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SC21 62 04AAA---=---remmcmmc e e—————— 175
Ground-water levels, in feet, for well 381340104205601,
SC21 62 09CCC-======mmmemmeecccccccccccccc e e e e e ———— 175
Ground-water levels, in feet, for well 381258104113800,
SC21 61 23BAA-~---m-mmmcccccceccc e mecc e ce e mmc e c— e e ——— 176
Ground-water levels, in feet, for well 380838104012000,
SC22 59 09CCB-====—--rmemmcececceecccececm e ce— e —m e ———— 177
Ground-water levels, in feet, for well 381104103482600,
SC21 57 32AAB---==--ccecmmecccce e c e ccmcce e cmemne e 178
Ground-water levels, in feet, for well 380414103450400,
SC23 57 02DDC-=======memmmeeccceccccecc e ceecce— e ——-— 178
Ground-water levels, in feet, for well 380221103413700,
SC23 56 20AAA-~-=-=mm-crccccmccc e e meecce e m e e r e — - 179
Ground-water levels, in feet, for well 380007103311200,
SC23 55 36CAD----==--e----ee-ccecccccccccccescceec—e——o———- 180
Ground-water levels, in feet, for well 380203103281500,
SC23 54 21BCCm==mmmm-m-—mm e e e e e e e e e e—ee————— 182
Ground-water levels, in feet, for well 380348103185300,
SC23 53 11ACCr==m=mmmrmrercccccccccccccccc e e e — - e e —— e ——— o 183
Ground-water levels, in feet, for well 380513103150400,
SC22 52 33CCB-===m==mmmmeemcecrecccccccme e cececce o —eao oo o— 185
Ground-water levels, in feet, for well 380323103085900,
SC23 51 08DCCm=-=mm=mmmmmcccccm e meccccm oo oo e —mmmm e 187
Ground-water levels, in feet, for well 380416102554000,
SC23 49 05DDCe========mmm=mm==mmmmmmeeeemcemeeem——mem— o 189
Ground-water levels, in feet, for well 380441102480000,
SC23 48 O4ADC========mm===memmmemm—me——mm e —eee e e ————— 191
Ground-water levels, in feet, for well 380612102350800,
SC22 46 28DCBe===m==mmmmmmmmmmmemmmemm e e ceeceeceeaee 192
Ground-water levels, in feet, for well 380532102311600,
SC22 45 31CBB=====m=cmmem e mc e mmcmm—mm— oo oo ooe—omee e 193
Ground-water levels, in feet, for well 380651102285900,
SC22 45 21CCCm==mmmmmmmmmmmmmm oo m o eem e cmemmemo e 195
Ground-water levels, in feet, for well 380806102261100,
SC22 45 14DBA-=======--emmeemeemce e cme oo moome e —— e 196
Ground-water levels, in feet, for well 380558102220800,
SC22 44 33BAB-==--=-meccmceccccce e mcmccm e me—me oo mme e 197
Ground-water levels, in feet, for well 380338102130901,
SC23 43 11DCB-==mmmmmmmmmm o= e mem o mmm o me oo o emm o e 198
Ground-water levels, in feet, for well 380218102042000,
SC23 41 19BDA-===mrm=mmemrm e m e e m e oo e seesesceaanaa- 199

Xi



METRIC CONVERSIONS

Inch-pound units in this report may be expressed as metric units by use

of the following conversion factors:

Multiply By
cubic foot per second 0.02832
(ft3/s)
cubic foot per second 0.02832
per year (ft3/s)/yr)
foot (ft) 0.3048
inch (in.) 25.4
square mile (mi?) 2.589

Xii

To obtain

cubic meter per second

cubic meter per second per year
meter

millimeter
square kilometer



SELECTED HYDROGRAPHS AND STATISTICAL ANALYSES
CHARACTERIZING THE WATER RESOURCES OF THE
ARKANSAS RIVER BASIN, COLORADO

By Alan W. Burns

ABSTRACT

Hydrographs of annual precipitation from 30 stations, April 1 snowpack
measurements from 18 snow-survey courses, annual discharge from 46 streamflow-
gaging stations, and instantaneous water levels from 37 wells are presented to
illustrate the temporal and spatial variability of the water resources of the
Arkansas River basin in Colorado. Statistical analyses indicate no apparent
time trends in annual precipitation or April 1 snowpack, but they do indicate
declines in annual discharge for locations in the eastern part of the basin.

A composite hydrograph indicates a negligible change in ground-water levels
between 1930 and 1980 in the alluvial aquifer downstream from Pueblo. Gener-
ally poor correlation occurs between precipitation data and snowpack data
(less than 0.40 for monthly data and less than 0.61 for annual data). In
addition, precipitation data did not correlate very well with discharge (less
than 0.57 for monthly data), leading to the conclusion that the typical
streamflow conditions are affected little by direct precipitation. Main-stem
discharge correlates quite well with snowpack (as much as 0.85 for annual
data), indicating its dependence on snowmelt runoff.

INTRODUCTION

The Arkansas River drains about 25,400 mi? in Colorado (fig. 1). From
its headwaters in the Sawatch and Mosquito Ranges, it flows southward through
its own alpine valley. The flow increases many times as numerous rivulets
and tributaries merge along its alpine course. Upon reaching the Sangre de
Cristo Mountains, the river trends eastward toward the Great Plains. Leaving
the high-mountain valleys, the river cuts through the foothills of the Rocky
Mountains through the deeply incised Royal Gorge (not in fig. 1) near Canon
City. Upon reaching the prairie of eastern Colorado, the river then meanders
steadily toward Kansas and, ultimately, the Mississippi River.

Streamflow in the river is derived mainly from the melting of snow that
accumulates in the mountains during October through May each year. Although
devastating floods from intense thunderstorms can occur along the foothills
and on the prairie, rainfall contributes little to the normal flow of the
river. Ground water is an additional source of water to the river; its
contribution is particularly significant along the eastern plains where
irrigation-return flow as ground water is the main source of streamflow.
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Although vast amounts of water are stored in several aquifers within the
Arkansas River surface drainage, most of the significant quantities of ground
water affecting streamflow are contributed by the basin-fill aquifer in the
upper basin and the adjacent alluvial aquifer along most of the river course.

PURPOSE AND SCOPE

Many studies to describe and evaluate segments of the water resources of
the Arkansas River basin have been conducted by the U.S. Geological Survey and
other investigators. 1In total, these studies have provided a good understand-
ing of the hydrologic system within the basin. This is one of the first
studies to provide a comprehensive evaluation of the entire basin.

A current (1983) study being conducted by the U.S. Geological Survey in
cooperation with the Southeastern Colorado Water Conservancy District and the
U.S. Bureau of Land Management proposes the development of a comprehensive
hydrologic quantity and quality model of the entire Arkansas River basin in
Colorado. Initial efforts in this study required the collation and analysis
of vast amounts of data. The purpose of this first report from this study is
to present some of the data in a complete yet compact format for the use of
all persons interested in the Arkansas River. Some selected statistical
analyses are presented to help describe the variability of the water resources
of the Arkansas River basin in Colorado.

DATA AVAILABILITY

Four types of data are discussed in this report: Precipitation, snow-
pack, discharge, and ground-water levels. Monthly precipitation data were
collated from U.S. Weather Bureau monthly and annual publications!. Snow
surveys recording the snowpack as average water content over a snow course
measured on or about the first of February, March, April, and May were
obtained from U.S. Soil Conservation Service publications?. Monthly mean
discharge data were computed from daily discharge records stored in a computer
data base (daily values) of the U.S. Geological Survey (1975). Instantaneous
water-level data compiled for selected wells were processed from another
computer data base (ground-water site inventory) of the U.S. Geological Survey
(1975). Although much of this data may have been published elsewhere, no

attempt has been made to reference all previous sources.

HYDROGRAPHS AND STATISTICS

Hydrographs of annual precipitation, April 1 snowpack, annual mean stream
discharge, and ground-water levels are presented in the following section. In
addition, statistical summaries describing correlation analyses and trend
analyses are included in each section.

For example, U.S. Weather Bureau, 1953.
2For example, U.S. Soil Conservation Service, 1972.



Precipitation

Stations where precipitation data have been collected were selected based
on the length of record and geographic location. The 30 precipitation
stations chosen are shown on plate 1 and listed in table 1. The record
available since 1920 and mean annual precipitation at each station are shown
in table 2. Hydrographs of annual precipitation for these 30 stations are
shown in figures 2-31. Tables of the monthly data are presented in the
"Supplemental Information" section (tables 13-42) at the end of the report.

It is readily apparent from the hydrographs that precipitation is highly
variable from year to year and from station to station.

Five stations were selected to characterize the precipitation at their
respective physiographic locations: Mountainous areas, mountain valleys, and
the plains. In the mountainous areas, orographic effects dominate precipita-
tion; the higher the elevation, the greater the precipitation. Station 4750
(Lake Moraine) is the highest of the 30 stations and has the greatest mean
annual precipitation. It exhibits a frequency distribution typical of annual
precipitation (fig. 32) for the mountainous areas. The distribution of
monthly precipitation for station 4750 is shown on figure 33. Precipitation
in the mountainous areas during the fall and winter is predominantly snowfall.
The monthly means and year-to-year variations in precipitation (as defined by
one standard deviation on either side of the mean) are less in the fall and
winter than during the spring and summer. Although July and August average
the most precipitation, the maximum monthly extreme of 11.70 in. occurred in
April, and as much as 9.63 in. has occurred in May. Zero precipitation has
been recorded at station 4750 for an entire month only in December and
January.

The mountain valleys are the driest areas in the basin, even though they
are at high elevations. The Arkansas River valley in the upper basin is pro-
tected by high mountains on all sides but the south. Most of the moisture in
the predominantly eastward-moving clouds precipitates as the air masses rise
over the mountains, which leaves generally warmer, drier air entering the
valley. Station 7370, Salida, exhibits a frequency distribution typical of
annual precipitation in the mountain valleys (fig. 32), with some years of
precipitation as low as 4 in. The monthly precipitation for station 7370
(fig. 33) shows a relatively even distribution throughout the year. The year-
to-year variations for each month are also reasonably small and uniform. Zero
precipitation has been recorded at station 7370 for all but the summer months.

On the plains of eastern Colorado, precipitation exhibits considerable
year-to-year variation, as shown by the frequency distribution of annual
precipitation (fig. 32) for stations 6740 and 6741 (Pueblo WSO AP and Pueblo);
station 4834, Las Animas (1N); and station 4076, Holly. Annual precipitation
has ranged from 5 to 30 in. At these stations, precipitation on the plains
generally increases from west to east. This increase is characterized in the
monthly distributions for the four stations (fig. 33); both the monthly means
and year-to-year variations in precipitation for the summer months increase
from stations 6740 and 6741 to station 4834, and on east to station 4076.
Months of zero precipitation have been recorded at one of the four stations
for every month except July. At the other extreme, 18.8 in. was recorded
during June 1965, at station 4076.



Table 1.--Selected precipitation stations

Num- Location Eleva-
b:T Name Latitude Longitude Town- Range Sec- tion

8 ship 8% tion (feet)
1071 Buena Vista (1SE)--------- 38°51" 106°08" 14 78 08 7,930
1294 Canon City---=-----==-==--- 38°26'" 105°16' 18 70 32 5,343
1778 Colorado Springs WSO AP---  38°49' 104°43" 14 66 06 6,090
2446 Eads--------==-==cem—me—n 38229 102°47" 18 48 22 4,215
2997 Forder 8S----------------- 38°33" 103°41" 17 56 29 4,780
3063 TFountain (2NW) (IN)------- 38°41" 104°42" 16 65 06 5,565
3079 Fowler (1SE)------=-------- 38°07' 104°02" 22 59 17 4,328
3828 Haswell---------------o--- 38°27' 103°09' 18 51 31 4,520
4076 Holly--=--=-==-==-———memem 38°03" 102°07" 23 42 15 3,390
4388 John Martin Dam----------- 38°04' 102°55"' 22 49 31 3,814
4720 La Junta FAA AP----------- 38°03' 103°31" 24 55 02 4,190
4750 Lake Moraine-------------- 38°49" 104°59' 14 68 21 10,265
4770 Lamar--------=--c-=—cce---- 38°05' 102°37" 23 46 05 3,620
4834 Las Animas (IN)----------- 38°04"' 103°13" 23 52 08 3,890
5730 Monument 2WSW------------- 39°05" 104°55" 11 67 21 7,400
5990 North Lake---=--=---==------= 37°13" 105°03" 32 68 30 8,800
6131 Ordway 2ENE--------------- 38°13’ 103°43" 21 57 14 4,315
6410 Penrose (3NW)------------- 38027 105°04" 18 68 30 5,501
6740 Pueblo WSO AP----------—--- 38°17' 104°31"! 20 63 30 4,639
6741 Pueblo-------------ccu--- 38°17' 104°39"' 20 65 26 4,687
7167 Rocky Ford 2SE------------ 38°02' 103°42" 23 56 20 4,170
7315 Rye----------------e—o 37°55" 104°56" 24 67 31 6,790
7370 Salida-------=-=--=--=------ 38°32° 106°00' 49 09 05 7,060
7862 Springfield-------=------- 37°24 102°37" 30 46 29 4,410
8064 Sugarloaf Reservoir (1ESE) 39°15" 106°22' 09 80 19 9,738
8429 Trinidad------------------ 37°10° 104°29" 33 64 12 6,030
8434 Trinidad FAA AP (Hoehne)-- 37°15" 104°20' 32 62 16 5,746
8501 Twin Lakes Reservoir------ 39°05" 106°19' 11 80 23 9,300
8781 Walsenburg (powerplant)---  37°38' 104°47" 28 66 17 6,150
8931 Westcliffe---=--==-=--ce--- 38°08' 105°29' 45 72 17 7,860




€91 X XOOOOOX XOOOXKKOKX XXOOOXKXN XXOOKKKXX, XXXXXXX = ==mmmmmmmmmmemee 9JFTTOIS3M 1€68
891 X XXXOOOOXX XOOOOKK  XOOOXXXXK  XHHXXXHHXX  WXXHXH ---(3jueydromod) BinquasTem T18/8
00°'6 X XUOOOOOOXK XXXOOOOOKX XKW (X B ememem ITOAX3S9Y saye] UTM] T0S8
9¢ 21 X XOOOUOXX XoOUOOXX  XOOOOXX XX --(9uya0y) 4V VvVd PEPTUTI] %CHQ
90°ST X XOUOOXKXXX XXOOOXXXXXX XXXXXX 120:0:0:0:0:0:0:450:0:0:0:0:0:0'0:0:40 ¢:0:0:0'0. 40 o GEEEETTETLEEEEEEEEEETET pepIUTI] 6248
€L°LT X XOOOOOOM OO XoXOOOXXX. XH (dSH1) xTOAIIS3Y FroTxe3nS 908
L RES G 0D°6'0:0:0:0:0:0:0:0:40:0.0:0:0°0.0:0:0:0.4 0:0:0:0.0:0.0.0: " T 100°00°0.0:0.0:000:0:0:0:0.0:0:0:6:8D:0:0:0:0°0'¢. GEENEEE L EE LT EEEEE prat38utads 798/
€0°11 XH XOOOKKKKX. OOOCOKKX. XWOOO0OXX OOOKKXX = ===mmmmmmemmmemeee e epIieS 0/€L
€9°27 X XUOOOOOX XXOOOOOOOX XOOOOOOOX XXWXX ™ mmemmmmemmemmmmmee e 2Ky GI€L
TR RS @D0:0:6:0:6:0:0:0:0:80.:0:0:0:0°0:0:0:0:0 4D 6:0:0°0.:0.6:0.0:00( 1170:0:0:0:0:0:0.40°0:0:0:0:6:0:0.0:0.:45 ¢:0:0:0:0:6.¢ QUL EE L EEEEEEE 4SC paog Aydoy [91/
LL°TT 190:0:0:0:0°0:0°Q00:0°6:0:0:0:0.0:0.40 ¢:0:0:0:0:0'0:0 GEENEEEEEELEEEEETEEEEEES orqend 1%/9
L6°0T X XOOOOOOX XOOOOKXXX XXXXXXXXXX XX I - R Lt T T dV OSM o19@nd 0%/9
rAAKAN XXX XOOOOOXXX XXIDOOOOOX. XoOOOOOOKY, XXX X XX XX ===mmmmmeeeam (MNE) 9soxuag 0149
LT°TT K XOOOOOKXX  XoOOOOOOKX. XOOOKXXXH WOODOOXXX X000 X XXX X X ===—=mmmmmmme ANAZ Kempig 1€19
AREIYAD €5:6:0:0:0:0:00°0:0: 80 00060000000 6:0:0:0:0:0:0:0:0.00 6:0:0:0:0:0.0:0:050:0:0:0:0:0:0:0:0:40'0:0.0:0:0 L EEEEEEETEEEEE e YIION 0665
8261 ):0:0:0.0.00:0:0:0.0.:0:0.0:0.4 B *17):0:0:0:0.0: 1 15:0:0:0:0:0:0:0:0:0: 4D -0 45 ¢.0:0:0. GEEEEEEE L EEEEEEET MSMZ JUaumuol QE/S
02°21 X XOOOOGOX XOOOOOOX. XOOOOOOXX XoO0OOOOKX. OO0 X XXXXXXX ====—====—= (NT) sewtuy SseT Hgghy
AR AT G5:6'0:0:0:0:0:0:0:0:450:0:0:0:0:0:00:0.00 6:6:0:0:0:0:0:0. 005 ¢:0::0:0:0:0:0:0:05'0:0°0:0:0:0:0:0:0. QD 0.0:0'0:0'0:0. GEENEEEETETEEEEFEEEEEEERE aeweT QLY
81°4%Z 175.0:0. @D 20:0:0.0.0:0.0:0.40 :12):0:0.0:0:0:05:0:0:0:6:6:6:0:0:0.400:0.0:0:0:0°0 . GEEEET EEE P EEEE R outelIOy BT 0GLY
16°1T X XOOOOOOKX XoOOOOOOXX XOUOOOKXX  XXXXH XXX XXXX =~ ~==mmmmmme- dv vvd ejunf eT 0T/Y
TR A D @D'0'0:0:0:0:0:0:0:0:45°0:0:0:0:0.0:0:0:0.05'6:0:0:0:0:0°0:0:0' 05 6:0:0:0:¢.0:¢ - L P P L L P we( uTiiel] uyor 8gEcH
G6'%1 X XOUOTONXX XOOOOOIXX XOOOOOOMY, W OGO, XOUOOOOKXY. XXXX XX =~ ===m=mmmemcmcmcmmeeee ATT0H 9.0%
09°21 X XOOXXHXX XoOOOOOOXKX XOOOOIDKX JOOOOOOOKX XOOOXX X' XX mmmmmmmmmemmmeeeeee TIoMse 8Z8¢
78°01 X XoUUOKOOX XXOOOOOOO XXX XXX Xl mmmmmmmmmemeee (dS1) x9Tmog 6.0€
GE'YT X JITOXXEXX XU, OO ksl ===—eee (NT) (MNZ) utejunog ¢€90€
%0°2T D AAI20'0:0:0:0:40°0:0°0:0:0:0:0:0°0. @5 0:0:0:0:0:47):0'0: @5 0+ ¢ ¢ QU T T P e PP S8 I19pxog [66C
FARLARD @50:0:0:0:0:0:0:0:0.450:0:0:0:0.0:0.0:0.00 0:0:0:0.0:00:00.80 ¢:6:°0:0:0:0:0.: 85 11:6:0:0:0.:0:0. GHED € X e speqd 9vyg
06°%T X XCOOTOXX XoOOOOOOXX XoOOOOKXXX XWWIKXXXHX  XXXXXXXXKXX XX XXXX -~--dv oSM s8utradg opeaofo) 8//1
JEREARED @ 6:0:4700°0:0°0 0. @50:0:0:0:0:0:0:0:0.80'0:0:0:0:0.00 000D 6:0:0°0:0:0:0:0.0:850:0:0:0:0:0:0:0:0. QD ¢:0:0'0:0 SEEENEEEEEELEEEEEEEEE £31) uvoue)d 4671
89°6 X XXXWHIDOXX XoOOOOOOXX XoOOOOOOIH WX XXX FOOOKKXXXX XXX —--mme--- (4ST) ®3ISTA euong T1/0T
(sayout) m 68/9SYETT0 68L9SYETTI0 68L9SHETI0 68L9SYETTIO 68L9SHETI0 68L9SYETIO 139
N 0/61 0961 0G61 0%61 0€61 0261 sweN —um
W M 0C61 SOUTS eB3lEBp ITQRITBAER JO SIBIL N

[pr0odo21 Tenuue 9y3 UT syjuow 3Iow 10 U0 SUISSTW=] {pIodax Tenuue 2397dwod=X]

uorjzezrdroead renuue uesm pue ‘086I ybnoayz 1ze6I ‘pIod9I FO porIed--°g 91qe]

SUOT3®3S UoI3e3Idrosad pe3odIes J0F pIodel O poraed IoF



SXBIR
SRX NN NXRNXD
IR Rt
nnnnnnnnnnn SRRR
o
g
| o 1% 0% e % et R
RRIRIRIRY
JRIXXXXX
nnnnnnn XXX
i o
%, veTes
L SRR
%50 YOO
. oo
*
& $.070.0.04 70094000
SCOCRICIICRICRANS
BIEEK CRREEREX
SOCSCIXIICTXR
,
RO "
: .
X
 eS02020 0205 2%
o X
ol

L XXX IEREELEXS
ORI XNXHHODX
L REEEET

1940

40

36

2 |

SAHONI NI ‘NOILV.LIdID3Nd

1950 1955 1960 1965 1970 1975 1980 1985

1945

1930 1935

1925

1920

Figure 2.--Annual precipitation for station 1071, Buena Vista (1SE).
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Figure 3.--Annual precipitation for station 1294, Canon City.
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Figure 6.--Annual precipitation for station 2997, Forder 8S.
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Figure 7.--Annual precipitation for station 3063, Fountain (2NW) (1N).
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Figure 8.--Annual precipitation for station 3079, Fowler 1SE.
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Figure 9.--Annual precipitation for station 3828, Haswell.
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Figure 10.--Annual precipitation for station 4076, Holly.
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Figure 11.--Annual precipitation for station 4388, John Martin Dam.
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Figure 13.--Annual precipitation for station 4750, Lake Moraine.



1985

lllllllllllllllllllll

1980
T
i

xxxxxxx

RXRR TRRRS 22 n
* Setete ! 2 o »
...... 2 : 3 - 2
50258 3 n-m < 2008, ol

X
1970

e RRBX
o % BRIRIRET, 2 SEBRXXZ
SO OO XX X
XS % e 3% LUK
3 : o2y : 5%
nnnnnnnnn bTTeTe Vel - S p=
E ¥ o p- <
a
X
S S e 2 Y : 2
PR X RIS e RN X2
s R R S
SR n Seetetetuta ety RRERA
% r K H Q0L o
K e X — 2 28
BRI 20020t SRS &
RREBBIIR 522 e B T R - .- x ’ sasviel
[EXXEXATEXLX X % XX goassnes .% I~ 2
fLaZeS000T0 000t 00T 92", Q q —
steletele ln XX
% 3 X X
BN g 0 AR QODOOEE 3
s elele b o X < | 2050 0 X 05X
e e e e e ettt 3> > & o EEEERIRIIULIINS Le2eletetetels!
XX
e % [ erorozsiassesororeiasoseresese eeieTezess e
P 0200060000 0 4 o o X
PREREOIROEE QRIS oy -
)]
A

RIS, BB
BReE « .
- | ZoZee2eZe3]
KD .le XX

1930

Figure 14.--Annual precipitation for station 4770, Lamar.
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Figure 18.--Annual precip
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Figure 19.--Annual precipitation for station 6410, Penrose (3NW).
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Figure 21.--Annual precipitation for station 6741, Pueblo.
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Figure 22.--Annual precipitation for station 7167, Rocky Ford 2SE.
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Figure 23.--Annual precipitation for station 7315, Rye.
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