconsistent with the remainder of that set of data" -
HANDBOOK OF APPLIED METEOROLOGY, Chapter 15, 1985
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The procedure described above was followed in curve fitting twenty data sets,
with the three Limon stations combined and Thurman 3 ENE added to nearby Shaw
2 E. A1l 20 curves appear in APPENDIX E and follow in order the same

sequence as shown in Table VI,

Due to the special concern for any stations that might have a 1/100 rainfall
amount that would exceed 4.4 inches (CDH Permit, Part II, Section E.l.a.vii.
aa), two different columns were set up in Table VI. At 16 of the 20 Tocations
the 1/100 year amount did not exceed 4.4 inches. In four instances the 1/100
year amount did exceed 4.4 inches, but the highest was not above 5.0 inches,

There were six annual peak 24-hour amounts indentified as outliers. However,
within a total sample of 718 values the 7th value from the top would be at the
1/100 level, These outliers, therefore, tend to prove the validity of the
statistical approach because they represent events occuring beyond the 1/100
level.

Although there is some variation from one station to another in the 20 curves
and the derived 1/100 levels cover a range of values from 3.33 to 5.00 inches
it seemed appropriate to this investigator to examine the full set of all data
combined., This has been done and the results are presented in Table VII and
in Figure 11 and 12. From the full set of 718 values each fifth percentiie
value was derived. The first column of Table VII can be read in terms of
probability at intervals of .05 leading up to 1.00, or they can be treated as
percentages of time when the maximum 24-hour annual precipitation will be
equal to or less than the amount shown in the second column. Figure 11
presents the data shown in Table VII in graphical form. Note that 5.00 inches
is treated as the 99th percentile point, or 1/100. The 7.00-inch outlier has
been plotted just below the top line on the graph to permit somewhat h1gher
values for extended periods of time.

The composite data set of 718 values fit the smooth curve shown in Figure 12,
Throughout the central portion of the chart there are seven values for each
percentile value. Near the ends there are six values beyond the 1st and six
values beyond the 99th percentile points. The dashed 1ine beyond the 99th
percentile point indicates that the reliability of information derived from

-3 -
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TABLE VII

PROBABILITY OF THE ANNUAL 24-HOUR PEAK RAINFALL AMOUNTS BEING AT OR BELOW THE
AMOUNTS INDICATED - BASED ON 718 STATION YEARS OF DATA FROM 23 LOCATIONS
WITHIN A 55 MILE RADIUS OF THE PROPOSED HIGHWAY 36 WASTE MANAGEMENT FACILITY

PROBABILITY

1.00 (100 Yr.)

.95
.90
.85
.80
.75
.70
.65
.60
.55
.50
.45
.40
.35
.30
.25
.20
15
.10
.05

- 32 -

PRECIPITATION

— —d —— — et et o —t — e - NN w 1

.00 Inches
.10 '
.44
.13
.87
17
.64
.53
.44
.35
.26
.21
14
.08
.01
.95
.88
.80
A
.60

0885¢



[ ]

fC———,

Rainfall Probability Plot
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0.90

0.80

0.70

0.60

0.50

Probability

0.40

0.30

0.20

0.10 » /

00
000 050 100 150 200 280 300 350 400 450 500 550 600 650 700
Predpitatlon Amount

Figure 11 Probabllity that 24 hour precipitation will be

less than indicated amount

HIGHVAY 36 LAND DEVELOPMENT Co.
g HAZARDOUS VASTE TREATMENT.
i STORAGE & DISPOSAL FACILITY

BROWNING-FERRIS INDUSTRIES
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Figure 12 Fitted trequency curve of annual peak 24—hour precipitation
amounts based on the composite of 718 station years of
measured data at 23 locations within 55 miles of the
Project Site. Data points are shown for every 5th. precintlie
level and the 99th, precentlie level (1/100) within the full set

of data

Probability of peak annual 24-hour precipitation not exceeding
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this portion of the curve is suspect. Estimation of precipitation values for
1/1000 and 1/10000 years from a data sampling period of less than 100 years is
not good statistical practice and results in very unreliable information. The
derived estimates for 200 and 500 years should be of greater reliability.

Having prepared the composite curve from the full set of data, I should point
out that the values so derived will be conservatively high for the Project
Site since a disproportionatly high fraction of the precipitation measurements
came from the stations that lie along comparatively higher ground in the
southern portion of the 55-mile circle surrounding the Project Site.

VIII. HAIL ESTIMATES

The specific depth of hail in not a routine observation made by meteorological
recording stations. The major airport stations throughout the United States
prepare monthly summaries of major storms of various kinds in which they
identify the type of "stormy" weather such as hail, wind, lightning, tornado,
flooding, heavy thunderstorm, etc. - They also prepare word descriptions of
these storms. In many instances they identify the estimated dollar losses
involved. The source of such information may come from unofficial sources
such as newspaper articles. In identifying the approximate economic losses
involved, the meteorologists who prepare the summaries use the followng

categories for loss ranges varying from 1 to 9.
Storm damages are placed in categories ranging from 1 to 9:

Less than $50

$50 to $500

$500 to $5,000

$5,000 to $50,000

$50,000 to $500,000
$500,000 to $5 Million

$5 Million to $50 Million
$50 Million to $500 Million
$500 Million to $5 Billion

O 0O ~N O D Wy =
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The following note is added to these Féports:

Note: This publication contains our best information
on storms, but due to the difficulties inherent in
collection of this type of data, it is not all inclusive.

It is not unusual to see or hear of instances in which "more than a foot of
hail fell at such-and-such a Tocation." Hail does not fall in such amounts so
as to uniformly cover the ground to such a depth. The measurement of all hail
that falls 1is included within the precipitation measurements. The observer
must wait until the hail melts to be able to measure its water equivalent.

The statements regarding "one or more foot of hail" generally refer to places
along water courses where hail collected upstream has accumulated at some
obstruction. A typical situation is shown in Figure 13 to illustrate the
principle involved. Hail falling on a surface will remain stationary unless
the area is subjected to sheet flow or filooding. In such cases, the flowing
water will gather and concentrate the hail. The hail will continue to be
moved on the flowing water surface until an obstacle such as a hedge row or
submerged culvert is encountered. At that point, the hail will become trapped

‘and the water will continue to move through. Figure 13 represénts a roadside

ditch "and culvert situation typical to the project area. In that sample, a
0.25-inch hail fall collecting on the surface of the channel only (ignoring

other hail transported from adjacent areas by sheet flow) would result in a

3-inch deep layer of hail at the culvert inlet.

In a study entiled "The Relationships between Hail and Rain in Kansas,
Nebraska, and Eastern Colorado", which was done by this investigator in 1968
and 1969, it was found that the most damaging hail, most particularly as
related to crop damage, occurred with comparatively small amounts of
coincident rain, The title page of that report and a one page segment of that
report are presented in APPENDIX F.

- 36 -
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% Road

0.5% Slope "V" Ditch | \l'dia.‘CMP
IY_pICQ' Plan -t Driveway
Not to Scale T
1,000'

* ¢ 0.25" Hail uniformly dist.
over water surface Trapped Hail (3" max.

/depth)

: Water Surface Slope=0.4% / ¥ Drivewoy
M e /
/ 0.5% s~ 1 :
V7
Ditch Invert / ﬁp‘
Water Depth
>1"at Culvert Inlet ‘
Idia.CMP
Typical Ditch/Culvert Profile
Not to Scale
(, Average Volume of hail falling on
width flowing ditch = 40cubic feet
:2l
Q:/ L Volume of hail trapped at culvert
,%\ L 4 invert {3"max. depth) ¥ 30cubic feet
\/_+_JL
—— Average depth in ditch= 6"

Typical Ditch Section

Not to Scale

Figure 13 Schematic of typical hail fall
situation
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Fort Collins Soil Temperatures (Degrees F°)
Main Campus, Average of 7a.m. and 7p.m. values, 1977-1984
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Legend : Source . Colorado Climate Center
. _ Department of Atmospheric Science
Fort Collins Data , Colorado State University
Estimated Soil Temperature During- Winter Fort Collins, Colorado

Figure 14 Estimated mean frost depth at the Project Site

for Project Site-See Text

8 HAZARDOUS WASTE TREATMENT.
8 STORAGE & DISPOSAL FACILITY

BROWNING-FERRIS INDUSTRIES

- based on comparative frost depth measurements
made in Fort Collins, Colorado
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IX. FROST DEPTH

Very few frost depth measurements are made in Colorado. A set of measured
data was collected on the Main Campus of the Colorado State University in Fort
Collins for a seven year period. A]though the material has not been
published, the results of that study, and an appropriate adjustment from Fort
Collins to the Project Site, are presented in Figure 14,

Comparative air temperatures between Fort Collins énd five sites within a
radius of 55 miles of the Project site for the three winter months of December
through February were used to estimate the expected mean depth of frost at the
Project Site. The station with a long record of mean monthly temperatures
nearest to the Project site is Byers 5 ENE which had a three-month record of
mean temperétures that was the same as at Fort Collins. However, due to a
somewhat lower potential for snow cover this investigator is estimating that
the mean frost depth would be approximately 6 inches lower at the Project Site
that it is at Fort Coilins. As a further safety factor for the comparatively
colder winter it is recommended that protection to a depth of up to three feet
would be on the safe side. As further confirmation, the Denver and Adams
County Planning Departments uti]izé a 36-inch frost depth as a structural
design criteria.

X. WIND SPEED ESTIMATES

The mean annual wind speed at the Project Site is estimated near 11 miles per
hour. During winter months, the wind speed is expected to reach the low 40s
at least once. The maximum wind speed with a 50-year return period interval
is estimated at 54 miles per hour.

Reference wind speed statistics include this investigator's participation in
the development of the WIND ENERGY RESOURCE ATLAS, SOUTHERN ROCKY MOUNTAIN
REGION in 1980. Other reference data on wind recurrence speeds for various
time intervals came from the HANDBOOK ON GEOPHYSICS FOR AIR FORCE DESIGNERS
published by the United States Air Force.
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X1 PROBABLE MAXIMUM PRECIPITATION

As quoted in Section II of this report, CDH requires the permittee to estimate
the magnitude of a Probable Maximum Precipitation event (PMP). CDH defines
the PMP as a 10,000 year event for the purposes of this permit.

An estimate of the magnitude of such an event is presented in Figure 12
subject to the qualification taken in Section VII of this report.

By strict definition, a PMP is the probable maximum precipitation event which
could occur assuming a set of optimum but reasonable physical conditions all
occuring simultaneously. By this definition, the magnitude of a PMP is
calculated based on evaluating physical constraints such as the limiting
volume of water that can be held in an atmospheric column and not on
performing statistical analyses of historical rainfall events. Since a PMP is
a hypothetical event, many of the assumptioné used to derive it tend to be
subjective.

PMP's, by definition, do not have recurrence intervals associated with them.
As &an example, Hyrodmeteorological Report No. 55 (HMR 55) purposely did not
place any time limit as to when or within what time-period-of-return a
projected PMP might be expected.

A PMP cannot be used as a data point to develop an intensity-recurrence curve
such as Figure 12 because the recurrence portion of the point's coordinate is

not defined.

A PMP is sometimes compared to an event with a recurrence interval predicted
by statistical methods. For instance, if a PMP predicts 20 inches of
precipitation for a watershed and a statistical analysis predicts a 20-inch
event with a recurrence interval of 100,000 years for the same watershed, one
could say that the PMP is equivalent to a 100,000 year event. Note that by
changing assumptions regarding the physical conditions of "a storm, the
magnitude of the PMP can be adjusted to be equivalent to any desired
recurrence interval. Studies cited below suggest that the equivalent

- 40 -
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recurrence intervals fbr the HMR 55 PMP's are substantially larger than 10,000
years,

On page 2 of NOAA Technical Report ERL 388-APCL 41 on the METEOROLOGICAL
ASPECTS OF THE BIG THOMPSON FLASH FLOOD OF 31 JULY 1976, a summary diagram
appears that show the cumulative rainfall isohyetal lines for the period 31
July - 2 August. There were two areas, one of nearly 15 square miles near
Glen Comfort and another of nearly 10 square miles to the southwest of Ted's
Place, that experienced total storm amounts of 10 or more inches. That Figure
2 and a superimposed portion of the 72-hr PMP estimated values from HMR No. 55
have been combined to form Figure 15 of this report. The map scale is
slightly different on the PMP map than it is on the Big Thompson Flood map.
To help focus on the same general area, the vertical section near Estes Park
and Loveland is nearly matching. To show comparative values, the high
precipitation center near Glen Comfort on the Flood Map is identified as the
blacked-out area just to the northeast of Estes Park on the PMP Map - falling
mostly between the 36 and 38 inch isohyet lines. The above-10-inch area to
the southwest of Ted's Place on the Flood Map is repeated near the 42-inch
isohyet line on the PMP Map. '

A paleoflood study made by Dr. J. E. Costa in 1978* placed the Big Thompsbn
Flood in a realistic 8,000 to 10,000-year return period. Since the PMP values
are over three times the flood values, it can be inferred that the PMP return
period must be significantly greater (i.e., several orders of magnitude) than
the return period for this particular event.

Other comparative studies have been made to relate the applicability of HMR-55
data to actual engineering design and construction projects. Some of the
problems that appear to have affected the applicability of HMR-55 are
discussed in APPENDIX G, which is a segment of a vreport prepared for
estimating the requirements for re-building dam structures and/or spillways on
the Santa Fe River above Santa Fe, New Mexico. As as result of that study,
PMP estimated values ‘that are about 1/3 as high as those in HMR-55 are now
approved for use by the State of New Mexico's State Engineer.

*Costa, J.E. (1978). "Colorado Big Thompson Flood, Geologist Evidence of a
Rare Hydrologic Event." Geology 6:617-620.
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Figure 2. Big Thompson and North Fork of the Big Thompson drainages. Towns within and near
the flash tlood area are identified. Cumulative rainfall isohyets (black lines) for the period 31
July-2 August 1976 are shown. Terrain contours (orange lines) are in feet above mean sea level,
The precipitation summary and isohyetal map were prepared by the National Weather Service
Central Region Headquarters in cooperation with other Federal agencies.

Figure 15, Comparison between Big Thompson Flood and 72-hr PMP estimates.
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It is this investigator's opinion that one major deficiency in the preparation
of HMR-55 was the extremely limited peer review process prior to publication.
A second criticism is that HMR-55 does not discuss any methods for relating
the PMP to a comparable statistical event. Without this information, it is
impossible to evaluate the relative significance of the PMP when designing
projects with long term (i.e., 1,000 year plus) service Tives.

In cross checking data sources for this study, several discrepancies between
HMR-55 and other documents were identified. In one case, the Corps of
Engineers have not assigned the Hale, Colorado storm of late May 1935 any
“serial" number 1in their catalog of historical floods. In another, a
different moisture adjustment value was used for the same Hale storm data in
HMR-51 than was used in HMR-55. That discrepancy is shown in Figure 16.

Finally, HMR-55 recognizes the difficulties of studying extreme precipitation
events occuring in small watersheds. The following is quoted from the PREFACE
of the report: "As meteorological knowledge of the causes and variation of
extreme precipitation events increases, some changes may appear necessary to
the estimates made in this report.. Such changes may be required for the
higher elevations and smaller area sizes where our observational data and
detailed knowledge may be most deficient.”

Nt Crai )~

L&?en W. Crow CCM
LOREN W. CROW CONSULTANTS, INC,
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US. DEPARTMENT OF COMMERCE US. DEPARTMENT OF THE ARMY

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION CORPS OF ENGINEERS
[
% H
¥
HYDROMETEOROLOGICAL REPORT NO. 51
F STORM INDEX NO. 56 DATE 5/30-31/1935 p®
( RAINFALL CENTER/ZTIALE,CO : Hoxs'r.wa.
. MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
¥ o AREA DURATION OF RAINFALL IN HOURS
sg.MI. 6 12 18 24
i
¢ 10 16.5 22.2 22.2 22.2
100 11.0 15.4 15.415.4 .
® 200 9.9 12.6 12.6.12.6 P
1000 4.6 7.2 7.2 7.2
5000 1.9 3.5 3.8 4.0
a 7 T
®
o]
w

U.S. DEPARTMENT OF ARMY
CORPS OF ENGINEERS

U.S. DEPARTMENT OF COMMERCE . ..
TIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

A U.S. DEPARTMENT OF|INTERIOR

- BUREAU OF RECLAMAYION

? 3

i HYDROMETEORQLOGICAL REPORT NO. 55

z Storm Index No. 101 Date - 5/30-31/35 Storm Assignment No. MR 3—2§A
. Max. Rainfall Center: Hale, CO Lat. 39°36' Long. 102°08!'

: ’ Moisture Adjustmentf156

Maximum average depth of rainfall in inches

P

b Area (miz) Duration of rainfall in hours
6 12 18 24
® 10 16.5 22.2 22.2 22.2
i 100 11.0 15.4 15.4 15.4
) 200 9.9 12.6 12.6 12,6
- 1000 4,6 7.2 7.2 7.2
. 5000 1.9 3.5 3.8 4.0
P
§: 237
- .
i Figure 16. Example of the same set of data described in two HMR Reports.
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APPENDIX A

Hourly precipitation record for all days with -two or more

inches of precipitation in the 24 hours ending at midnight
at 10 stations using recording precipitation gages for most

summers during the period 1949. through 1986.
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01091955 726
201091957 726
01091966 & 7
501091948 724
301071968 814
S01091973 5 4
301091978 829
501091980 720
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S41551966 719
A1 828
SHES9I3 5 &
541551976 521

=
—

94172HUG0

41721956 716
S41721960 6 9
541721963 73
941721965 819
SAI721973 § &
97219766 4.
41721978 6 5
941721983 712

- S Sy

<

[ R o Y ]

OO OO NSO OO
—— ]
PR - R ]
——
SO VOO OO
OO TN OO
O OO OO
P~ -~ K -~ B = . N

L= S
L= - <

“c"}\tooo
en
eoecwvwooocelao
SooNS O
PR =R B O 2

ooc,.ooooé"o’oSmoooo
coconcoBRlodwuo oo
—
S
—
L

=~ — N JT R Y
P A -]
; . .
iooc.c-—-oo
!

cococ e dao

—

G S S oS —
c oo oo
cocood
o]
o - -

=3

co o
}
:
. r
oo o uUo e N
¥ w
AR N I S RPN
ra
co oo oo
—
cooc o me o
cooc oo o

4009 10309 4540

0 0 o0
0 0 o0
0 0 0
0 ¢ 90
2 2% 2 ¢
2 7 19 4
0 0 0 0
0 0 0 0
o 0 0 9D
3945 10408 5100
0 0 0 0
0 ¢ 0 0
0 0 0 0
0 0 0 9
[
0 0 0 0
I3 1 4
40 4 20 2
0 0 0 0
2 10 20 2
3937 10403 5180
0 0 0 0
U
4 2 8 1
/00 0
¢ 0 0 0
0 0 0 0
00 0 9
4000 10405 5000
00 0 0
60 0 0
0 0 0 0
0 0 0 0
{1005 3
0 0 0 0
3308 10328 5030
06 0 9
0 0 0 0
¢ 0 0 90
7 4 g
0 0 0 0
L0000
0 0 0 9
0 0 0 0

<
"~
ja-d

oS o o
—
i
< o O
*3
P~ = FTER PR~ A B
O NI
—
SSO‘J’I
=
—
SIOO-D

0
0
0.
0
0

o O OO
LT~ i~ B~

—
-

[~ R~
<

)
&
—
=
-
scocDoe o
—
oo o omo o
—
o
S o Tl e e -
ra

— s CA e
—

cocolBoocococae
oooﬁooooo

[~ = -4

L= e =)
~I
-+
~Ct
L= =~
r—
L= =
< O
< S~

Rece o
=B
<

o S &
<

[, B~ o B R v = 4
S - S O O
gwooo
-

[- S =N VR = =2 — 3~
o L LD N3

-
oo o o
ot
b=
—
oo O NS S D
[X]
S DS -
[
o S -
N A
—
<o o o o
—

c.g...coc.oc-o‘_ooo
DD S OO

N
=
e
i

—

o ~Ne T O

cco8flamacocaca

~
<>
—
<

.

.,
h o o
o o
-

o e

<
=~
A\‘
—

oo oo o

,
“we B e o
co oo o
< wmoo
< o

(%

< P
[>]
— o
S O el S

<

leo o o <o
bS

-
e S o
i

H =
N
—

i
|

<
.

LR S
~f
[=~]

< &

<>
]

R = L B -
—

[

Ve &S
—
cn
v L] A e A

Lo = = B o= Y T o}
L= = o I =T A = 2 )

—
(=1
<>

—
[
P

! —
S A L - S O
: -
C.C-Z'C)C'-:-OC}C'
SMC‘OO
L
! —
S S S LN D DD
H -
oo o NS o
. —
L= e i e a4

=)
T ST NS NS

el
ogorawc-c«@

R ==
~a

265
262
42
3
212
4
205
248

203
209
211
2251
22t
24
218
410
40
240

0
264
3
3141
n
3l
227

286
207
263
23
28
011

0 242

Y7A
39

UNVANS

210

yits

2301
210



e
i

54380J0ES 3939 10241 4210 3 T

54380194967 0 0 0 0 0 O 2000 2 2 0 2 0 0 M 2 4 7T 3 2 7 ¢+ 0 0 2 %y
5480195564 0 O 0 0 O 0 O O O O O O O 0 O O O O 0 2022 4 6 0 5
54301962630 0 0 0 3 0 0 O 0 0O 0 0 0 0 O ¥ O O U W3 L 4 T T 61 %7
S4380163820 06 o0 0 6 O 0 O 3 5 0 f 3 6 4 ¥y O O ¢ O O O O 0 2%
430170611 0 0 0 0 O MOA O O !t 3 4 0 O O 0 3 3 O !l ¥ T 8 & 1 au
S4301973 719 0 0 0 0 0 0 68 17 8 70 54 4 L 48 0 0 0 0 O 0 O O U 15},
380197468 6 18 16 17T 1T 18 0 O O O O 3 16 24 16 2 ¥ 19 9 8B T & 5 1 2686
MaosgTTToI Mt BB ¥ 4 1 0 O O O O O O O O O O 0 O 0 0 0 0 0 0 2
S43601980723 0 14 66 0 0 0 0 O O O 0 O O O O O 0 0 1 3 8 0 0 020
T ORI26PARKER B E 3937 10439 8310 ¢ '
632619858 11 17 0 0 5 18 1 4 4 §f ¢ 0 0 O 1 3 WK W B W H b 9 TV
363261%364 0 0 0 0 0 0 0 0 0 0 0 12 W W & % W 17 18 v 7 7 A2
JB3BITT0GIL M4 &3 7 2% M4 1 1 3 10 12 2 0 4t 0 4 2 7 & 5 5 1 8@ 7 060
363261983723 0 0 0 0 0 0 0 0 0 0 0 0 0 10 150 I 0 0 0 o 9 0 02
ST5195ETBERT 3918 10252 4700 3
SIg e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 015423 4 0 ¢ 0 ¢ 8
aB9eI83 1 0 0 2 3 0 6 0 0 6 0 O 0 0 0 O 08 45 % 2 9 T 3 I
SR TY 0 0 0 1 N B M S8 17 0 0 0 0.0 0 0 0 0 0 0 0 f 44
STINALE A1 M 5L ¢ 0 0 L 0 0 0t 0§ X 17 {7 % W ¥ b b 4 7 4 385
SKIIS0 0 0 0 0 0 /A O 0O 0 0 0 O 0 0 0 0 0 0 0 0 ¢ 0 0 0 %I
JaNeITI0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ¢ 0 0 0 ¢ 0 047 3 W
SIHIN9I88 0 0 0 W 10 0 W 0 0 0 0 0 0 0 0 0 06 0 0 0 4% 30 W 2
J73575HMH 2 E 3933 10321 5180 3
SINTIRIEY 0 0 0 0 0 ¢ ¢ 0 0 0 & 0 0 19235 55 W 0 0 0 0 0 o 0 3}
SIGMY TS 0 0 0 0 0 b6 0 D 0 0 0 0 0 0 2419 W 59 & 0 0 0 0 20
SIGTIASH 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 028 0 0 0 0 0 0 0 0 2
SIBTI9E3 68 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I O 0 O 0 0 0 3
976545 IMLA ’ 3907 10405 6020 |
STEEMTSATIA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 & WIN 4 1 5 4 ¢ W@
STERA9STT9 0 0 0 0 0 0 0 0 0 0 0 0 0 3 YA/ 3 0 0 0 0 0 ¢ ¢ 3
JEBATT B4 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 ¢ 0 ¢ 0 ¢ 2
SUTINS 0 0 0 0 0 6 0 0 0 0 0 0 0% 4 3 6 0 2 0 0 0 0 9 205
SIEEMIELTIL 0 0 3 0 0 0 0 0 0 0 0 0 0 3 U7 L3 N % 12 0 0 0 ¢ 0 B
STed196752 0 0 0 0 0 0 12 N B IS B3 W ¥ B 0 7 4 315 8 ¢ 0 2 ¢ W
STEMITTT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1519 11 9 & 14 24
STEATITZS 0 0 0 0 0 0 0 100A 0 0 0 0 0 0 0 0 & 4 I 2 2 i 0 0 243

~2=



B

s

-,

e

Copies of detailed precipitation recording charts covering

nine instances when 2-hour amounts were near or above two

inches.
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APPENDIX C

Precipitation data from United States Geological Survey

Small Plot studies,
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RAINFALL-RUNOFF DATA FROM SMALL WATERSHEDS IN COLORADO,
OCTOBER 1977 THROUGH SEPTEMBER 1980
By Betty J. Cochran, Donald R. Minges, Robert D. Jarrett,

and Jack E. Veenhuis

U.S. GEOLOGICAL SURVEY

Open-File Report 82-873

Prepared in cooperétion with the

URBAN DRAINAGE AND FLOOD CONTROL DISTRICT,
GENERAL SERVICES ADMINISTRATION,

COLORADO DIVISION OF HIGHWAYS, and the

U.S. DEPARTMENT OF TRANSPORTATION, FEDERAL HIGHWAY ADMINISTRATION

Lakewood, Colorado
1983
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The data will be analyzed to establish relationships between
storm rainfall and associated runoff from the basins. These
relationships will be defined by application of a hydrologic¢ model -
and other techniques as indicated by Gonzalez and Ducret (1971).

To derive maximum benefit from a relatively short period of data
collection, the emphasis in these studies will be on the application
of the hydrologic model approach. Use of a model calibrated by actual
rainfall-runoff data will allow a long—-term runoff record to be
synthegsized from long-term rainfall records available in the general
area. This method is described in detail by Lichty, Dawdy, and Bergmann
(1968). A flood-frequency relation for each study basin will then be
defined by using the synthetic long-term flood record. To regionalize
the resulting flood-frequency relations, a regression equation
technique will be used as described by Benson (1962). These equations
will show the general relations between peak discharges of selected
frequencies and the hydrologic characteristics of any small drainage
basin within the study area.

Purpose and Scope

Throughout the period of study there has been considerable demand
by other investigators for basic rainfall-runoff information., The
purpose of this interim basic-data release is to present all significant
rainfall-runoff data collected from the beginning of the studies to
the end of the 1971 storm season. This type of report will be released
periodically as the studies progress.

Instrumentation

Detailed records of rainfall and stream stage are collected at
each station by the operation of two digital recorders, which code

.the data on l6-channel paper tape at 5-minute intervals. Use of a

single timer provides for simultaneous actuation of both recorders.

The stage gage 1s mounted in the stream channel and generally
consists of a vertical 4-inch standard galvanized iron pipe well with
a metal shelter mounted on the top to house the recorder. The intake
to the well consists of six %-inch holes in a standard 4-inch cap on
the bottom of the pipe. Five holes are evenly spaced on the upstream
face of the cap and one is centered in the downstream face. Experiments
have shown that this arrangement of holes assures nearly equivalent
water stages in the stream and the gage well through a wide range of
stream velocity.
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EXPLANATION
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06821300 NORTH FORK ARIKAREE RIVER TRIBUTARY NEAR SHAW,

KANSAS RIVER BASIN

5. .72 mi™

RAINFALL AUG. 99 1974

COLO, - -CONTINUED

OURING INUICATED INTERVAL

- s - W o 0 s 5 O T s e S D S Y R R A D W TD e T P D R S T R R D D P Y S D P -

Vale

11E

UVATE

TIME

RAINFALL

- - -, o - e D KT 4 T e G D L 45 m S O G G O s W O U Y L s R R R 0 AR O T A A e D -

neyy
n=yy
-y

1400
ibu>
lal>
1429
142>
1e30
140y
1445

Sly4 Tufal

B=0Yy
8=09
o=09
8=U9
g=0Y
He09
B9
s=09

AT INOJCATED TIME

185%

1900 -

1905
1915
1929
1925
1930
1935

0.03
Ue07
0e01
0.01
Oa0}
0.01
0.0¢
0.01

T - D B, U B T W e D AP P A T o T G e T e S U e T gy S 4P e A O O B 0 G U S ol DY Y P e O O A

DURntlo
Tlae

(RS L]
Inteasgly
aTE TIME
He(ly 1450
Be(y 1455
B=09 1500
Y=y 150%
b=y9 1510
8~y9 151%
B=0Y 1520
Beyg 1529
Heyv 1530
o=y9 1535
B=yy 15640
a=y9 19545
s-y9 1550
s=09 1555
B=09 1600
8=99 1605
=09 1610
Beuy 1615
H8=u9 1620
g=yYy 1625
=09 1630
B=99 1635
H=09 1640
be=U9 1645
B=yy 1650
8=09 1655
Yey9 1700
8=uy 1705
8«09 1710
8=09 1715
B=09 1720
8=09 1725
B=yu9 1730
a=09 1735

baTE

TIME

DISCHAKGE

Y s = > T Iy T T " e D P P U e A Wy P D e

NOTE.--Discharge below 3.7 ft3/s estimated.

RAINEALLY IN InNCHESS
- RAL FALL DATE TIME RAINFALL
vaul Yg=09 1450 Us04
Levd 8=09 1455
Uell . H=~09 1500
Vel o=0Y 1508
Uelli 6-09 1510
vl.ue B=09 5 veli2
veul Be=n9 vevl
Uevl 5=09 Vel
UeUl
Va0l
3V mIN 1 HK
14435 1415
132 1438
2eh4 1438
RUNOFF AUG, 9+ 1974
DTSCHARGEs TN CUHIC FEET PER SECOND.
DISCHARGLE DATE TIME D1SCHARGE
0.0 8=09 1740 8,9
3.0 B=09 = 1745 8,3
4.0 8-~09 1750 7.8
4.4 8-09 175S T4
3.8 B=09 1800 7.2
6.4 8~09 1806 6,8
9.2 8-09 1814 6.4
1%0 H«(9 1815 6.2
1y3 8=09 1820 6,0
179 LB 1825 546
151 4=09 1830 5,6
12 8~09 1835 6,2
93 8«09 1840 7,0
8u d=09 1845 7.6
68 4~09 1850 7.8
57 B=09 1855 7.6
44 =09 1900 7,8
34 8=09 1905 7.6
32 8=09 1910 Teb
¢l 8«09 191% . Teb
25 H=09 1920 7.2
2e 8=09 1925 7.2
21 8=09 1939 7.0
19 8~09 1935 6,8
18 8«09 1940 6,6
17 8~09 1945 6.4
le 8=09 1950 6.2
1% B=09 1968 6,0
l4a 8«09 2000 5,8
13 8=09 2005 S.6
le 8=09 2010 5.6
11 8-09 2015 5.4
10 B~09 2020 S.4
9.8 B8=09 202% 5.2

=09
He0y
5-09
b=09
s~09
8-09
=09
¥=09
8=09
H=09
8=09
8=-09
8«09
B8=-09
8«09
8=09
RIS
r=09
b6=09
B8=09
H=09
8=09
b=09
B=09
8=09
8=09
8«09
#=09
8«09
8=09
8=09
809
B«=09
8«09

2030
203%
2040
2045
2050
205%
2100
2105
2110
211%
2120
2125
2130
213s
2140
2145
2150
2155
22uo
2205

2210 -

221%
2220
2225
2230
2235
2240
2245
2250
2255
2300
2305
2310
2315

OO0OCOOCOCCOOCO I~ NNWWLWWWWWH S22 rry

® @ 9 & 0 8 6 & 8 2 8 5 O S S 6t s e e 6 e 4t e e " & & 0 s e s e

——r— NN WPFNENPCN SN~ ocNwNT T @XTCLCCCCNSCTOTC
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KANSAS RIVER BASIN
06821300 NORTH FORK ARIKAREE RIVER TRIBUTARY NEAR SHAW, COLO.--CONTINUED

: 5,72 hat' ®

;
RUNGFF  MAY 11, 1972
: DISCHARGE, IN CUBIC FEET PER SECOND, AT INDICATED TIME
DATE  TIME DISCHARGE DATE  TIME DISCHARGE DATE  TIME DISCHARGE
1 5-11 0420 14 5-11 0520 61 5-11 0620 24
5-11 0425 50 5-11 0525 59 §-11 0625 21
! 5-11 0430 92 5-11 0530 56 5-11 0630 19
5-11 0435 96 5-11 0535 53 5-11 0635 16
5-11 0440 95 5-11 0540 51 5-11 0640 14
? 5-11 0445 93 5-11 0545 48 5-11 0645 12
: 5-11 0450 90 5-11 0550 44 5-11 0650 10
i 5-11 0455 84 5-11 0555 40 5-11 0655 7.0
5-11 0500 79 5-11 0600 37 5-11 0700 5.0
5-11 0505 72 5-11 0605 33 5-11 0705 4.0
e 5-11 0510 71 5-11 0610 30 5-11 0710 3.0
a 5-11 0515 67 5-11 0615 27 5-11 0715 1.0
L&
NOTE.--Discharge below 50 ft?/s estimated.
't
. RAINFALL, IN INCHES, JULY 23, 1972
i Dalt TIME . INTERVAL DEPTH ACCUMULATEL vtrIH  BAILY TOTAL MIDNIGHT DIAL
u7-23 1400 _ 5,36 (FIRST KEADING ON TAPE)
ul=-23 165% ¢ 0612
. Vl=23 1100 0.76
: G7-23 1705 1e13
07-23 1710 1.24
. 07-23 1715 0.l 1.25
S10xM TUTAL = 1425 ' '
VUKATIUN IS_MIN  30_MIN  1_HK 3_HR T .e_HR  12_HR
TInE 1650 1645 1615 '
OEF IR 1413 1e25 1.25

INTENSITY . 4,52 2450 1.25%

RUNOFF  JuLY 23, 1972

DISCHARGE, IN CUBIC FEET PER SECOND: AT INDICATED TIME

DATE  TIME DISCHARGE DATE  TIME DISCHARGE DATE  TIME DISCHARGE

3 7-23 1700 50 7-23 1800 220 7-23 1900 115
3 7-23 1705 116 7-23 1805 203 . 7-23 1905 100
NE 7-23 1710 229 7-23 1810 199 7-23 1910 95
Vi 7-23 1715 449 7-23 1815 196 7-23 1915 85
, 7-23 1720 1,010 7-23 1820 190 7-23 1920 75
. 7-23 1725 960 7-23 1825 182 7-23 1925 65
ev 7-23 1730 720 7-23 1830 169 7-23 1930 50
N E 7-23 1735 494 7-23 1835 160 7-23 1935 40
Bl 7-23 1740 362 7-23 1840 152 7-23 1940 30
L 7-23 1745 306 7-23 1845 146 7-23 1945 20
. 7-23 1750 265 7-23 1850 128 7-23 1950 10

) 7-23 1755 241 7-23 1855 131 7-23 1955 5.0
(L0 .
. NOTE.--Discharge below 50 ft?/s estimated.




678 KANSAS RIVER BASIN
06821300 NORTH FORK ARIKAREE RIVER TRIBUTARY NEAR SHAW, COLO--CONTINUED

£ 72 ma®

RAINFALL JULY 25, 1979

[R——

RAINFALLs IN INCHESs OURING INDICATED INTERvVAL

. - ——— P,
; DATF  TIME RaINFALL DATE  TIME RAINFALL DATE  TIME RAINFALL
k 7-25  113% 0,01 7w25 1750 0,07 7-25 1810 0.10

1-25 1740 0.06 7-25 1795 0,05 7-25 1815 0,02
. 1-25 1745 6,03 7-2%  18u0 .16 1-25 1820 0,01
¥ ‘ 7-25  18ub 0.12
4 STORM TOTAL = 0,61

DURATION & MIN 15 MIN 30 MIN 1 HR
? : 1M, 175% 1755 1749 1730
L VEPTH Uelb 0,36 0.51 0.61

- INTENSITY 1e68 ledoe 1.02 0,61

- RUNOFF JULY 25, 1979
%

¥ . DISCHARGEy IN CURIC FEET PER SECONDs AT INOICATEO TIME

UATE  TIME UISCHARGE DATE  TIME DISCHARGE DATE  TIME - DISCHARGE
1-25  ls00 3,0 Te25  18%% 9.8 7-25 1950 1.8
1-25  180% 5.0 725 1940 8.9 7-25 1955 163
1-2%  18ly 42 7-25 1905 .. 8,0 7-25 2000 1.0
7-29  141S 68 7-25  1%l0 7.6 7-25 2005 0.7
7-25  1MEu S7 1-25 1915 7.2 125 2010 0.5
: 7-2%  142% «l 7-25 1920 6.8 7-25 2015 0ok
7-25 1830 26 7-25 1925 6.6 7-25 2020 0.3
1-2% 1835 19 T-¢% 1930 5.0 7-2% 2025 0.2
7-25 1840 15 T~25  193% 3.8 7-25 2030 0.2
7-25 1845 14 729 1940 2.9 7-2% 2035 0.1
. 7-25 1450 1) 7-29 1945 2.2 7-25 2040 0.1
L]

e NOTE.-~Discharge below 6.6 ft3/s estimated.
¥
RAINFALL  AUG. 9=10y 1979

RAINFALLy IN INCHESs UURING INDICATED INTERVAL
' VATE . TIWE HAINFALL DATE  TIME RAINFALL DATE  TIME RAINFALL
8=09 180V V.1 =09 2235 0,01 g=-10 0355 0,02
8~09  1nUS 0.0l 8=09 2240 0.01 8=~10 0400 0,01
=09  1blD U.01 8=09 2245 0.02 8=~10 0405 0,01
8-09  1biS 0.02 B=09 2250 0.03 810 0410 0,01
] y=09 1829 0.03 B=~09  2¢55 0.02 8-10 0415 0,01
2 a=09 1825 V.02 A=09 2400 0,02 8~10 0420 0,01
8=09 1830 N 8-05 2305 V.02 8=10 0425 0,01
=09 1840 0.01 8~09 2310 0,01 =10 0430 0,01
a=u9 2100 0,01 a-09 2318 0,02 8~10 0435 0,01
a=u9  211v 0.03 8~10 0440 0,0}
8=uv 2115 0,03 : . 810 0445 6,0}
8-09 2120 0.06 8-10 0235 8-10 0530 0,01
4-08  212% 0,07 810 0240 8=10 0740 0,01
- a=09  213¢ t.10 8=-18 0245 8=10 0745 0,01
: 8=0% 2135 0.13 B-10 0250 810 0750 0.01
By  214v 0,05 B=10 0255 0,25 810 0755 0,02
L& A=09 2145 0,08 8~10 0300 0,09 8=10 0800 0,02
A=09 2150 0.05 8-10 0,07 8-10 0805 0,02
Bet9 2155 0.02 a-10 v.02 ©8=10 0810 0.02
Bm0Y 2200 0,07 8-V 0,02 a8-10 0815 0,01
: B=09 2205 0eU7 B=10 V.01 8-10 0820 0,01
L 8=09  2zlv 0405 0325 0.01 8-10 0825 0,01
B=0Y  221% 0,04 0335 0,02 8-10 0830 0,01
=09 222u 0.06 0340 0,01 8=10 0835 0.0}
B-09 2225 0.02 : 0345 6.02 8=10 0840 0,01
8-09 2230 V.03 8~1v 0350 0.01 8=10 0850 0,0}
STukM TOTAL = 2.99
N PDUKAT 10 5 MIN MIN 30 MIN 1 HR
: TIME 0238 0230 0230
P DEPTH 0.77 1.25 1.38
INTENS{TY 3,08 2.50 1438
—-6~
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KANSAS RIVER BASIN

06821300 NORTH PORK ARIKAREE RIVER TRIBUTARY NEAR SHAW, COLO-~CONTINUED

5.7 mn

RUNOFF AUGe 9o 1978

DISCHARGEs IN CUBIC FEET PER SECONUs AT INDICATED TIME

677

DATE  TIWE DISCHARGE NsTE  TIME 0iSCHARGE DATE  TIME DISCHARGE
de0y 135% 3.0 B0V 1525 24 8«09 1655 S.2
He(9 1400 222 8.09 1530 21 8-09 1700 4,8
d~09  1a4us 265 8-09 18335 19 8-09 1705 4.6
He09 lal0 248 8~09 1540 16 8«09 1710 4.2
B=0Y 1415 198 8=09 1548 14 8=09 1715 3,2
8=09 142y 147 8«09 1550 13 8=09 1720 2.5
Y=09 1425 114 8=09 1555 12 8-09 1725 1.9
8-99  lady 94 8=09 1600 10 8-09 1730 1.5
R=09 1435 ‘ 83 A=09 1605 9.5 8=09 1738 1.2
8=09 1640 15 8=-09 1610 8.9 8=09 1740 0.9
B=09 1445 67 8«09 1615 8.3 8«09 1745 0.7
=09 1650 55 8-09 1620 Te8 8«09 1750 0.5
d=09 165% 'Y B=09  162% ) 8=09 1755 0.6
8=-09 1500 Y] 8«09 1630 7.0 8-09 1800 043
Aely 1505 35 8«09 1635 646 8-09 1805 0,3
8~09 1510 33 A=05 1640 6.4 8=09 1810 0.2
8-09  151% 31 8«09 1645 6,0 8=09 1815 0.l
8=09 1520 28 B=09 1650 Seb 8=09 1820 0.1
NOTE.--Discharge below 4.2 ft3/s estimated.
RAINFALL JULY 164 1979
RAINFALLs IN INCHESe DURING INDICATED INTERVAL
DATE  TIME RAINFALL DATE  TImE RAINFALL DATE  TIME RAINFALL
7-16 173p 0.01 1=16 1745 Q T7-16 1810 0,02
7-16 17135 0.l6 7-16 1750 ﬁﬁg; 716 1820 0.03
=16 1740 0415 T-16 1755 0.21 T-16 1825 0,01
7-16 1800 0.04
7-16 180 .01
STOKRM TOTAL = 1e22
DURATION S MIN 15 MIN 1 HK
TIME 1745 1730 1725
DEPTH X 1.14 1.22
INTENSITY 2.28 1.22
RUNOFF JULY 164 1979
DISCHARGEs IN CUSIC FEET PER SECONDy AT INDICATED TIME
DATE  TIME UISCHARGE DATE  TImE . DISCHARGE DATE  TIME DISCHARGE
I-16 1755 3,0 T=-16 1930 17 7-16 2115 §,0
1-16 100 89 7-16 1935 16 7=-16 2120 4,8
7-16 1808 143 7=-16 1940 16 7=-16 2125 4,6
7-16 1810 116 T=16 1945 15 7-16 2130 3.6
1=16 1815 69 7-16 1950 14 7-16 2135 2.9
7=-16 1820 38 7«16 1955 13 7~16 2140 2.3
7-16 1825 24 7«16 2000 12 T=16 2145 1.9
7-16 1830 23 7-16 2005 11 T=16 2150 1.5
7=16 183% 37 Te16 2010 10 7=16 2155 l.2
7-16 1840 54 7-16 2015 9.5 7-16 2200 0.9
7-16 1845 53 7-16 2020 8.9 7-16 2205 0.7
1-16 1850 48 7«16 2025 8.3 7-16 2210 0.6
7-16 1855 «0 7-16 2030 7.8 7-16 2215 0,5
1=16 1900 31 7-16 2035 7.6 T=16 2220 0.4
7=-16  190% 29 Telo 2040 7.2 T=16 2225 0.3
T-106 1910 22 T=16 2045 6.8 7=16 2230 0,3
7-16 191% 20 7=-16 2050 6,6 7-16 2235 0.2
7-16 1920 19 7-16 2055 6,2 T=16 2240 0.1
T=-i6 1925 13 T~16 2100 6,0 7-16 2245 0.1
7-10 2105 5.6
T7-16 2110 Seé

NOTE.--Discharge below 4.6 ft3/s estimated.

3 -



I 468 PLATTE RIVER BASIN
06758700 MIDDLE BIJOU CREEX TRIBUTARY NEAR DEER TRAIL, COLO.--CONTINUED

? ¥
" 2.27 na?® 7 see 1.79 page b¢
: RAINFALL JULY 20-21. 1977
: "
RAINFALLs IN INCHESs DURING INDICATED INTERVAL
DATE  TIME RAINFALL DATE  TIME RAINFALL DATE  TIME RAINFALL
: 7-20 1715 0,04 7-20 2105 0,04 T7-20 2330 U.0¢
7-20 1720 0.08 7«20 2110 0,02 T-20  233% 0.0}
y 7«20 1725 0,02 7-20 2115 0,01 T=20 234y V02
: 7-20 1855 7-20 2120 v.0l 720 2345 V.02
I 7=20 1900 7-20 2125 0.01 7«20 2350 V.01
k 7«20 1905 7-20 2130 U.01 7-20 2355 0,01
7=20 1910 7=20 2135 0.02 . T=20 2400 u,0l
. 7=20 1915 T7=20 2140 0401
! 7=20 1920 7=20 2145 0,01
; 7=20 1925 7-20 2150 0.01 =21 0005 0.01
k 7=20 1930 7=20 2155 0,02 1=21 ouio 0.0l
7-20 1935 7-20 2200 0.01 =21 0015 U0l
. T=20 1940 7«20 2205 0.02 (=21 0020 0,01
! T=20 1945 7=20 2210 0.02 7-21 0030 0.01
7-20 1950 7%20 2215 .03 1«21 0115 0.0}
i 7=20 1955 7-20 2220 : 0,02 . 7-21 0130 0.01
7-20 2000 7=20 2225 0.03 1«21  0l40 0,01
7-20 2005 7=20" 2230 004 I-21. 0150 V.Ul
e i C7<200 2010 7-20 2235 0.02 121 200 V.01
: 7=20 2015 T=20 2240 0.02 T=21 0205 V.0l
L 7-20 2020 7-20 2245 0.01 7=21 0215 Vetl
7-20 2025 7-20 2250 V.02 f=21 w2z v.tl
7=20 2030 7=20 22%% V.01 7-21 0225 Vel
¥ 7-20 2035 7-20 2300 0.02 7-21  v230 0.0l
; 7-20 20490 T=-20  230% 0.04 1=-21 0240 u.tl
B 7-20 2045 7-20 2310 0.02 1=21 0255 V.01
T=20 2050 7-20 2315 U.02 7-21 0430 bl
7«20 2055 7-20 2320 0.02 1=21 0450 0.0l
7-20 . 2100 7-20 232% 0.02 1=-21 U515 Veutd
STORM TOTAL = 4,6}
DURATION 5§ MIN 15 MIN 30 MIN 1 HR
: TIME 1900 1855 1855 1930
i DEPTH 0,58 1.03 1.33 1.98
INTENSITY 6.96 4.12 2,66 1.94
i RUNOFF JULY 20-21, 1977
T DYSCHARGEs IN CUBIC FEET PER SECONDs AT JWUDICATED TIME
i DATE  TIME DISC~ARGE UATE  TIME DISCHARGE VaTE  Time JISCHAaNrGE
7=20 185%5 20 7-20 2010 940 T=2u 2125 23
v 7-20 1900 26 7-20 2015 1028 =20 213y 1A
B 7-20 1905 77 7=20 2020 1256 -2y 213% 1¢
i 7=2¢ 1910 83 : 7=20 2025 . 1290 =2y 2140 5.2
- 7-20 1915 172 7=20 2030 1130 1«20 2145 5.
7-20 1920 i 242 7-20  203% 855 7-20 2150 3.0
= T=20 1925 373 T=20 2V40 620 =20 21%% 2o
: T=20 1930 5712 7=20 2045 321 (=20 2200 ) 1.0
i 7-20 1935 . 632 T=20 2050 213 =20 2205 l.i
b 7-20 1940 640 7=20 2055 192 f=2u 2210 Vel
7=20 1945 664 1=20 2iou 91 T=2v 221~ Ue
7-20 1950 R72 T=20 2105 99 =2y 2220 V.3
7-20 1955 564 7«20  2l1n a8 =20 2275 v, e
I 7-20 2000 592 =20 2l15 34 * {=2y 2230 v
& . T=20 2005 740 7«20 2120 29 T2y 2245 Ves
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PLATTE RIVER BASIN

06758700 MIDDLE BIJOU CREEK TRIBUTARY NEAR DEER TRAIL, COLO.
LOCATION, =-Lat 39°29'33", long 104°09'46", in SEYSE} sec.25, T.6 S., R.61 W,, Elbert County, on right
bank 300 ft (91 m) downstream from gas-line crossing, 10.4 mi (16,7 km) southwest of Deer Trail, and
16 mi (26 km) southeast of Byers. i

DRAINAGE AREA. (4.51 kn?) of which 0.06 mi? (0.16 km?) is probably noncontributing, revised.
L

PERIOD OF RECORD.--Apr. 30, 1970, to October 1979 (discontinued).
GAGE.~-Flood~hydrograph and rainfall recorders {(dual digitals).
REMARKS.--Basin cover is natural prairie vegetation,

STAGE-DISCHARGE RELATION.--Rating developed on basis of step-backwater analysis of reach of natural
stream channel and slope-area measurements at discharges of 500 £t3/s (14.2 m3/s) and 1,290 ft3/s (36.5 m3/s).
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EXTREMES, ~-Water year 1978:

Maximum dischar

e, 285 ft3/s (8.07 m?/s) Aug. 10; no flow most of year,

Water year 1979:
Period of record:

Maximum discharge, 8§O ft3/a
Maximum discharge, 1,290 ft?

f

25.0 m3/8) July 17; no flow most of year,
s (36.5 m3/8) July 20, 1977; no flow most of

each year,
RAINFALL AUB. 10, 1978
, RAINFALLY TN INCHESs DURING INDICATED INTERVAL
DATE TIME RAINFALL DATE TIME RAINFALL DATE TIME RAINFALL
8«10 1555 0.0t A=10 1600 0.10 B=10 1620 0.01
. 8=10 1605 0,03
8=10 1810 0,01
STORM TOTAL = 0,16
DURATION 5 MIN 15 MIN 30 MIN 1 HR
TIME 1555 1550 1550 1550
DEPTH 0.10 0,14 0,16 0.16
INTENSTITY 1.20 0,56 0,32 0,16
RUNOFF aUG, 10+ 1978
NISCHARGEs IN CURIC FEET PER SECONDs aT INDICATED TIME
DATE  TIME DISCHARGE NATE . TIME DISCHARGE DATE  TIME DISCHARGE
8«10 1555 21 R=10 1630 40 8=10 175 2,0
8«10 1600 202 - 8«10 1635 34 R=10 1720 1.2
~ 8«10 1608 285 R~10 1640 32 A«10 1725 0.7
B=10 1610 199 8«10 1645 28 8=10 1730 0,4
8=10 1615 122 8=10 1650 23 g=10 1735 0,3
8=10 1620 87 Be10 1655 16 8«10 1740 0,2
8«10 162§ 45 8-10 1700 Y 8~10 1745 0.1
R«10 1705 Se2
. 8=16 1710 3.2
NOTE.--Discharge below 23 ft3/s estimated.
RAINFALL JULY 179 1979
RAINFALLY IN INCHESs DURING INDICATED INTERVAL
DATE  TIME RAINFALL DATE  TIME RAINFALL DATE  TIME RAINFALL
7-17 1710 0.01 =17 1730 0,08 7-17 1755 0,06
Tel?T 1715 n T«17 1738 6,07 7=17 1800 0,07
T=17 1720 T=17 1740 0.13 7«17 1805 0,04
7=17 17125 . 717 1745 0,17 7=17 1810 0,02
7=-17 17S0 0,14

STORM TOTAL = leé0

DURATION 5 M} 15 MIN 30 MIN 1 HR
TIME 171 1718 1118 1710
DEPTH 0 0,62 0.99 1.39
INTENSTTY @ 2,48 1.98 1.39
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PLATTE RIVER BASIN
06758400 GOOSE CREEK NEAR HOYT, COLO,s~Continued
.
. 5
RAINFALL SEPT. 16, 1969
DATE TIME INTERVAL DEPTH ACCURULATED DEPTH DALLY TOTAL MEDNIGHT DIAL
09-16-69 1215 ) 3.98  (FIRSY READING ON TAPE)
09-16 1250 - 0.02 0.02
09-1b 1255 0.06 0.08
09-16 1300 0.01 0.09
09-16 130% 0,02 0.11
09-16 1310 0.03 0.14
09-16 1ns 0.05 0.19
09~16 1320 0.02 0.21
09-16 1330 0.05 0.26
09-16 1333 0.43
09-16 1340 0.68
09-16 1345 0.84
09-16 1350 0.90
09-16 1355 0.15 1.0%
09-16 1400 0.15 . 1.20 ;
09-16 1405 0.13 . 1.33 '
09-16 1410 0.05 " 1.38
09-16 1615 0,02 1.40
09-16 1420 0.05 1.45
09-16 1425 0.03 1.48
09-16 1430 0.01 1.49 ,
09-16 1435 0.01 1.50 :
09-16 1445 0.01 1.51

STORM TOTAL = 1.5

OURATION S_MIR  1S_MIN 30 _MIN 1_HR I_HR 6_HR 12_HR
TIME 1335 1330 1330 1325 .
OEPTH ° 0. 0.58 0.94 t.27 :
INTENSITY 2.32 1.88 .27
RUNOFF SEPT. 16, 1969 )

GAGE HEIGHT, IN FEET, AND DISCHARGE, IN CUBIC FEET PER SECOND, AT INDICATED .,::m s
DATE TIME GAGE DISCHARGE DATE TIME GAGE DISCHARGE DATE TIME GAGE DISCHARGE

HEIGHT HEIGHT HEIGHT
9-16 0850 10.00 [} 9-16 0945 14.00 150 9-16 1215 12.18 26
9-16 0855 10.15 [} 9-16 0950 14.84 300 9-16 1240 11.92 1%
9-16 0900 10.34 1.0 9~16 1030 14.85 303 9-16 1320 11.62 12
9-16 0915 11,02 5.0 9-16 1050 14.23 184 . 9-16 1400 1Li.39 8.8
9-16 0920 11.09 5.5 9-16 1110 13.82 106 9-16 1510 1{1.08 5.5
9-16 0930 11.41 8.8 9-16 1125 13.17 68 9-16 1610 10.95 4.3
9-16 0935 11.60 12 9-16 1140 12.79 47 9-16 1755 10.87 3.7
9~16 0940 12.62 39 9-16 1200 12.40 31 9-16 2400 10.87 3.7
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EXPLANATION

03 Simulation plot
3 A Racording stage gage
-+ Recording precipitation gage
: ~= Drainage divide
i
i
1
|
104*12°30" 104°7¢°
Base from U.S. Geological Survey, Bijou, 1978, and
aerial photographs of the Soil Conservation Service.
0 0.'25 0.'50 0.'75 } MILE
L
{ T T T T I T
0 025 050 0.5 1 1.2  1.50 KILOMETER
Figure 1l.--Willow Gulch drainage basin and location of instrumentation. s
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APPENDIX D

Estimated precipitation amounts - as adjusted upward with
maximizing moisture availability - from historical storm

near Hale, Colorado.

Also included is a possible re~drawing of three envelopment
lines of the greatest 24-hr precipitation (in.) within eaeh’

State climatic division. - from Figure 9 on page 25



UM, DEPARTMENT OF COMMERCE US. DEPARTMENT OF THE ARMY
- NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION CORPS OF ENGINEERS

HYDROMETEOROLOGICAL REPORT NO: 51

Prohable Maximum Precipitation Estimates, United States
East of the 105th Meridian

Prepared by
Louis C. Schreiner and John T. Riedel
Hydrometeorological Branch
. Office of Hydrology
National Weather Service

WASHINGTON, DC.
June 1978.

For sale by tho SBuperintendent of Documents, U.8, Government Printing Office
Washington, D.C, 20402

Btock Number 003-017-00424-4

-1~



APPENDIX -~ ~ IMPORTANT STORMS

STORM INDEX NO. 49- (GM 5-1) DATE 6/30-7/2/1932
RAINFALL CENTER STATE FISH HATCHERY,TX  MOIST.ADJ.=116

MAXIMUM AVERAGE DEPTH OF wsz_..?.F IN INCHES

AREA DURATION OF RAINFALL IN HOURS

SQ.MI. 6 12 18 24. 30 36 42
10 13.3 19.5 30.0 31.7 32.9 33.6 33.7
100 11.2 15.8 23.7 25.8 26.8 27.5 27.7
200 10.3 14.3 21.2 23.8 24.9:25.5 25.7
1000 7.7 10.5 15.5 19.0 20:2 20.7 20.9
5000 4.8 6.8 9.8 13.5 14.9 15.3 15.6
10000 3.6 5.2 7.4 10.3 11.3 11.6 11.8
20000 2.4 3.6 4.9 7.0 7.7 7.9 8.1

STORM INDEX NO. 50 (NA 1-20A) DATE 9/16-17/1932
RAINFALL CENTER SCITUATE,RI MOIST.ADJ.=148

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

ARFA DURATION OF RAINFALL IN HOURS
SQ.MI. 6 12 18 24 30 36. 48
10 7.0 10.2 11.9 12.2 12.2 12.2 12.2
200 6.8 10.2 11.1 11.6 11.6 11.6 11.6
1000 5.8 8.6 9.5 10.2 10.2 10.2 10,2
5000 4.0 6.5 7.377.9 8.1 8.2 8.2
10000 3.2 5.5 6.5 6.9 7.2 7.4 7.5

STORM INDEX NO. 51 (NA 1-20B) DATE  9/16-17/1932
RAINFALL CENTER RIPOGENUS DAM ME MOIST.ADT.=127

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

AREA DURATION OF RAINFALL IN HOURS
SQ.MI. 6 12 18 24 30

10 7.
100 6,
200 6

1000 5.
5000 3
10000 3.

A v s

8 8.
8. 8.
8. 8.
7. 7.
6. 6.
5. 6.

nowunag

-]

DATE 4/3-4/1934

STORM INDEX NO. 53 (Sw 2-11)
MOIST.ADJ.=149

RAINFALL CENTER CHEYENNE,OK
MAXIMUM AVERAGE DEPTH OF gHZME IN INCHES

AREA . DURATION OF RAINFALL IN HOURS
SQ.MI. 6 12 18 .o .
10 17.3 20.8 21.3
100 14.4 17.1 17.7
200 13.3 15.7 16.4
1000 9.1 10.7 11.1

STORM INDEX NO. 54 (IMV 4-21) DATE 5/16-20/1935 ~
RAINFALL CENTER SIMMESPORT,LA MOIST.ADJ.=128

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

AREA DURATION OF RAINFALL IN HOURS
SQ.MI. 6 12 18 24 30 36 48 60 T2 96

10 13.8 14.1 14.1 14.1 14.1 14.1-14.1 14.1 14.1 14.1 -
100 13.) 13.2 13.3 13.3 13.3 13.3 13.3 13.3 13.4 13.4
200 12.5 12.6 12.7 12.7 12.7 12.7 12.7 12.7 12.8 12.8
1000 10.2 10.3 10.4 10.4 10.5 10.7 10.8 10.8.10.9 11.0
5000 7.1 7.6 7.7 7.7 8.1 8.3 8.7 8.8 8.8 8.8
10000 5.7 © 6.2 6.3 6.4 6.9 .7.2 7.7 7.8 7.8 7.8
20000 4.1 4.7 4.9 5.0 5.5 5.7 6.5 6.6 6.7 6.8
50000 2.0 2.6 2.9 3.2 3.4 3.7 4.6 4.9 5.0 5.3

STORM INDEX NO. 56 ( ~ ~)
RAINFALL CENTER HALE,CO

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

DURATION OF RAINFALL IN HOURS
is 24
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USE OF RAINFALL-SIMULATOR DATA

IN PRECIPITATION-RUNOFF MODELING STUDIES

By Gregg C. Lusby and Robert W. Lichty

-

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 83-4159

Prepared in cooperation with the

U.S. BUREAU OF LAND MANAGEMENT

Denver, Colorado

1983
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APPENDIX E

Fitted curves for 20 sets of annual peak 24-hour
precipitation amounts - presented in sequence as

listed in Table IV.
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