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EXECUTIVE SUMMARY

On November 22, 2000, Congress passed the Great Sand Dunes National Park and Preserve Act

of 2000, which directed the National Park Service to obtain a state appropriative water right for

the purpose of "maintaining ground water levels, surface water levels, and stream flows on,

across, and under the national park and preserve, in order to accomplish the purposes ofthe

national park and preserve and to proteet park resources and uses." In December 2004. the US
Department of Justice, with the National Park Sen ice (NPS), filed a water right claim with the

State of Colorado for Great Sand Dunes National Park and Preserve (GRSA). A trial to address

protests to the NPS claim is scheduled to begin in 2008.

This seepage investigation was initiated to quantity base flows and identify "gaining" and

"losing" stream reaches in Deadman Creek. Sand Creek. Big Spring Creek, and Little Spring

Creek in support of the water right claim and to provide input data and calibration corroboration

for a ground water model under construction for GRSA. Seepage investigation methodology,

consisting of discharge measurements made simultaneously at multiple cross sections along a

given reach of stream, was used to determine base discharge and identify stream reaches where

the stream was "gaining" or "losing" discharge. Seepage investigations were conducted on

Deadman Creek. Sand Creek. Big Spring Creek, and Little Spring Creek on September 22, 23,

and 24. 2004.

The results of this seepage investigation indicate that, for the period of September 22, 23, and 24,

2004. from upstream to downstream within the measured reaches. Deadman Creek was a losing

stream. Sand Creek was a losing stream. Big Spring Creek was a gaining stream, and Little

Spring Creek neither gained nor lost discharge. This report is a summary of the September 2004

seepage investigation. In addition to the value of the discharge data presented, it is intended to

serve as a field guide for future seepage investigations on these stream reaches.
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Introduction

In December 2004, the US Department of Justice and the National Park Service filed a water

right claim with the State of Colorado for Great Sand Dunes National Park and Preserve (GRSA)
for the purpose of "maintaining ground Mater levels, surface water levels, andstreamflows on,

across, and under the national park and preserve, in order to accomplish the purposes ofthe

national park and preserve and to protect park resources and uses." This seepage investigation

was initiated to quantify base flows and identify gaming and losing stream reaches in Deadman

Creek, Sand Creek, Big Spring ( reck, and Little Spring Creek in support of the water right claim

and to provide input data and calibration corroboration for a ground water model under

construction for GRSA.

Seepage investigation methodology, consisting of discharge measurements made simultaneously

at multiple cross sections along a given reach of stream, was used to determine base discharge

and identify stream reaches where the stream was gaming or losing discharge. Seepage

investigations were conducted on Deadman Creek, Sand Creek. Big Spring Creek, and Little

Spring Creek on September 22. 23. and 24. 2004.

The discharge data collected during this seepage investigation describe stream discharge at

discrete stream cross sections at a "point in time". The discharges measured during the seepage

investigation are a product of the local hydrogeology, current and past climate conditions, and

current surface water and ground water conditions.

The results of this seepage investigation indicate that, for the period of September 22, 23, and 24,

2004, from upstream to downstream within the measured reaches, Deadman Creek was a losing

stream. Sand Creek was a losing stream. Big Spring Creek was a gaining stream, and Little

Spring Creek neither gained nor lost discharge (Tabic 1 and Figure 1 ). This report is a summary

of the September 22. 23. and 24. 2004. seepage investigation. In addition to the value of the

discharge data presented it is intended to serve as a field guide for future seepage investigations

on these stream reaches.



Table 1. — Summary of discharge measurements made during the September 22, 23, and 24,

2004, seepage investigation, Great Sand Dunes National Park and Preserve.

Station

ID
1

(cross

section)

Location Date Start

Time

(24

hr)

End
Time

(24

hr)

Gage
Height

Start/End

(ft.)

Discharge

(cfs)
2

Discharge

Average

(cfs)

SC#1 Sand Creek 09/22/04 0957

1129

1043

1207

.36/36

.36/36

12

13

13

SC#2 Sand Creek 09/22/04 1000

1130

1100

1226

33A53
.53/33

9.6

9.5

9.6

SC#3 Sand Creek 09/22/04 1000

1134

1043

1216

.73A73

.73A73

6.3

6.2

6.3

SC#4 Sand Creek 09/22/04 1000

1130

1024

1153

.80/.79

.191.19

5.5

5.5

5.5

SC#5 Sand Creek 09/22/04 1045 1045 0/0 0.0 0.0

DC#1 Deadman
Creek

09/22/04 1458

1549

1630

1532

1617

1701

.56/36

36/36
35/36

8.5

8.4

8.3

8.4

DC #2 Deadman
Creek

09/22/04 1458

1627

1530

1700

.42A42

.41/.41

5.4

5.3

5.3

DC #3 Deadman
Creek

09/22/04 1500

1630

1526

1654

.28A28

.211.21

3.8

33
3.6

DC #4 Deadman
Creek

09/22/04 1500

1630

1535

1700

.251.21

.211.21

1.5

1.4

1.4

BS#1 Big Spring

Creek

09/23/04 1510

1600

1510

1600

.36/36

.36/36

0.2

0.2

0.2

BS#2 Big Spring

Creek

09/23/04 1500

1606

1539

1653

30/30
30/30

4.0

3.8

3.9

BS#3 Big Spring

Creek

09/23/04 1458

1559

1537

1637

.43A43

.43A43

5.3

5.6

5.4

LS#1 Little Spring

Creek

09/24/04 0845

0945

0910

1008

.73A73

.73A73

1.1

1.2

1.1

LS#2 Little Spring

Creek

09/24/04 0844

0946

0927

1028

.40/.40

.41/.41

1.2

1.2

1.2

LS#3 Little Spring

Creek

09/24/04 0843

0944

0915

1008

.33/33

.33/33

1.2

1.3

1.2

Stations are listed from upstream to downstream.

Discharge measured at Station BS#1 with a portable 3-inch Parshall flume.



Figure 1 -- Discharge summan for September 22. 23, and 24. 2004, Seepage Investigation.

Great Sand Dunes National Park and Preserve





Previous Investigations

Emery ct al. ( 1971 ) made discharge measurements on Deadman Creek on July 6. 1967.

Discharge was about 7 cfs at the canyon mouth and 1 cfs at a point about 3.7 miles downstream

of the canyon mouth. The discharge had gone completely subsurface at a point about 8 miles

downstream of the canyon mouth.

Simultaneous discharge measurements at various cross sections along the same stream reach

have never been made in the park in the past. The Colorado I)i\ isioo of Water Resources

(CDWR) made discrete discharge measurements at several crcs^ sections during the same day on

Big Spring Creek during June and October 1991 and September 1992 (Table 2 and Figure 2).

(JRSA staff has made periodic, discrete, hand discharge measurements at seven documented

cross sections on Big Spring Creek in the past. Summary discharge data are available from

(JRSA.

The CDWR maintains continuous recording stage gages at flumes on Deadman Creek near

( lestone. Big Spring Creek, and Little Spring Creek, all within GRSA. and publishes annual

discharge summaries for those gages. The periods of record are Water Year (WY) 1999 to

present for the Deadman Creek near Crestone gage and WY 2000 to present for the Big Spring

Creek and Little Spring Creek gages. GRSA maintains a continuous recording stage gage at a

Hume on Sand Creek near Libert} . w i thin GRSA. The period of record is WY 1993 to present,

and data records are maintained by GRSA. The CDWR maintains a website displaying "real-

tune** discharge hydrographs for the continuous recording stage gages at Deadman Creek near

Crestone and Sand Creek near Liberty.

Table 2. - Summary of discharge measurements (cfs) made by the CDWR and the NPS
during seepage investigations on Big Spring Creek, Great Sand Dunes National Park and

Preserve.

CDWR NPS CDWR CDWR CDWR NPS
Sta. ID Sta. ID 06/25/91 10/08/91 06/11/92 09/23/04

MPO (Initial Point of Spring)

MP1 (First Point of Surface Flow)

MP2 BS#1 .11 .16 .15 0.2

MP3 .72 .85 .86

MP4 2.79 2.79 2.93

MP5 BS#2 3.59 4.73 4.02 3.9

MP6 4.77 4.91 5.32

MP7 5.42 5.8 5.83

MPS BS#3 4.92 6.53 6.81 5.4
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Figure 2. — Big Spring Creek June and ( totober 1991. and September 1992. discharge

measuring points. CDWR Division III. Great Sand Dunes National Park and Preserve



Study Area Description

Great Sand Dunes National Park and Preserve is located in south-central Colorado along the

eastern edge of the San Luis Valley. The crest of the Sangre de Cristo Mountains forms the east

boundary of the park/preserve, and the main dune field lies at the foot of the mountains. The

Nature Conservancy's Zapata Ranch borders the park on the south. San Luis Lakes State Park

and the Baca National Wildlife Refuge border the park on the west, and the Crestone residential

area borders the park on the north. The park includes five prominent streams: Deadman Creek.

Sand Creek, Medano Creek. Big Spring Creek, and Little Spring Creek (figure 3).

The prominent geologic and geomorphic features of the park include the Sangre de Cristo

Mountains, the main dune field, the sand sheet, and the sabkha (a landscape of sand cemented

into a fragile crust by the alkaline minerals of a high water table, see figure 3). The main dune

field is the active dune field that occupies about 30 square miles starting near the foot of the

Sangre de Cristo Mountains. Some of the active dunes arc as high as 750 feet above the

surrounding topographs (Rupert and Plummet. 2004). The sand sheet is lower in elevation than

the main dune field, contains some mobile dunes, but is largely held m-place by vegetation. The

sabkha is lower in elevation than the sand sheet and generally occupies an area west of the sand

sheet and closer to the center of the San Luis Valley.

The main surface water features in the park are Deadman Creek. Sand Creek. Big Spring Creek,

Little Spring Creek, and Medano Creek (figure 3). Deadman Creek headwaters in the Sangre de

Cristo Mountains. Hows generally west across lands administered by the US Forest Service, then

Hows for approximately 3.5 miles across GRSA lands, and terminates in the sabkha in the Baca

National Wildlife Refuge. Sand Creek headwaters in the Sangre de Cristo Mountains and flows

uenerally southwest along the north and west sides of the main dune field, flows across the sand

sheet, and terminates near the west border of the park in the sabkha. Big Spring Creek originates

at Indian Spring, located on the sand sheet west of the main dune field. At the spring, "water

discharges into a pond near the northeast shore and discharges from the pond on the southwest

shore" (Rupert and Plummer. 2004). The flow discharges from the pond below ground,

resurfaces approximately 100 yards downstream of the pond, then flows generally southwest

across the sand sheet, and terminates near the west border of the park in the sabkha in a system

of lakes that include Head Lake and San Luis Lake. Little Spring Creek originates as a

seep/wetland in the sand sheet approximately three miles south of Indian Spring and west of the

main dune field. The creek flows generally southwest across the sand sheet and terminates in the

sabkha in a system of small lakes that include Twin Lakes, near the southwest border of the park.

Medano Creek headwaters in the Sangre de Cristo Mountains. It flows generally south along the

east side of the main dune field then southwest along the southeast side of the main dune field,

terminating on the sand sheet south of the main dune field.

Average annual precipitation at Medano Pass, near the headwaters of Medano Creek in the

Sangre de Cristo Mountians, is 28.9 inches (USDA, NRCS, 2006). Average annual precipitation

at the GRSA Headquarters is 1 1 . 1 inches, and the average annual precipitation at Alamosa, CO,

is 7.07 inches (USDOC, NOAA. 2006). During the year preceding the seepage investigation,

October 1, 2003, through September 2 1 , 2004. 12.69 inches of precipitation were recorded at the

GRSA Headquarters. Monthly precipitation totals for July, August, and September 2004 were
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Figure 3. ~ Great Sand Dunes National Park and Preserve and vicinity with prominent geologic,

geomorphic, and hydrologic features (base map from Terrain Navigator by Map Tech).



2.57, .65, and 2.57 inches respectively. Average monthly precipitation for July, August, and

September are 1.79, 2.00, and 1.22 inches respectively (USDOC, NOAA, 2006). On September

20, 2004, about 1 .96 inches of precipitation was recorded at the GRSA Headquarters and on

September 21 and 22, 2004, additional unmeasured precipitation occurred in the Sangre de

C'risto Mountains. The discharges measured during this seepage investigation were influenced by

the recent precipitation.
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Discharge Measurement Cross Section Descriptions

During the September 22, 23, and 24, 2004, seepage investigation, discharge measurements were

made at four locations on Deadman Creek (DC ), four locations on Sand Creek (SC), three

locations on Big Spring Creek (BS), and three locations on Little Spring Creek (LS). Cross

sections were numbered from upstream to downstream as #1, #2, #3, and #4. On Sand Creek the

terminus of flow observed during the seepage investigation on September 22, 2004, was

designated as site SC#5. The locations of all discharge measurement cross sections are displayed

in Figure 1 and listed in Table 3. Field notes, drawings, and photographs of the discharge

measurement cross sections are in the Appendix.

Deadman Creek

DC #1 is located approximately 7.2 river-miles upstream of the Alpine Camp road crossing and

about 1.3 river-miles upstream of DC#2. The cross section is near the downstream end of the

first stand of aspen trees encountered while approaching the canyon mouth from the west on the

jeep trail located on the south side of Deadman Creek. The channel bottom is

cobble/gravel/boulder, and the stream bank vegetation includes shrubs, aspen, and spruce trees.

DC#2 is located at the Colorado Division of Water Resources (CDVVR) flume located on

Deadman Creek at the road crossing about 5.9 river-miles upstream of the Alpine Camp road

crossing. The discharge measurements were taken in the upstream mouth of the flume at the staff

gage. Discharge at this flume is displayed in "real-time" on the CDWR web site

http://www.dwr.state.co.us for Station DEDCRECO.

DC#3 is located about 5.0 river-miles upstream of the Alpine Camp road crossing and one-

quarter mile upstream of the river-ford on the road which starts on the south side of Deadman

Creek at Alpine Camp and runs east along the south side of Deadman Creek. The ford is shown

on the 1:24,000 topographic map but was not located on the ground at the time of the seepage

investigation. DC#3 is about 0.9 miles downstream of DC#2. The cross section is located on a

straight reach in a stand ofjuniper trees. The channel bottom is sand/gravel/cobble and the

stream bank vegetation includes juniper and cottonwood.

DC#4 is located approximately one river-mile upstream of the Alpine Camp road crossing. Park

the vehicle about .2 miles east of a large, lone dead cottonwood tree, standing on the north side

of the road that starts at Alpine Camp and runs along the south side of Deadman Creek. Walk

north to Deadman Creek. The channel bottom is coarse sand. The left bank is a vertical cut bank

about 15-20 feet high and the right bank is mostly bare sand with some grasses and sedges.

Sand Creek

SC#1 is located approximately 1,200 river-feet upstream of the road crossing and 100 yards

upstream of a gravel/cobble quarry located in the SE Section 30, T. 25 S., R. 73 W., 6
th
Principal

Meridian (6
th
PM), near the mouth of Sand Creek Canyon. The channel bottom is cobble/gravel/

boulder, and the stream bank vegetation is alder and grasses. The right bank is nearly vertical,

and the left bank is a nearly level floodplain.

11



Table 3. ~ Locations of discharge measurement cross sections for the September 22, 23,

and 24, 2004, seepage investigation, Great Sand Dunes National Park and Preserve.

Station

ID

NAD 27

Northing

NAD 27

Easting

NAD 83

Latitude N
NAD 83

Longitude W
DC#1 4194010 444987 37° 53' 38" 105° 37' 34"

DC#2 4193039 443217 37° 53' 6" 105° 38' 47"

DC#3 4193139 441805 37° 53' 9" 105° 39' 44"

DC#4 4193172 438061 37° 53' 9" 105° 42' 16"

SC#1 4188461 448719 37° 50' 38" 105° 35'

SC#2 4186858 447849 37° 49' 46" 105° 35' 35"

SC#3 4186194 445255 37° 49' 24" 105° 37' 21"

SC#4 4185592 444538 37° 49' 4" 105° 37' 51"

SC#5 4184843 444170 37° 48' 40" 105° 38'
5"

BS#1 4179785 444763 37° 45' 56" 105° 37' 40"

BS#2 4178391 443421 37° 45' 11" 105° 38' 34"

BS#3 4176443 441186 37° 44' 7
" 105° 40' 5"

LS#1 4174362 444361 37° 43' 105° 37' 55"

LS#2 4174051 443588 37° 42' 50" 105° 38' 26"

LS#3 4173959 442740 37° 42' 47" 105° 39' 1"

SC#2 is located about 1.1 river-miles downstream of the road crossing located in the SE Section

30, T. 25 S., R. 73 W., 6
th PM, and about 30 feet downstream of a flume located in NWSW

Section 3 1, T. 25 S., R. 73 W., 6
th PM. Discharge at this flume is displayed in "real-time" on the

CDWR web site http://www.dwr.state.co.us for Station SANDUNCO. The channel bottom is

gravel/cobble, and the stream bank vegetation includes grasses, alder, and cottonwood.

SC#3 is located approximately 3.5 river-miles downstream of the road crossing located in the SE
Section 30, T. 25 S., R. 73 W., 6

th PM, and about 2.4 river-miles downstream of cross section

SC#2. The channel bottom is gravel/cobble, and the stream banks are sandy gravel.

SC#4 is located approximately 4.2 river-miles downstream of the road crossing located in the SE
Section 30, T. 25 S., R. 73 W., 6

th PM, and about 0.7 river-miles downstream of cross section

SC#3. There is a single cottonwood tree on the left bank about 50 feet upstream of the cross

section. The channel bottom is coarse sand and gravel, and the stream banks are sand and gravel.

SC#5 is located approximately 4.6 river-miles downstream of the road crossing located in the SE

Section 30, T. 25 S., R. 73 W., 6
th PM, and about 2,200 river-feet downstream of SC#4. Flow in

Sand Creek terminated at this point when observed during the seepage investigation on

September 22, 2004. The stream terminates in a wide, flat, coarse sand channel bottom that has

no vegetation.
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Big Spring Creek

BS#1 is located approximately 4.7 river-miles upstream of the road crossing located in the NW
Section 9, T. 40 N., R. 12 E., New Mexico Principal Meridian (NMPM). The cross section is in

an arroyo about 50 feet downstream of a seep that surfaces approximately one-quarter mile

downstream of the Indian Spring pond. There is a steel fence post on the left bank at the cross

section. The channel bottom is sand and is constricted by the growth of riparian vegetation that

includes grasses, rushes, and watercress.

BS#2 is located approximately 3.1 river-miles upstream of the road crossing located in the NW
Section 9, T. 40 N., R. 12 E., NMPM. The channel bottom is sand, and the channel is constricted

by the growth of riparian vegetation, including grasses, sedges, rushes, and watercress. It is

difficult to find a stream reach that is not overgrown with this vegetation. The measurement cross

section was moved from a cross section previously established by GRSA, named Big Spring

Gauge 4, for this reason.

BS#3 is located approximately 55 feet upstream of the road crossing located in the NW Section

9, T. 40 N., R. 12 E., NMPM, at a cross section previously established by GRSA named Big

Spring Gauge 8 and marked with a steel fence post. The channel bottom is sand, and the flow is

constricted by the growth of riparian vegetation, including grasses, sedges, rushes, and

watercress. It is difficult to find a stream reach that is not overgrown with this vegetation.

Little Spring Creek

LS#1 is located in the SWNW Section 14, T. 40 N., R. 12 E., NMPM, approximately 100 yards

upstream of a north/south fence line and gate. The cross section is about 1 river-mile upstream of

cross section LS#3 and about one-quarter mile upstream of a water diversion consisting of one

24-inch culvert and two smaller culverts. The channel bottom is sand, and the stream channel is

generally constricted with riparian vegetation, including grasses, sedges, rushes, and watercress.

It is difficult to find a stream reach that is not overgrown with this vegetation.

LS#2 is located approximately 2,800 river-feet upstream of cross section LS#3 on a long,

straight reach of channel. The channel bottom is sand, and the stream channel is generally

constricted with riparian vegetation, including grasses, sedges, rushes, and watercress. It is

difficult to find a stream reach that is not overgrown with this vegetation.

LS#3 is located at a two-foot flume located in the NWSW Section 15, T. 40 N., R. 12 E.,

NMPM, and is operated by the Colorado Division of Water Resources. A corral is located about

200 feet northeast of the flume. The cross section is located in the upstream mouth of the flume

because no other suitable discharge measurement cross section could be located in the stream

reach due to dense stream bank vegetation. The channel bottom is the flume.
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Methods

Discharge measurement cross sections were established by Harte and Wondzell, NPS WRD, on

Sand Creek on September 20, 2004, and on Deadman Creek on September 21, 2004. Cross

sections were established on Big Spring Creek and Little Spring Creek on September 23, 2004,

by the teams assigned to each cross section. Cross sections were located (1) at a point within the

park as far upstream as practical on each stream, (2) at intermediate points downstream

associated with transitions in geologic/geomorphic setting, (3) at points adjacent to established

continuously-recording flumes, (4) at points having good access, (5) at points within a relatively

straight stream reach, and (6) at points having enough flowing surface water to measure within

accepted limits of accuracy. Cross sections were marked with flagged rebar driven into the

ground on each stream bank. Cross section locations were documented using GPS (in UTM
coordinates), and digital photographs were taken at each cross section on Sand Creek and

Deadman Creek. Locations and photographs for cross sections on Big Spring Creek and Little

Spring Creek were recorded following the September 22, 23, and 24, 2004, seepage investigation

due to time constraints. Site descriptions were recorded in a field notebook for each cross section

on Sand Creek and Deadman Creek.

U.S. Geological Survey (USGS) discharge measurement protocol was used during the seepage

investigation. The primary reference used was Techniques for Water Resources Investigations of

the United States Geological Survey, Chapter A8, Book 3, DISCHARGE MEASUREMENTS
AT GAGING STATIONS, by Thomas J. Buchanan and William P. Somers, 1976. Additional

references are listed under "Literature Cited" at the end of this report.

Discharge measurements were made with a Pygmy current meter, automatic digital counter, and

standard wading rod marked in tenths of feet. A spin test with a minimum standard of 45 seconds

was performed with each Pygmy current meter before and after each discharge measurement.

Under this test format, a Pygmy current meter is presumed to be working properly if the bucket

wheel, once set in motion, spins freely for a minimum of 45 seconds. Air and water temperatures

were recorded before each discharge measurement. Stream stage was measured before and after

each discharge measurement using a temporary staff gage installed in non-turbulent water at

each cross section. Start and end times (24 hrs) were recorded for each discharge measurement.

Discharge was computed in the field using the velocity-area method. Discharge was recomputed

in the office using the HMST v2.6 One-Point Velocity Discharge Measurement Checker

software package (Loving, 2002). HMST v2.6 was used to compute the standard error, and a

qualitative rating was assigned (poor, fair, good) for each discharge measurement.

The water depth at cross section Big Spring Creek #1 (BS#1) was too shallow to use a Pygmy
current meter to measure velocity; therefore, discharge was measured using a portable 3-inch

Parshall flume and standard Parshall flume discharge table. U.S. Bureau of Reclamation protocol

was used while making discharge measurements with the Parshall flume (USDOI, BOR, 1975).
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There were eight participants in the seepage investigation that were grouped into teams of two

when possible. All participants were instructed on discharge measurement techniques and

protocol prior to the seepage investigation. Each team made two scheduled discharge

measurements at each of its assigned cross sections (Table 4). For each stream, discharge

measurements were scheduled so that all teams could get to their assigned cross sections, set up

their equipment, and begin the first and second discharge measurements at the scheduled times.

Rebar cross section markers and staff gages were removed after completing the second discharge

measurement at each cross section.

Table 4. — Participants, assigned cross sections, and contact information for the September 22, 23,

and 24, 2004, Great Sand Dunes National Park and Preserve seepage investigation.

Team Agency Cross Section
1

Phone/email

Fred Bunch NPS, GRSA, DC#1,SC#1,BS#3, 719-378-6361

Mosca, CO LS#2 fred bunch@nps.gov

Mark Wondzell NPS, WRD, 970-225-3512

Fort Collins, CO mark wondzell@nps.ROV

Andrew Valdez NPS, GRSA, DC#3, SC#4 719-378-6362

Mosca, CO andrew valdez@nps.gov

Katie Hagaman NPS, GRSA, 719-378-6364

Mosca, CO katie hagaman@nps.gov

Bill Hansen NPS, WRD, DC#2, SC#3, BS#2, 970-225-3532

Fort Collins, CO LS#3 bill hansen@nps.gov

Julie Laufmann USFS, 970-225-3532

Fort Collins, CO ilaufmann@fs.fed.us

Jim Harte NPS, WRD, BS#1 970-225-3538

Fort Collins, CO iames harte@nps.gov

Christie Heikes Student, Adams 719-587-7357

State College, heikescl@adams.edu

Alamosa, CO
Jim Harte NPS, WRD, LS#1 970-225-3538

Fort Collins, CO iames harte@nps.gov

Katie Hagaman NPS, GRSA, 719-378-6364

Mosca, CO katie hagaman(a nps.gov

Jim Harte NPS, WRD, DC#4, SC#2 970-225-3538

Fort Collins, CO james harte@nps.gov

DC = Deadman Creek, SC = Sand Creek, BS = Big Spring Creek, LS = Little Spring Creek
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Results and Discussion

Two discharge measurements were made at each of four cross sections on Deadman Creek, four

cross sections on Sand Creek, three cross sections on Big Spring Creek, and three cross sections

on Little Spring Creek. One additional discharge measurement was made on Deadman Creek at

cross section DC#1 for a total of three measurements at that cross section. All discharge

measurements were made reasonably close to the scheduled times. Summary results are listed in

Table 1 and displayed on Figure 1.

Deadman Creek

Average discharge (cfs) between the most upstream cross section (DC#1) and the most

downstream cross section (DC#4) fell steadily from 8.4 at DC#1, to 5.3 at DC#2, to 3.6 at DC#3,

to 1.4 at DC#4, a loss over the measured reach of about 7.0 cfs, indicating a losing stream reach.

No known surface water diversions occurred along the measured reach during the seepage

investigation.

Cross section DC#1 is located near the upstream end of the alluvial fan, near the mouth of

Deadman Canyon at the foot of the Sangre de Cristo Mountains. From DC#1 the creek flows for

approximately 1.3 miles southwest across the alluvial fan to DC#2, located near the foot of the

alluvial fan, losing about 3.1 cfs into the alluvial fan. The approximate loss rate between DC#1
and DC#2 was 2.4 cfs per mile. From DC#2 the creek flows for approximately 0.9 miles west

across the sand sheet to DC#3, losing about 1 .7 cfs into the sand sheet. The approximate loss rate

between DC#2 and DC#3 was 1.9 cfs per mile. The discharge between DC#1 and DC#3
decreased by about 4.8 cfs and the approximate loss rate was 2.2 cfs per mile. From DC#3 the

creek flows for approximately 4 miles west across the sand sheet to DC#4, losing about 2.2 cfs

into the sand sheet. The approximate loss rate between DC#3 and DC#4 was 0.6 cfs per mile.

Overall, the discharge between DC#1 and DC#4 decreased by about 7.0 cfs and the approximate

loss rate was 1.1 cfs per mile (Table 5, Figures 4 and 5). Flow in Deadman Creek was

completely subsurface at a point approximately 0.3 miles downstream of DC#4 on September

21, 2004; however, during the seepage investigation on September 22, 2004, the creek was

observed flowing at a point more than one mile downstream of DC#4.

Emery et al. (1971) made discharge measurements on Deadman Creek on July 6, 1967.

Discharge was about 7 cfs at the canyon mouth and 1 cfs at a point about 3.7 miles downstream

of the canyon mouth. The approximate loss rate over the 3.7-mile reach was 1.6 cfs per mile.

Emery's discharge loss rate falls between the September 22, 2004, loss rates of 2.2 cfs per mile

over the reach extending from the canyon mouth to 2.2 miles downstream and 1.1 cfs per mile

over the reach extending from the canyon mouth to 6.2 miles downstream.
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Table 5. ~ Change in discharge per stream mile for the September 22, 23, and 24, 2004, seepage

investigation, Great Sand Dunes National Park and Preserve.

Station

ID

Measured

Discharge

(cfs)

Change

in

Discharge

Between

Stations

(cfs)

River

Mile

(miles)

Distance

Between

Stations

(miles)

Rate of

Change in

Discharge

per stream

mile

Between

Stations

(cfs/mile)

Setting

Deadman Creek

DC#1 8.4 - 7.2 - — Alluvial Fan

DC#2 5.3 -3.1 5.9 1.3 -2.4 Alluvial Fan

DC#3 3.6 -1.7 5.0 0.9 -1.9 Sand Sheet

DC#4 1.4 -2.2 1.0 4.0 -0.6 Sand Sheet

Total Change - -7.0 - 6.2 -1.1

Sand Creek

SC#1 13 — 5.7 — — Alluvial Fan

SC#2 9.6 -3.4 4.3 1.4 -2.4 Alluvial Fan

SC#3 6.3 -3.3 1.9 2.4 -1.4 Dune : Sand Sheet

SC#4 5.5 -0.8 1.2 0.7 -1.1 Dune : Sand Sheet

SC#5 0.0 -5.5 0.8 0.4 -13 Dune : Sand Sheet

Total Change — -13 - 4.9 -2.6

Big Spring Creek

BS#1 0.2 ~ 4.7 — - Sand Sheet

BS#2 3.9 +3.7 3.1 1.6 +2.3 Sand Sheet

BS#3 5.4 + 1.5 .01 3.1 +0.5 Sand Sheet

Total Change — +5.2 - 4.7 + 1.1

Little Spring Creek

LS#1 1.1 - 3.9 - - Sand Sheet

LS#2 1.2 +0.1 3.3 0.6 +0.2 Sand Sheet

LS#3 1.2 0.0 2.5 0.8 0.0 Sand Sheet

Total Change -- +0.1 - 1.4 +0.1
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Deadman Creek

Sand Creek

SC#1
13 cfs

C/) DC#1
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CD
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Alluvial
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6 4 2

< upstream - (River Mile) - downstream >

Figure 4. — Discharge versus river mile for discharge measurements made

September 22, 2004, on Deadman Creek and Sand Creek,

Great Sand Dunes National Park and Preserve.
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Figure 5. — Elevation and discharge versus river mile for discharge measurements made

September 22, 2004, on Deadman Creek and Sand Creek,

Great Sand Dunes National Park and Preserve.
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Sand Creek

Average discharge (cfs) between the most upstream cross section (SC#1) and the most

downstream cross section (SC#5) fell from 13 at SC#1, to 9.6 at SC#2, to 6.3 at SC#3, to 5.5 at

SC#4, to 0.0 at SC#5, a loss over the measured reach of about 13 cfs, indicating a losing stream

reach. No known surface water diversions occurred along the measured reach during the seepage

investigation.

Cross section SC#1 is located near the upstream end of the alluvial fan, near the mouth of Sand

Creek Canyon, at the foot of the Sangre de Cristo Mountains. From SC#1 the creek flows for

approximately 1.4 miles southwest across the alluvial fan to SC#2, located near the foot of the

alluvial fan, losing about 3.4 cfs into the alluvial fan. The approximate loss rate between SC#1

and SC#2 was 2.4 cfs per mile. From SC#2 the creek flows for approximately 2.4 miles

west/southwest across the sand sheet/main dune field interface to SC#3, located adjacent to the

north side of the main dune field, losing about 3.3 cfs into the main dune field and sand sheet.

The approximate loss rate between SC#2 and SC#3 was 1.4 cfs per mile. The discharge between

SC#1 and SC#3 decreased by about 6.7 cfs and the approximate loss rate was 1.8 cfs per mile.

From SC#3 the creek flows for about .7 miles southwest across the sand sheet/main dune field

interface to SC#4, losing about .8 cfs into the main dune field and sand sheet. The approximate

loss rate between SC#3 and SC#4 was 1.1 cfs per mile. The discharge between SC#1 and SC#4
decreased by about 7.5 cfs and the approximate loss rate was 1.7 cfs per mile. From SC#4 the

creek flows for about 0.4 miles southwest across the sand sheet/main dune field interface to

SC#5 (the point at which the flow went completely subsurface), losing about 5.5 cfs into the

main dune field and sand sheet. The approximate loss rate between SC#4 and SC#5 was 13 cfs

per mile. Overall, the discharge between SC#1 and SC#5 decreased by about 13 cfs and the

approximate loss rate was 2.6 cfs per mile (Table 5, Figures 4 and 5).

Big Spring Creek

Average discharge (cfs) between the most upstream cross section (BS#1) and the most

downstream cross section (BS#3) increased from 0.2 at BS#1, to 3.9 at BS#2, to 5.4 at BS#3, an

increase of about 5.2 cfs, indicating a gaining stream reach. No known surface water diversions

occurred along the measured reach during the seepage investigation.

Big Spring Creek originates at Indian Spring, located on the sand sheet near the west end of the

main dune field. From BS#1 the stream flows for approximately 1.6 miles southwest across the

sand sheet to BS#2, gaining about 3.7 cfs. The approximate rate of gain between BS#1 and BS#2
was 2.3 cfs per mile. From BS#2 the creek flows for approximately 3.1 miles southwest across

the sand sheet to BS#3, gaining about 1.5 cfs. The approximate rate of gain between BS#2 and

BS#3 was 0.5 cfs per mile. Overall, the discharge between BS#1 and BS#3 increased by about

5.2 cfs and the approximate rate of gain was 1.1 cfs per mile (Table 5, Figures 6 and 7). The
increase in discharge along the measured stream reach suggests the shallow water table surface

elevation is higher than the stream elevation in the measured stream reach and/or an upward

gradient exists in the unconfined aquifer along the measured reach.
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Little Spring Creek

Average discharge (cfs) between the most upstream cross section (LS#1) and the most

downstream cross section (LS#3) stayed approximately constant, ranging from about 1.1 at

LS#1, to 1.2 at LS#2, to 1.2 at LS#3, indicating neither a gaining nor a losing stream reach. No
known surface water diversions occurred along the measured reach during the seepage

investigation.

Little Spring Creek originates in a wetland/seep in the NW Section 14, T. 40 N., R. 12 E.,

NMPM. There are at least two identifiable sources, a seep at the head of a vegetated arroyo

adjacent to the road and a wetland approximately 100 feet southeast of the road that may be

connected to the same underground source. Cross section LS#1 is located in the SWNW Section

14, T. 40 N., R. 12 E., NMPM, on the sand sheet west of the main dune field, about 800 feet

upstream of a concrete diversion consisting of one main culvert and two overflow culverts. From

LS#1 the creek flows for approximately 0.6 miles southwest across the sand sheet to LS#2,

gaining about 0.1 cfs. The approximate rate of gain between LS#1 and LS#2 was 0.2 cfs per

mile. From LS#2 the creek flows for approximately 0.8 miles southwest across the sand sheet to

LS#3 with no measured gain or loss of discharge. Considering the average discharge for each

cross section, the discharge between LS#1 and LS#3 increased by about 0.1 cfs and the

approximate rate of gain was 0.1 cfs per mile (Table 5, Figures 6 and 7). Considering all six

discharge measurements made for the three cross sections, the discharge between cross sections

LS#1 and LS #3 was approximately the same (Table 1). The approximately equal discharge

along the measured stream reach from LS#1 to LS#3 suggests the shallow water table surface

and the surface of the stream are near equilibrium and/or there is no gradient in the unconfined

aquifer in the measured stream reach.
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Figure 6. ~ Discharge versus river mile for discharge measurements made

September 23 and 24, 2004, on Big Spring Creek and Little Spring Creek,

Great Sand Dunes National Park and Preserve.
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Figure 7. — Elevation and discharge versus river mile for discharge

measurements made September 23 and 24, 2004, on Big Spring Creek

and Little Spring Creek, Great Sand Dunes National Park and Preserve.
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Conclusions and Recommendations

The upstream to downstream decrease in discharge documented by the measurements made on

September 22, 2004, in Deadman Creek and Sand Creek indicates the creeks were losing water

to the alluvial fans, sand sheet, and main dune field on that day. In addition to the infiltration

losses, some unknown amount of evapotranspiration was likely occurring at the time of the

measurements. Streamflow that infiltrates into the alluvial fans, sand sheet, and main dune field

may percolate to the unconfined and/or confined aquifers lying near the surface of, and at depth

below, the valley floor.

Deadman Creek and Sand Creek generally occupy similar geomorphic and geologic settings. The

creeks arise in the Sangre de Cristo Mountains, emerge from steep canyons, flow across alluvial

fans and the sand sheet, and terminate in the sabkha near the center of the San Luis Valley. The

creeks differ in that Sand Creek flows across the sand sheet/main dune field interface for part of

its length and the Sand Creek channel width is much greater than the Deadman Creek channel

width as it flows near the west side of the main dune field. The rate of loss of discharge in both

creeks was greatest on the alluvial fans (2.4 cfs per mile). In Deadman Creek, the discharge

decreased by 1.1 cfs per mile over the 6.2 mile reach from DC#1 to DC#4, while in Sand Creek,

discharge decreased by 1.7 cfs per mile over the 4.5 mile reach from SC#1 to SC#4. In Sand

Creek, the discharge decreased by 13 cfs per mile over the 0.4 mile reach between SC#4 and

SC#5, a loss rate of more than five times that of any other measured reach.

The upstream to downstream increase in discharge documented by the measurements made on

September 23, 2004, in Big Spring Creek indicates the creek was gaining water from the

surrounding unconfined aquifer on that day. Discharge in Little Spring Creek remained

approximately constant along the measured reach, indicating the stream was in equilibrium with

the unconfined aquifer.

A second seepage investigation should be performed for Deadman, Sand, Big Spring, and Little

Spring Creeks and compared with the results of the September 22, 23, and 24, 2004, seepage

investigation. In addition to the cross sections measured during the September, 2004,

investigation, one or more cross sections should be added upstream of cross sections DC#1 and

SC#1 . Discharge at the additional cross sections would be compared to discharges at cross

sections DC#1 and SC#1 to estimate seepage losses at the Sangre de Cristo Mountain front

where the Sangre de Cristo Fault separates the lower conductivity rocks of the Sangre de Cristo

Mountains from the higher conductivity valley fill. If a suitable location can be found, one or

more cross sections should be located and measured on Medano Creek upstream of the existing

gaging station. Discharge from those cross sections would be compared to the discharge at the

gaging station to estimate discharge losses at the mountain front.
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Appendix

Cross Section Descriptions, Cross Section Photographs,

Discharge Measurement Notes Forms, and HMST v2.6 Printouts
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oô
r

o

o
CN

o

oo
"*

o

o
CO
CO

o

o
CD
CO

O

Oo
-3-

O

o
CO
co

o

o
<*
CO

o

o
co
CN

d

o
co
CO

o

o
co
CN

o

o
co
CN

O

o
CD
CO

d

o
CO
CN

o

o
CD
o
o

ooo
o

en

o
in
CO

o

OO
CO

d
in **

**

"3-

CD
CN

CDO
CO
in

q
om

CM
CD
CD

CD
CO

CD
r-
CO CD

d

CD
in
CD

d
m

CN

ino
CN

CD
CO
CD

d
CO

q
CD
CN

CO
CD
CD

d

CDo
r~-

o
CD
CD

o

ooo
o

in

o

a-m
en

o

oo
CO

d
in

3;

cd
CN

CDO
CO
in
o o

in

CN
CD
CD

CD
CO

CD

co
*
CD

o

CD
in
CD

o
ln

CN

in
O
CM

CD
CO
CD

d
COo
*
CD
CM

co
CD
CD

O

CDo
d

CD
CD

o

ooo
o

in

d
m
ro

o

oo
co

d
in cd

CN

CD
CDO

CO
in
o o

in

CN
CD
CD

CD
CO

CD
r--

CO

d

CD
in
CD

o
m S

CN

mo
CN

CD
co
CD

d
o CD

CN

CO
CD
CD

d

CDo
o

CD
CD

o

o
CN

CD o CO

o
CN

O
CO

o
l««

o o
in

o
co

o
CO

d
o o o in

o o
in

o
CD

o
^r

CO

"3-

in

o
co CO CO

o
-3-

o m <* CN
en

N- cd
in

COm CO CN
CD

CO
N co r-

CD
in

CO
CO

CD
CO

om om 5
co CN CD

CM
CD
CN

CD
CO

o CO

o
<*

© o
m
o

CD

d
in

d
N-

O
CO

d
in
CO

d
ino in

CD

d
CD

o
m
CD

o
m
CO

o d
m
CD

o o o
CD

o o
CO

o

o
CN

o
o*
o
o
<*

o
o
o
o
o
o
o
o
o
O
o
o
o
o
o
o
o
o
o
O
O
o
d
o
o
o
o
o
o
o
o
o
>*

o
o
d
o
1-

o
o
o
o
-3-

o
o
•a

o
o
CN

o

flr CO CN

c\i

CD

CN

CO CO

CO

CN CD

t
m

in

CO

in

CN

CD

CD

tD

r^ *
N

co

s
eg

03

CD

CO

CD

CD

CO

CD

CN

o
CD

o



Q
UJ

2
u
UJ

X
u
111

a
<

2 a

B
•J1

E

5
c
o

a.

is

3
C/5

tf ^

u
5
r-

\

•^ 2

^̂
*- *

SV>
J=

5 Q>

3
00

B

u

X

fci
O

13
> cm

c
<*

o /*

o
u_

O
P
2
o
u

i w
!

<=>

! z

i 1
i u

E

i

u.

U

6 ^
V-

1X1 u.

z
<
H
Z
LU

O

§H
2

2

Q

% i

r IE 2
2 <
O H

I g

a. -5 —

£ V)
ai

ti a S
s £ 1-

2 2

<
LU

7,

Bi
UJ

X 4>

F 5
O H F F

f- H H
•o o o Zo
5
4>

LU

2
> 2 > >• 2

O
>• u
i- CO

-J z
< -1 o
D h- < h-
:.v 2 O <
Qi w O >
w ? n Pi
t- _j UJ

< u o 00

£ UJ 03
00 ffi o

H
~"

'

H -J

i
2

LU

a. O
D 8
LU

LU
Ol.

H
2
LU

o

>
LU
_1
UJ

LU

X

V)

03

2
o

<H



N ~r

* V, 9* •» •»
r«^ oO

i
s

a

?NO
f>4 in IV

In :

n3
&
*- > 3-

O 0» .4 0-

\

r.
5 i

s
5 rC! vc

IS
*

t^> V
IN*

V
'

°0
OQm om̂ r>>

Ji* i

v t ?<— «

6
<_>

o
Ul
>

Hi
\f\ i

4
o- 2: «~

vr
n-

ro
Oo

Time in
sec- ond*

rv IF*
"<5

o
3"

5"

o
O
>-

<3 >
CO 1^ Oo -J

3-
•6

J-ij ^ ^ \3
-^

^
<o O

in
o

5|, £ >• 3= C^

^a
-—'—

'

tS o
>

<6 ' •

q vr-

<6

o
<v

o o (V

> >-* * > > > y > > > T > ~± > ^ > > :v- v- ^V-
^~ ^3-

DUt. from
initial

point Q> M ^ > > 00

vrS \5 s5

O
IV rv cv

N
&

o Oo

•P

1UJI5U

0} a|»uy

3 o



c
(/)

4= CD

E?
CO

ooo
CD o

CO
o

a>
CM co

CM

CO
in
co

Is.

CO

o
CD
CM

CM
CO
CO

CO COo
r-

CO CO CO
CD
^3-

CO
en
CO

CDO
en T coo CM coo |v. coo

00 eno_ c o en s CD
CM o CN

CO
o
CO CM CO CO

SB

co CO
I

jc
o
co

o o o O O o o O o o O o O d o O O o o o O o o CD o
CU

I 3 CO
CD b

Q_ XI
CO.

~ o o o O o o o O o o O o o o o O o o o o Q o o o o
.

s. D
CO TO

oo
C\J T CD o

CM CM
o
CO

co
CM

9
CO

-3-

co
O CM

It
o CO

CO
CD
CO

CO
CO

CO
CO

CM
00

co
CM

CO
CO

OO
CM

CO
CM

CD
00

CO
CM

CDo
_ CD o c o d o O o o o o O o o o O o o o o o O o o o o

<

en CD .<— .,°H o CD en CD S CM CD en r~ oo t- 00 en CM o 00 00 ,— en CD CD oo en CO 3
l~

CN c

C

-fcl <D 2?
o
oo CO

CN
O
CO

CO en
CM

COo 00
o
in o oo

CD
CO
CM

CO
oo

CDo j^
CD h- oo 00

COO

CO
CM

CO
CO

CD
CD
o
COOCM •"

© o o o o O O o *— o o o
J*
o
x:

"o
< >

"> SS s? J> o CD en CD r-~ CM CD en N coo ^ oo en CM o oo oo x- en CD CD CO en CO To § If) O
J. c

w o c re

gp o 00 o CO S en CO S o S coo CO CO CD CD h- OO OO CO CO CD o
4-*

c
Co

E
£

CO

o
o
CD

>

o
o o

CM

o
CO

o
^3- CM o oo en r^- o CD l\ oo q OJ

o
coo

o
CM CO

o
CD

o
coo

o

2
h- s; O 13o o s - m o CD in CD r~^ CM CD en K too ^ oo en OJ o coo 00 Y- en CD CD CO en CO <tf

3 m. a> o 5 oo
CO

oo

o ro O CO r~ en CO r^ o r- oo CO CO CD CD N COO OO oo CO CD o
(A
rs
0)

o
OO

C
o

o
o o

CM

o
CO

o
"* CM o oo en i~- o CD CM oo o CN

O
oo

o
CM CO

o
CD

o
ao

o

S O o
a>
a

Q> <B > <
CD O
i_ CO
ra 3

too O Tf tu o CD ^~ CT> S O o CM CD CO CO T- *t O en N CD CD CO CM CO CD en r^- r-~U to o
CO

COo 00 O
<X
o

XJ CD ^ O o -r <» O o o o o o t o o o o o O o o o o o
O) c T- ^r "* t * * •«fr ^r ^ t t >* 1- M- -3 -3" vf <» «t •3- •+

b
>>
4-*

o
o

o
o
XJ
>>
X

CD r~ o
u
CD

CO

COS_ o IfJ 00 CO en o ,- OJ o CM CO CO o o o T CD 0M CO OJ ,— r- CD N r-~

B> £ ii CI
o

o
>

CO t CD m ^ <* CO r^ CO s en "* * t en "fr CO "tf- LO CO CM CO

>
c
> £ < O -1

+* _l
c
o

c
.5

CD

Q. m o co en rr m CO en N- en en ^. en f- en coo en en CO N en N r-~ coo r~ CO
i

CU

C
>. JE o CO o o o h- O CO co o coo d oo OO o o coo o o o o o
CQ

Q.
o o o o ,_ O o o o

O CD

Q

CM*

> o o o o o o o O o o o o o o o o o o o o o o o o o
CM 0; •rr •* <J "* ^r •* TT ^r "T * T ^r -3- >* •* •* t -3- T •y -3- T CM

h- o o o o o o o O d o o o o o o o o o o o d o o o o
<0 ^_

2 *
TtX

0)

o
a

Oo jg
s
o

CM

CM
CN

£1 a cm TO

c
ra

oo

E

re
cu

Q
CD
— ^r 03 Oj CD CO tt CO CM CD en * CO CM CD s T- CO OJ CD coo n CO CJ CO

"re"
O v- ^ CM CN CO CO -1- -t en en CD CD s r>^ OO oo oi Oi o o
c

fc *Sn re

<D

E 1 S3 ° a
3 ! "

c
0)

£
CD
o
O

Z
c
O
re

i/5

Z
c
o
n s

re

a

c
a
i-

3
in
re
o
2 i

: c
ro 3
£2

c
c
X:
cu

o
U



>s

o

vo

4-

*v»

c -V.

7; a

2.

CQ

g
Z

rUJ
eu X >*

P yH p cr
2 .s

-

tu t- id

2 c
u
R

0.
>•

3 U o£
00 3 ai
< (3 F
UJ %> LU

2 2 2

VJ

UJ
X
H
<
LU 2 2

c

C/3

u

a-

C/3

E

u

c
u
CO

u

li-

fe
a
l/J

L

E m
r-

X c

O 00 x:
u

X
is

O
u

u
> Oil

c<

C o

2

^
^0

5 ^

Q
! x

E <J

S3
rV

0.

^J~
C

|
n #
.4-

3
n UJ u.

H
g ^
-J \S
CQ
CQ

•>

H 1?

a
LU %z
1
-1

u <S

II]

u SE V
r^ <
O H

<

00

p

£ X
a-

3
<
in

ai
LU
X
H
O

H

<
Da
a:

<
5=

E
H _

D. £ -

UJ

F 6
H H f-

z

>-

2
"0 2

O
00
z

J
H < H
7. u <
UJ >
>" Bi

J UJ
LJ co
III CQ
CO 03 O

j

k

-A

v5

X)

UJ
a.

H
H
ul

2
a.

5
UJ

CO
H
Z
HI

O
u

>
UJ
J
UJ

CO

X

CO

3}

Z
O
H
<
CO



s a CTk Â on <->
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The Department of the Interior protects and manages the nation's natural resources and cultural heritage: pro\ ides scientific and

other information about those resources; and honors its special responsibilities to American Indians. Alaska Natives, and

affiliated Island Communities.

NTS D-93, December 2007
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