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Presentation Overview

What is a USGS Streamgage?
Site Selection

* (age Calibration

Data Analysis

Data Publication

Goals-Accuracy at all flows! !
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What is ad USGS Streamgage'_’ science for a changing world

Satellite antenna

What iIs a gage?

 Extremely accurate measure of water depth
o +/-0.01 ft

e Data Recorder

 Telemetry

- Intake

-
age nouse - -~ -




Colorado Water Science Center USGS
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What iIs a gage?
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S i te S e I e Ct i 0 n science for a changing world

How do we chose a gaging location?

* Control

 Banks

 Depth Resolution
Constricting Channel
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S i te S e I e Ct i 0 n science for a changing world

How do we chose a gaging location?

* Control

 Banks
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* Constricting Channel
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How do we chose a gaging location?

* Control

 Banks

 Depth Resolution
Constricting Channel
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G ad g e c d I i b Y ati on science for a changing world

We want to know river flow!

* \We measure:

* Depth /
* \elocity (40 Seconds)
/Subsection
. _ |
 Compile subsections - Widlu%
® Ca|CU|ate FlOW In each subsection:
I Area = Depth x Width
Velocity

Depth Discharge = Area x Velocity
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G d g e c d I i b Y ati on science for a changing world

We want to know river flow!

* \We measure:
 Depth
* \elocity (40 Seconds)

 Compile subsections
» Calculate Flow
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G ad g e c d I i b Y ati on science for a changing world

We want to know river flow!

* Developmentof arating | we———m -
* Simple example GRS B

— Stage equals 3.3 feet—

STAGE, IN FEET

Discharge
equals 40 ft¥/s
1

. ko i i
1 10 100 1,000
DISCHARGE, IN CUBIC FEET PER SECOND
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G ad g e c d I i b Y ati on science for a changing world

We want to know river flow!

 Development of a rating
» Complex Example
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G a g e c a I i b rati 0 n science for a changing world

How do we measure the flow?

* Pigmy Meter

* Flow Tracker

* Price AA

 Acoustic Doppler Current Profilers
 Drones




Colorado Water Science Center

Gage Calibration

a USGS
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How do we measure the flow?

* Pigmy Meter
* Flow Tracker
e Price AA

 Acoustic Doppler Current Profilers
 Drones

DEPTH (M)

—
Title listing contour variable,

units, vector variable, and secondary
flow computation method

\

Primary Veloaty (Zero Secondary Discharge Definion) (cmv's)

Secondary Flow Vector &
(with vertical componen({

AT EETE SO

i} Vector Refere

| Scale \

Contour Variable
with secondary flow vectors (secondacy_zed) Scale

Missing/bad Ensemble

L;L 3

\“\

Cross Channel Distance >
(from left bank, looking DS)

\WNAasanr 11T rr sy

Stream Bed

150
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G a g e c a I i b Y ati 0 n science for a changing world

How do we measure the flow?

* Pigmy Meter

* Flow Tracker

* Price AA

 Acoustic Doppler Current Profilers
 Drones
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Data Publication

Data available
since 1987

@ 7 days O 30 days O 1year

White River Near Meeker, Co.

ft3/s

260

March 5, 2023 - March 12, 2023
Streamflow, ft3/s @
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Random Error vs Systematic Error (via accuracy and precision) science for a changing world

 Random Error — (also known as independent error) variability, random variation,
or “noise in the system” can affect measurements quality

e Systematic Error — (also known as bias) shift towards over- or underestimation
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Independent Error— Controlling Bias and Measures of Uncertainty science for a changing world

 How Streamflow is Measured | U.S. Geological Survey

e Streamgaging Basics | U.S. Geological Survey

s ZUSGS ... ZUSGS
Follow standardizing procedures e I =R

Discharge Measurements at Gaging Stations Stage Measurement at Gaging Stations

e Technigues and Methods

e User manuals
* Training

Techniques and Methods 3-A8

artment of the
logical Survey
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Independent Error— Across the Landscape science for a changing world

Conceptualizing the system
 Spatial domain

EXPLANATION

=3 Surface-water flow, general direction Subsurface mavemcat of

infiltrated irrigation
4 water toward stream
Evapotranspiration {ET)

‘ Infiltration and recharge

A Groundwater flow, paneral direction
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Independent Error—Measures of Certainty science for a changing world

White River Near Meeker, Co.

Con Ce ptua I iZi ng the Syste m April 30, 2022 - May 19, 2022

Streamflow, ft3/s @
950 ft3/s - May 07, 2022 06:15:00 AM MDT

e Spatial domain
* Timing
 Seasonal

* Diel cycles

T a‘l o
\

301 cfs change (~150%)
/ over 14 hrs
White Rivey Near Meeker, Co.

April 20, 2022 - May 19, 2022
reamflow, ft?/s
649 ft3/s - May 06, 2022 08:00:00 PMMDT

May 09
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Approaches— Across the Landscape science for a changing world

Conceptualizing the system

: S p at I d | d oma I n Diverted streamflow —__
. . “
¢ TI mlng ET aloag ditehes A >
&

Approaches
* Lagrangian
e Steady-state
* Average of conditions

EXPLANATION

B Surface-water flow, general direction Subsurfuce mavement of

infikkrated irrigation
=t water towanrd stream
Evapotranspiration ,ET;

‘ Infiltration and recharge

A Groundwater flow, paneral direction
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Independent Error— Controlling Bias and Measures of Certainty science for a changing world

Follow standardizing procedures | AENrro:An;Iy;s
 Techniques and Methods |+ esmonoruscammines

SECOND EDITION

e User manuals | gomhs e o

* Training |
Conceptualizing the system

 Spatial domain

* Timing

Error Analysis

* Measures of uncertainty

 Error propagation

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government
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Error Analysis — Error propagation and constraint science for a changing world

* Error propagation

5C = ++/5.22 + 2.62 + 3.12

e Comparison of measures
 Example calculation:

O0C = 1+ 6.59 cfs

e Sum of measurements

* A.104.4 cfs + 5.2 cfs
® B . 4 1 . 2 Cfs i 2 . 6 CfS X (Measured value of x) = x,, * fr, (p. 13)
wher
Xbewt best estimate for x,

> C a G W ret u r n fI OW &x uncertainty or error in the measurement

Fractional uncertainty i (p. 28)

|"-be\I}

[

Propagation of Uncertainties (Chapter 3)
A C=
B + - D If various quantities x. ..., w are measured with small uncerainties éx,. ... Bw,

and the measured values are used to calculate some quantity g, then the uncertainties
inx ) se ncertainty in g as follows:

nwx ..., wcause an u
([ ] 104 4 — 41 2 + C o 63 2 If g is the sum and difference, g = x + -+ + z — (u + --- + w), then
L] ) °

VB + - + (822 + (Bu)® + - -+ + (Sw)?
for independent random errors;

° C_O L 66? < 8c+ -+ 8z ok but-o+ Sw
\

always. (p. 60)
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Questions ? science for a changing world

Examples investigation approaches:

Garner, B.D., Pool, D.R., Tillman, F.D., and Forbes, B.T., 2013, Human effects on the hydrologic system of the Verde Valley, central
Arizona, 1910-2005 and 2005-2110, using a regional groundwater flow model: U.S. Geological Survey Scientific Investigations
Report 2013-5029, 47 p.

Kuhn, G., and Williams, C.A., 2004, Evaluation of Streamflow Losses Along the Gunnison River from Whitewater Downstream to
the Redlands Canal Diversion Dam, near Grand Junction, Colorado, Water Years 1995-2003: U.S. Geological Survey Scientific
Investigations Report 2004-5095, 22 p.

Ruddy, B.C., and Williams, C.A., 2010, Evaluation of streamflow gain-loss characteristics of Hubbard Creek, in the vicinity of a mine-
permit area, Delta County, Colorado, 2007: U.S. Geological Survey Series Scientific Investigations Report 2009-5271, 20 p.

Stevens, M.R., Leib, K.J., Thomas, J.C., Bauch, N.J., and Richards, R.J., 2018, Streamflow and selenium loads during synoptic
sampling of the Gunnison River and its tributaries near Delta, Colorado, November 2015: U.S. Geological Survey Scientific
Investigations Report 2018-5029, 17 p.

Williams, C.A., and Leib, K.J., 2005, Using tracers to evaluate streamflow gain-loss characteristics in the vicinity of a mine-permit
area, Delta County, Colorado, Water Year 2003: U.S. Geological Survey Scientific Investigations Report 2005-5018, 27 p.



