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Montezuma Castle National Monument
Seepage Run for Beaver/Wet Beaver Creek
October 30, 2003

Introduction

The National Park Service has initiated a project to investigate and describe the
hydrology and water rights in the Montezuma Castle National Monument area. Part of
the project includes conducting seepage runs along Beaver Creek and its tributary, Wet
Beaver Creek. The information will be used for developing water budgets and plans to
preserve and protect the water and water-related resources of the Monument. A
reconnaissance-level seepage run, consisting of stream-discharge measurements taken at
10 different locations along a stream reach, was conducted in the monument area on June
13, 2002. A second seepage run was conducted during October 30, 2003 on the same
stream reach. The purpose of the second seepage run was to evaluate the quality and
importance of the measurement site cross sections measured on June 13, 2002 and to
collect additional discharge data at the same cross sections. The October 30, 2003
seepage run was to measure discharge at the same ten locations measured during June 13,
2002. Flow conditions and property ownership considerations dictated that five new
measurement sites be established and measured (Sites 11 — 15) along with measurements
at five of the June 13, 2002 sites (Sites 1, 3, 4, 5, and 10). This report is a summary of
the results of the October 30, 2003 seepage run.

Description of Study Area and Discharge Measurement Sites

Montezuma Castle National Monument consists of two Units, the Castle Unit and the
Well Unit, located on Beaver Creek and Wet Beaver Creek respectively. The Castle Unit
is located in Sections 8, 9, 16, and 17, 1. 14 N., R. 5 E. and the Well Unit is located in
Section 36, T. 15N, R. SE. and Section 31 in T. 15 N., R. 6 E. Wet Beaver Creck flows
generally from east to west and joins Dry Beaver Creck, which flows generally from
north to south, in Section 4, T. 14 N, R. 5 E., near the town of McGuireville.
Downstream of the confluence of Wet Beaver Creeck and Dry Beaver Creek the stream is
named Beaver Creek. Beaver Creek flows generally south to its confluence with the
Verde River in Section 30, T. 14 N., R. 5 E., ncar the town of Camp Verde (Appendix A).

The study reach of Beaver/Wet Beaver Creek flows through a system dominated by the
limestones and other sedimentary rocks of the Verde Formation and the sandstones and
silty sandstones of the Supai Formation (Twenter and Metzger, 1963). Dissolution of the
limestones over time is suspected of forming Montezuma Well and its associated
“swallet” (solution channel) and may be responsible for the formation of other
underground conduits through which water may discharge into or drain away from the
Beaver/Wet Beaver Creck river system within the study reach. The stream channel itself
is underlain with Quaternary gravel deposits which may store and transport large
quantities of water below the ground surface.
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During the June 13, 2002 seepage run, discharge measurements were made at nine
locations (sites) on Wet Beaver Creek and one location on Beaver Creek. For reference
purposes the measurement sites are numbered from upstream to downstream as Sites 10,
1.2.3,4,5.0,7, 8, and 9 (sec Appendix B for Ficld Notebook site descriptions).

Site 10 is located at USGS surface water gauging station Number 09505200 in Section
24, T.15 N., R.6 E. (see Appendix C).

Site 1 is located approximately 0.1 miles upstream of the Southwestern Academy on the
Section 22/23 line, T.15 N.,, R.6 E. On October 29 and 30, 2003 this site had two
channels. The left channel carried most of the discharge. The right channel
carried too little flow to measure with a pygmy meter (a bucket and stopwatch
would be preferable) and the discharge was estimated to be less than 0.1 cfs.

Site 2 is located at the Beaver Creck Campground Bridge in Section 28, T.ISN,,R.6 E.

Site 3 is located at Lawrence Crossing in Section 32, T.1S N., R.6 E.

Site 4 is located at the Montezuma Well outlet in Section 31, T.15 N., R.6 E.

Site 5 is located upstream of the golf course diversion in Section 31, T.15 N, R.6 E.

Site 6 is located on the golf course diversion ditch downstream of Wet Beaver Creek in
Section 36, T.15N., R.5 E.

Site 7 is located at a point north of the “white house” boarding school main building.

Site 8 is located on an 80-acre parcel of USFS administered land and approximately 50
vards downstream of a fence marking the boundary between private and USFS
lands n Section 4, T.14 N., RS E.

Site 9 is located on Beaver Creek near the end of the interpretive trail in the MOCA
Castle Unit in Section 17, T.14 N, RS E.

During the October 30, 2003 seepage run five measurement sites (Sites 11, 12, 13, 14,
and 15) were added (see Appendix B for Field Notebook site descriptions).

Site 11 1s on Beaver Creek approximately 1 river-mile upstream of Site 9 in the MOCA
Castle Unit in Section 16, T.14 N, R.5 E. This site was established to replace
Site 9 because it was not possible to make a reasonable discharge mcasurement at
Site 9 on October 30, 2003 and a measuring site closer to the upstrcam boundary
of the Castle Unit was desirable.

Site 12 is located on an 80-acre parcel of USFS-administered land approximately 150
yards downstream of Site 8 and just upstream of an exposed cliff face on river-
right in Section 4, T.14 N, R.5 E. This site was established to replace Site 8
because 1t was not possiblc to make a reasonable discharge measurement at Site 8
on October 30, 2003.

Site 13 is located northwest of the “white house™ boarding school main building near the
end of a ramp cut perpendicular into the left bank using CAT-type equipment.
This site was established to replace Site 7 because i1t was not possible to positively
locate Site 7 from the written description.

Site 14 is located upstream of the Beaver Creek Campground Bridge adjacent to the most
upstream campsite in the campground. This site was established to replace Site 2
because 1t was not possible to make a reasonable discharge measurement directly
upstream or downstream of the campground bridge on October 30, 2003.

8]
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Site 15 is located approximately 100 feet upstream of the Lake Montezuma Avenue
Bridge. This site was established to replace Site 6 (the golf course ditch) because
Site 6 may be on private land and the location of Site 15 was determined to be
more beneficial to document discharge gains or losses in Wet Beaver Creek.
There are two channels at this site. The right channel carried most of the
discharge and it was measured to be 8.02 cfs using a pygmy meter on October 30,
2003. The left channel carried too little flow to measure with a pygmy meter (a
bucket and stopwatch would be preferable) and was estimated to be less than 0.3
cfs.

During the October 30, 2003 seepage run reconnaissance (conducted on October 28 and
29, 2003) it was observed that the stream channel at each measurement site generally
consisted of cobbles and boulders. The stream banks consisted of boulders and cobbles
with some vertical banks and some undercut banks, and riparian grasses with densely
matted root systems with some vertical banks and some undercutting. The channel and
bank conditions made it very difficult to locate good discharge measurement cross
sections (without eddies, irregular channel bottoms, or vertical or undercut banks) and a
significant number of cobbles and boulders were moved at most sites.

Methods

Handouts explaining the seepage run Schedule, Summary of Activities, Equipment, Team
Assignments, and Protocol were emailed out to all participants in advance (Appendix D).

Measurement cross sections 1, 3,4, 5, 11, 12, 13, 14, and 15 were established on October
28 and 29, 2003 with the aid of field notes from the June 13, 2002 seepage run (see
Appendix E). A cross section at Site 10 has been previously established by the U.S.
Geological Survey. Cross sections were marked with flagged rebar driven into the
ground on each bank and a staft gage was located in non-turbulent water at cach cross
section. UTM coordinates, established using GPS, were recorded and digital photographs
were taken at cach cross section. Site and access descriptions were recorded in a field
notebook for each cross section. Where necessary, boulders and cobbles were removed
to construct a cross section with reasonably uniform flow and channel characteristics.
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Standard USGS discharge measurement protocol was used for the seepage run (see
Appendix F). Discharge measurements were made with a “pygmy” meter and standard
wading rod marked in tenths. Revolutions were counted by ear or by automatic counter.
Standard NPS Discharge Mcasurement Notes forms were used to record all data. A spin
test with a minimum standard of 45 seconds was required before and after cach
measurement. Air and water temperatures were recorded before each measurement.
Gage height was recorded before and after each measurement. Start and end times were
recorded for each measurement. Sections (verticals) were spaced so the discharge in each
section did not exceed 5% of the total discharge in the cross section. Minimum section
width was .20 feet and water depth was recorded to .01 feet. Discharge measurements
were taken at “about” 30 verticals per cross section.

Five teams of two people each participated in the seepage run. Each team made two
scheduled discharge measurements at two measurement sites (Table 1). Discharge
measurements were scheduled to be made at 0800, 1000, 1230, and 1430 hours. Rebar
marking the cross sections and staff gages were removed after completing the second
discharge measurement at each cross section.

Table 1. —~ October 30, 2003 MOCA Beaver/Wet Beaver Creek seepage run participants.

Team Agency Sites Phone/email
Measured

Zach Mondry USFS, Coconino | 10, 1 928-527-3523

NF, Flagstatf, Az. zmondry/awfs.fed.us
Paul Christensen NPS. WRD, Fort 970-225-3534

Collins, CO paul christensen@nps.gov
Collcen Filippone | NPS, IMRO, 14,3 520-546-1607 ext.3#

Tucson, Az. colleen filipponel@nps.cov
Jeff Hughes NPS, WRD, Fort 970-225-3527

Collins, CO jeft hughes@nps.gov
Virginia Bartling NPS, MOCA, 4,13 928-567-5276 ext. 228

Camp Verde, Az. sherry woodwnps.gov
Jeff Albright NPS,WRD, Fort 970-225-3528

Collins, CO jeft_albrightwnps.gov
Chris Gable NPS, WRD, Fort | 5,15 970-225-3529

Collins, CO chris_gable/@nps.gov
("armia Fiechtner NPS, WRD, Fort 970-225-3534

Collins, Co. carmia_fiechtner(@partner.nps.cov
John Ward Ward 12, 11 520-490-2435

Groundwater, ward groundwater(@cox.net

Jim Harte

Tucson, Az.
NPS, WRD, Fort
Collins, CO

970-225-3538

james harte/anps.gov
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Results and Discussion

Two discharge measurements were made at cach of the ten designated cross sections,
except for Sites 11 and 12 where 3 discharge measurements were made (see Table 2 and
Appendix A). All discharge measurements were made reasonably close to the scheduled
times and no significant problems were encountered. The average discharge (cfs)
measured at each cross section, presented in order from upstream to downstream was;
Site 10 (6.7), Site 1 (7.0), Site 14 (6.4), Site 3 (5.7), Site 4 (10), Site 5 (9.3), Site 15 (8.0),
Site 13 (6.6), Site 12 (1.8), and Site 11 (1.4) (Appendix A).

Discharge between Sites 10 and 3 fell at a relatively consistent rate (ranging from 7.0 to
5.7 cfs) indicating the presence of active diversions and/or a losing strcam reach.

Discharge increased from approximately 5.7 cfs to 10 cfs between Sites 3 and 4
indicating a gaining stream reach (an input of approximately 4.3 cfs somewhere
downstream of Site 3). Walker Creek and Soda Spring are two possible sources of input
into this strcam reach. Red Tank Draw, which joins Wet Beaver Creck upstream of Site
4, was dry at the I-17 Sedona Interchange road bridge (approximately 1.5 miles south of
I-17) but Red Tank Draw was not observed at its confluence with Wet Beaver Creek.

On December 4 and 5, 2003 John Ward of Ward Ground Water, Tucson, Az. made a site visit to
MOCA and made the following observations:

1. | surveyed the area of Soda Springs. The outlet divides into 3 distinct streams that enter
into Wet Beaver Creek. The total flow into the Creek from the spring exceeds 2 c¢fs and
may be as much as 3 cfs. The marshes and pools near the spring would certainly lose a
lot of water to ET. Two cfs is equal to the gain in streamflow between Lawrence Crossing
and MOWE noted in the June 2002 seepage run report.

2. Walker Creek was flowing into Beaver Creek at /2 to 1 cfs. Checking upstream it appears
that Walker Creek was flowing continuously all the way to the ranch property at Lander
Spring. Judging from the near continuous strip of sycamore and cottonwood between
Lander Spring and the confluence, | would guess that flow or underflow in Walker Creek
is nearly perennial.

3. Flow in Beaver Creek just downstream of the lower boundary of the MOCA unit (dirt road
access from the MOCA turnoff) was probably 2-3 cfs. About 2 river miles farther
downstream where Montezuma Castle Road runs next to Beaver Creek, the Creek was
not flowing. This observation supports the theory that Beaver Creek lost flow as it passes
over the Verde Formation facies change. -

The Soda Springs visit was an eye-opener. | was surprised to see that the discharge was that
large, probably about the same as from the Well. Source areas for both springs are probably the
same, also.

Discharge between Sites 4 and 13 decreased at a relatively consistent rate (ranging from
10 ¢fs to 6.0 cfs) indicating the presence of active diversions and/or a losing stream
reach. The golf course diversion and Lake Montezuma residential area are located in this
strcam rcach. The golf course diversion was not found on Wet Beaver Creek during the
site reconnaissance on 10/29/2003. On 10/30/2003 John Ward, Ward Ground Water,
estimated a discharge of approximately 1 cfs flowing through a ditch into a small
reservoir in the SWNW Section 1, T.14 N, R.5 E., on the west side of Lake Montezuma
Avenue. The ditch was likely the golf course diversion.
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Discharge between Sites 13 and 12 decreased from 6.6 cfs to 1.8 cfs indicating a
significant diversion and/or losing stream reach. This reach was not walked, thercfore,
the extent of man-made diversions is not known. Plate 1 in Geological Survey Bulletin
1177 shows the surficial geology in this reach of Wet Beaver Creek to be the “limestone
of the thick limestone facies of the Verde Formation™ and Quaternary “‘unconsolidated
gravel, sand, silt and clay™ (Twenter and Metzger, 1963). Figure 4.26 of the Arizona
Department of Water Resources Verde River Watershed Study (Brown et al., 2000)
shows the Wet Beaver Creck and Dry Beaver Creek channel bottoms located above the
water table near T.14 N., R.5 E. Sections 3 and 4 indicating “losing™ stream reaches.
These references suggest that the decrease in discharge between Sites 13 and 12 can be at
least partially attributed to the geologic setting in this reach.

Discharge between Site 12 (1.8 cfs) and Site 11 (1.4 cfs) showed no significant increase
or decrease.

O
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Table 2. — Summary of discharge measurement data for the 06/13/2002 and 10/30/2003
MOCA Beaver/Wet Beaver Creek seepage runs.
Start End Start End
Discharge | Discharge | Discharge | Discharge | Time | Time Gage Gage
Site 06/13/2002 | 06/13/2002 | 10/30/2003 | 10/30/2003 (24 (24 Height | Height
No. (cfs) (ave. cfs) (cfs) (ave. cfs) hrs) hrs) (ft.) {ft.)
10 | 6.28 6.28 1015 n/a n/a n/a
] 6.75 1230 1330 0.38 0.38
6.65 6.7 | 1415| 1525| 0.39| 0.39 |
1 5.36 5.36 1045 1205
7.09 803 903 0.53 0.54
©.86 6.98 1000 1055 0.54 0.53
2 5.37 1030 1145
4.86 5115 1150 1300
14 6.15 822 952 0.49 0.49
6.59 6.37 1009 1056 0.48 0.48
3 5.68 5.68 1040 1130
58 1230 1307 0.59 0.59
5.6 9. 1400 1454 0.58 0.58
4 7.82 1030 1130
7.95 7.885 1135 1225
9.83 765 925 0.56 0.56
10.06 9.94 1020 1115 0.56 0.56
5 7.89 1034 1106
7.74 7.815 1106 1146
9.41 803 | 904 0.4 0.4 |
9.1 9.26 | 1003 | 1103 0.4 0.4
6 287 1217 | 1229
3.01 2.94 1230 | 1246
15 8.38 1235 1324 0.53 0.53
7.66 8.02 1433 1514 0.51 0.48
7 2.95 295 1500 | 1535
13 6.86 1250 [ 1335 0.55 057
6.4 6.63 1435 1520 0.58 0.57
8 1.04 1.04 1503 | 1546 | | |
12 | 1.84 1230 1312 0.31 0.32
177 1330 1418 0.32 0.33
1.88 1.83 1430 1505 0.33 0.33
9 0.28 0.28 1430 1500
1 1.41 800 840 0.28 0.29
1.39 850 931 0.29 0.29
L 1.3% 1.39 954 1046 0.29 0.29
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Conclusions and Recommendations

Discharge measured at Site 3 and upstream to Site 10 (including Sites 10, 1, 2, and 3) was
approximately the same or slightly less than the discharge measured during the June 13,
2002 seepage run. The trend in discharge from upstream to downstream in this reach was
approximately the same as seen in the June 13, 2002 secpage run. No significant gains or
losses were observed. Discharge measurements at Sites 10, 1, and 2 could be eliminated
from future seepage runs. Site 10 is the USGS gage and 15-minute, hourly, and/or daily
values stage/discharge data should be available. Site 3 could be retained because it is the
next cross section upstream of the MOCA Well Unit and in spite of the Lawrence
Crossing diversion it provides some information on discharge entering the Well Unit
stream reach.

Discharge approximately doubled between Sites 3 and 4 (from approximately 5.7 cfs to
approximately 10 cfs). In addition to other sources, Walker Creek, Soda Spring, and Red
Tank Draw could contribute discharge to this stream reach. The source of this increase in
discharge should be investigated further.

Discharge measured between Sites 4 and 13 (Sites 4, 5, 15, and 13) was higher than the
discharge measured in the June 13, 2002 seepage run. The discharge measured at Site 13
was more than twice the discharge measured at Site 7 during the June 13, 2002 seepage
run. Some of the difference in discharge at Site 13 could be attributed to the golf course
diversion withdrawing less water during the 2003 seepage run than during the 2002
seepage run. This reach of the river is critical to determining inputs and withdrawals to
Wet Beaver Creek because it is heavily populated and there are numerous water rights for
surface water diversions and wells. All water nghts should be mapped for this stream
rcach and an intensive stream survey should be done to locate inputs and withdrawals on
the ground and establish additional discharge measurement cross sections, if possible.
The WRD legal staff should review Arizona water law to determine if the Wet Beaver
Creck bottom and banks (to some high water line) are public land and access via the
creck as it flows through private land is allowed. If not, permission to access the creek
will need to be obtained from private land owners. An intensive secpage run should be
conducted on this stream reach.

Discharge decreased by approximately 4.8 cfs (from approximately 6.6 cfs (o
approximately 1.8 cfs) between Sites 13 and 12. This stream reach has not been surveved
and it is not known if the decrease 1s due to man-made diversions or natural losses due to
geologic features (controls, karst features, or alluvial subsurface flow). This stream rcach
should be intensively surveyed to locate inputs and withdrawals on the ground and
establish additional measurement cross sections. An intenstve seepage run should be
conducted on this stream reach. A hydrogeologic study may be required to determine if
the losses are due in-part to natural losses.

Discharge between Sites 12 and 11 was approximately the same. Site 11 is in a more
preterable location closer to the upstream boundary of the MOCA Castle Unit therefore,
Site 9 could be eliminated from future scepage runs in favor of Site 11.
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A new discharge measurement cross section should be established on Beaver Creek
downstream of the MOCA Castle Unit. This site would be established to determine if
water losses between Sites 13 and 12 are resurfacing downstream of the Castle Unit. A
cross section could be established on USFS administered lands in the NESE Section 19 or
in Section 20, T.14 N, R.5 E. USGS Station Number 09505500, Beaver Creek at Camp
Verde, Arizona, was located near this site and collected stage data from 12/01/1912 to
03/31/1920. Although the cross section has likely changed significantly in 83 years a
good measuring reach may be found at the old gage site.
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APPENDIX A

Map of Discharge Measurement Sites
with June 13, 2002 and October 30, 2003 Discharge

MOCA
October 30, 2003 Seepage Run
Beaver/Wet Beaver Creek
Yavapai County, Az
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APPENDIX B

Site Descriptions
Site Photographs
Discharge Measurement Notes Forms

Sites are arranged in order from upstream to downstream:

Site 10 — Wet Beaver Creek at USGS Station Number 09505200

Site 1 — Wet Beaver Creek Upstream of the Southwestern Academy

Site 14 — Wet Beaver Creek Upstream of the Beaver Creek Campground Bridge
Site 3 — Wet Beaver Creek at Lawrence Crossing

Site 4 — Wet Beaver Creek at Montezuma Well Outlet

Site 5 — Wet Beaver Creek Upstream of the Golf Course Diversion

Site 15 — Wet Beaver Creek Upstream of the Lake Montezuma Avenue Bridge
Site 13 — Wet Beaver Creek at the White House Boarding School

Site 12 — Wet Beaver Creek Upstream of Cliff Face on USES at McGuireville
Site 11 — Beaver Creek east of MOCA Castle Unit Visitor Center

MOCA
October 30, 2003 Seepage Run
Beaver/Wet Beaver Creek
Yavapai County, Az.



SUMMARY MAP.10.30.2003_065
Beaver/Wet Beaver Creek Seepage Run Summary Map showing discharge measured at Sites 1, 2, 3,4, 5, 7, 8, and 9 on 06/13/2002
(in parentheses) and Sites 10, 1, 2 (10/30/03 Site 14), 3,4, 5, 15, 7 (10/30/03 Site 13), 8 (10/30/03 Site 12), and 9 (10/30/03 Site 11)
on 10/30/2003.

Beaver/Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1657 hrs
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SITE 10.10.30.2003_055
Wet Beaver Creek at USGS Station Number 09505200

From downstream of cross section, on cliff above right bank, looking upstream at the concrete weir.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1155 hrs



SITE 10.10.30.2003 056
Wet Beaver Creek at USGS Station Number 09505200

From downstream of cross section, on cliff above right bank, looking at USGS Station Number 09505200 equipment. Zach Mondry
(USEFES, Flagstaff, Az.) descending cliff to trail leading to cross section.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1156 hrs



SITE 10.10.30.2003_057
Wet Beaver Creek at USGS Station Number 09505200

From downstream of cross section, on right bank, looking upstream at trail leading to cross section. Cross section visible in the far
ground.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1156 hrs



SITE 10.10.30.2003 058
Wet Beaver Creek at USGS Station Number 09505200

From upstream of the cross section, with measuring tape, looking downstream.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1337 hrs



SITE 10.10.30.2003_059
Wet Beaver Creek at USGS Station Number 09505200

From downstream of the cross section, with measuring tape, looking upstream.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1339 hrs



SITE 10.10.30.2003 060
Wet Beaver Creek at USGS Station Number 09505200

From downstream of the cross section, with measuring tape, looking across cross section from left bank to right bank.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1340 hrs



SITE 10.10.30.2003_061
Wet Beaver Creek at USGS Station Number 09505200

From cross section looking upstream.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1342 hrs
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes’lNo Time
Method: EDI EWI Other

SEDIMENT: Yes/No Time Method: EDI EWI Other,

BIOLOGICAL: Yes/No Time Type

OBSERVATIONS/COMMENTS QObb/ 2 / bM&j [ W r e

dlj(/lil/ZW# 4/2?91

D SECHIONS =277

Er = S.937

E
(Sept,1999) UNITED STATES
DOI-NPS-WRD
WATER RIGHTS BRANCH
DISCHARGE MEASUREMENT NOTES
Meas. No. /

Compby ___ Checkedby _@Cﬂ NER

DATE
Mocaqg

paRKC 9C NI MO saTiON # A% 254 5 449179 stat1oe

PERSONNEL: M M (9‘44" 4 Notes Cf)! /ffij

MEASUREMENT TYPE (circle one) W able, Bridge, Boat, Ice; Upstr., Dnstr.,___ 1., mi. of gage

Measurement Time/G.H.: Local Standard (24hr) Stan/2 30 G.H» 38 Stop: /330 G. Ho ?g
METER TYPE D Y gm ‘/ SN E qo 0 6Q SPIN Before Me/as*rWAftcr

WEATHER ﬁgy_-, /\)/nd Ef ‘L’IYH&L

HIGH WATER MARK Gage Height of Zero .Flow. fl.

CREST STAGE CHECKED: Yes/No READING ft.

GAGE READINGS

Time Staff Plate Sensor Time Statf Plate Sensor

7
s

LEVEL NOTES
EQUIPMENT TYPE S/N
PERSONNEL: Instrument/Notes Rod
STATION BS. H.L E'S. ELEV. COMMENTS

FLOW: Width 22, 000 _Ares[7.018  Ave.Vel(],397 GH. Disch. %/

Method (I 0 Method coefT. Hor. Angle coefT. Susp. type Susp. coeff.
Meter ft. above botom of weight No. Secs. ) G.H. changes J_fin / hrs.
FLOW

Cross Section

CONTROL

CHANGED Sensor/Datalogger parameters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PSI Range

SN P/N

Conversion slope. Conversion offset Ex. Volt. Output Range
NITROGEN TANK PRESSURE FEED BBL RATE per. min.

INTAKE/ORIFICECLEANED___________ TEMPERATURE: Ak C(F) Waer$ G ()

PHOTOS TAKEN: Roli(s) # Frame(s) #

B-i1za.



L1 -l

Stable (unewen, grawel-bouiders)

USGS G Station e
10 g 40 b
10/30/200 16,578 0
2 0.401 0 Print Full Sheet
5.21%
2 6.65 ClencSheet
N 0 10 9 0.000 9.000 0.000 3.000 0.00
1.6 0.40 0.5 0 40 0.000 9.000 0.000 0.200 000
29 0.60/ 0.95 3 40.1 0.175 0.175 0.175 0.570] 0.10
2.8 0.60 1.15 8 42.3 0.213 0.213 0.213 0.690)] 0.147
34 0.45 0.95 20 41.9 0 490 0.490 0.490 0.428 0.20¢
3.7 0.30 0.85 25 411 0.615 08615 0.615 0.255 0.157
4 0. 0.75 30 41 0.734 0.734 0.734 0.225 0.165
43 0. 0.7 31 40.3 0.770 0.770 0.770 0.210] 0.162]
46 0.3 0.9 30 41.4 0.727] _ 0.727] _ 0.727 0.2701 _ 0.196
4.9 0.30 0.95 27 40 0.679 0.679 0.679 0.285] 0194
5.2 0.30 0.9 26 40.4 0.649 0.649 0.649 0.270d 0.17
5.5 0.40f 0.95 17 40.7 0.432 0.432 0.432 0. 0.16
6 0. 1 12 403 0.317. 0317 0.317 0.5 0.1
6. 0.5 1.05 16 40.2 0.413 0413 0.413 0.525 0.217
7 0.40 0.75 30 40.1 0.750] 0.750 0.750 0.3004 0.22
7.3 0.30] 0.7 36 40.8 0879 0.879 0.879 0.2104 018
7.6 0.354 0.7 35 40.1 0.869 0.869 0.869 0.245] 0.21
8 0.40 0.75 29 40.7 0716 0716 0.716 0.300! 0.21
84 0.40/ 1 25 41 0617 0617 0.617 0.4004 0247
8.8 0.45) 1 18 40.8 0.457 0.457 0.457 0.450f 0.20
9.3 060f  1.05 14 22 0.350 0.350 0.350 0.630] 0.22
10 0.7 2.9 8 424 0.212 0212 0.212 0.630] 0 13
10.7 0.7 1.15 13 41.2 0.334 0.334 0.334 0.805 0.26
11.4 0. 0.75 26 412 0.637 0.637 0.637 0.375 0.23
11,7 0.30 0.75 28 40.1 0.702 0.702 0.702]  0.225] 0.1
12 0.30 0.8 29 40.7 0.716 0.716 0.716 0.240f 0.1
12.3 0.50 0.75 20 40.9 0.501 0.501 0.501 0.375! 0.1
13 0. 0.85 18 41.4 0449 0.449 0.449 0.723] 0.32
14 1 0.4 16 427 0.391 0.391 0.391 0.400{ 0.1
15 1. 0.75 6 427 0.166 0.166 0.166 0.7508 0.12
16 0. 0.8 16 43.5 0.384 0.384 0.384 0.600 0 231
16.5 0.501 0.75 18 416 0.447 0.447 0.447 0.375 0.168
17 0.501 0.7 26 412 0637 0.637 0.637 0.350 0,223
175 0.50/ 0.75 24 41 0.593 0.593 0.593 0.375) _ 0.22
18 0.75 0.7 17 41.4 0.426 0.426 0.426 0.525) 0.22
19 1.004 0.6 3] 438 0.097 0.097 0.097 0.600/ 0.05
20 1.004 0.6 0 40 0.000 9 000 0.000 0.600 0.000
21 125 07 7 457 0.178 0.178 0.178 0.875] 0.156
225 1.200 0.25 6 40.7 0.173 0.173 0.173 0.300{  0.052
234 0.45 0.25 0 20 0.000 0.000] _ 0.000 0.113] __ 0.00
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OTHER MEASUREMENTS
WATER QUALITY: Yes/No Time Samples: Yes/No Time
Method: EDI EWI Other
SEDIMENT: Yes/No Time Method: EDI EW] Other
BIOLOGICAL: Yes/No Time Type

OBSERVATIONS/COMMENTS CObb/c/ ¥ mW subs tratfe
Zrigitizer #4129

LEVEL NOTES

() SECTIONS =>4
ERROR .S 71 %

¢pt,1999) UNITED STATES F‘A" S

DOI-NPS-WRD
WATER RIGHTS BRANCH

DISCHARGE MEASUREMENT NOTES

Meas. No. 2’
Checked by EI&; HTNER,

/0 20 290; Comp by

MoecHA
PARK (OCONIN P STATION #/0 %5(5 Wy b b ] s 12t

PERSONNEL: fa/efr Mondry Notes C})n S fe nsen

MEASUREMENT TYPE (circle one) @ Cable, Bridge, Boat, Ice; Upstr., Dnstr.,___f., mi. of gage
Measurement Time/G.H.: Local Standard by sunt/ A S 6nd. 3 7 Stop: (528 6n 2 3 7
METER TYPE SN P goveé g sovpesne Meas/ amaner SO 5 £c +
WEATHER eér Wl{ ™, Win ﬁ(zﬁ uf 7‘7“”55

DATE

HIGH WATER MARK Gage Height of .Zero .Flow. ft.
CREST STAGE CHECKED: Yes/No READING fl.
GAGE READINGS
Time Staff Plate Sensor Time Staff Plate Sensor

EQUIPMENT TYPE SN
PERSONNEL: Instument/Notes Rod
STATION B.S. HI, FS. ELEV. COMMENTS

Disch. .52

Hor. Angle coefT. Susp. type Susp coeff.

FLOW: Width 22, OOhrea { &. 5 75 ave. vea. .40/ G,

Method___ 0, (p _ Method coefl.
Meter ft. above bottom of weight No. Secs. QO G.H. changes §2 ft.in @(2 hrs.
FLOW

Cross Section

CONTROL

CHANGED Sensor/Datalogger parameters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PSI Range

SN PN

Conversion slope Conversion offset Ex. Volt. Output Range
NITROGEN TANK PRESSURE FEED, BBL RATE per. min.
INTAKE/ORIFICE CLEANED TEMPERATURE: Air él_c@ Wamg Y chk7

PHOTOS TAKEN: Roll(s) # Frame(s) #

INN> 3
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SITE 1.10.30.2003_048

Wet Beaver Creek upstream of the Southwestern Academy

From upstream of the cross section looking downstream at the cross section, with measuring tape.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 0904 hrs



SITE 1.10.30.2003_049

Wet Beaver Creek upstream of the Southwestern Academy

From upstream of the cross section, on the left bank, looking at the staff gage installed upstream of the cross section on river right.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 0907 hrs



SITE 1.10.30.2003_050
Wet Beaver Creek upstream of the Southwestern Academy

From downstream of the cross section looking upstream at the cross section, with measuring tape.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 0907 hrs



SITE 1.10.30.2003_051

Wet Beaver Creek upstream of the Southwestern Academy

From upstream of the cross section looking upstream.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 0909 hrs
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HZ-L

Wet Beaver Creek at Southwestern Academ

Rod

Stable (uneven, gravel-boulders)
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SITE 14.10.28.2003_020

Wet Beaver Creek upstream of the Beaver Creek Campground Bridge
From downstream of the cross section looking downstream.

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1639 hrs



SITE 14.10.28.2003_022
Wet Beaver Creek upstream of the Beaver Creek Campground Bridge

From downstream of the cross section looking upstream at the cross section with Carmia Fiechtner (NPS, WRD, Fort Collins, Co.) on
the right bank and Jim Harte (NPS, WRD, Fort Collins, Co.) on the left bank.

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1649 hrs



SITE 14.10.29.2003_039

Wet Beaver Creek upstream of the Beaver Creek Campground Bridge

From downstream of the cross section looking upstream at the cross section, with measuring tape. John Ward (Ward Ground Water,
Tucson, Az.) and Jim Harte and Carmia Fiechtner (both NPS, WRD, Fort Collins, Co.) on right bank.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1431 hrs



SITE 14.10.29.2003_040

Wet Beaver Creek upstream of the Beaver Creek Campground Bridge

From upstream of the cross section looking downstream at the cross section marked by measuring tape with Jim Harte and Carmia
Fiechtner (both NPS, WRD, Fort Collins, Co.).

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1432 hrs
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SITE 14.10.30.2003_001

Wet Beaver Creek upstream of the Beaver Creek Campground Bridge

From downstream of the cross section looking upstream at the cross section located at the measuring tape. This cross section is
approximately 30 feet upstream of the cross section located at this site on 10/28/03.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 0803 hrs



SITE 14.10.30.2003_005

Wet Beaver Creek upstream of the Beaver Creek Campground Bridge

From downstream of the cross section looking upstream with the cross section located at the measuring tape. This cross section is
approximately 30 feet upstream of the cross section located at this site on 10/28/03.
Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 0903 hrs



SITE 14.10.30.2003_008

Wet Beaver Creek upstream of the Beaver Creek Campground Bridge

From upstream of the cross section looking at Jeff Hughes, NPS, WRD, Fort Collins, Co., measuring velocity at the cross section
located at the measuring tape. This cross section is approximately 30 feet upstream of the cross section located at this site on
10/28/03.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1026 hrs



SITE 14.10.30.2003_009

Wet Beaver Creek upstream of the Beaver Creek Campground Bridge

From the right bank looking across the cross section located at the measuring tape. This cross section is approximately 30 feet
upstream of the cross section located at this site on 10/28/03.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1104 hrs



SITE 14.10.30.2003_010

Wet Beaver Creek upstream of the Beaver Creek Campground Bridge

From upstream of the cross section looking downstream with the cross section located at the measuring tape. This cross section is
approximately 30 feet upstream of the cross section located at this site on 10/28/03.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1104 hrs
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SITE 14.10.30.2003_011

Wet Beaver Creek upstream of the Beaver Creek Campground Bridge

From downstream of the cross section looking at the staff gage installed on river right. This cross section is approximately 30 feet
upstream of the cross section located at this site on 10/28/03.

Wet Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1105 hrs
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OTHER MEASUREMENTS
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No Time

Method:  EDI EWI Other
SEDIMENT: Yes/No Time Method: EDI EWI Other
BIOLOGICAL:  Yes/No Time Type
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SITE 3.10.29.2003_023

Wet Beaver Creek at Lawrence Crossing

From downstream of cross section looking upstream at diversion ditch located on right bank, downstream of cross section.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 0751 hrs
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SITE 3.10.29.2003_024

Wet Beaver Creek at Lawrence Crossing

From downstream of cross section looking upstream at diversion located on right bank, downstream of cross section.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 0753 hrs



SITE 3.10.29.2003_025

Wet Beaver Creek at Lawrence Crossing

From downstream of cross section looking upstream at the cross section with Jim Harte (NPS, WRD, Fort Collins, Co.) measuring
velocity.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 0843 hrs



SITE 3.10.29.2003_026

Wet Beaver Creek at Lawrence Crossing

From upstream of cross section looking downstream at the cross section with Jim Harte and Carmia Fiechtner (both NPS, WRD, Fort
Collins, Co.) measuring velocity.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 0849 hrs



SITE 3.10.29.2003_027

Wet Beaver Creek at Lawrence Crossing

From upstream of cross section looking downstream at cross section, located at measuring tape, with staff gage installed on river left,
upstream of the cross section with Jim Harte and Carmia Fiechtner (both NPS, WRD, Fort Collins, Co.).

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 0902 hrs



SITE 3.10.29.2003_028

Wet Beaver Creek at Lawrence Crossing

From downstream looking upstream at cross section, located at measuring tape.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 0906 hrs
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SITE 3.10.30.2003_015

Wet Beaver Creek at Lawrence Crossing

From the right bank looking across the cross section located at the measuring tape.

Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1324 hrs



SITE 3.10.30.2003_018

Wet Beaver Creek at Lawrence Crossing

From downstream of the cross section looking upstream with the cross section located at the measuring tape.

Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1325 hrs



SITE 3.10.30.2003_019

Wet Beaver Creek at Lawrence Crossing

From downstream of the cross section looking upstream with the cross section located at the measuring tape.

Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1325 hrs



SITE 3.10.30.2003_020

Wet Beaver Creek at Lawrence Crossing

From downstream of the cross section looking upstream with the cross section located at the measuring tape.

Beaver Creek, Yavapai County, Az.
October 30, 2003 @ 1325 hrs
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No Time
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Stable (unewen, grael-toulders)
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SITE 4.10.29.2003_034

Wet Beaver Creek at Montezuma Well QOutlet

From upstream looking downstream at the cross section with John Ward of Ward Ground Water, Tucson, Az.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1253 hrs



SITE 4.10.29.2003 035
Wet Beaver Creek at Montezuma Well Outlet

From downstream looking upstream at the cross section with John Ward of Ward Ground Water, Tucson, Az.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1253 hrs



SITE 4.10.29.2003_036
Wet Beaver Creek at Montezuma Well Qutlet

From downstream of cross section looking downstream.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1254 hrs



SITE 4.10.29.2003_037
Wet Beaver Creek at Montezuma Well Outlet

From the cross section looking upstream.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1254 hrs



Site 4--Location on Wet Beaver Creek near Montezuma Well, Montezuma Castle National
Monument, Well Unit.
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No Time,
Method: EDI EWI Other

SEDIMENT: Yes/No Time Method: EDI EWI Other

BIOLOGICAL: Yes/No Time Type

OBSERVATIONS/COMMENTS

S SECTIONS 2 >Za
E R '5.817
(Sept,1999) UNITED STATES t

DOI-NPS-WRD
WATER RIGHTS BRANCH

DISCHARGE MEASUREMENT NOTES

Meas. No. I

, - Comp by-u}i ‘ Checked by _ 1 | ECHIN ERR
pATE_(]3n [ O el

YrouTE Ui A
PARK_ WG Lt STATION # 11[

N

PERSONNEL: Metesda AR/ T Notes V)Eﬂﬂnmzv

MEASUREMENT TYPE (circle one) (Wading)Cable, Bridge, Boat, ice; {psit) Dnstr.._LL@D. mi. of gage
2 = N N
Measurement Time/G.H.: Local Standard (24hr)  Star: 374°S” G.H. 0.5L;<’S§ZZ;: 0935 GH.O.5 Cg{o.s 7

METER TYPE 0.5 S/Nc.;zm c2InT SPIN Before Meas.//4.S £ After /332

WEATHER 4 ¥ (Cv O a ST~ 5ree%q

Gage Height of .Zero .Flow. A1/ a R wged

4O pporos g€ tor

HIGH WATER MARK_____#7 ,/q

LEVEL NOTES
EQUIPMENT TYPE S/N
PERSONNEL: Instrument/Notes Rod
STATION B.S. H.I F.S. ELEV. COMMENTS

CREST STAGE CHECKED: YesiNo __jy [q READING R todey
GAGE READINGS 'Ml“] 0:
Time Staff Plate Sensor Time Staff Plate Sensor L:{
FLOW: Width_[5,280 Area |3, 94| Ave. Vel._0.23] GH. Disch__9.830
Method___ (. [, Method coefl. Hor. Angle coeff. Susp. type Susp. coef.
Meter______ft. above bottom of weight No. Secs.__3F _ G.H. chang Q fin__ "2 s

FLOW 541«}».;; uuTCo\’AA MJ (an an*rv-v\'cﬁ ﬁomq.w\wf*\whdw)

LT . h
Cross Section Coh*k Oo&\as“ Lqﬁ e ™1 O‘A‘Q:-_gfd
CONTROL ___padured cobble bed &.5.

CHANGED Sensor/Datalogger parameters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PSE Range

SN PN

Conversion slope Conversion offset Ex. Volr. Output Range
NITROGEN TANK PRESSURE FEED, BBL RATE per. min.
INTAKE/ORIFICE CLEANED, TEMPERATURE: Air, C'@ Wamﬂ&_c' F

PHOTOS TAKEN: Roll(s) # Frame(s) #
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Print Header

Stable (unewen, grawel-boulders:

4 15.20 35
1 13.626 2 s -
2 739 0 Print Full Sheet
5270@ 3 . 24
2 10.063 Chaeout
0.5 0.25 ¢ 0.000 0.000 0.000 0.000| 0.000
1 0.75 0.43 2 404 0.079 0.079 0.079 0.323 0.025
2 1 0.68 3 463 0.093 0.093 0.093 0.680 0.064
3 0. 0.82 13 24.2 0.314] _ 0.314] __0.314] _ 0687] _ 0.21
P'—*V 3.7 0.60] 0.45 a3 418 0.560 0.560 0.560 0.270 0.151
B 4.2 0.45 0.53 22 41.6 0.539 0.539 0.539 0239] 0.12
46 4! 1.2 25 40.5 0.624 0.624 0.624 0 540 0.337
5.1 0.35 127 35 406 0.859 0.859 0, 0.424 0.364
5.3 0.20 1.2 33 40.3 0.818 0.818 0.818] 0.240 0.196
55 0.20 1.2 40.7 1.140 1.140 1.140 0.246 0.281
57 0. 0.98! 50 40.2 1.226 1.226 1.226 0.196 0.240
5.9 0.20] 0.94 56 40 8 1,356 1.356 1.356 0.188 0.255
6.1 0.20] 0.98 62 40.5 1.501 1.501 1.501 0.196 0.294
6.3 0.2 0.98 89 40.1 1.684 1.684 1.684 0196 0.3
6.5 0.20] 1 78] 403 1.890 1.890 1.890 0.200 0.378
6.7 0.20{ 1.12 84 405 2.023 2023 2.023 0.224]  0.457
6.9 o% 111 82 40.2 1090]  1.990]  1.990] _ 0222]  0.442
7.1 0.2 1.1 75 40.4 1.814 1.814 1.814 0.220 0.399
7. 0.20] 1.2 89 40.1 1684 1.684 1.684 0.240 0.404
5 0.20] 1.16 61 40.1 1.492 1.492 1.492 0232] 0346
7.7 0. 1.15 57 40.2 1.393) 1,393 1.393 0.230) 3
7.9 0. 1.21 58 40.1 1, 1.420 1,420 0.302 0.430
82 0.25| 0.99 78 40.2 1.895 1.895 1.805 0.248 0.469
84 0.30] 096 74 405 1.786 1.786 1.786 0.288] 0.514
8.8 0.35] 14 47 40.8 1.138 1.138 1.138 0.385 0.438
9.1 0.45] 1,12 25 41 0.617 0.617 0.617 0.504 0.311
9.7 0.80 1.15 11 40.9 0.289. 0.289 0.289 0.920! 0.2
10.7 1.00) 1.32 11 44| 0.271 0.271 0.271 1320 0.358
11.7 0.8 121 22 416 0.539 0.539 0.539 0.880" 0.474
12.3 0.55 1.21 33 40.7 0.810 0.810 0.810 0.666 0.53
12.8 0.55 0.93 26 40.5 0.648 0.648 0.648 0.512] 0.331
13.4 0.50] 0.89 8 45.1 5 0.202 0.202 0.445 0.09
13.8 0.8 0.91 8 425 0.212 0.212 0.212 0.728| 0.1
15! 0.95! 0.45 [3 51.2 0.144 0.144 0.144 0.428) 0.061
15.7 0.35 1) 0 0 0.000 0.000 0.000{  0.000! 0.0

Rod

odoz L






&
¥
3
5
S

Eﬁ Angle caed.

L~y

River st— T
.| D ' .\§ pev. | Teme |_VELOCITY | Adinied . [3-40| 0,55 |0.9F Y HS/10.8 7 0.9 ‘QE
.:-’:':':1 Depah é.g | | | e ] i | D 13.9008000.91] | ¢ kp.sjox 0.92, o.154 %
, 2 LB \ s 03510.45] | & |S1a]osgy 0.428] 0. 0bf!
9.59 LGS s 70 180053
[, 00]0-7576.43 2 |#6.4f)0. 079 D3 25 * =
[ 5t
.00/ 000. 6% 3 146.3]o.0 2.L%D 0.06; i
5 o0lp. %516 %2 12 |4daloz 27;; 0.597! 0.2\4 30
3.70l0olo.4sl |am | ob.sod dock 0.27p| 0, \§ 1 % 32
H.2010.45 10 .53 2 2 |Y. )a539 /To:.‘; 0.238| 0\ o | %4
2.L0[0.L 5|8 25 yajaaae‘fj:z 0.54D| 0,317 o
S./010.30 .21 135 Wo.¢lo.959 0.9‘,;} 0‘35? * 9
5.3plo-20)/. 20 232 \gy.3lo.5/8 g.a40 0.19b v 37
s.solo.zdrta3] |49 boslu 05406 0.288 - - o
20 10.2210.99] |<sp g0/ 224 f,/ab 0.24) ® —f T s
5. 92)p.z0lp.94 st |40.6 3 0.18¢ 0.1593
LD 14201897 ol |45 |].8 0] 0.196 ! 0-294
&.230|0.2010. 98] ¢ q [40.4]/ (54 g./7b| 0.330 1 & 1.00
_lG.solp.20]l. 00| |3 F |403]/.892 0.220| 0,31% T
(.-7D06.80|[./13 | 54 |40.50.0a3 02.234] 0.453 a
b.9D00.201(- /] %2 “o.21/.990 922! 0.442 » “
1/0|n.22|].[0 15 |so.u)/erd 0220 8,391 o P
7.3810.201(.2D| g by Y- (g4 0:240| 0,49y o .
7500620\ [ G| |G 1 |40.1)1ug2 0233 0,34y ) - B 5
1.7010.201/./5] |57 |4p2).32> 23] 9.0 1 i
790028l a1 | | 55 lsos|ruzelsas D30 o.u% > T 2
5.2000-290.99] 136 452 |1.545l0oex ou¥l o upg » 4 | "
&.40[0300.98] |7 |90.5|129lecki 202 0.514 T T ll { -
«.3dn.zc|r. 10| |47 |odl.i3dlE2¢% 2257 D-Y38 o
q.10|0-495ll. 13| |as |4l0lp.6 O=so¢| 0.3N
9.70/0:%0l/. 45| 1]] ledlp. 0. 920 0,2bk .
[p7d - 00).35 [ _4ele.37/ [.229] 5.35%
(/-7 o.zdt-!o 22 |Yltl¢.sa 0.5961 0.47y
[2.300.591 .2 23 [4270.4p| wes 0. 6f] 3.639 B %
12800, 29 0.943 24 .0 | 6] 2,29 | 0.337) '
) .10 %.,;5 30 €0 .so% 60 C-5V%0 8 0 .10 20 30 A0 50 .60 0 s

~dor 3



OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No Time

(Sept,1999) UNITED STATES
DOI-NPS-WRD

WATER RIGHTS BRANCH

-

2 secTIonNS = 5%
= " 5. 237,
F,

DISCHARGE MEASUREMENT NOTES

Meas. No. 2~

Comp by |/[ZA2 T Checked by F'Iﬁgiz NER

DATE "Q/}QZQ g

‘ /
g uTCTUMp,
PARK_ gov-

station# +

PERSONNEL: Meter— - ALBr2 16T

N
Notes /-3 A T 1) 60

MEASUREMENT TYPE (circle one) @ able, Brndge, Boal, Ice; @. Dnstr., _’{_@. mi. of gage
) »S 7 8 =
Measurement Time/G.H.: Local Standard (24hr)  Start:/p 7 0 G.H.ﬂbio S(o>p: (1S GH4. Th-057

METER TYliE D Lrn Y SN f‘ 2.00a T SPIN Before Meas. /, 3. After_/./ &

Method: EDI EWI Other
SEDIMENT: Yes/No Time Method: EDI EW] Other
BIOLOGICAL: Yes/No Time Type
OBSERVATIONS/COMMENTS
LEVEL NOTES
EQUIPMENT TYPE S/N
PERSONNEL: Instrument/Notes Rod
STATION B.S. HI ES. ELEV. COMMENTS

WEATHER
HIGH WATER MARK Gage Height of .Zero Flow. ft.
CREST STAGE CHECKED: Yes/No READING ft.
GAGE READINGS j
Time Staff Plate Sensor Time Statf Plate Sensor T"
i
FLOW: Width_[5.200 Area (3, (p2{o Ave.Vel._0.733GH. Disch.__ 10,663

Method____ & Method coefT,

Hor. Angle coefT. Susp. type

Susp. coeff,

s
Meter, ft. above bottom of weight No. Secs._ 35 G.H. changes Q' ft. in 5/@4 hrs.

FLOW / Shoang As \

MEAs Bl

Cross Section

CONTROL

X\ +a,L<.n «hn(m, /

CHANGED Sensor/Datalogger parameters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PSI Range

SN PN

Conversion slope Conversion offset Ex. Volt. Output Range.
NITROGEN TANK PRESSURE FEED BBL RATE per. min.
INTAKE/ORIFICE CLEANED TEMPERATURE: Airod, 6CTF) waer 5% [ C'f)

PHOTOS TAKEN: Roll(s) # Frame(s) #
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SITE 5.10.29.2003_029

Wet Beaver Creek upstream of the golf course diversion

From upstream of the cross section looking upstream.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1013 hrs



SITE 5.10.29.2003_030

Wet Beaver Creek upstream of the golf course diversion

Form right bank looking at staff gage installed upstream of cross section on river left (cross section located at measuring tape).

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1059 hrs



SITE 5.10.29.2003_031

Wet Beaver Creek upstream of the golf course diversion

From upstream of cross section looking downstream at cross section located at measuring tape.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1102 hrs



~/

|

SITE 5.10.29.2003_032

Wet Beaver Creek upstream of the golf course diversion

From downstream of cross section looking upstream-at cross section located at measuring tape.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1103 hrs



SITE 5.10.29.2003_033

Wet Beaver Creek upstream of the golf course diversion

From cross section looking downstream.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1104 hrs
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time

Samples: Yes/No Time

S SECTIOND — < <a
Eer 5322
(Sept,1999) UNITED STATES FA
DOI-NPS-WRD
WATER RIGHTS BRANCH
DISCHARGE MEASUREMENT NOTES
PRE -DIVERSION

Meas. No. Y —
Compby |1 ECHTNEE. Checkedby _QARLE
DATE lngQ[ZO(B FecnTier

PARK_MOCA STATION_MEASUREMENT |  SITE 5

PERSONNEL: Meter__ iz 1ls  QARLE Nowes_(Carmia  ClechTner
MEASUREMENT TYPE (circle one) WadingjCable, Bridge, Boat, Ice; Upsw.@j@. mi. of gage

Measurement Time/G.H.: Local Standard (24hr)  StantJ8 03  G.HQM-g41 SopQ3804  G.H._¢-40-0.41

METER TYPE_PY( MY SN_USGS PG4223  SPIN Before Meas. _|10F  After_ 43

WEATHER_LIGHTIN OVERCAST

HIGH WATER MARK Gage Height of Zero Flow. ft
CREST STAGE CHECKED: Yes/No READING ft.
GAGE READINGS
Time Staff Plate Sensor Time Staff Plate Sensor |

Method: EDI EWI Other
SEDIMENT: Yes/No Time Method: EDI EWI Other,
BIOLOGICAL: Yes/No Time Type
OBSERVATIONS/COMMENTS
LEVEL NOTES
EQUIPMENT TYPE SN
PERSONNEL: Instrument/Notes Rod
STATION B.S. H.I FS. ELEV. COMMENTS

FLOW: Width_I5.000 Area {0487 Ave.Vel. 0,898 G.H. Disch._ 9,4/}
Method__ (). (p Method coefT. Hor. Angle coeff, Susp. type_ ROD ___ Susp. coeff.
Meter ft. above bottom of weight No. Secs.___3(p  G.H. chang O fin_= i hrs.

FLOW_GHTWY TURRULENT, NON -y NI EORM, VARIED
Cross Section_NON - UNIFORM ,KIJLIQHJW—______
CONTROL _STEp-PQGl, RIEELE R 1S Ft D.5.
s SLB L ALLGAL AN Raiss
CHANGED Sensor/Datalogger parameters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PSI Range

SN P/N
Conversion slope Conversion offset Ex. VoIt. Output Range
NITROGEN TANK PRESSURE FEED BBL RATE per. min.

INTAKE/ORIFICE CLEANED TEMPERATURE: Air}5.% é‘) F' Water_|4. F*

PHOTOS TAKEN: Roli(s) # Frame(s) #

R=-la
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35

Pre-diversion

fRiorw s

Rod

¢ Stable (unewen, grael-boulders)

5 15.60 ol Pt Header
10/30/200 10.71 2 -

2 0.8 0 +  Print Full Sheet

4.81% [

2 9.099 00 B ewrshest

2: . 0 : 0.000 ; . .
3.5 1.00 0.61 7 43.53 0.186 0186] 0186] 0610 011
45 1.00 0.68 6 43.83 0.163 0163] _ 0.163] _ 0.680] _ 0.11
55 0.75 1.01 13 41.02 0.336 0336 0.336] 0.758] _ 0.254
6 0.50 0.87 26 41.45 0.634 0634] 0634|0435  0.27
6.5 0.50 0.88 31 40.81 0.761 0761 0.761 0.440] 03
7 0.50 0.77 35 41.23 0.846 0.846 0846] 0385 03
75 0.50 0.7 37 41.98 0.878 0878] 0878 _0.350] 0.3
8 0.50 0.8 43 41.05 1.037 1.037 1.037] __0.400] 04
8.5 0.43 0.8 41 40.39 1.006 1.006 1006]  0.340] _ 0.34
8.85 0.35 0.9 52|  41.08 1.247 1.047 1247 0315 039
92 0.35 0.78 50 40.83 1.443 1.443 1443]  0273] 03
9.55 0.35 0.8 52 40.48 1.265 1.285 1265|  0.280] 0.35
9.9 0.30 0.8 48] 4068 1.164 1.164 1164] _ 0.240] _ 0.27
10.15 0.25 0.85 54 4063 1.308 1308 1308 0.213]  0.27
10.4 0.25 0.78 49 403 1.190 1199 1199] 0195]  0.234
10.65 0.25 0.86 57 40.57 1.381 1.381 1.381 0.215]  _ 0.29
10.9 0.23 0.86 65 40.77 1.562 1.562 1562] _ 0194] _ 0.30
1.1 0.20 0.9 77 40.39 1,862 1862 1862] 0.180] 0.33
11.3 0.20 0.75 94 40.47 2.262 2262 2262] _ 0.150] _ 0.33¢
1.5 0.20 0.75 87 40.44 2.097 2097 2097 0150 _ 0.31
.7 0.20 0.7 a3 4067 2227 2227|  2227] __0.140] 031
11.9 0.20 0.7 95 40.66 2275 2275 2275  0.140] _ 0.31
12.1 0.20 0.68 93 40.77 2.222 2222 2.222] __0136] 030
12.3 0.20 0.65 105 4057 2517 2517 2517 0130] 032
12.5 0.20 0.65 103 4059 2.468 2468  2468] _ 0.130] __ 0.321
12.7 0.20 0.88 72 4059 1.735 1.735 1735 04176] 0.3
12.9 0.35 0.85 55 40.85 1.324 1.324 1324] 0298] 039
134 0.50 0.43 30 407 0.739 0739 0733 0215 o1

13.9 0.50 0.73 1 4065 0.338 0338] _0338] 0.365 0.1
14.4 0.55 0.63 9 46.05 0.219 0.219] _ 0219] _ 0.347] _ 0.07
15 0.80 0.7 8 4127 0.217 0.217 0217{ 0560 012
16 0.80 0.54 21 405 0.529 0529] 0529] 0432] 0.2
16.6 0.50 0.72 6 46.63 0.155 0155 0155  0.360] _ 0.0
17 0.75 0.65 4 45.09 0.116 0116] 0.116] 0488 005
181 0.55 0 0 0 0000] 0000 0000[ 0000 000
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No  Time,
Method: EDI EWI Other

SEDIMENT: Yes/No Time Method: EDI EWI Other,

BICLOGICAL: Yes/No Time, Type

OBSERVATIONS/COMMENTS

LEVEL NOTES

() SecTieN>  — 276 T
ErRGR - .21 %

(Sept,1999) UNITED STATES Goed
DOI-NPS-WRD
WATER RIGHTS BRANCH

DISCHARGE MEASUREMENT NOTES
PRE - DIVERSION

Meas. No. 5'1
Compby ficcH INER  Checked by _(GARLE
DATE 10 {30/2003 Bl Taes
PARK__MCCA STATION MEASUREMENT 2, siTE S
PERSONNEL: Meter_ Cuits  Oarie Notes CapmiA  RecHTAER

MEASUREMENT TYPE (circle one) @ Cable, Bridge, Boat, Ice; Upstr., Dnstr., f _ft., mi. of gage

Measurement Time/G .H.: Local Standard (24hr)  Start:}0: 03 G.H.p49-04(Stop: 1 '¢3 G.H. .49 "0

METER TYPE_PYGMN S/IN_LGS PI0223 SPIN Before Meas. _{°Q9  After_ | 20

WEATHER __LAGHTIN  OVERCAST

EQUIPMENT TYPE SIN
PERSONNEL: [nstrument/Notes Rod
[ STATION B.S. H.I F.S. ELEV. COMMENTS

HIGH WATER MARK Gage Height of .Zero .Flow. ft.
CREST STAGE CHECKED: Yes/No READING ft.
GAGE READINGS ‘ﬁ
Time Staff Plate Sensor Time Staff Plate Sensor @
FLOW: Width_[S.(,  Area 0. 3! F Ave. Vel. 0,849 GH. Disch._9,099 cfs > 9.

Method__ 0, & Method coefT. Hor. Angle cocfT. Susp. type_ROD Susp. coefl.

Meter fu. above bottom of weight No. Secs._3g GH.changes ) ftin__ | hrs.

FLOW_SUGETLY  TYRBULENT | NON - UNIFORM Y ARIED

Cross Section AN~ UNIFCRM  Ryubn, CoBodk 3 BuwcDER

CONTROL _STP-Po¢, Ruvie > 190s ».5.
© QLIGHT ALGAE  ON RICKS

CHANGED Sensor/Datalogger parameters (circle if yes)? 1f yes fill in applicable spaces below:

Make/Model/PST Range

S/N P/N

Conversion slope Conversion offset Ex. Volt. Output Range
NITROGEN TANK PRESSURE FEED, BBL RATE per. min.
INTAKE/ORIFICE CLEANED TEMPERATURE: Airf9.1 @3 F' War @ F

PHOTOS TAKEN: Roll(s) # Frame(s) #
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SITE 15.10.29.2003_038

Wet Beaver Creek upstream of the Lake Montezuma Avenue Bridge

From upstream of the cross section looking at an instream earthen diversion.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1329 hrs



SITE 15.10.29.2003_041

Wet Beaver Creek upstream of the Lake Montezuma Avenue Bridge

From downstream of the cross section on the left channel looking upstream.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1457 hrs
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SITE 15.10.29.2003_042

Wet Beaver Creek upstream of the Lake Montezuma Avenue Bridge

From upstream of the cross section on the left channel looking downstream.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1457 hrs



SITE 15.10.29.2003_043

Wet Beaver Creek upstream of the Lake Montezuma Avenue Bridge

From downstream of the cross section on the right channel, on the left bank, looking to the right bank.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1500 hrs



SITE 15.10.29.2003_044

Wet Beaver Creek upstream of the Lake Montezuma Avenue Bridge

From downstream of the cross section on the right channel looking downstream.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1500 hrs
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SITE 15.10.29.2003_045

Wet Beaver Creek upstream of the Lake Montezuma Avenue Bridge

From downstream of the cross section on the right channel looking upstream. Jim Harte (NPS, WRD, Fort Collins, Co.) and John
Ward (Ward Ground Water, Tucson, Az.) standing on the left bank at the cross section.
Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1502 hrs



SITE 15.10.29.2003_046

Wet Beaver Creek upstream of the Lake Montezuma Avenue Bridge

From upstream of the cross section (with measuring tape) on the nght channel looking downstream. A staff gage is installed upstream
of the cross section on river left. John Ward (Ward Ground Water, Tucson, Az.) in the stream and Jim Harte and Carmia Fiechtner
(NPS, WRD, Fort Collins, Co.) on left bank.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1519 hrs



SITE 15.10.29.2003_047

Wet Beaver Creek upstream of the Lake Montezuma Avenue Bridge

From downstream of the cross section on the right channel looking upstream. Jim Harte and Carmia Fiechtner (NPS, WRD, Fort
Collins, Co.) and John Ward (Ward Ground Water, Tucson, Az.) on the left bank.

Wet Beaver Creek, Yavapai County, Az.
October 29, 2003 @ 1520 hrs
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No Time

Method: EDI EWI Other
SEDIMENT: Yes/No Time Method: EDI EWI Other
BIOLOGICAL: Yes/No Time Type

OBSERVATIONS/COMMENTS

SLOOK — UP  (COEFEACIENT Fer WAST JERTICAL

(p DECTION> ~ 2 Zg

ErroR " 5.0 4%
(Sept,1999) UNITED STATES ‘FA" =
DOI-NPS-WRD
WATER RIGHTS BRANCH

DISCHARGE MEASUREMENT NOTES
PosT - DIWERSIGN

Mcas. No. }S= I
: Comp by Ev",g B{NER Checkedby (RABLE
DATE_;¢/30/2003 fecHTNER
PARK__PAGC A STATION_ PQST- DIVERSION , |5~
PERSONNEL: Meter_(prus GABLE Notes_ (. : ec ER

MEASUREMENT TYPE (circle one)(Wading) Cable, Bridge, Boat, lce; Upstr.,Qnstr,,) 10t} mi. of gage
Measurement Time/G.H.: Local Standard (24hr)  Start: 1239 G.H._0.53 Swop:_ 324  GH._0.33
METER TYPE_PYG MY SIN_USGS POQZ2273  SPINBeforeMeas. | U After 5%

WEATHER__ C{FAR

LEVEL NOTES
EQUIPMENT TYPE S/N
PERSONNEL: Instrument/Notes Rod
STATION BS. H.L FS. ELEV. COMMENTS

HIGH WATER MARK Gage Height of .Zero .Flow. ft.
CREST STAGE CHECKED: Yes/No READING ft.
GAGE READINGS
Time Staff Plate Sensor Time Staft Plate Sensor
FLOW: Width_2.550 _ Area o.F4(p  Ave. Vel |.2493 GH. Disch.__§,3¥2
Method__ C, Method coefT. Hor. Angle coefT. Susp. type_ RO D Susp. coeff.

Meter, ft. above bottom of weight No.Secs__3Q  G.H.changes_ ()  f.in_%= o _hrs.

FLOW VARICO, NGN * YNIFGRM TR JLENT

Cross Section_NGN* N FORM RauGH, CoBRLE Y BoULatR

CONTROL STC P Poie , RiEvVes = 30 L B,y .
' SUGHT MGAE ON RUCKS _ \
* VEGETATI CN_BANKY Mzed A cocer ¢ ENT (AssuMED G-9S)

CHANGED Sensor/Datalogger paramcters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PSI Range

SN PN

Conversion slope Conversion offset Ex. Volt. Output Range
NITROGEN TANK PRESSURE FEED BBL RATE per. min.
INTAKE/ORIFICE CLEANED, TEMPERATURE: Air21.3C)F Wate QF

PHOTOS TAKEN: Roli(s) # Frame(s) # \\

RB-96a
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No Time

Method:  EDI EW] Other

SEDIMENT: Yes/No Time Method: EDI EWI Other
BIOLOGICAL: Yes/No Time Type
OBSERVATIONS/COMMENTS

°lOOK (P COEFFACIENT FOR  LAST VERTICAL

D DECTIOND T 2F,

ErR" R.4HY
(Sept,1999) UNITED STATES G
DOI-NPS-WRD
WATER RIGHTS BRANCH

DISCHARGE MEASUREMENT NOTES
RAST-DIVERSION

Meas. No. L

of 202 Comp by EIQCH’]NER Checked by hﬁgg
DATE l ‘ 3 l 0Q } 1C
1ECHTNER

PARK__MOCA STATION_PGST - DVERSION, I5-2

PERSONNEL: Meter f:ﬂgm hAﬁ LE Notes_CARMA E‘ELHTNGK
MEASUREMENT TYPE (circle one) @ablc, Bridge, Boat, Ice; Upstr., @ﬂ_@, mi. of gage
Measurement Time/G.H.: Local Standard (24hr)  Start:}433 GH.Q,S|  Swp:)15i4  GH._0.4¥
METER TYPE_PYGMY SIN_USQS P9OG223  SPIN Before Meas. |25  After_ 1S

WEATHER _CLEAR ., RREEZY

LEVEL NOTES
EQUIPMENT TYPE S/N
PERSONNEL: Instrument/Notes Rod
STATION B.S. H.I FS. ELEV. COMMENTS

HIGH WATER MARK Gage Height of .Zero .Flow. ft.

CREST STAGE CHECKED: Yes/No READING, ft.
GAGE READINGS

Time Staff Plate Sensor Time Staff Plate Sensor

FLOW: Width_§,550  Area_ 6.38(n  Ave. Vel 1,20Q GH. Disch.__7,6LS

Method O, fa Method coefT. Hor. Angle coefY. Susp. type_ RQD  Susp. coeff.

Meter ft. above bottom of weight No. Secs._ 3| G.H. changes _(,07% ft.in_~ Y s,

FLOW_VARIED ,NON-UNIFORM TURRUWENT

Cross Section YN ROVG RR¢ WLDER

CONTROL H_E 23064 D.S.

e SUGHT auk
* VEGETATION ON eﬁrNKS Assu«e COEFF IENT aF 65

CHANGED Sensor/Datalogger parameters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PSI Range

SN P/N

Conversion slope Conversion offset Ex. Volt. Output Range
NITROGEN TANK PRESSURE FEED BBL RATE per. min.
INTAKE/ORIFICE CLEANED TEMPERATURE: Air_&O_@ F' Water (L3 é} F°

PHOTOS TAKEN: Roli(s) # Frame(s) #

B-99a
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SITE 13.10.28.2003_014

Wet Beaver Creek at the white house boarding school

From upstream of the cross section, with measuring tape, looking downstream.

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1523 hrs



SITE 13.10.28.2003_015

Wet Beaver Creek at the white house boarding school

From upstream of the cross section, with measuring tape, looking downstream.

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1524 hrs
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SITE 13.10.28.2003_016

Wet Beaver Creek at the white house boarding school

From downstream of the cross section, with measuring tape, looking upstream. Jim Harte (NPS, WRD, Fort Collins, Co.) on left
bank.

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1525 hrs



SITE 13.10.28.2003_019

Wet Beaver Creek at the white house boarding school

From upstream of the cross section looking at staff gage installed on river left with Jim Harte (NPS, WRD, Fort Collins, Co.).

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1531 hrs
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¥ 5 =gy > 59,

(Sept,1999) UNITED STATES Er 1l
DOI-NPS-WRD GO
OTHER MEASUREMENTS WATER RIGHTS BRANCH
WATER QUALITY: Yes/No Time Samples: Yes/No  Time DISCHARGE MEASUREMENT NOTES
Method:  EDI EWI Other
. Meas. No. Z
SEDIMENT: Yes/No Time Method: EDI EWI Other 1
o 3 Comp by Bl . Checkes by _FIECHTN ER
BIOLOGICAL:  Yes/No Time Type paTE_/%/30/0 ,
OBSERVATIONS/COMMENTS_2AS 1 4 j) FICANT. AT w ATER. PARK Y OC”/ [mowE STATION # 70 3>
BEYoRD REW PERSONNEL: Meter) 1L BR (p-HT Notes_/ 2BLTL | Asf
MEASUREMENT TYPE (circle one) @Cablc. Bridge, Boat, Ice; Upsu.@:a S —
Measurement Time/G.H.: Local Standard (24hr)  Start:/ Z SOGH. 0. 57¢ Stop: 1335 GHALT -0 Sg
METER TYPE S/Naag oCoun SPlNBcforeMeas.["ZGiAftcr [- 3&
WEATHER gg nndy WMDY - K Scatler@4 cloods
HIGH WATER MARK Gage Height of .Zero .Flow. ft.
CREST STAGE CHECKED: Yes/No READING fi
GAGE READINGS
Time Staft Plate Sensor Time Stat? Plate Sensor
LEVEL NOTES
EQUIPMENT TYPE SN
PERSONNEL: Instrument/Notes Rod
W Width_ 5,900 4,580 . Vel I H. isch.__ . %5
STATION | BS. Al FS._ ] ELEV. COMMENTS LS ! S e Wl by 3 5. GH Disch._ 0. 858
Method O, ( ) Method coeff. Hor. Angle coeff. Susp. type Susp. coeff.
Meter ft. above bottom of weight No. Secs. 23 GH changes 0-Z- 9.3 in 3/‘“f hrs.
FLOW UNIFO AR - nE CISIHC S

“ge

Cross Section_t/ p0 /L p@ p] /(6 BLE BED //MADIK000H

CONTROL <7 £2/ G CAIANREL LapTRoL 2D B4 QpR¢ BgD

CHANGED Sensor/Datalogger parameters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PSI Range

S/IN P/N

Conversion slope, Conversion offset Ex. Voit. Output Range
NITROGEN TANK PRESSURE, FEED BBL RATE, per. min.

INTAKE/ORIFICE CLEANED TEMPERATURE: Air 7 3 c@ water $4.4 c@
PHOTOS TAKEN: Roll(s) # Frame(s) #

R-\1O0%a
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No Time

Method: EDI EWI Other
SEDIMENT: Yes/No Time Method: EDI EWI Other
BIOLOGICAL: Yes/No Time Type

OBSERVATIONS/COMMENTS

LEVEL NOTES

L SeECTioNs >/ (09,
§ szc 5”59,

(Sept,1999) UNITED STATES ERRoN L2 %
DOI-NPS-WRD G coD
WATER RIGHTS BRANCH

DISCHARGE MEASUREMENT NOTES
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Comp by &rTL-n% Checked by Eggﬂ/\/m
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PARK /Y DCFI//'LQUE sTATION_#_7 03 >
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WEATHER " ¥ ‘
HIGH WATER MARK Gage Height of .Zero .Flow. .
CREST STAGE CHECKED: Yes/No READING ft.
GAGE READINGS
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CONTROL \ A
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CHANGED Sensor/Datalogger parameters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PS] Range
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Conversionslope________ Conversion offset Ex. Volt. Output Range
NITROGEN TANK PRESSURE FEED BBL RATE per. min.
INTAKE/ORIFICE CLEANED TEMPERATURE: Air_"72 @ an_éﬂ_ C'@

PHOTOS TAKEN: Roll(s) # Frame(s) ¥
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SITE 12.10.28.2003_008
Wet Beaver Creek upstream of cliff face on USFS at McGuireville

From cross section looking downstream toward cliff face.

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1336 hrs



SITE 12.10.28.2003_009
Wet Beaver Creek upstream of cliff face on USFS at McGuireville

From upstream of cross section looking upstream.

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1336 hrs



SITE 12.10.28.2003_010
Wet Beaver Creek upstream of cliff face on USFS at McGuireville

From upstream of cross section looking at staff gage installed on river right.

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1343 hrs



SITE 12.10.28.2003_011
Wet Beaver Creek upstream of cliff face on USES at McGuireville

From downstream of cross section looking upstream at cross section, with measuring tape, and staff gage installed on river right.

Wet Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1344 hrs
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OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time

Samples: Yes/No Time

Method:  EDI EWI Other
SEDIMENT: Yes/No Time Method: EDI EWI Other
BIOLOGICAL: Yes/No Time Type
OBSERVATIONS/ICOMMENTS_C Ros§s SEchon (s Approx. [0 rEer
bgg&Sngm Qf A PQQ;_, ;bggnd (s ggbb[é—,
MEASKE MeNT £ STimated i be Fanr -7 - Foor
* wais 18 SATE T 12 and T Replaces Site 8
MEACORED 1N 2002. STE 12 s Approyimetel
Vo - . Al S+ AN \
LD ATree~ oF & Dape CLIFFE FA R ¢t
LEVEL NOTES
EQUIPMENT TYPE, SN
PERSONNEL: Instrument/Notes Rod
STATION BS. A1 FS. | ELEV. COMMENTS

o DECTION S 5%,
Err P12,

f
{Sept,1999) UNITED STATES

DOI-NPS-WRD
WATER RIGHTS BRANCH

\DlSCHARGE MEASUREMENT NOTES

Meas. No. -

Compby Jo HALTE  Checked by f:z CCHTINER

DATE_LO|T0foy

¢ (MEW) oLt .
PARK_ MO CA STATION S 12 -\wJer . Ceuirewlle on
Vs

PERSONNEL: Meter T2 LI ARD Notes_Jo_HACRE
MEASUREMENT TYPE (circle one) , Cable, Bridge, Boat, Ice; Upstr., Dnstr., ft., mi. of gage
Measurement Time/G H.: Local Standard (24hr)  Start:i3%0 G.H e3Ze Stoptdi® GH 33

METER TYPE 3%&‘—1 SINUSGS PIOZD7  SPIN Before Meas /S ¥sagancr ¥S 58

WEATHER_Swna W T 3resrs
HIGH WATER MARK Gage Height of .Zero .Flow. ft.
CREST STAGE CHECKED: Yes/No READING ft.
GAGE READINGS
Time Staff Plate Sensor Time Staff Plate Sensor
1330 .32
e .33
(.50 3:383 Q525 L1734
FLOW: Width ' Area BoTT? Ave. Vel.. 462G H_« 33" Disch_LFP 2k
Method o b Method coefT. Hor. Angle coeff. Susp. type Susp. coeff.
Meter_____ ft. above bottom of weight No. Secs._ 33 G.H. changes 1 0.0l ft.in Lf?/(oo hrs.

FLOW_VARIED | NoM-YNIForm |, EbdY EFFELT NEAR LEW

Cross Section BQ; 9 "l H Q;gbb‘¢7l Bou‘cl <r-
CONTROL WWE&L

Secrion -

CHANGED Sensor/Datalogger paramcters (circle if yes)? If yes fill in applicable spaces below:

Make/Model/PSI Range

S/N PN

Conversion slope Conversian offset Ex. Volt. Output Range

NITROGEN TANK PRESSURE FEED BBL RATE per. min.
INTAKE/ORIFICE CLEANED, TEMPERATURE: Air 2SCE) Waer $%.7 c )

PHOTOS TAKEN: Roli(s) # Frame(s) #

-~

B-izia



221~

McGuireville

Print Header
12 3
10/30/204:
Prirt Full Sheet
7.50%
2 Claar Sheet [250]
Stable (unewen, grawel-boulders)
0.2] By i48e’ iz 0000
0.4 0.33 4 60 SRE 1L 1) It ~0.085] , -0
0.6 0.41 6 45,7 I 7 0.082 0.413
0.8 0.47 [ 41 : i i | “0.016
0.46 Lid 41 IR B = 0.03
12 0. 20| BT3e i = 104 0,052

1.4 0.54 27 4.0 e I = 4 0.071
16 0.58 53 0. ; : ] 15
18 0.56 59 40 1 = .11 RE

2 0 64 43 40.2 PR - e b Dtk
2.2 ] a5 305 T =T g o
24 0.66 56 0EE 1.362 137 ;
260 085 a7 2050 : 130 g, i
2.8 4 [ 31 & 14( R

3 058 26 19 0.1 .

3 085 58 30 13 ‘
3.4 0.7 20 30 1 - < ' 0 1
35 0.71 16 413 3 W )57
38 0.7 11 30.1 7, =5

3 0. 10 461 e 5::

4.2 0.6 12 4156 - i1 0
44] 0.63 11 47 S i =
16 0 9 40, o = 007
4. ; 0 418 = 5 X -

5 0.45| 41 N A o
5.2 0.44 g 40.4 he i 001¢
54 0.43 41 it 5! :
5 0. 4 49. o .

5. 0.45 2 175 «

8 0.41 2 42.7 2 o
5. 0. 0 50 7y
6. 0.3 0 650 "

A 0 0 - ; >
: 3 FE ¥ .
v e : = SRS
% = - ; ? »>

fzos L



R=-12.2



}i ﬁ?:, .| Demth 53 R.f: ?ig Ares Di«hn;'\\ *
Pl (€n %) = | (PrE) [ (¢F3)
R&wW o2 o)
. Hp «13 2\ .® o006 "
__|e oo i L0822 [.013 '\
_|.8a 41 . o9 Lol
leo o 092 3. i
2 «S2 «lod |08 %
1.4 .54 108 .o,
bele -5 s 1l |, /SO
1.8 . 56 o Lig tullal ™
’ L4 128051 "
2.2 69 3B el
2.4 b 132 L, /8o ®
2.6 s i 13 |. 145
2.8 « 1o g s 106
W > 5e |2 .08 Lt .oB
- 2.2 . b9 138 [, 087
I;\ 3.4 () o 14 1,102
.. Nl U4z oS om
3.8 s 70 e Lodl
4.0 1 34 o3z
4,2 o 281,039 %
49 63 I sl 4620
b &7l |9 T Y
4.8 ) 10 .0%¢ |, 024 %"
6.0, 45 ? 0% led2.) »
[T Y .088 |.019
5.¢ T 9 s .086 l.017
5.k 4 o9 l.oro =
£.8 b z. cOf2-|. 007
b-o - Y1 - Tosz_ . 00k
fas 2 «27 O el
b.¢4 <15 0 o
"E\&; é’7“! 30 .40 :0 o a8
L 1890

.70 .78

.70 75

/120 3

.90

.92

96

7

.93

.99

.99

98

.87

.98

Bl

.92

.30



OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No  Time

Method:  EDI EWI Other
SEDIMENT: Yes/No Time Method: EDI EWIL Other,
BIOLOGICAL: Yes/No Time Type
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SITE 11.10.28.2003 002
Beaver Creek east of MOCA Castle Unit Visitor Center

From cross section, with measuring tape, looking from right bank to left bank with staff gage installed downstream of cross section on
river left.

Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1022 hrs



SITE 11.10.28.2003 003
Beaver Creek east of MOCA Castle Unit Visitor Center

From cross section looking at staff gage installed downstream of cross section on river left.

Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1023 hrs
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SITE 11.10.28.2003 004
Beaver Creek east of MOCA Castle Unit Visitor Center

From downstream of cross section looking upstream at cross section, with measuring tape, and staff gage installed downstream of
cross section on river left.

Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1023 hrs



SITE 11.10.28.2003 005
Beaver Creek east of MOCA Castle Unit Visitor Center

From upstream of cross section looking downstream at cross section, with measuring tape, and staff gage installed downstream of
cross section on river left.

Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1024 hrs



SITE 11.10.28.2003 007
Beaver Creek east of MOCA Castle Unit Visitor Center

From cross section, with measuring tape, looking from left bank to right bank.

Beaver Creek, Yavapai County, Az.
October 28, 2003 @ 1025 hrs



Site ll--Location on Beaver Creek east of the Montezuma Castle NM,
Castle Unit, Visitor Center.
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OTHER MEASUREMENTS WATER RIGHTS BRANCH
WATER QUALITY: Yes/No Time Samples: Yes/No Time DISCHARGE MEASUREMENT NOTES
Method: EDI EWI Other /
Meas. No.
SEDIMENT: Yes/No Time Method: EDI EWI Other P
‘ /ﬂ/?a/ﬂ Compby _ ) &+ Checkedby I A7
BIOLOGICAL: Yes/No Time Type DATE X o FrechTrER
Stes, /
| P
OBSERVATIONS/COMMENTS paRK /Y OC A STATION ? / // (/= Barver. 045 CASTLG Un T
Sele H7LY SETTY == =
LEF7 RAVE  CrnpfReu 7, MAaZ77ED ROV, PERSONNEL: Meter W&@'}‘N‘ otes. I« Lo RL
P& 7
[ 275 AT L[y /A6 MEASUREMENT TYPE (circle one) ablc, Bridge, Boat, Ice; Upstr., Dnstr., ft., mi. of gage
. - : Measurement Time/G.H.: Local Swndard 24hr)  Start: 0Boo G.H.Z,28  Stop: OBYBGH. o 2
“ T {5 STE¥ )1 aad 1T Replaces Sive S measulsn W ‘ ¢ OFo cnlld swopO84oGH .25
, o METER TYPE_YENY s 29022 7 spIN Before Meas. T+ s LS+
2002. 54& Il 13 [pprnX., on \VRr—a — =
of sTeS, due EAST oF THE VisIToe CEATER, And weatner__p7. Ceonly S 6TF
- . HIGH WATER MARK Gage Height of .Zero .Flow. ft.
- ‘ wo

e CREST STAGE CHECKED: ch@ READING ft.
S\Windows” Thar Guwe THE cbifE FAcE [#HE

_Apiu.‘cm:_e_ of s Tadien Kus. GAGE READINGS
Time Staff Plate Sensor Time Staft Plate Sensor
LEVEL NOTES 07322 | 0.2F
EQUIPMENT TYPE SN 54 | .29
PERSONNEL: Instrument/Notes Rod -y P i
STATION | _BS. Hi | Fs | ELEV. COMMENTS FLOW: Width le. 2 FT~ Area3:33 €% Ave. va..@%o.u. e 2% Disch oz fs

Method__p (g Method coefT.

Meter ft. above bottom of weight No. Secs.__ 32 G.H. changes 10.0! ft.in /3 b

FLOW_VARIED  ANOA i Forom, €604 ERFELT NERR. MG -CHANNE L

Cross Scction_&w#n_cﬂkh&{_&omdsarm?- rmat bankg wuiiw
Som& UadareuTs g
CONTROL C.ololale/ Bauld2r ISTEP Rparpx. [0 FEET Dousn STRERW

of Cross Secron

CHANGED Sensor/Datalogger parameters (circle if yes)? If yes fill in applicable spaces below:

Hor. Angle coefY. Susp. type Susp. coefT.

Make/Model/PSI Range

SN PN /

Conversion slope, Conversion offset Ex. Volt. I Output Range
NITROGEN TANK PRESSURE, FEED BBL RATE per. min.
INTAKE/ORIFICE CLEANED TEMPERATURE: Air L—{c%@ Water _J_‘f_7c®

PHOTOS TAKEN: Roli(s) # Frame(s) #

L=l da



!l =Y

Castle Unit

Print Header
11 6.2 32
10/30/200 3.380
8. 39% -
2 1.389 Cloae Shiost o
Stable [une & gravel-boulders)
3. 0.10 3 0.000 0.000 ! 0.046 0.000

4 0.20 0.48 31 40.2 0.772 0.772 0.772 0.096 0074
4.2 0.20 0.5 27 40 0.679 0679 0.679 0.100 0.06
4.4 0.20 0.5 20 40.6 0.504 0.504 0.504 0.100 0.0
46 0.20 0.51 22 40.7 0.550 0.550 0.550 0.102 0
48 0.20 0.51 27 41.1 0.662 0.662 0.662 0.102 0.068

8 0.20 0.61 26 41.5 0.633 0.633 0.633 0.122 0.077
52 0.20 0.63 20 41.6 0.493 0.493 0.493 0.126 0.

5.4 0.20 0.61 16 43.4 0.385 0.385 0.385 0.122 0.
56 0.20 0.61 10 40.6 0.268 0.268 0.268 0.122 0.0:
5.8 0.20 0.62 6 437 0.147 0.147 0.147 0.124 0.

6 0.20 0.62 4 45 0.117 0.117 0.117 0.124 0.01
6.2 0.20 0.62 4 44.3 0.118 0.118 0.118 0.124 0.0
6.4 0.20 0.61 7 43 0.188 0.188 0.188 0.122 0.0
6.6 0.20 0.5 15 40.4 0.388 0.388 0.388 0.100 0.04
6.8 0.20 0.48 20 41.8 0.491 0.451 0.491 0.096 0.

7 0.20 0.48 23 40.6 0.575 0.575 0.575 0.096 0.055
T2 0.20 0.54 23 40.5 0.577 0.577 0.577 0.108 0.0
7.4 0.20 0.54 22 41.2 0.544 0 544 0.544 0.108 () 05
76 0.20 0.58 25 41.4 0611 0611 0.611 0116 0.071
7.8 0.20 0.6 25 41.1 0.615 0.615 0.615 0.120 0.074,

8 0.20 0.6 22 41.1 0.545 0.545 0.545 0.120 0.Cf
82 0.20 0.58 27 40 0.679 0679 0.679 0.116 0.07
84 0.20 0.52 24 41.2 0.591 0.591 0.581 0.104 0.061
8.6 0.20 0.5 23 404 0.578 0.578 0.578 0.100 0.05!
8.8 0.20 0.5 15 40.5 0.387 0.387 0.387 0.100 0.0

9 0.20 0.55 13 40.3 0.293 0.293 0.293 0:110 0.03
9.2 0.20 0.52 7 431 0.187 0.187 0.187 0.104 0.01
9.4 0.20 0.51 5 45.8 0.134 0.134 0.134 0.102 0.01
9.6 0.20 0.52 3 46.4 0.093 0.093 0.093 0.104 0.0
9.8 0.20 0.5 0 0 0.000 0.000 0.000 0.100 0.¢

10 0.10 0.44 0 0 0.000, 0.000 0.000 0.044 0.

/o2 )






L1 -<J

River at—
35 Depth §§ Eﬁ: Z"T :m::n ::’1':: Area Discharge e
z Bl o | e | o | MR o
Oo' /L/A g sl /? E u)%-(
2 L4815 (.2l 772 AL
L2 | SOL2T 10.01,679) 104 | . BGE
2 L, 50120 |54 00! . DFOD
L2 1S/ 22 (7|50 o2, 0.6 ‘
o Loy Lel27 s | eed) 102 | 0678
L2 16! L] 26 481633 422|077 .
2 1,631,620 |46 497 2L . 662
2 .o 6|6 (939 T ,122|.047 "
.2 .6/ .6l /0 |40,¢]|. 2L 22 | prz3”
Pz [tz Le]l & 497197 12y l,o2 7
Q1.2 162,614 45q.167 2f | .0lY =
(2.2 102 L6 & 443 .17 AN
coul oo Lol 7 lusd .77 J22 | 225
.6l 2 |.50LLI/S 404 .20H op | D39 e R
LX) 2 |48 420 L8| 4T 096|047
7.0].2 |.9P|. 6| 2.3 [40.6],574] 09 | ppu”
2.2 .2 | S5 16|23 |405).577 Jop | . g62 = ;
244 .2 | .89 6| 2Z2/41.2,5%% 02 | ar? ., 1
TLl .2 |IEL6\ 25 14149,L// e |, 07/ «
7,81 .2 1,40 |6l 28 1HLILLIS L1200 |, 079 %
£:00.2 |.401.6[22 41,59 s20] 06T
2.2| .2 "2 (|27 |40.0].679 e |l .072 ™
.41 .2 1.52 16129 |412) .59/ A0Y | B/
£.61.2 |50 623 |yl 572 100, 05P > -
£.81.2 | S50 |.6[15 905\.%7 100|039
9,0 1.2 |.5SI el Ml |403].293 101,072 !
q.2] .2 ,521,6| 7 934, 1£7 04| 2/ as
991 .21,5 .60 & 4.8, /39 102 ¢, D14
a2 5206 3 (464,013 Jpd |, oerg 9010
98,204 O e | o ® T
Jo.0%% |9y | — LA =378 |
10 .20 .30 A0 .50 K] 35 .0 10 .20 .30 .40 .50 80 0 73
—30qu ﬁ/ {:;EEI/ 2 4AND 2



OTHER MEASUREMENTS

WATER QUALITY: Yes/No Time Samples: Yes/No Time

Method: EDI EWI Other
SEDIMENT: Yes/No Time Method: EDI EWI] Other
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October 30, 2003 Seepage Run
Beaver/Wet Beaver Creek
Yavapai County, Az



©** JSGS 09505200 Wet Beaver Creek Near Rimrock, AZ Page 1 of |

Data Category: Geographic Area: i
Water Resources Site Information Arizona GO |

USGS 09505200 Wet Beaver Creek Near Rimrock, AZ
Available data for this site Station home page !GO

Station Description

LOCATION
Latitude 34°40'29", Longitude 111°40'1 7" NAD27,
Yavapal County, Arizona , Hydrologic Unit 15060202
DRAINAGE AREA
111.00 square miles
GAGE
Datum of gage is 4,020. feet above sea level NGVD29.
STATION TYPE:
Surface Water
STATION DATA:

[ Data Type Iﬁegin Dat;“ End Date ”(Tount]
mcal—timc “ This is a real-time site 7
IPeak streamflow [[1962-02-12]2002-09-10]41 ]|

[Daily streamflow  |[1961-10-01][2002-09-30][13444]
[Water Quality Samples|[1967-09-15[1977-06-21]5 |
SITE OPERATION:

Site is located in Arizona; record is maintained by Arizona
CONTACT INFORMATION

Email questions about this station to gs-w-az NWISWeb Data_Inquiriesiausgs.gov

Questions about data gs-w-az NWISWeb_ Data_Inquiriesiaiusgs.gov Top
Feedback on this websitegs-w-az NWISWeb Maintaineriusgs.gov Explanation of terms

¥ USGS 09505200 Wet Beaver Creek Near Rimrock, AZ
http:/waterdata.usgs.gov/az/nwis/nwisman?

Retrieved on 2003-11-05 09:58:35 EST
Department of the Interior. U.S. Geological Survey
USGS Water Resources of Arizona

Privacy Statement || Disclaimer || Accessibility

075 07wl

L

http:/‘waterdata.usgs. gov/az/nwis/nwisman/?site.no=09505200&agency_¢d=USGS 11/5/2003



Real-time data for USGS 09505200 Wet Beaver Creek Near Rimrock, AZ Page 1 of 2

Data Category: Geographic Area: —
Water Resources Real-time Arizona GO |

USGS 09505200 Wet Beaver Creek Near Rimrock, AZ
PROVISIONAL DATA SUBJECT TO REVISION

Available data for this site Recent daily GO|

Station operated in cooperation with the Salt River Valley
Water Users' Association, the Arizona Department of
Water Resources, and the USGS.

Available Parameters Output format Days
All 4 parameters available at this site Table 31
00060 Discharge Maximum (DD 01) (1-730)
00060 Discharge Mean (DD 01) :
00065 Gage height Mean (DD 02)

Precip-

Gage Stream- ||Stream-|| itation
height, flow flow total,
feet (ft'/s) (ft*/s) || inches

Date (DD 02)i| (DD O1) (DD O1){{(DD 03)
(Mean) [[((Maximum)|| (Mean) || (Sum)
[10:05,2003)

277 [ 740 [ 720 ][ 00 ]
howenood][ 277 T 740 | 720 || 00 |
hoo72003) 277 || 740 | 730 || .00 |

|
|

[10:082003] 277 | 740 | 720 | 00

0092003 277 || 740 || 720 || .00
[to102003| 278 | 700 ][ 730 ] 00 ]
[10/11/2003] 2.78 7.00 ][ 7.40 ] .00 ]
10/122003|] 2.77 740 |l 720 || 00 |
ons2003| 277 | 740 | 720 || 00 |
lorta2003] 277 | 740 | 700 || 00 |
hoasoood 277 || 740 | 720 || 00 |
|
|

s

lote2003 277 | 780 | 730 || .00
[to172003]] 277 | 740 | 720 | .00
honsnoos] 277 1 740 ] 720 || .00
I I B | |

{5 =2
hitp://waterdata.usgs.gov/az/nwis/dv?tormat=html&period=3 [ &site_no=09505200 11/5/2003




Real-time data for USGS 09505200 Wet Beaver Creek Near Rimrock, AZ

[11:042003)] 280 || 780 || 7.70 |

horonoos| 277 || 740 ]| 720 || 00 |
[10.2012003]] 277 || 740 || 720 ][ .00 |
[lo212003]] 277 || 740 | 720 || .00
[to22/2003]] 277 || 740 | 720 || .00
[to.232003) 277 | 740 | 730 || .00 |
hone2003) 277 1 740 | 730 || 00 |
[10252003]| 277 || 740 | 720 ]| 00 |
[10202003] 277 || 740 || 7.20 || .00 |
10272003 278 || 700 | 740 || .00 |
10282003 278 || 760 || 7.40 || .00 |
0292003] 278 || 740 || 740 || 00 |
[10/3022003|| 2.78 || 760 || 740 || .00 |
[10312003) 278 || 7.00 |l 740 || .00 |
ro12003 279 || 780 | 770 || a1 ]
[11/02:2003]] 2.80 || 7.80 780 || .05 ]
[11/032003] 2.80 || 7.80 780 || .00 |
00 |

Questions about data gs-w-az. NWISWeb Data_Inquiriesiiusgs.gov
‘cedback on this websitegs-w-az NWISWeb Maintainer(@usgs.gov

Daily Data for Arizona
http://waterdata.usgs.gov/az/nwis/dv?

Retrieved on 2003-11-05 10:12:05 EST
Department of the Interior, U.S. Geological Survey
USGS Water Resources of Arizona

Privacy Statement || Disclaimer || Accessibility

0.92 0.9 sd

-3

Page 2 of 2

top

Explanation of terms

http:‘waterdata.usgs.gov/az/nwis/dv?format=html&period=3 | &site_no=09505200 11/5/2003



11/6/2003 Page 1 of 2 http://nwis.waterdata.usgs.gov/nwis/dvstat/?site_no=09505200&agency cd=USGS

Data Category: Geographic Area: ’
W Surface Water United States | GO

Daily Streamflow Statistics for the Nation
USGS 09505200 Wet Beaver Creek Near Rimrock, AZ

Available data for this site Surface-water: Daily streamflow statistics

Yavapai County, Arizona Output formats

Hydrologic Unit Code 15060202

e = . . HTML table of all d
Latitude 34°30°29", Longitude 111°40'17" NAD27 | able of all data |
Drainage area 111.00 squarc miles
Gage datum 4,020. feet above sca level NGVD29 'Beselect output ,format]

[Tap—separated data |

Day of Mean of daily mean values for this day for 37 vears of record!, in fC/s
month || yan || Feb || Mar ]MI May || Jun || Jul |[ Aug || Sep || Oct ][ Nov || Dec |
[ 1 ][ 1es| 380 152 103 21.2] 093] 651 13.4) 127 6.85][ 9.41][ 9.01]
[ 2 | sl 293] 123][ 97.8 17.3][ 6.92] 6.48]| 908 14.1] 691][ 8.99] 8.05|
[ 3 [ 122 244 107] 957 17.4] 093] 6.51] 104 7.47| 0.95] 8.66] 8.73]
[ a4 ][ o[ 200 922 ros|[ 18.7][ 7.03][ o.51][ 14.9) 7.14][ 7.00][ 8.71][ 7.77]
[ s 125 207 28] o84 18.5][ 6.91][ o.82[ 9.14] 59.5][ 6.99][ 9.82|[ 10.5]
[ 6 [ o3.1] 308][ 150 99.6][ 13.9][ 0.93][ 689 140 21.1] 7.59] 8.36][ 25.5]
[ 7 [ rsofl 34.1]| 7.8 95.9] 11.8] o.88] o.74]] 10.8] 9.10f 41.9] 8.12]| 46.5]
|
|
|
|
l
|

8 [ 167 391 83.9] 854 13.4] o.84| 076 7.55[ 7.53] 102 7.6 13.1]
9 245\ 104][ 6.7 757 164 6.79 6.70][ 7.41] 7.07][ 7.63][ 10.1]] 9.50]
10 |[ 187 582 905 s1.3]| 13.8] 6.78] 6.75] 10.2] 15.0] 7.12) 8.54) 42.3]
i [ 182 o7.5) 93] 83.9][ 11.3][ 6.76] 6.67] 8.09] 11.4] 6.94| 8.72] 17.9]
12 | 167 o18[ 174 83.8 109] 6.74] 0.95] 8.14] 889 690 232] 12.1]
13 ][ o0l 7l ) sz o]l 6.72] o.9s|| 108] 8.99] e.95| 12.2][ 103]
[ 14 [ 308 140 98] 762 9.90|[ 6.71][ 6.80][ 9.77][ 7.53][ 7.00[ 11.2][ 8.89]

15 ][ 287 174] v2.0 o8.0] 9.40| o.00] 933 9.41) 9.27] 0.99]] 13.2] 9.09]
16 || 203|[ 048] 90.2] 588 935 6.02| 10.7][ 7.58] 7.05] 6.97] 11.4] 9.8
17 [ 28] 577 il 552 s.ou)| e.ed]| 13.4) 7.08) 7.05] 7.07] 17.0] 12.2]
18 [ otajl 777 112|493 761 o.03) 7.00]| 7.10] 7.00] 7.45f 11.4] 138
19 | 332 126 103) 48.0] 7.43| o.58]f 7.74|[ 8.09] 7.07| 88.4| 9.67| 63.4

20 [ 249 130)[ 983 s3] 7.29][ 653 6.95] s.00)[ 7.08][ 36.7)[ 9.55|[ 18.6]

|
I
21 [ 25.)] 73.5] 97.8| st 7.28| o.50 8.79]| 7.48| 0.95] 11.9][ 8.89] 14.7]
l
I

22 | 279 689 116]| 470 757 054 9.98] 9.19 6.95| 9.17| 8.52| 43.8|
8.0 592 975 470 7.21][ 6.55) 8.27|| 55.0] 26.5) 7.99)| 23.3] 38.7

e e e —p————

2

]

<-4



11/6/2003 Page 2 of 2 http://nwis.waterdata.usgs.gov/nwis/dvstat/?site_no=09505200&agency cd=USGS

24 || 13.8] 49.7] 97.9| 419 7.13 6.53]| 7.79| 12.8]| 14.4] 8.93 15.9]] 22.0]

25 || 30.0] 403 83.8| 399 7.09 6.52|| 10.7] 7.96|| 7.98] 31.5][ 84.6|[ 26.3]

|
I
[ 20 ][ 630 40.0] 77.0] 358 7.52| 6.55] 8.93| 7.72|| 7.14] 152 22.1] 51.2]
|
I
I

27 |l 48] 47.7) 832| 32.5) 7.22) o.48]l 155 9.89] 7.08] 11.1][ 135 17.5]
28 || 34.2[ 100l o8| 32.1] 7.08)| o049 7.90 7.32 7.01] 103] 102] 64.4]
29 || 27.8) 572 103]| 282| 7.04) o.53| 14.3]| 7.08| 6.97] 9.37| 8.88] 304
[ 30 J[o73 | vod| 246 701 649 7.21][ 7.00] 6.92] 115 11.3] 83.1]
[ 31 |[ 383 ] vos3| 090 [ 202 695 | 113 || 279

| -- Available pertod of record may be less than value shown for certain days of the year.

|

Quecstions about data  h2oteam/@usgs.gov Top

Feedback on this websitegs-w_support_nwisweb(@usgs.gov Explanation of terms

Surface Water data for USA: Daily Streamflow Statistics
http://waterdata.usgs.gov/nwis/dvstat?

Retrieved on 2003-11-06 16:23:51 EST
Department of the Intevior, U.S. Geological Survey
Privacy Statement || Disclaimer || Accessibility
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APPENDIX D

Seepage Run Information Handouts

MOCA
October 30, 2003 Seepage Run
Beaver/Wet Beaver Creek
Yavapai County, Az



Montezuma Castle National Monument
Wet Beaver Creek Seepage Run
Wednesday, October 29 and Thursday, October 30, 2003
SUMMARY OF ACTIVITIES

Wednesday, October 29, 2003, 4:00pm

All participants will meet in the lobby of the Camp Verde Comfort Inn. We’ll pass out
information packets and discuss the logistics of the seepage run, assign teams, assign
team measuring sites, distribute equipment, and discuss discharge measurement protocol.
Each team can drive to their measuring sites and determine how long it will take to get to
cach site and where the measuring cross-scction is located. We can meet back at the
Comfort Inn after teams have seen their measuring sites and answer any questions.

Thursday. October 30, 2003, 08:00am

Each team will be assigned two mecasurement sites on Wet Beaver Creek. Each team will
make 2 discharge measurcments at each site. At the first site measurements will be taken
08:00am and 10:00am. At the second site measurements will be taken at 12:30pm and
2:30pm. This schedule should give each team time to relocate to the second site, have a
bite to cat. and start the first measurement at 12:30pm (please refer to the
“SCHEDULE"). You will need a sack lunch and water.

The cross scction at each measuring site will be marked on the right bank and lefi bank
with rebar wrapped with orange flagging. The measuring tape can be stretched between
the two pieces of rebar using the rebar as end pins or you can use some other type of
metal pins. (If for some reason the rebar has been removed set your own cross
section for the measurement). A staff gage attached to a picce of rebar will be nstalled
in the stream channel within easy view of the cross section at each measuring site. (If for
some reason the staff plate has been removed set a staff gage using your engineer’s
ruler).

After completing the second discharge mcasurement at each of the 2 sites, (and after
noting the ending time and ending staft gage reading), remove the flagged rebar endpins
and staft gage and return them at the end of the day. We will meet at the Montezuma
Castle NM Office at 527 Main Street in Camp Verde following the last discharge
measurcment of the day. At the Montezuma Castle NM oflice you will turn in the (4)
Discharge Measurement Notes forms you will have filled out and any equipment and we
can discuss any problems encountered during the seepage run. We should be done
around 4:00pm.

Thank you very much for your participation in the seepage run!



Montezuma Castle National Monument
Wet Beaver Creek Seepage Run
Wednesday, October 29 and Thursday, October 30, 2003
SCHEDULE

Wednesdav, October 29, 2003

4:00pm — All participants meet at the Camp Verde Comfort Inn lobby for orientation
- Team Assignments
o Distribute equipment and information packets
o Discuss schedule for October 30
o Discuss site assignments
o Discuss site access
o Discuss discharge measurement schedule
¢ Discuss discharge measurement protocol
- Drive to measurement sites
- Return to Comfort Inn with any questions

6:00pm - Adjourn

Thursday., October 30, 2003

08:00am — Teams start the first discharge measurement at the first site
10:00am — Teams start the second discharge measurcment at the first site

l.unch — Teams move to their second measurement site

12:30pm — Teams start the first discharge measurement at the sccond site
2:30pm — Teams start the second discharge measurement at the second site

4:00pm (as soon as the last discharge measurement is completed) — All teams meet at the
Montezuma Castle NM office at 527 Main Street in Camp Verde
- Hand in measurement note sheets
- Hand in equipment
- Discuss any problems with seepage run
- Done for the day!



Montezuma Castle National Monument
Wet Beaver Creek Seepage Run
Thursday, October 30, 2003
EQUIPMENT LIST
TEAM ASSIGNMENTS

The Montezuma Castle NM Wet Beaver Creek seepage run will begin at 08:00 on
Thursday. October 30, 2003. We will mect in the lobby of the Comfort Inn in Camp
Verde at 4pm on Wednesday, October 29 to discuss the secepage run schedule, teams.
assigned measurement sites, logistics, protocol, hand out equipment and information
packets. and do a dry run to the measurcment sites.

We'll need (0) pygmy meters (5 working meters and | spare) and associated equipment:

1. Pygmy meter 6. Q-tips and oil 11. Thermometer
2. Wading rod 7. Engineer’s Ruler 12. Vice Grips

3. Digitizer/Counter w/pigtail 8. Metal pins

4. Measuring tape 9. Stop watch

5. Clip board 10. Extra batteries

Pvgmy meters will be supplied by:

1. NPS WRD (Fort Collins) — 3 pygmy meters with equipment

2. Colleen Filippone (NPS, Tucson) - | pygmy meter with equipment

3. Virgima Bartling (NPS, Montezuma Castle NM) - | pygmy meter with
cquipment

4. Zach Mondry (USFS. Flagstaff) — 1 pygmy meter with equipment

o

Vehicles will be supplied by:
I. Paul Chnistensen - 4 x 4 SUV

2. Jeff Albright — Rental (4 x 4 ?)
3. Zach Mondry - USFS vehicle
4. Colleen Fihippone - NPS vehicle
5. Virginia Bartling — NPS vehicle

Recommended equipment:

1. Waders/wading shocs S. Sack lunch
2. Calculator 0. Water
3. Cell phone 7. sunscreen/bug juice

4. Wrist watch

Team Assignments:

Measurement Notes
1. Chris Gable Carmia Fiechtner
2. Jim Harte John Ward
3. Jeff Hughes Colleen Filippone.
4. Jeff Albright Virginia Bartling
5. Zach Mondry Paul Christensen



Montezuma Castle National Monument
Wet Beaver Creek Seepage Run
Thursday, October 30, 2003
PROTOCOL

For this seepage run we will be using standard USGS discharge measurement protocol.
A copy of the “Surface Water Quality-Assurance Plan for the Virgin River Synoptic
Discharge Measurements of February 12, 2003™ 1s attached. Please review the Section
entitled “Direct Measurements of Discharge™ beginning on page 9. The standard
protocol we'll use for each discharge measurement includes:

1.

)

N Wi

9.

10.

A spin test will be performed before the start and after the end of each discharge
measurement (NOTE: the “end” spin test from measurement 1 can be used for
the “start™ spin test for measurement 2, and so on, but start and end spin test
results must be recorded on each Discharge Measurement Notes form). The spin
test should be performed in a windless arca and the cups must spin freely for a
minimum of 45 seconds. Record the time and results of each spin test (in minutes
and scconds or “45+ seconds™ 1s acceptable) on the Discharge Measurement Notes
form.

A measuring tape will be stretched tight and level between the cross section ¢nd points
(in this case the orange-flagged rebar or metal pins you provide).

A staff gage reading will be taken before the start and after the end of each discharge
measurement and recorded with the time on the Discharge Measurement Notes form.

The start time and end time of each discharge measurement will be recorded on the
Discharge Mcasurement Notes form.

Wading rod “depth” measurements will be recorded to 100ths of a foot (.01).

Scctions (verticals) will be spaced to ensure that the discharge in each section does
not exceed 5% of the total discharge. Vertical spacing should be not less than .25
feet and will be not less than .20 feet. (NOTE: There will likely be a few sections
less than .2 feet wide but they should account for little or no discharge).

Discharge measurements will be taken at “about™ 30 verticals per measurement
section. For measurement sections where it 1s not possible to fit in 30 verticals the
maximum number of verticals will be measured while maintaining a spacing of not
less than .20 feet.

Compute the discharge from the first measurement and adjust section (vertical)
widths, if necessary, to ensure that the discharge in cach section does not exceed 5%
of the total discharge.

Compute the total discharge for each measurement following the measurement and
record the total discharge on the Discharge Mcasurement Notes form. Fill out the
Discharge Measurement Notes sheet completely for each measurement.

After the third discharge measurement is completed remove the flagged rebar
endpins and proceed to the second discharge measuring site.



APPENDIX E

June 13, 2002 Seepage Run Report by Eric Moser

MOCA
October 30, 2003 Seepage Run
Beaver/Wet Beaver Creek
Yavapai County, Az



Trip Report to Montezumas Castle for the Purpose of Conducting a Seepage Run on Wet Beaver Creek

Eric Moser
Hydrologist, WRB
June 26, 2002

Purpose

A seepage run was conducted on Wet Beaver Creek on June 13, 2002 by members of the National Park
Service (NPS) and National Forest Service (NFS). Park Service employees included Eric Moser, and Scott Grover
of the Water Resources Division, Water Rights Branch (WRB), and Virgina Bartling of Montezumas Castle
National Monument (MOCA), and John Rihs of Grand Canyon National Park. Forest Service cmployces included
Zackary Mondry and Jack Norman of Coconino National Forest. The purpose was to ascertain gains and losses on a
portion of the stream from Coconino National Forest down stream through the two units of MOCA. Presently the
stream becomes segmented in the lower, Castle unit. There are thirteen surface diversion in the Wet Beaver/Beaver
Creek drainage shown in the Arizona Department of Water Resources (ADWR) study of the Verde River (ADWR,
2000). Ten diversions are on Wet Beaver and Beaver Creek, two on Red Tank Draw, and one on Walker Creek,
both tributaries to Wet Beaver Creek. A reconnoiter of the stream was done on June 12, by Moser and Grover to
identify good access points and ground truth the ADWR map.

Surface Diversions Descriptions

The map included shows the project area, including location of diversions indicated by ADWR maps and
their status. The two diversions on Red Tank Draw and the one on Walker Creck were not included, because both
streams were dry at their confluence with Wet Beaver Crecek, and at least Red Tank Draw was dry throughout its
course upstrcam past the noted diversions. The Walker Creck diversion is a good distance upstream without good
access. The remaining ten diversions are marked on the map, A-K. starting at the upstream end.

Ditch A. A begins as an carthen dug ditch, but through the center portion of Section 23, TISN R 61, about
one mile east of the Southwestern Academy it runs as a 24" welded pipe. The pipe ends abruptly about 10 feet
above the stream on an outcrop of Supai, red sandstone, Formation in the NW ' of the SE Y4 of Section 23.

Ditch B. Ditch B is actually the same ditch line as A. This portion carries a six inch pipe running water
from a capped spring at about the 4260' elevation, on the south side of Wet Beaver Creck, one half mile upstream of
the Southwestern Academy in the SIE % of the NW Y of Section 23. This ditch appears on the state registry (reg#
4A-880.0) under the name of Beaver Creck Ranch. The quantity listed 1s 7238 acre-feet per year, which works out
to about 10 cfs on a mean daily basis. The piped spring aqueduct may be filed under Clanci Enterprises (reg# 36-
66012.0), for the amount ot 48.8 acre-feet per year, which is 0.07 cfs mean daily.

Ditch C. C is dry with many large slumps in places eftectively breaching it throughout its length. Long
sections are choked nearly to the top with fines that have sifted downslope on the dry, south aspect. The headwork is
a 18" culvert in the bank leading to a masonry drop structure at ground level near the back of the floodplain the leads
to another pipe. and eventually into a earthen dug ditch. This may be either registered to Mary Stimpson (reg# 36-
62725.0) with a quantity of 45 acre-feet per year (0.06 cfs mean daily), or under registry # 36-104753.0, with a
quantity of 85 acre-feet per vear (0.12 cfs mean daily). The latter registry has no name attached.

Ditch D. D was dry and has no effective headwork in the strcam. There was heavy growth of brush and
small trees in the first onc hundred yards with large breaches. This ditch is registered with the state with no name
(regi 36-32517.1). The amount is 78 acre-feet per vear, which is 0.11 c¢fs on a mean daily basis.

Ditch E. E is dry with many large breaches. It has no discernible headwork in the stream and has been
washed away at the road crossing. This ditch 1s registered to the Soda Springs Ranch (reg# 36-28573.0) with a
quantity of 618.4 acre-feet per year, or a mean daily flow of 0.86 cfs.

Ditch I, I begins just downstream of Lawrence Crossing. The headwork is a loose rock dam about 2 feet
high that creates enough head to shunt water into the ditch. The initial intake was estimated at 1-2 cfs. However the
ditch has several large leaks that vent immediately into the strecam which courses at the foot of the slope below the
ditch throughout its length. Within one half mile the ditch goes onto the Soda Spring Ranch property, and was
estimated to running no more than "4 cfs. This ditch does not appear on the state registry.

Ditch G. This ditch is the water source for the Beaver Creek Golf Course irmigation. The headwork 1s a
loose rock dam 1n the stream, about two feet high that creates enough head to push into the ditch. The ditch flow was
measured on 6/13/02 and will be discussed further on. This ditch appears on the state surface water registry (reg#
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*_-two measurcments made at these locations. Flow is an average.

Conclusions

There is a large gain in flow (about 50%5) between Lawrence Crossing and the Well outlet, a distance of
about one stream mile. There are four tributary sources including Walker Creek, Red Tank Draw and Soda Spring
between these points. Although there was no surface flow at the confluence of Walker Creck or Red Tank draw
there may have been water movement in the valley alluvial. Also the size of Soda Spring or any other spring in that
area is not known. This location is the approximate surface contact between the Supai sandstone and overlying,
younger Verde limestone. Contacts are often sources of significant groundwater movement. The Supai 1s probably
the source for many of the springs, and certainly the principle source of Montezumas Well, although the Verde
probably also contributes (Konieczki and Leake, 1997)

Ditch F, which is the water source for the Beaver Creek Golf Course irrigation draws off three cfs, and is
the greatest single diversion on the system. The Beaver Creek Golf Club 1s registered with the State (reg# 36-
29341.1), tiled on June 29, 1979, with a priority date of June 11, 1919, for amount of water annually of 2622 acre-
feet. This works out to about 3.62 cfs on a mean daily basis.

There is a steady loss totaling over four cfs between the upper and lower units of MOCA, beyond that
amount diverted in the golf course ditch. This loss may be mostly natural recharge into thicker alluvium or the
underlying Verde Formation. Or, it may be induced by groundwater pumping from the alluvium or Verde
Formation, if in the latter casc the two units are hydraulically connected. Also Ditch I, which may be in a difterent
location than mapped in the Verde River study, may be active and have claims on the state registry of surface water
diversions for up to 1.1 cfs.
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Montezuma Castle National Monument
Wet Beaver Creck Seepage Run
Thursday, October 30, 2003
PROTOCOL

For this scepage run we will be using standard USGS discharge measurement protocol.
A copy of the “Surface Water Quality-Assurance Plan for the Virgin River Synoptic
Discharge Measurements of February 12, 2003 is attached. Please review the Section
entitled “Direct Measurements of Discharge™ beginning on page 9. The standard
protocol we'll use for cach discharge measurement includes:

[. A spin test will be performed before the start and after the end of cach discharge
measurcment (NOTE: the “end™ spin test from measurement | can be used for
the “start™ spin test for measurement 2, and so on, but start and end spin test
results must be recorded on each Discharge Measurement Notes form). The spin
test should be performed in a windless arca and the cups must spin freely for a
minimum of 45 seconds. Record the time and results of each spin test (in minutes
and seconds or 45+ seconds™ 1s acceptable) on the Discharge Measurement Notes

form.

2. A measuring tape will be stretched tight and level between the cross section end points
(in this case the orange-flagged rebar or metal pins vou provide).
3. A staft gage reading will be taken before the start and after the end of each discharge

measurement and recorded with the time on the Discharge Measurement Notes form.

4. The start time and end time of cach discharge mecasurement will be recorded on the
Discharge Measurement Notes form.

Wading rod “depth™ measurements will be recorded to 100ths of a foot (.01).

6. Sections (verticals) will be spaced to ensure that the discharge in each section does
not exceed 5% of the total discharge. Vertical spacing should be not less than .25
feet and will be not less than .20 feet. (NOTE: There will likely be a few sections
less than .2 feet wide but they should account for little or no discharge).

Discharge measurements will be taken at “about™ 30 verticals per measurement
section. FFor measurement sections where it i1s not possible to fit in 30 verticals the
maximum number of verticals will be measured while maintaining a spacing of not
less than .20 feet.

8. Compute the discharge from the first measurement and adjust section (vertical)
widths, if necessary, to ensure that the discharge in each section does not exceed 5%
of the total discharge.

9. Compute the total discharge for cach measurement following the measurement and
record the total discharge on the Discharge Measurement Notes form. Fill out the
Discharge Measurement Notes sheet completely for each measurement.

10. After the third discharge measurement is completed remove the flagged rebar
endpins and proceed to the second discharge measuring site.

‘N
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Surface Water Quality-Assurance Plan for the Virgin River
Svnoptic Discharge Measurements of February 12, 2003

Prepared by D. Beck
JTanuary 28, 2003
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CONVERSION FACTORS

Multiply By To obtain
cubic foot per second (ft'/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
square mile (miz) 2.590)

square kilometer
Temperature: Degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the formula °F = [1.8("C)[+32.

Degrees Fahrenheit can be converted to degrees Celsius by using the formula “C = 0.556(°F-32).

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called

“Sea-Level Datum of 1929”), which is derived from a general adjustment of the first-order leveling networks of the United States
and Canada
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Surface Water Quality-Assurance Plan for the Virgin River
Synoptic Discharge Measurements of February 12, 2003

Introduction

Rapid population growth in southern Nevada has increased demand for additional
water supplies. There are numerous pending applications before the Nevada State
Engineer to develop regional ground-water resources near the Virgin River. The Virgin
River originates in Zion National Park in Utah, flows in a southwest direction across
Utah, Arizona, and Nevada, and discharges into the Overton Arm of Lake Mead. The
river sustains riparian habitat for diverse wildlife, with a significant reach listed as
critical habitat for the endangered Virgin River chub and woundfin minnow. Resource
managers have concerns about the effects these future ground-water withdrawals could
have on riparian ecosystems adjacent to the river and within nearby spring-discharge
arcas. Etforts are currently underway to acquire additional data to assess and predict
the effects of these future ground-water withdrawals on the regional flow system. As
part of these efforts, a seepage run is being conducted along the Virgin River in Nevada
to identify potential losing and gaining reaches of the river.

A series of synoptic surtace-water discharge measurements will be collected at about 19
sites along a selected reach of the lower Virgin River on February 12, 2003. The location
of the measuring sites starts with the USGS surface-water gage (09413700) on the Virgin
River above the Narrows near Littlefield, Arizona, and extends south to the former
USGS gage (09415250) above Lake Mead near Overton, Nevada. Water and air
temperature will be measured during the discharge measurements and water samples
will be collected at the beginning, midpoint, and end of the measurements for
determining specitic conductance. A compilation of the discharge measurements and
water-quality data will be provided by letter to the cooperating agencies by June 1, 2003
and will be incorporated into the USGS Nevada District’s annual data report for Water
Year 2003.

n
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Responsibilities

Quality assurance (QA) is an active process. Achieving and maintaining high-quality
standards for surface-water data are accomplished by specific actions carried out by
specific persons. Errors and deficiencies can result when individuals fail to carry out
their responsibilities. Clear and specific statements of responsibilities promote an
understanding of each person's duties in the overall process of assuring surface-water
data quality.

This section of the QA Plan provides a detailed and comprehensive summary of
responsibilities related to the quality assurance of the collection of surface-water and
water-quality data as part of the Virgin River synoptic run. The following is a list of
responsibilities of District and other personnel involved in the collection, processing,
storage, analvsis, or publication of the aforementioned surface-water data.

The Field Person is responsible for correctly and accurately making discharge
measurements of various types and in a safe manner, which includes, but is not limited
to: testing, operating, and maintaining streamflow measuring equipment; following the
procedures described in this quality-assurance plan; computing all discharge
measurement notes in the field; and notifving the Project Chief, in a timely manner, if
certain problems arise that would impact the completion or quality of the discharge
measurements.

The Project Chief is responsible for coordinating all hvdrologic data-collection activities
with the various agencies and appropriate District personnel, preparing and
distributing a comprehensive quality-assurance/safety plan to all participants, ensuring
that all field personnel understand and follow all procedures and policies contained in
the quality-assurance plan, documenting the location and description of discharge-
measurement sites, checking and reviewing all tield notes for completeness and
accuracy, and preparing the data for provisional release and subsequent publication.

The Data-Base Administrator is responsible for creating new sites in the data base,
plotting station locations on the District Master Map and assigning station numbers,
and managing and maintaining the District surface-water database.

The Surface-Water Specialist is responsible for evaluating the collection of surtace-
water data activities for technical soundness and conformance to District quality-
assurance procedures, and providing technical assistance to the project chief in the
design and execution of project objectives.

0
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Collection of Streamflow Data

The collection of strcamflow data for the Virgin River synoptic run will be a
collaborative effort between the U.S. Geological Survey (USGS), the National Park
Service (NPS), the U.S. Fish and Wildlife Service (USFWS), the Las Vegas Valley Water
Authority (LVVWA), the Nevada Division of Water Resources (NDWR), the Virgin
Vallev Water District, and Vidler Water Company, Inc. It is imperative that all
participants are tamiliar with the procedures and policies described within this quality-
assurance plan.

The highest priority in collecting streamflow data is employee safety. Training will be
provided to all individuals who are involved in activities near, in, or over water as
specified in WRD Memorandum 2000.11

http:/ / 1stop.usgs.gov/safetv/memos/wrd /wrdpolicv(00.11.html.

It is the policy of this District that all personnel involved in the collection of stage
and discharge data are informed, trained, and follow the surface-water data-
collection policies and procedures established by the WRD, technical offices, and the
District.

Rounding and Accuracy

As accurately as we try to record our observations, we need to remember that our
observations are seldom exact. The numbers are generally rounded off, thus being
estimates of some true value. The procedure for rounding off number is described in
Suggestions to Authors (ed. 7, p.119) and is presented in Appendix 1.

The accuracy and reporting of strcamflow records are described m the annual data book and 1s presented in

Appendix 1. Typically, streamflow values are recorded to three significant figures. Elsewhere in this report the level
of accuracy required 1s discussed.

Site Documentation

Thorough documentation of qualitative and quantitative information describing each
gaging station is required. This documentation, in the form of a station description,
letter of permission, and photographs, provides a permanent historic record of site
characteristics, structures, equipment, instrumentation, altitudes, location, and changes
in conditions at each site.

A station description is prepared for each gaging station, water quality, or sediment
data-collection site and becomes part of the permanent record for each station. It is
District policy that a rough draft station description will be written within 6 weeks of
the site location being finalized and a complete description is written at the time the
records are computed.
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Establishment of New Surface-water Stations

In the process of establishing a new surface-water data-collection station or
reestablishing an old station, the tollowing steps should be taken to make a record of
site evaluation and to insure assignment of downstream order number, entry into the
District's Master and Active Station Lists, and creation of necessary National Water
Information System (NWIS) Files. A checklist for establishing a new site is located in a
FrameMaker file on the DG at \project\data\swater\templates\gage.install.checklist.

A station description shall be prepared within 6 weeks once the site location has been
finalized. It is understood that several aspects of the station description will be
estimated, but that a minimum station description should be prepared including a road
log. The location of the site will be determined in river miles for those sites where
applicable. A sketch of the site shall be made at this time showing the relative locations
of the reference marks. A location map will be prepared.

The field or project office should prepare and send a copy of a brief station description
and a location map to the DBA within 6 weeks along with the NWIS surface-water site
data form (http://wwwnwis.er.usgs.gov/conversion/nwisdocs3 2/ ew/SW-site-
form.pdf) so that station can be entered into NWIS.

After the construction of a station or the selection of a measurement site, a global
positioning system (GPS) receiver should be used to determine the coordinates of the
station. The DBA will use the coordinates determined by the GPS for locating the
station on the District’s master station map file, as well as, maintaining this map file.

Once the site is established the DBA will determine the drainage area, where applicable,
within 6 months.

The DBM will update the District’s Master List. All established sites that have relevance
to determination of station numbers or drainage area within Nevada or within the
District’s operational boundaries will be included in the Master List of surface water
sites.

The DBA will establish the NWIS Site File tor any new site, which will be processing
and/or storing data in the NWIS system.

Station identification Number Assignment

The station identification number is a mandatory entry to the Station Header File, in
NWIS on our DG computer. Each station tor which data are entered in NWIS must have
a single station identification number, unique to that one site, which is assigned by the
Data-Base Administrator. The number should never be assigned to another site, except
when the relocation of a site does not signiticantly change the drainage area of the basin
upstream, and streamflow at the new site is equivalent to the old site. Should a station
be destroved or removed from service, its unique number will continue to be associated
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in the historical files with the data from the deactivated site. In the event of an incorrect
entry, corrections will be made by the DBA.

All Geological Survey offices are required to develop station identification numbers that
conform to the current USGS criteria. A station identification number may be an eight-
digit downstream order number or may be composed of latitude, longitude, and a two-
digit sequence number (a total of 15 digits). In unusual circumstances, where an 8-digit
downstream order number is not available, the DBA may assign a 9-digit or 10-digit
downstream order number. The following sites require station identification numbers.

o Regular surface-water stations
¢ Regular surface-water water-quality sites
e Partial-record (surface-water and water-quality stations)

e Surface-water sites at which miscellaneous measurements are
made

e Spring stations where discharge measurements are made

When a downstream order number is used, the number must contain eight-digits, thus,
any preceding or following zeros must be included, such as "09421500". Punctuation
such as periods or dashes must not be used in the number.

Photographs

Photographs of the data-collection sites or other areas are made by field personnel for
the purpose of documenting channel and site conditions, or to supplement various
forms of written descriptions. Each photograph that becomes part of the station record
should be identified by writing on the back of the photograph with a permanent-ink
marker, the station, date, from where the photograph was taken (lett or right bank,
position relative to a fixed structure) what the photograph is showing, and who took
the photograph. The same information is required for photographs taken with a digital
camera.

Direct Measurements of Discharge

Direct measurements of discharge are made using any one of a number of methods
approved by WRD. The most common is the current-meter method.

A current-meter measurement is the summation of the products of the subsection areas
of the stream cross-section and their respective average velocities (Rantz and others,
1982, p. 80). Procedures used for current-meter measurements are described in Rantz

9
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and others (1982, p. 139); Carter and Davidian, 1968, p. 7, and Buchanan and Somers,
1969, p. 1.

When personnel make measurements of stream discharge, attempts are made to
minimize errors. Sources of errors are identified in Sauer and Meyer, 1992. These
include random errors such as depth errors associated with soft, uneven, or mobile
streambeds, or uncertainties in mean velocity associated with vertical-velocity
distribution errors and pulsation errors. These errors also include systematic errors, or
bias, associated with improperly calibrated equipment or the improper use of such
equipment. To minimize systematic errors, field trips can be rotated to different
personnel.

District policies related to the measurement of discharge by use of the current-meter
method, in accordance with WRD policies, include the following topics: Meter Use and
Measurement Rating standardization, which are discussed below.

Field personnel who have questions concerning the appropriate procedures for making
stage and discharge measurements should address their questions to the Project Chief.

Meter Use

The criteria for meter selection for wading measurements are well documented by
Buchanan and Somers (1969) and Rantz and others (1982). These references are a little
vague, however, in suggesting meter settings in shallow depths below the depths
recommended for the meter. Table 1 provides the criteria used for meter selection. The
following is an attempt to clarify and expand on instructions found in Rantz and others
(1982).

10
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Table 1. Current meter and velocity measurement

Water Depth  Use Meter Section width  Method Comments
(feet) (feet)

2.5 and deeper Type A, AA 04 orwider 0.2and 0.8' Meters not recommended for measuring

1.2510:2.5 Type A, AA 04 orwider 0.6 velocities within 0.3 feet of the water
surface or streambed. Velocities less than
0.2 feet per second may be subject to
eITor.

0.2101.25 Pygmy 0.2 orwider 0.6 Meters not reccommended for measuring

velocities within 0.3 feet of the water
surface or streambed. Velocities less than
0.25 feet per second or greater than 2.5
feet per second may be subject to error.

0.0 t0 0.3 Use surface float. volumetric, weir, tflume, or dye methods.

"It the 0.2-velocity for the section is more than twice the 0.8-velocity at the section or if the 0.2-veloc-
1ty 1s smaller than the 0.8-velocity; then the 0.6-velocity needs to be measured. The average for the
scction is determined by averaging the 0.2 and 0.8 readings and then adding this average to the 0.0
reading to determine the average for the section.

" “T'here 1s an unknown under registration error when the meter is used in depths less than 0.75 ft.

For measurements where the majority of depths will be between 1.5 ft and 2.5 ft, use the
standard AA meter and 0.6 depth settings. If some of the depths are less than 1.5 tt, do
not change to a pygmy meter, but continue to use the AA meter, and continue to use the
0.6-depth setting to a water depth of 1.2 ft. For depths less than 1.2 ft, still use the 0.6
depth setting. There will be some error, but it is considered negligible since the total
number of verticals with depths less than 1.2 ft should be relatively small. Do not use
the so-called 0.5 depth method. For this synoptic run, it is recommended that the
initial section widths be determined by dividing the cross-sectional width by 30 and
rounding up to the nearest tenth of a foot. However, minimum section widths will
not be less than 0.5 ft for the AA meter or less than 0.3 ft for the pygmy meter. After
the first measurement, adjust section widths, if necessary, to ensure that the
discharge in each section does not exceed 5% of the total discharge.

When the majority of depths in a measuring section are between 0.3 ft and 1.5 ft, and
velocities are between 0.2 ft/s and 2.5 ft/s, the pygmy meter should be used with 0.6
depth settings. As Rantz and others (1982) points out, the 0.6-method places the pvgmy
closer to the streambed than 0.3 ft. The 0.6-method is still recommended at these
shallow depths; do not use the 0.5-method. To quote Rantz and others (1982), "From a
practical standpoint, however, when it is necessary to measure velocities where water
depths are as shallow as 0.3 ft, the 0.6-depth method is used. It is recognized, however,
that the results obtained in the situation are only approximate values that
underestimate the true velocity. Efforts made to date to define shallow-depth
coefficients for natural streams have been unsuccessful." (There is minor under-
registration error at 0.75 ft, with up to 5 percent error at 0.30 ft, due to boundary etfects.)

-2
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If a minor number of sections have depths less than 0.3 ft, continue to use the 0.6-
method as long as the meter cups are covered with water.

It 25 percent of the verticals are equal to or less than 0.3 ft, the section should not be
used for a meter measurement. Try to narrow and/or deepen the section, keeping in
mind the velocity and number of sections requirements. If this is not practical, consider
using a thume, a portable weir plate, making a volumetric measurement, or timing
floats.

It cross sections have one or two very steep or vertical banks, it is recommended that a
velocity measurement be made as close to the bank as possible. The depth of the water
at that bank should be measured and a velocity estimate made. The velocity estimate is
made by calculating a percentage of the velocity measurement of the section closest to
the bank. The percentages typically range from 50 to 75 % and are based on flow and
channel conditions and the judgment of the hydrographer. The percentage estimated
will be written on the field note under the Revolution and Time columns, i.e., “75% of
previous (or next) section,” and the calculated value entered under the Velocity at Point
column.

Meter Rating Tables

The most recent meter-rating table must be used. If a standard meter (either AA or
pygmy) rating is being used, the rating must be of June 1999 (6/99). These ratings are
presented in OSW Memorandum 99.05

(http:/ /water.usgs.¢ov/admin/ memo/SW/sw99.05. html). If a meter has been
individually rated that rating is to be used.

Measurement Rating Standardization

All personnel should be aware that a measurement rating DOES NOT imply a rating of
the work done to obtain the measurement. Measurement conditions and methods used
are to be rated, not pcrformancc.

Assumptions:

Essentiallyv ideal conditions, with exceptions noted.

Meters are in good condition.
e The cross section is in a reasonably straight reach.

Flow is uniform, no eddies, slack water, or turbulence.

Streambed is uniform and free of numerous boulders or vegetation.

~—13
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Definition of a good meter measurement.
» Mean velocity greater than 0.5 ft/s.

e Five percent or less of flow in each vertical is preferred, the sum of the 2
largest verticals may not exceed 15 percent of flow.

e Mean depth greater than 150 percent of minimum limit of meter.

[f conditions are less than ideal, measurements should be down-rated. If the conditions
do not meet those listed above for good and are better than those listed below for poor,
the measurement should be considered fair.

If a Standard AA meter is used under the following conditions, the measurement is
considered to be poor.

e If mean depth is less than 1.0 ft (Pygmy meter should be used).

» It mean velocity is 0.2 tt/s or less.

e It any two verticals have more than a combined total of 20 percent of flow.
If a Pygmy meter is used under the following conditions, the measurement is poor.

e If mean depth is less than (.30 ft -- generally not acceptable.

e It mean velocity is 0.25 ft/s or less or > 2.5 ft/s.

e [f any two vertical's have 20 percent or more of flow.
i F

Depth criteria for meter selection

Field personnel select the type of current meter to be used for each discharge
measurement on the basis of criteria provided by the OSW (written commun., 1995).
Meters are used with caution when a measurement must be made in conditions outside
of the ranges of the method provided by OSW. Anv deviations from those criteria are
noted and the measurement accuracy is downgraded accordingly.

It is reccommended that a change of meters not be made during a measurement in
response to the occurrence of two or more subsections in a single measurement cross
section that exceed the stated ranges of depth and velocity. A change of meters is
allowed during a measurement when a very shallow overtlow or secondary channel is
measured along with a larger, deeper main channel.

=)L
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Number of measurement subsections

The spacing of observation verticals in the measurement section can affect the
accuracy of the measurement (Rantz and others, 1982, p. 179). The WRD criteria are
that observations of depth and velocity be made at a minimum of about 30 verticals,
which are normally necessary so that no more than 5 percent of the total flow is
measured in any one vertical. Even under the worst conditions the discharge
computed for each vertical should not exceed 10 percent of the total discharge and
ideally not exceed more than 5 percent (Rantz and others, 1982, p. 140).

Exceptions to this policy are allowed in circumstances where accuracy would be
sacrificed if this number of verticals were maintained, such as for measurements uring
rapidly changing stage (Rantz and others, 1982, p. 174), which is presented in the
“Flood Conditions” section of this report. Fewer verticals than are ideal are sometimes
used for very narrow streams (about 12-feet wide when an AA meter is used and about
5 teet wide when a pygmy meter is used).

Mecasurement of discharge is essentially a sampling process, and the accuracy of
sampling results typically decreases markedly when the number of samples is less than
about 25.

Field Notes

Thorough documentation of field observations and data-collection activities performed
by field personnel is a necessary component of surface-water data collection and
analvsis. Field personnel will record discharge measurements, on either discharge
measurement forms (refer to Buchanan and Somers (1969) for the various types of
discharge torms) or on an electronic field notebook, to ensure that clear, thorough, and
systematic notations are made during tield observations. Original observations, once
written on the note sheet, are not erased, electronic notes are written over and changed
is noted under remarks. Original data are corrected bv crossing the value out then
writing the correct value. Some examples of original data on a discharge-measurement
note sheet include gage readings, date, time of gage readings, depth, width of section,
depth of meter, number of revolutions, and time. Examples of information on a
discharge- measurement note sheet that is derived from original data, but not in itself
original data, include the total discharge on the tront sheet, mean gage height, and
mean velocity. Derived data can be erased tor the purpose of correction.

It is District policy that all discharge measurements are calculated in their entirety
before field personnel leave the field site, unless emergency evacuation is required for
reasons of satety or if the measurement is being made at a site that does not have a
rating.

The following are instructions for filling out Discharge Measurement Notes Form 9-
275-F (Rev. 10-81). These detailed instructions are provided to improve and assure
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consistency in information. It is expected that complete and thorough notes will
improve efficiency when working records.

Meas. No.---Number measurements consecutively. Number measurements even if
they are not used or are only field estimates. Indirect measurements should also
be numbered.

Comp. by---Initials of person computing measurement.

Checked by---Initials of person checking measurement. Should not be same person
who computed measurement. All measurements will be checked.

Sta. No.---Station number always must be included, if available.
Line for stream name---Identify stream by name that is on the station description.
Date---Enter month, day, and year.

Party---List first initial and last name of person making measurement followed by
(m), then name of person servicing gage followed by (g), and then name of
person taking notes (n).

Width---Area---Vel---If measurement is all one channel, list properlv rounded
values with velocity computed from area and discharge shown on front sheet. If
more than one channel for a low-tlow wading measurement, do not list
combined values, simply note the number of channels. On high-flow
measurements, list any overtlow channels separately if appropriate. See the
section on “Number of Measurement Subsections” on when to include or
exclude piers as part of the stream area. Examples of proper rounding are 0.87;
3.05; 14.2; 108; 1,090 ft.

G.H.---List the mean gage height from the Correct M.G.H. box under gage
readings. If debris were removed from control or well flushed, record both
before and after gage heights. An* can be used to footnote further explanation if
needed.

Disch.---List total discharge over control section. Use a properly rounded value.
Examples of proper rounding are 0.87; 3.05; 14.2; 108; 1,090; 43,500 cfs.

Method---Proper entries are 0.6, 0.2/0.8, vol,, est., flume. Other methods can be
explained under remarks.

No. secs---Count and record total number ot verticals where depth and velocity
were noted.
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G.H. change---Actual change in gage height from time measurement began until
measurement ended. May need to be determined from plot on back of
measurement note. Include + or - depending on direction of change.

in___hrs---Time for measurement to nearest (.1 hour. Corresponds to G.H. change
time.

Susp.---Enter weight used for cable measurement (50c, 75¢, 100¢, etc.) or rod (R) if
used.

Method coet.---Usually 1.0. Refer to WSP 2175 (Rantz and others, 1982, p. 133, 148,
155, 170) tor proper techniques to be used.

Hor. Angle coef.---It all flow is normal to the cross section, enter 1.0. If direction of
flow varies, enter "varies" or "noted". If flow angle is constant, enter coefficient
used.

Susp coef.---Enter 1.0 unless explained under remarks.

Meter No.---Enter number stamped on yoke so that performance of individual
meter may be tracked.

Type of meter.---Either AA, Pyg, OM or flume.

Date rated.---Enter "6/99" if standard table of June 1999 is used, otherwise the date
the meter was rated.

Tag checked.---Measure and record here the spacing of any tags set for high-water
measurement. Tag spacing is usually referenced to the center-line of the meter
cups with tension on the cable. Check spacing before and after each
measurement.

Meter ft. above bottom of wt.---Enter distance from bottom of weight to
centerline of meter cups. Use 0.55 or 0.60 whichever is closest, 0.90 or 1.0
whichever is correct. Distance will change with weight used, so measure to
eliminate later doubts,

Spin before meas after___-—-Document satisfactory condition of meter by
noting time of recent spin test or OK. Before each measurement, inspect meter
for dents and/or touled pivot, and spin cups to be sure that cups do not wobble
excessively and that they stop slowly. The NUC or PC is responsible for seeing
that all meters are in condition to make accurate measurements and the
procedures that the NUC has implemented are followed. See section
“ Acceptable Equipment” for District spin test policy.
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Meas plots---Leave blank if control is very unstable. Enter percent plus or minus to
the current rating if control is stable. All measurements should be plotted on
tield curves in order to evaluate trends and determine need for check

measurements,
Ievels obtained---Enter yes if levels were run, leave blank otherwise.
GAGE READINGS:

Time---List time of first outside gage reading made before entering gage, changing
the control, or making the discharge measurement. List time for first inside
reading ot recorders, tapes, and dials. List time for resetting of recorders. List
start and finish times for measurement. List time of final gage readings. Be sure
to read outside gage. List any other times needed to determine mean gage
height of measurement. Time is listed as HHMM using military time. See the
section “Gage Height Records and Time Changes” on time procedures.

Blank column---To be used for actual reading of inside staff in stilling well or anv
other reading not having its own labeled column. Column should be labeled
"Well" if well reading is made.

Inside---For stilling well, list tape reading; for pressure svstem, list dial reading, or

readout.

ADR--- Digital reading trom dial or punch. Dial and punch readings should be the
same, explain it different or reset.

BDR or similar recorder--- Record observed value.
Graphic---Pen reading,.

Outside---Read this gage on arrival, and before leaving. Remember this is the
reference gage for a transducer, and indicates if there is communication to a
stilling, well. Read again if there is a change due to purging or flushing,.

Weighted M.G.H.---Determined from gage height change during measurement.
This procedure is described in Rantz and others (1982, p. 170-173).

G.H. Correction---List if correction needed.

Correct M.G.H.---Gage height tor measurement. Should be initialed by person who
checks measurement against gage heights stored in ADAPS, to indicate
agreement with tinal determination.

WATER QUALITY MEASUREMENTS
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No Yes Time ---Check if water quality measurement was made or not,
it ves enter time.

Samples Collected

No Yes__ Time___ ---Check if water quality samples were collected or not, if
ves enter time.

Method Used

EDI___EWI___ Other____---Check the method used to collect the water quality
sample was equal-discharge-increment (EDI), equal-width-increment (EWI), or
other. The most complete discussion of sampling techniques is found in
Edwards and Glysson (1988).

SEDIMENT SAMPLES

No Yes Time ---Check if sediment samples were collected or not; if yes,
enter time.

Method Used

EDI EWI Other ---Check the method used to collect the sediment
sample was equal-discharge-increment (EDI), equal-width-increment (EWI) or
other. The most complete discussion of sampling techniques is found in
Edwards and Glysson (1988).

BIOLOGICAL SAMPLES

Yes No Time Type --- Check if biological samples were collected
or not; if ves, enter time and type of sample.

Check bar found---For use with wire-weight gage. List elevation of check bar to
the nearest thousandth, once per visit. If the bar reading is changed, note the
new reading to the nearest thousandth and the time.

Wading, cable, etc.---Indicate type of measurement and location of measurement
section relative to gage.

Measurements rated--- Either circle or underline one rating only. No combined
rating such as "fair to poor" should be used.

Flow---Describe tflow conditions (smooth, turbulent, eddies, standing waves,
dunes etc.).

Cross section---Describe measurement section (sand, cobbles, boulders, bedrock
concrete, etc.).

=19



C:*My Stutf PARKS'Moca'Seepage Runivirgin_seepage run ga.plan.doc

Control---Describe what control is composed of, section or channel, presence of
drift, vegetation, any change since previous visit, any change made currently
that might change gage height at this stage or later. It is critical that this
description be made at every visit.

Gage operating---OK or yes, if operating properly; if not, say no and explain in
REMARKS.

Weather---Describe weather condition and document any inclement type such as
high wind, rain, or heavy snow.

Intake/orifice cleaned---Yes or no. If gage height changed due to cleaning,
describe under remarks.

Alr ‘Ca Water ‘Ca ---List air and water temperatures to nearest
halt degree Celsius, and the time the reading was made as HHMM using
military time.

Record removed---Yes or no.

Extreme indicator---List max and min peak indicator clip readings. Show gage
height before applying constants and constants on chart, digital leader, or
measurement.

Nitrogen Tank __ Feed---List pressures from gages on tank.
Bbl rate---Count and list number of bubbles in one minute.

CSG checked _Stick reading---List readings for crest-stage gages as needed to
describe which gage read and what reading was. Stick reading should be noted
and then added to pin elevation to obtain final CSG reading. Indicate if marks
are good or tair or not reliable. Be sure to clean marks off stick and record CSG.
It none, enter NONE.

Observer---Usually blank, but any discussion with an observer should be noted

HWM---Record marks in stilling well (check silt level at same time) and then wipe
off inside staff and/or well near staff so that next peak will leave new marks.
Use hand or string level to record any outside marks near gage for peak since
last visit. Check against recorded peak and determine reason for any difference,
if possible. If any record was lost since last visit, observe channel to determine
recent tlow range. If no marks can be found near gage, flag or otherwise mark
HWDMs upstream and downstream to be leveled to later. If no marks or
indications of high flow are found, record NONE.
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Remarks---Document any comments that may relate to record computation or
general safety.

G.H. of zero flow---If required, the PZF should be recorded each time it can be
accurately and saftely determined at most natural sites. PZFs on streams that go
dry are especially important (Rantz and others, 1982, p. 146).

Measurement Checking

[. Each trained person making discharge measurements is solely responsible for
completely and accurately filling out the 'front sheet', and the computational
accuracy of the measurement.

)

Someone other than the person who computed the measurement will check every
measurement after each trip. The checker is expected to check the following:

a. Section velocity and section area, not done for electronically computed
measurements.

b. Summation of width area, and discharge, not done for electronically
computed measurements.

¢. Determination of mean gage height.
d. Recomputed sum of partial areas and discharges.

3. As part of annual computation of records, the checker will check the
determination of mean gage height with possible datum changes and comparison
to recorded gage heights.

4. Deticiencies tound in the content, accuracy, clarity, or thoroughness of field notes
are identitied with colored pencil and communicated to field person making the
measurement by oral means. The deticiencies are remedied by providing specific
instructions by the PC to individuals who fail to record notations that meet USGS
and District standards.

Notations associated with miscellaneous surface-water data-collection activities are to
be documented on a discharge measurement form. All miscellaneous notes are required
to include, at minimum, initials and last name of field-party members, date, time
associated with observations, purpose of the site visit, gage readings, gage operation,
and control.

Acceptable Equipment

Equipment used for the measurement of surface-water discharge must be approved by
the Project Chief and meet all WRD and District requirements for accuracy and
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suitability. An array of acceptable equipment for measuring discharge includes current
meters, timers, wading rods, bridge cranes, tag lines, and others (Rantz and others,
1982, p. 82; and Smoot and Novak, 1968). Although an official list of acceptable
equipment is not available, Buchanan and Somers (1969), Carter and Davidian (1968),
and Edwards and Glysson (1988) discuss the equipment used by the U.S. Geological
Survey.

The meters most commonly used by District personnel for measuring surface-water
discharge are the Price AA current meter and the Price pygmy current meter. Methods
tollowed by District personnel for inspecting, repairing, and cleaning these meters are
described in Smoot and Novak (1968, p. 9), Rantz and others (1982, p. 93), and
Buchanan and Somers (1969, p. 7).

The ultimate responsibility for the good condition and accuracy of a current meter rests
with field person who uses it (OSW Memorandum 89.07

http:/ /water.usgs.gov/admin/memo/SW/sw89.07. html). A timed spin test made a
few minutes before a measurement does not ensure that the meter will not become
damaged or fouled during the measurement. Field personnel must assess apparent
changes in velocity or visually inspect the meter periodically during the measurement
to ensure that the meter continues to remain in proper operating condition.

Electronic Measurements

If an AquaCalc-type instrument is used, the current meter must be equipped with
either a magnetic or optic head. The AquaCalc-type instruments will not be used
with current meters equipped with a cat whisker.

Spin tests

It is District policy that spin tests are required for each field trip. Spin-test results are
documented in a meter log for each instrument by the hydrographer responsible for the
meter. This log is part ot the archived data of WRD (Office of Surface Water
memorandum 89.07 http:/ /water.usgs.gov/admin/ memo/SW/sw89.07 html) and
should be kept in the office. Repairs are made to meters when deficiencies are identified
through the spin test or inspection.

At least prior to the first discharge measurement of each day, field personnel are
required to do a timed spin test (in office, field vehicle, or motel) and note it on the
discharge measurement note. Acceptable times for a spin test are given in table 3.
Thereatfter, field personnel will inspect the meter before and after each measurement to
see that the meter is in good condition, that the cups spin freely, and the cups do not
come to an abrupt stop. Descriptive notations are made at the appropriate location on
the field-note sheet concerning the meter condition, such as “OK” or “free” or other
such comments for these subsequent checks during the day.
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Table 2. Spin test limits

Meter Normal Minimum for
{minutes) field operation
(minutes)
Type A, AA 4 1.5
fce. Vane 4 1.5
Pyemy 1.5 0.5

Care and Maintenance

The care and maintenance of vertical-axis current meters (AA and pygmy) is required to
keep the meter in the same good condition as when it was obtained from the
manutacturer or was recalibrated. Cleaning, adjustment, and repair maintain this
condition. OSW Memorandum 99.06

http:/ /water.usgs.gov/admin/memo/SW/sw99.06.html supplements the instructions

found in TWRI, Book 8, Chapter B2, Calibration and maintenance of vertical-axis tvpe
current meters (Smoot and Novak, 1968).

After a day of use in the tield

1.

The pivot and contact-chamber cap should be removed to clean and lightly oil
upper and lower bearing surfaces with current-meter oil. (Do not use "3-in-1" type
oil, which becomes gummy when exposed to water.)

The bearing surfaces should be examined for wear or damage, especially the
pivot point. The pivot should feel sharp, as opposed to rounded or dull. It should
not have a burr detectable visually or to the fingernail, a magnifying glass is
helpful for the visual inspection.

The pivot should be replaced if needed and the adjustment of the cat whisker(s)
checked. The cat whiskers should touch lightly to give a distinct signal and to
minimize drag. Any old-style cat whiskers with beaded contacts should be
removed and replaced with the currently available cat whiskers, which have no
bead. The penta-count mechanism should be operating freely with no indication
of binding or misalignment.

After replacing the contact-chamber cap, the meter should be spun to observe that
it is operating properly. This should not necessarily be a timed spin test, but the
meter should be observed as turning freely, coming to a smooth and gradual stop,
and not rotating with a discernible wobble. It one of these conditions is observed,
or some other malfunction or damage is noted, further adjustment or repair is
required to ensure proper operation before the meter is used again.
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5. During the day, before making a discharge measurement, the meter should be
inspected for damage, fouling, and water on the bearing surfaces. (When
inspecting for water, look for a milky emulsification of oil and water on the lower
bearing and pivot and droplets of water in the contact chamber.) If water is found
on the bearing surfaces, they should be dried and re-oiled, because the presence
of water on these surfaces will affect the lubricant viscosity, significantly
changing the performance of the meter. The lower bearing is probably more
vulnerable to the entrance ot water.

After each field trip

The meters used should be completely disassembled, inspected, and cleaned
Repairs should be made if needed.

Low-Flow Conditions

Streamtlow conditions encountered by District personnel during periods of low flow
are typically quite different from those encountered during periods of medium and
high flow. Low-flow discharge measurements are made to define or confirm the lower
portions of stage-discharge relations for gaging stations, as part of seepage runs to
identify channel gains or losses, and to help in the interpretation of other associated
data. Additionally, low-flow measurements are made to define the relation between
low-flow characteristics in one basin and those of a nearby basin for which more data
are available (OSW Memorandum 85.17

http:/ / water.usgs.cov/admin/ memo/SW/sw85.17.html).

In many situations, low flows are associated with factors that reduce the accuracy of
discharge measurements. These factors include algae growth that impedes the free
movement of current-meter buckets and larger percentages of the flow moving in the
narrow spaces between cobbles. When natural conditions are in the range considered by
the field personnel to be undependable, the cross section is physically improved for
measurement by removal of debris or large cobbles, construction of dikes to reduce the
amount ot non-flowing water, or other such eftorts (Buchanan and Somers, 1969, p. 39).
Atter modification of the cross section, the flow is allowed to stabilize before the
discharge measurement by current meter or flume is initiated.
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Cold-Weather Conditions

Surtace-water activities in this District include making streamflow-discharge
measurements during cold weather conditions. Cold temperatures, wind, snow, and ice
can create difficulties in collecting data. These factors also can create dangers to field
personnel (WRD Policy Memorandum 2000.03

http:/ /wwwoper.er.usgs.gov/memos/ wrd/wrdpolicy(00.03.html). The highest
priority in collecting streamflow data during winter periods is employee safety.

Measurement of Temperature

Field measurements of temperature should include both an air temperature reading and
a water temperature reading that represents the mean temperature of the stream.

The two devices used in measuring temperature are the alcohol thermometer and the
thermistor. The thermometer is the most widely used device for temperature
measurements.

Before any temperature readings are made, inspect the thermometer to be certain the
column is not separated, the bulb is clean, and the protective case is free of sand and
(or) debris. These factors can have a pronounced effect on temperature readings.
Because the thermometer is easilv broken, it is also advisable to carry extra
thermometers of equal quality as spares.

Acceptable Equipment

Both the general purpose hand thermometers and thermistors should be checked or
calibrated against a certified thermometer meeting specifications of the National
Institute ot Standards and Technology (NIST) to a minimum of two temperatures: 0
degree Celsius (°C) and room temperature. Calibrated thermometers and thermistors should
be marked to let the user know user know if it has been calibrated (this can be done by
using red tingernail polish).

General purpose thermometers found to be more than 0.5°C in error should not be
used.

Air Temperature

Air temperature readings should be made using a dryv thermometer placed in a shaded
area protected trom strong winds but open to adequate air circulation. Avoid areas that
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may have radiant heat effects such as near metal walls or sides of vehicles. Allow the
thermometer to equilibrate 3 to 5 minutes before recording the temperature. Record the
temperature to the nearest 0.5°C and the time of day that the measurement was made.

Water Temperature

Water temperature should be made in such a manner as to represent the mean
temperature of the stream at the time of observation. To make this measurement,
suspend, place, or hold a thermometer in the main flow of the stream. Shade the
thermometer to prevent erroneous readings caused by direct solar radiation. The
thermometer should be immersed in the stream for a minimum of 1 minute prior to
making measurements. (Thermistor probes should be immersed for a minimum of 3
minutes if the thermistor is an integral part of a combination probe such as is the case of
the dissolved oxvgen probe.) Record the temperature to the nearest 0.5°C and the time
of day that the measurement was made.

Measurement of Specific Conductance

Conductance is the reciprocal of resistance in ohms, and is a measure of the capacity of
water or other substance to conduct an electrical current. Specific conductance is the
conductance corrected to 25 degrees Celsius and is reported in microsiemens per
centimeter (uS:em) at 25°C. Specitic conductance indicates the concentration ot dissolved

solids in water.

Acceptable Equipment

There are many conductivity meters available on the market. All meters come with
operating instructions and users should be totally familiar with these instructions.

Conductivity electrodes must be clean to produce accurate results. Electrodes should be
cleaned thoroughly before and after a measurement is made. In most cases, thoroughly
rinsing electrode with deionized water, atter use, will keep the electrode clean.
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