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QUANTIFICATION METHODS DEVELOPED IN CONJUNCTION WITH THE

WATER USE INVENTORY ON BLM ADMINISTERED LANDS IN ARIZONA

by

Marvin L. Goss
Hydrologist, USDI, Bureau of Land Management, Phoenix, Arizona

ABSTRACT

Standard methodologies have recently been developed to quantify water sources occurring on
public lands administered by the Bureau of Land Management in Arizona. These water sources
typically consist of springs, stockponds, reservoirs and other small bodies of water, and small
streamflows of less than 1 c.f.s. (0.025 m3 /sec). Increasing demands for these waters as well
as numerous past, on- going, and pending activities to define and adjudicate water rights
necessitate that they be consistently and accurately quantified and their uses estimated.
Standard methodologies to meet these requirements were essentially nonexistent within the BLM at
the time the inventory of these water sources began. Emphasis has been placed on the application
of simple and practical procedures based on generally accepted hydrologic principles. These
methodologies will be used for quantifying an estimated 4,000 water sources on federally ad-
ministered lands throughout Arizona. The methods may also be used to inventory the approximately
100,000 water sources located on federally administered lands in the other ten western states.

INTRODUCTION

"Much of the available water in the Southwest is over -appropriated, at least on paper, and
demands against relatively fixed supplies increase annually." (Hurtsey, 1979). Against this
background, increasing demands are being made on smaller, and more remote water sources such as
widely scattered springs and stockponds located on public lands administered by the Bureau of
Land Management (BLM). In order to properly manage waters located on public lands, protect them
in water rights procedures and to comply with President Carter's Water Policy Message "to
inventory and quantify Federal reserved waters ", the BLM has undertaken the inventory and quanti-
fication on all water sources located on public lands in Arizona.

This paper describes methods developed to uniformly and consistently quantify springflow,
small streamflows (less than 0.1 cfs /0.0025m3 sec) and the storage capacities of stockponds,
reservoirs, and other small bodies of water typically occurring on public lands.

The methods described are based on accepted hydrologic principles and consist of the appli-
cation of simple and practical procedures, using portable, inexpensive field equipment. These
methods are being developed, tested, and standardized for use in the water use inventory being
conducted on BLM lands in Arizona. An estimated 4,000 sources will be quantified using these
methods during the course of the inventory. Additionally, these methods are being used in the
development of a BLM manual for use in the inventory of an estimated 100,000 water sources located
on BLM administered lands throughout the western United States.

SPRINGFLOW AND OTHER SMALL FLOWS

PROBLEM

Many surface water sources located on BLM land in Arizona and many other western states
consist of small springs, seeps and wet spots that, even when developed, normally yield less than
1.0 cfs. Flow from springs located in ephemeral or intermittent drainages typically do not
extend downstream more than several hundred yards before disappearing into the channel alluvium.
Methods for measuring the small yields from these sources have often been overlooked in texts
and other published documents that describe standard hydrologic techniques.
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APPLICATION

The method described in this paper is limited to the measurement of undeveloped or unconfined
developed surface water sources yielding very low flows. It is a volumetric method. Variations

of this method used for calibrating weirs and measuring flow through small pipes have been de-
scribed by Corbett (1962) and Scott, et al (1959). The volumetric method described in this paper
is limited to the capture of extremely small discharges which range from 0.1 gpm (380 cc /min) to

about 0.1 cfs or 45 gpm (2,500 cc /sec). It is used when the flow can be concentrated and

diverted into a calibrated container.

Finding a suitable measuring site is essential in order to obtain an accurate flow measure-
ment.

EQUIPMENT

The following are needed:

1. Calibrated container
2. Stop watch
3. Flow concentrator (plastic sheet or metal flume)

4. Small handtools for digging
5. Forms for recording data (Figure 1)

This list illustrates the low cost and portability of the equipment.

PROCEDURE

1. Find a site that will permit measurements of as much flow as possible.

2. Concentrate the total flow. Concentration is normally accomplished by spreading out a small
sheet of plastic to conform to the channel substrate or jamming a metal flume into any porous
substrate in such a manner that the total flow or a substantial portion of the flow can be col-
lected into the container.

A plastic sheet, when made to conform to a non -porous channel bottem can capture nearly all
of the flow (90 %) if the upstream edge of the plastic is fixed firmly in place. This is made
possible because of the "sealing" effect caused by the weight of the water overlying the plastic.
Generally, greater than 75% of the flow can be captured in a porous medium by use of a hand -fitted
metal flume. While it is not possible in most cases to capture 100% of the flow, it is relatively
easy to estimate the percentage of the flow captured.

3. Measure the flow. Direct the concentrated flow into a container and measure the volume of
water collected for a specific period of time. Depending on the size of the container and the
rate of flow: 10, 15, 20, 30, or 60 second intervals are normally used. Often there is not
sufficient drop in the channel gradient to place the container under the concentrated flow in such
a manner that it can be filled. In unconsolidated alluvium, this problem can be resolved by
digging a depression in the channel and placing the container in the depression to take the
measurement. In other cases, the measurement may be made by extending the length of the concen-
trating apparatus, or using both plastic and flume in combination.

4. Record the time interval and the volume of water captured in the container and estimate per-
cent of the total flow captured.

5. Repeat Steps 2, 3, and 4 a minimum of three times.

6. Determine the rate of flow per measurement and the average flow rate using the following
calculations.

a. Flow rate premeasurement is determined as follows:

Flow rate (FR)
(+plume capture() ( 1 1

_Time J I\s of total flow captured)

b. Average flow rate (AR) is determined by summing all flow rate measurements and dividing
by number of measurements as follows:

AR=
FR + FR2 + FR3
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FIGURE I. FORM USED FOR RECORDING SPRING FLOW DATA

WM MURMUR QUANTIPICRTION METHODS
2111U2OD1ANIA1 D SPRIMGPIDS

r1330 SREET-e

Sheet . of

1. Source Mime:
2. Observer(s):
2. Location' Sec. T. R.

4. Measurement Method:
S. Measurement Location, Sec. T. R.

(if differs from source)
6. Stage ht. (if Stream)

7. Stream Flow

10.4

1-
Depil in

.4

ell. sire- -
8. Spring Flow:

Percent
h. Trial Volume Time Captured Discharge

1.

2.

3.

Average

9. Remarks: (include computations)

(Use space on Pg. 4, if needed)

10. Sketches: (stream reach sampled.
channel profile, etc.)

Draft Form 11/9/79
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VOLUME OF WATER CONTAINED IN STOCKPONDS, SMALL RESERVOIRS, AND SMALL LAKES

PROBLEM

Short of using time consuming and expensive standard land surveying techniques (Breed, 1958)
procedures for field measurement of the capacity of ponds were not found in a review of the
literature.

Various in -house procedures in use by the Arizona Water Commission, the USDA -Forest Service,
and Soil Conservation Service have been described via personal communication (Arizona Land Dept.,
1978; U.S. Forest Service, 1978). These procedures involve determining the surface shape, surface
area, and the maximum depth of the pond. These values are then combined in various area /depth/
slope formulae to calculate the volume. Such formulas have not been thoroughly tested and will
be the subject of a future paper. In this paper, only measurement of water depth is addressed.
Field hydrologists have developed a technique using two different types of equipment for determin-
ing maximum water depth in these structures without requiring the use of a boat. This procedure
has evolved through field testing and communication with other personnel over the past two years
and the equipment is in the final stages of development. Equipment expense and portability, with-
out sacrificing accuracy, have been the major factors in developing this procedure, as well as
consideration of the field time involved in its use.

APPLICATION

A brief description of the basic technique follows and is applicable to the measurement of
maximum water depth of ponds, with surface areas generally no greater than 2.5 acres (1 hectare)
and depths less than 20 feet (6 meters). Each measurement determines the depth of water at a
given point. A number of measurements are made to ascertain maximum depth. This value can be
combined with other measurements to compute the volume of water.

EQUIPMENT

1. The two types of equipment currently in use are a slightly modified fishing rod for
Method A and a collapsible pole such as a golf ball retriever with incremented line for Method B.
At the time of this writing the "fishing rod" apparatus used in Method A is still under develop-
ment. Use of a remote device, such as TV channel changer or automatic garage door opener, to
transmit signals controlling the release and latching of the weighted line is being considered for
development. Use of other types of depth measurement equipment such as fathometer /transducers
(Rausch, et al, 1976; Heinemannn and Dvorak, 1965) have been rejected because of their heavy
weight and high cost.

2. Field forms (Figure 2) are required for recording of data.

PROCEDURE

Method "A ". This uses a standard fishing pole and reel with line that has been slightly
modified by the addition of weights and a float. This procedure involves taking several
measurements of the distance between the weight, which settles to the bottom of the pond, and
the float, which stays at the surface of the pond, to obtain an estimate of maximum water
depth. The steps currently used to obtain this measurement are as follows:

a. Cast the bob and weight apparatus to a selected spot in the pond and allow the
weight to settle to the bottom.

b. Reel in the line until tension on the line indicates that the bob is situated
vertically over the weight.

c. Carefully pull in the line, until the weight and bob come in contact.

d. Measure the line that was pulled in to obtain an estimate of depth.

e. Repeat steps a through d until the maximum depth is determined.

f. Record the maximum depth.

Up to the present time, slight inaccuracies have resulted in some of these measurements
because the distance between the weight and float is not always measured along the vertical
plane.

The following modification to the above procedure is proposed to obtain a truly vertical
measurement of depth. It uses a hand -held transmitter and remote receiving latching device
that releases or locks the line in place upon command. The steps used to obtain a maximum
depth measurement would be as follows:
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FIGURE 7. FORM USED FOR RECORDING POND DATA

QUANTIFICATION PROCEDURES FOR DEVELOPMENTS (Field Sheet B)

STOCKPONDS, SMALL LARES, CATCHMENTS, DEVELOPMENTS(Conveyances, Tanks and Troughs), AND WELLS

1. Source Name:
2. Date and Hour:

3. Location: Source Sec. T. R.

DiversionPoint
Use Points)

4. STOCKPONDS

Present Vol. ac.ft. /nal

Capacity ac.ft. /gal

On Channel Off Channel

Construction Material:

Measurement Method:

Water Surface Shape Adjacent To
Spillway:

Square Ellipse

Rectangle Circle Oval

Triangle Half- Circle

Other:

Operational?

S. GROUNDWATER (Wells)

Diameter in. Artesian?

Casing Type:

Total Depth ft.

Depth to Water ft.

Pump (type):

Windmill?

In or near defined channel?

Sketch of Stockponds, Small Lakes, and Other Develorments

se. widths Top ft. ptN{,spó w length: lbpet.
aottaw_!t. -T- bttoptt.

--#17

height fro. base to 44 .

distinct NTh weer
line Wendel be given where ne spillway
Mete.

Istlnate t full

Spikes

WELL FLOW
Trial Volume Time GPM

2.

3.

Average Flow:

7. CONTAINMENTS and CONVEYANCES

6. CATCHMENTS (Sketch)

Apron Material (circle one)

Asphalt Fiberglass Rubber

Parafin Other:

Apron Dimensions and Capacity:

B. OBSERVER TITLE SIGNATURE
a

b.

(1.) Tanks and Troughs No. 1. No. 2. No.3

a. Length (in feet)
b. Width or Diameter
c. Depth - Present:

Maximum:
d. Capacity:
e. Shape:
f. Bird ramp? Floating cover?

(2.) Pipes, ditches, Flumes, Etc.
a. Diameter Depth Width
b. Length to 1st use 2nd use 3rd use
c. Slope to 1st use 2nd use 3rd use
d. Material:
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a. Cast the bob and weight, latched together as a unit, to a selected spot.

b. Transmit a signal to release the latch, causing the weight to drop vertically

to the base of the pond.

c. Transmit a signal to engage the latch to the line, thus preventing any slippage

in the line between the weight and the bob.

d. Reel the apparatus in and measure the distance between the middle of the bob and

bottom (or "mud line ") of the weight.

e. Clean the line, bob, weight and latch apparatus and repeat steps a through d until

the maximum depth is determined.

f. Record the maximum depth.

The primary advantage of this method is that it allows relatively accurate depth

measurements to be made a considerable distance (up to 20 meters) from shore. Difficulties

result from substantial quantities of slime and algae clogging the weight/bob apparatus and

excessively muddy pond bottoms which allow the weight to sink below the actual bottom or be-

come stuck.

Method "B ". This uses an extendable aluminum pole with an incremented string with a weight

tied to the end of the string. Depth measurements are obtained by extending the pole and

casting the weighted line so that it extends vertically into the water. Depth is determined

by noting at what point the incremented string corresponds to the water surface. The primary

advantage is ease of operation. Disadvantages include: (a) application of the method is

limited by the short reach of the equipment; (b) the operator must stand as close as possible

to the edge of the water, often on muddy, steep, slimy surfaces in order to make each

measurement.

SUMMARY

The BLM is currently conducting an inventory to locate and quantify all water sources and

uses on public lands. Our objective is to do it as accurately as possible in a uniform and

consistent manner.

This paper only discusses two aspects of this process: volumetric quantification of water

yield from small springs, and a procedure using either of two types of equipment for measuring the

depth of water in small lakes and impoundments.

Additional methods that are being developed for the remainder of the inventory and quantifi-

cation process will be incorporated into a BLM "Water Uses and Needs Inventory Manual."
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