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R4Y R MER
Governor

FFICE F THE STATE ENGINEER
DIVISION OF WATER RESOURCES

1313 Sherman Street Raom 818

Denver Colorado 80203

303 86fi 3581

JERIS A DANIELSON
State Engineer

I am pleased to release the FY 1987 88 Annual Status Report of the
Colorado Satel ite Linked Water Resources Manitoring System The report

addresses all aspects of the monitaring system including examples of system

utilization for all seven major drainage basins in the state of Colorado
After just three full years of operation the system has proven to be a highly
effective tool in the management of our precious water resources

i

i

out

There are several key aspects of the systern that I would like to point

The system provides cost benefits estimated to be 1 5 million

annuaily Benefits to cost ratio is approximately fi to 1

The system is a public system with access available to all
Colorado water users

The system can be easily expanded with additivnal mon toring
stat ons and additivnal sensor types

The system has rece ved national merit awards from the Council
of State Governments and the National Society of Professional
Er gineers for innovation and design The state of Co orado

remains on the leading edge of technology in this area

Dne critical area of concern that needs to be addressed is funding
Siate Legislature appropriated from the General Fund 94 3fi9 for operation
the system in FY 1987 88 The remainder of the 228 34I budget was to
co lected from user fees Insufficient ser fees were collected resulting
a 40 609 underfunding This had an impact on the operation of the system
budget proposal submitted to the aint Budget Committee requesting that
General Fund appropriation be increased to 155 525 OD for FY 1988 89
denied

i

f

The
of

be
in

A

the

was

It is the consensus of this office and the water user community statewfde
that water rights administration is the responsibility of the State and should

be funded accordingly A budget praposal requestir g increased General Funding
wi11 be submitted by this office for FY 1989 94

A Danielson
Engineer
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INTRODUCTION

The Colorado satellite linked monitoring system provides rea1 time water

resources data on a continuous basis from key gaging stations across the statQ
of Colorado The computerized system can be accessed by computer terminal or

by phone from any location via phone communications These data and appro
priate appiications software provide for more effective water rights adminis

tration computerized hydrologic records development f ood warning and water

resources management

The system was prov ded to the State Eng neer by the Colorado Water
Resources and Power Development Authority pursuant to Section 37 95 107 5

r C R S 1983 by enactment af Senate Joint Resolution Na 24 The
Authority s Board was convinced through a two year demonstration project in
the Arkansas River and Rio Grande basins that the system could be an important
too in water resources management Since the enhancement of water resources
management is one of its gaals the Authority elected to fund the installation
of the system and its first year FY 84 85 of operation at a total cost of

i 1 8 million

The Authority awarded the contract under compet tive prvcurement to the
Sutron Corporation Herndon Virginia in May 1984 The ariginal contract

called for Sutron to provide a turn key system including remote data col ec
tion hardware for 82 stations receive site central computer and

operating applications softwar in March 1985 the Authority approved an

expansion of the monitvring network by an additional 68 stations This
effectively brought the statew de network to 150 stations The system accep
tance test was successfully run on August 8 1985 The system was formal y
dedicated on October 4 1985 At that time the Authority turned the system
over to the state of Colorad under the jurisdiction of the Uffice of the
State Engineer

The Colorado satel ite linked water resources monitoring system received
national merit awards in 1985 and 1986 The National Society of Professional
Engineers selected the system as one of ten outstanding national engineering
achievements for 1985 The Council of State Governments selected the system
as one of eight of the top innovative programs instituted by state government
in the nation for 1986 Colorado remains the only state in the nation to
operate a statew de monitoring system of this type Colorado remains in the
forefrvnt in utilization of this technology with other western states in the
planning process to install and operate similar systems These states include
Utah Texas California Idaho Washington Arizona New Mexico and Hawaii

The interest in real time data collection for monitoring water resources
and other natural resources data is growing at an incredible rate due to the
need for such data and the cost effectiveness Various federal agencies

water conservancy districis municipaiities and private entities now operate
over 130 sate lite 17nked data collection stations in Calorado in addition to
the state operated network



SELECTED REMARKS ON THE SATELLITE MONITORiNG SYSTEM

Co orado feels a hard earned sense of pride that its sateliite linked

water resources monitoring system was named one of the nation s ten best

engineering achievements in 1985 In 1986 the Council of State Governments

has honvred this system by citing the satellite linked monitoring program in
Colorado in its national monthly publication of featured artic1es

INN4VAT ONS I think most of al that the water scarce state of CoZorado

comes closer to not wasting a precious drop of water than any similar sized

water management area in the world

5tate Senator Harold McCormick
District 4 Canon City Calorado

Water resource management can only be accomplished by correct and timely
measurements and the state of Colorado excels in that endeavor as a result of

the sateilite stream gauging program which is now available to water users

throughout the state Accurate electronic measurements can be made at

strategic locations throughout the state to anticipate flooding conditions or
deliver minute quantities of water to be put to beneficial use Water

managers in the state are actually able to operate under 21st Century
programs

Charies L Tommyj Thomson General Manager

Southeastern Colorado Water Conservancy District

Colorado should proceed directly ahead with enhancing the capabilities

of the satellite linked water resources monitoring system This includes

monitoring basi water quality parameters such as conductivity water tempera

ture and dissolved oxygen These are especially important at reservoirs and
for reservoir releases The state needs to expand both short term and

long term runoff forecasting capabilities This will prove to be critical
when the state experiences periods of less than normal water supplies The

abil ty to monitor on a rea time basis parameters such as water equivalency
in snowpack rain events and soil moisture can provide forecast information

that can help predict shortages and make agricultural water leas ng a possi
bi1ity The system must become a water management tool rather than just an

administrative tool

Uli Kappus Executive Director

Coloradv Water Resources and Power Development Quthority
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PROJECT MANAGER S REPORT

The Colorado satellite linked monitoring system providing real time

water resources data on a continuous basis from key gaging stations across the
state of Colorado remains an integra tool in the hands of the State Engi

neer Division Engineers and Water Cammissioners in its primary utility
water rights adminjstration The system represents an important technological

advance in the state s abi ity to monitor and evaluate current hydrologic

conditions in order to effectively carry out the statutory responsibi ities of

water r ghts administration

The following goals and objectives set for FY 87 88 were achieved to a

satisfactory degree

Assimilate the system into a broader range of the user community
Increase valid data capture to 98
Evaluate quality assurance criteria for rea time data collection

increase cooperation with other operators of sateilite linked data
i collection hardware in Colorado

Modify the Hydromet software to facilitate data editing and the
development of the final hydrolagic record

Control operations and maintenance costs

The following goals and objectives set for FY 87 88 were not achieved to

sat sfaction

Obtain increased General Fund support

A budget propasal submitted ta the Joint Budget Committee

requesting that the General Fund appropriation for FY 88 89 he

increased from 89 539 to 155 525 was denied

Assimilate the monitnring system operationally into other Colorado
state agencies

The Division af wildlife DOW did agree ta provide 2 50 to

help fund WATERTALK The DOW also made arrangements to install and

operate satellite linked data ca1lection at the Tabor Transmountain
Diversion Efforts to increase DOW activities in this area will

continue Future system utilization shou1d include the Water Con

servation Board the Division af Parks and Outdoor Recreation and

the Department of Health

Increase the network by 10 a

The network was increased by 39 from 15 to 153 stations

Insufficient funds held back desired network expansion

Increase the system capabilities by 20
The addition of WATERTALK an upgrade in the central computer

operating system and an upgrade to the receive site demodulator

operating system increased system capabi ity by an est mated 5

Insufficient funds did not allaw for the installation of additional

sensors at selected remate stations

5
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Expenditures for the operation of the monitoring system for FY 81 88
amounted to I84 999 The pr jected budget was 228 341 Cost reductions of

43 343 were primarily the result of balancing expenditures to meet available
funds Total funding available was 187 732 User fees co lected were

93 363 in FY 87 88 down from 94 840 co 1ected in FY 86 87 A fund of
23 558 accumulated since 1985 was carried over for emergency expenditures

The FY 88 89 operating budget is projected to be 248 649

Excessive failures experienced with the remote data collection hardware
continues to be an area of concern Failures fall into two categories unit

failures requiring manufacturer repair and unit fai1ures that could be
repaired or corrected in the field In FY 87 88 twenty one 21 Data Col ec

tion Platforms DCP s were returned to the manufacturer for repair This
represents 12 of the DCP s operated by the state The majority of the
failures involved the voltage control oscillator frequertcy oscillator or an

analog to digital chip Nearly twice as many units failed but were made
operable in the field These intermittent failures were generally related to
scrambling of operating software due to lightning strikes or ot er forms of

static eiectricity deficiency in the on site pawer supply moisture in t e
antenna antenna cab e or vandalism The cost of these failures is conserva

tively estimated to be between 30 004 to 40 00 This includes repair
costs travei costs staff time to visit these stations and repair or exchange

malfunctioning hardware and the cost to edit inva id or lost data

Non state entities continue to increase their involvement in operating
satellite linked data collection stations in Colorado These inciude the
Northern Colorado Water Conservancy Disirict City of Aurora City of Colorado
Spr ngs Bureau of Reclamation and the National Weather Service The number
of DCP s operated by these entities and monitored by the state s receive site
totals over 130 stations

The Nationai 4ceanic and Atmospher c Administration National Environ
mental 5atellite Data Information 5ervice NOAA NESDIS continues to hold
quarierly meetings for users of the Geostationary Operational Environmental
Satellite G4ES Two of these meetings were attended by the system Project
Manager during this last year

A consortium of federal ager cies the Satellite Telemetry Interagency
Working Group STIWGj continues to promote the advancement of G ES Data
Collect on 5ystem tDCS technology and ensure its continuation for environ
mental data collection This is important for two reasons First the GOES
DCS is being redesigned with implementation to occur in 1990 Second G ES
DC5 has secondary priority relative to the operation of the GOES spacecraft
VJeather imaging has the highest priority resulting in frequent repositioning
of the spacecraft for optimization f imaging at the cost of effective CS

GOES WEST GOES 6 underwent a fina1 s abilization maneuver in May
1988 The inclination measure of orbital stabiiity w li deteri rate at a
rate of 1 per year An inc inat on in excess of 1 9 results in signa
loss By mid 199 a oss of two to three transmissions wili occur The new
GDES series prototype scheduled for aunch in Ju1y 1990 may have narrower
band widths ta accommodate additional channels and increased transmission
rates tv handle increased data volume Minor modifications to existing DCP s

7
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John Kaliszewski Project Manager presented a professional paper an the
Colorado Sateliite Linked Water Resources Monitoring System to the General
Assembly of the International Association of the Hydrological Sciences of the
International Union of Geodesy and Geophysics International Committee on

Remote 5ensing and Data Transmissions for Hydro ogy in Vancouver British
Columbia Canada on August 20 1987

The Office of the State Engineer presented an Award of Appreciation to
Mr C L Tommy Th mson Manager of the Southeastern Colorado Water Conser
vancy District Mr Thomson has been a strong and effective advocate of

real time monitoring of the state s water resources since 1979 when the
t15GS WRD chose the Arkansas River basin of Colorado as one of three test beds
in the United States to evaluate the utility of satel ite linked water

resources monitoring systems He worked closely with the private contractors

chosen by the USGS WRD the Communications Sateliite Corporation C MSAT and

its subsidiary Environmental Research and Technology Inc ERT in develop
ing the network configuration and making the system s data base accessible to
the Division 2 Engineer In 1983 he assisted State 5enator Harold McCormick
in passing legislation developing the statewide monitoring system The award
empha5izes the end benefit of the system that is water saved for beneficial
use in Colorado
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I PR GRAM DESCRIPTI N

The monitoring system represents state of the art technology in real time
data collection A1though the system utilizes space age technology it is

relatively simple Conventional data collect on hardware and data processing
techniques have been incorporated into the system configuration

A 5ystem Configuration

The system is comprised of seven basic components

l Gaging stations
2 Remote data collection hardware
3 Transmission receive hardware
4 Centra computer

5 Applications software
6 Computer terminals for data base access
7 Satell te communications link

The remote data collection hardware is generally instal ed at

pre existing stream diversion and reservoir gaging stations The hardware
interfaces with on site sensors The sensor may be either a fl at perating
in a stilling well hydraulicaliy connected to the stream or reservoir a

manometer or other type of pressure transducer or a direct discharge meter

The remote site data collection hardware installed in these gaging
stations includes a Data Collection Platform DCP an incremental

analog to digital shaft encoder an environmentally secure NEMA enclosure a

Yagi antenna a 12 volt battery a svlar panel and complimentary cables The
DCP is comprised of a sensor interface modu e a microprocessor and a UHF
transmitter The sensor interface module is capable of handling up to 16
sensors The microprocessor provides for programmable input of data measure

ment and transmission scheduling data manipulation and data storage The
DCP is programmable by utilizing a portable terminal via an R5 232 port The
DCP measures approximately 10 x8 x4 The shaft encoder converts incrementai
stage values from analog to digital in hundredth of a foot intervals The

shaft encoder communicates directly with the DCP The shaft encoders were

modified with digital displays data resets This provides fvr easy sensor
calibration and data d splay for station operators The unit measures

appraximate y 8 x6 x6 The NEMA enclosure houses the DCP and the battery
The unit measures approximately 24 x20 x10

The transmiss on receive hardware basically consists of a 5 meter para

bolic dish downconverter receiver amplifier multiplexor and eight

frequency agile programmable demodulators This Direct Readout Ground Station
is located at the Centennial Building the ffice of the State Engineer

The central computer is comprised of a DEC VAX 11 750 computer with two
456 MByte hard disks two 9 track tape drives 14 ips streamer mode 25 ipsj
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nearly 20 This was necessary as the system was approaching saturation The
saturation level was increased to 7 19fi active DCP s At the end of FY 87 88
there were 7 590 transmission assignments with 5 733 scheduled for transmis
sion with 4 5fi active The difference in number between schedul d and active
DCP s is due to seasonally vperated DCP s NESDIS announced plans for an
improved DCS ground system to be aperational by 1989 System capacity would

be improved to 100 000 DCP s Data transfers aside from privately operated
GOES receive sites will be accompl shed through the N4AA PORT system utiliz

ing the DOMSAT communicatians system and low cost Direct Readout Terminals
S DROTS

B System Operations

Data measurements are taken at the remote stations at 15 minute inter
vals These data are stored and transmitted at 4 hour interva s in the
standard transmission mode The Division of Water Resources is authoriied by
NOAA NESDIS and the Federal Communications Commission to transmit on

G ES WEST channel 062 401 7925 MHz with a bandwidth af 1 5 KHz Random
reporting emergency transmissions parameters are programmed directly into
the DCP including an alert level warning level data rate of change
criter a and the desired emergency tran5mission interval When these user
defined thresholds are met or surpassed the random reporting mode activates
Random transmissions dawn to 2 minute intervals are made to update the user
of significant hydroiogic conditions The computer can then signal interested
users This can be accomplished by sending a message to a remote termina
setting off an alarm at a remote terminal or by calling a phone and giving a
voice synthesized message to the answerer

The system operates on a continuous basis and can be accessed by computer
term nal via any phone line The VAX 1 750 is equipped with 16 modems
enabling the handling of 16 users simultaneous y The Division of Water
Resources reached an agreement with the Northern Colorado Water Conservancy
District Loveland to util3ze their downlink as a backup Each down ink is
programmed to receive and process the other s data transmissions The
real time data is stored on line for a minimum of five days After five days
ihe data are dumped unless requested to be stored longer In the case of a
faiiure in e ther the Direct Readout Grvund Stativn or the central camputer
the data are not lost but are available on the backup system A modem iinked
computer port allvws direct access by the DWR to the data As the two systems
are identical there are no problems with data format The data are

transferred by computer to computer dump

GOES WEST GDES b underwent a final stabilization manuever in May
1988 The inclinat on measure of arbital stabi1ity will deteriorate at a
rate of 1 per year An inclination in excess of 1 9 results in signal
lvss By mid 1990 a Zoss of two ta three transmission periads daily can be
expected Launch of G ES NEXT is scheduled for July 1990

DCS operation has secondary priority according to NOAA NES iS operating
guidelines far GOES The GOES weather imaging has the number one priority
As a cvnsequence the spacecraft are frequently moved to facilitate the moni

toring of major weaiher events e g hurricanes
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Seven transmission slots were set aside for test purposes

Address

5Y4AD174
5I4AB492
514A718C
514A21F
514A8108
514AE4E
514A927E

Reportinq Time GMT

246
244

0240

235
0241

247
0242

Division

1

2

3
4
5
6
7

A number of gaging stations not incorparated into the GOES linked

monitoring network are having their respective hydrologic data entered

manually into the central data base This allows for the data to be further
processed and edited for the final record utilizing the records development
software The data can be easily retrieved uti izing the Hydromet reports and

graphics output pragrams

The Division of Water Resources is responsible for system maintenance
Field personnel from each Division received training from Sutron technicians
in the vperations and maintenance of the system hardware Two staff eng neers
received a week of special training at Sutron s facilities in Herndon
Virginia Training was directed at system diagnostics hardware calibration
and basic repairs Each Division is supplied with a minimum of two sets of

replacement hardware If a component malfunctions and cannot be repaired n

the field that companent is replaced and returned to the manufacturer for
repair

Computer generated system diagnostics reports assist in monitoring the
operating qualities of the remote data collection hardware The report tabu
lates the operations characteristics for each station for the previous day
The report lists the number of received scheduled and missed transmissions
any message length errors transmission time errors errors in transmission
quality including power EIRP and frequency any deficiency in remote power
supplies and the number of missing values and parity errors for each
station Frequently hardware aperating problems can be detected before
reaching a critical non operative stage

A program is being developed that wi1i provide for input of information
relative to stations operations status This will pravide the user with
information on such things as current operating conditions data validity and
the next scheduled station maintenance

Excessive failures experienced with the remote data collection hardware
continue to be an area of concern Fai3ures fall into two categories unit
failures requiring manufacturer repair and unit failures that could be
repaired or corrected in the field In FY 87 88 21 DCP s were returned to
the manufacturer for repair This represents 1290 of the DCP s operated by the
state The majority of these involved the voltage control oscillator fre
quency oscillator or analog to digital chip Nearly twice as many units
failed but were made operable in the field These intermittent fa lures were

generally related to scrambling of operating saftware due to lightning strikes
or other forms of static electricity deficiency in the on site power supply

1
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pasition Systerns Maintenance Manager remains unfilled due ta budgetary
constraints However with future additions to the network sensor add ons

and increasing primary duties of field staff this position will become neces

sary Essential support is provided from other staff Program direction is

prov ded by the State Engineer and Deputy State Engineer The Chief of the

Division s Branch of Information Services provides technical support and

provides the part time services of a camputer operator Systerns operations

and maintenance support is provided by each of the seven Divis on offices
Each Division has assigned a hydrographer in charge of maintenance of the

remote data collection hardware in his D visian

C 5ystem Software

The HYDROMET software package is comprised of a series of programs that

provide for transmission receive raw data processing data convers ons data

archiving data retrieval in various reports and graphics formats and system

diagnostics The fo lowing is a description of the basic applications

programs util zed by the user

l DAYFILES maintains and provides access to the real time data being
collected for a given station This program performs raw data

processing data conversions shift applicativns and archiving of

the real time data Figure 5 is an example of a DAYFILES report

2 ARCHIVES computes and stores mean daily values for a given data type
for a given station Figure 6 is an example of an ARCHIVES report

3 ANNUAL provides a yearly summary of inean daily vaiues for a given

data type for a given station It also summarizes by manth the
totai mean minimum maximum and any special conversions i e mean

daily discharge to acre feet The format matches that established by
the U S Geological Survey Water Resources Division and accepted by
the Colorado vision of Water Resaurces for publication purposes
Figure 7 is an example of an ANNUAL report

4 PL T provides for the development of graphical displays of data
values plotted against time In the case of discharge data this

produces a hydrograph Figure 8 is an example of a plot of DAYFILES
data FIGURE 9 is an example of a plot af ARCHIVES data Figure 10
is an example of a plot of ANNl1AL data

5 SCHEMaTICS provides for a graphical dispZay of the relative locations
af monitor ng stations along with the most recent data for each
statian Figure 11 represents the lower reaches of the Division 3

monitoring network

6 DIAGNOSTICS provides a detailed daily summary of the operating
characteristics for a network of stations This includes such things
as missed transmissions parity errors missing data values remote

battery power transmission power and data base quality flags

9
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Data transmissions are processed in an automated fashion on a reai time

basis Data conversions including analog to digital stage to discharge and

mean daily values computations are perfarmed in an automated fashion based on
user input ata are automatically screened and appropriate y flagged if they
fall outside of a user defined normal range thus providing a basis for data

quality assurance Data editing routines with access controiled by user

name password allow for data base modification in both the real time data and
the archival data base Data for stations nat in the monitoring network may

be entered manually from computer to computer transfer or by computer tape

The data can be retrieved and output in various reports and graphics
formats The most fundamental output farmat fvr the evaluation vf f ow data
is the hydrograph Data from up to four stations or from four periods of
record for a single station can be plotted on a single hydrograph

The system is able of providing flood warnings If river conditions

surpass user identified high water levels the system automatical y sends out

warning messages to designated personnel by e ther computer to computer

communications ar by delivering a voice synti esized message aver the phone

E Future System Develvpments

The satellite linked monitoring system can be both expanded and enhanced

to increase its capabilities and effectiveness The expansion of the state s

monitoring network and the enhancement vf the system by the addition of other

sensor types will be limited by the availability of funds The ost to
purchase and install G ES linked data col ectivn hardware at an existing
shelter is approximately 5 540 per station Refer to Appendix A Current

funding levels do not provide for capital expenditure beyond hardware replace

ment costs There is a large variety of sensor types available over a wide
cost range Sensors are available that can interface with the Sutron DCP and

provide valuable data on a real time basis These include precipitation air

temperature water temperature soil moisture snow depth solar radiation

pH dissolved oxygen conductivity wind direction and speed humidity and

soil temperature Costs for specific sensors range from 304 to 4 504
Refer to Appendix B The need for additional data must be coupled with funds
from the siate of Colorado and from various user groups to cover the casts

The Office of the State Engineer D yision of Water Resources ca

justify the need for an additional 25 to 30 satellite linked monitoring
stations to assist in water rights administration This office is also

interested in real time data that can assist in runoff foreeasting and in dam

safeiy monitoring ther state agencies including the Divisian of Wi dlife
and the Department of Health identified the need for an additional 20 to Z5
stations The Div sion of Wildlife is interested in monitoring minimum

streamflows and water quality relative to fisheries management The Depart
ment of Health is interested in monitoring basic water quality parameters

The 4ffice of the State Engineer has made the receive site and central

computer facilities avaiiable to any state agency desiring to get involved in
GDES linked data collection Technical expertise will also be provided on a
cooperative basis

2i
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gradually increase mom ntum as the monitoring s stem becomes more integrated

into daily water rights administration

The Coiorado Water Resources and Power Development Authority authorized

expendztures of 68 48 for the purchase of sensor hardware to enhance the

capabilities of the monitoring system The system enhancements are solid

concepts from a perspective of upgrading the system from a pure hydro2ogical
function to a broader application that has potentiai for major future expan

sion The elements of the system enhancements include

Item 1 Dam safety monitoring hardware package

This hardware will be utilized to develvp a
mobile rea time dam safety monitoring
package It will consist of four monitoring
stations comprised of sate lite linked data
cvllection hardware and six water level
measurement sensors The stations would

provide for monitoring of reservoir inflow
reservoir contents reservoir outflow reser

voir seepage and piezometers within the dam

Item 2 air temperature manitoring sensors

Twenty eight stream gaging stations wi11 be
instrumented with air temperature sensors The
data will be utilized to correlate discharge
when the hydrologic record is ice effected

Item 3 Water quality monitoring hardware package

This hardware will be utilized to develop a

mobile real time water quality monitoring
package It will consist of two monitoring
stations comprised of satellite iinked data
collection hardware and multi parameter water

quality probes capable of monitoring conduc
tivity water temperature dissolved oxygen

and pH

Item 4 Precipitatian mon toring sensors

Seven gaging stations will be instrumented with
automated precip tation monitoring sensors

The sensors will be of ihe weighing bucket type
capable of ineasuring bath liquid rain and

frozen snow precipitation

s
Item 5 5nowpack monitoring and runoff forecasting

The package will consist of a precipitation

sensor snowpillaw air temperature sensor

snow temperature sensor and solar radiation

sensor

23

Cost of Hardware

20 087

12 348

13 534

13 555

5 82
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Ent tY Number of Stations

Riverside Irr gation Cvmpany I

i U S Army Corps of Eng neers 2

City of Colorado 5prings 2

City of Pueblo 5

H ghline Canal Company 1

Twin Lakes Canai Company 1

Catlin Canal Company 2

Fort Lyon Canal Company 3

Oxford Farmers Canal Company
Rocky Ford High ine Canal Company
Cvlorado Canal Company
Hol brook Canal Company
Upper Yampa Water Conservancy District 1

Water Supply and Storage Company 2

Lower Latham Ditch Company 1

Lamar Canal Company
Union Ditch Company 1

Mutual Irr gation Company 1

Terrace Irrigation Cvmpany 1

South Canal Company
Grand Valley Water Conservancy District 1

Grand Valley Water Users Association 1

Silt Water Conservancy District 2

MVI Diversion Company 1

a Plata and Cherry Creek Ditch Company 1

i
The cooperation that has been extended to the Office of the State Engi

neer by these entities is invaluable and demonstrates the interest by the
water user community in the satellite monitoring system

Various entities involved with water resources management and develapment

within the state of Colorado have installed and are operating hydrolog cal
real time data co lection hardware in Colorado utilizing the GOES satellite as

a communications link As this is a federal satellite all resource data

transmitted through the satellite data collection system are in the public

domain The State En9ineer s Office can schedule its Direct Readout Ground
Station to receive and prvicess these raw transmissions As of July 1 1986

there were 101 such stations being monitored The State Engineer s ffice is

cooperating with these entities in planning network expansion to maximize

utility of real time data callection without redundan y A list vf these

stations is included in Table 1

Twenty three satellite linked monitoring stations operated by the state

of Colorado are done so on a seasonal basis only These stations are prima

rily gages at transmountain diversions and irrigation diversions where actual

diversions are not made during the winter months and at high e1evation sites

where ice effects negate a valid record

ZS
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TABLE 1

SATELLITE LINKED DATA COLLECTION NETwORK

M HITORED BY THE STATE OF CDL RADO

IRECT READOUT GROUND STATION

5tations Operated by the State af Colorado

Office of the State Engineer

DIVISIQN 1 South Platte River Basin

1
2
3
4
5
6
7

8
9

14
11
12

3
14
15
16
17
18
19
20
21

22

23

24
25
26
27

28
29

3
31

South Platte River at Waterton
Sauth Piatte River near Kersey
South Platte River at Balzac
Boulder Creek near Eidorado Springs

South Platte River at Julesburg Channel 4

South Platte River at Julesburg Channel 2
Souih Platte River near Weldona

Big Thompson River in the Canyon
St Vra n Creek at yons

St Vrain Creek at Mouth near Platteville
Cache La Poudre at Mouth of Canyon near Fort Co1lins

Cache La Paudre near Greeley
Harold D Roberts Tunnel
Moffat Water Tunne
Alva B Adams Tunnel
Burlington Wellington Canal at the Headgate

North Sterling Canal at the Headgate
Riverside Canal at Reservoir Inlet Gage
Boulder Creek near rodell

aramie Poudre Tunne
Grand River Ditch

Big Thompson River above Lake Estes
Olympus Tunnel
North Fork Big Thompson River at Drake
Haosier Pass Tunnel
South Platte River at Fort Lupton
Lower Latham Ditch
Union Ditch
South Piatte River below Strontia Springs
South Platte River beiow Chatfield Reservoir
Metra Sewage Effluent utlet Gage

27

Data Tvpe

S

S
S

S
S
S

S

S
S
S
S
S

5
S

S
S
S

S
S
S
S
S
S
S
S

S
S
S
S
S

S
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Division 3 Rio Grande Basin

1
2
3

4
5
6
7
8
9

1D

11
12
13
14
15
16
17
18

Rio Grande near Del Norte
Rio Grande near Lobatos

Rio Grande at Thirty Mile Bridge near Creede
Conejos River near Mogote
Conejos River near La Sauses North Channel
Conejos River near La Sauses South Channel
Los Pinos River near Ortiz
San Antonio River at Ortiz
Alamosa Creek above Terrace Reservoir
Conejos River below Platoro Reservoir
Closed Basin Project Outlet
Terrace Reservoir

Rio Grande above the Mouth of Trinchera Creek
Saguache Creek near Saguache
La Jara Creek near Capulin
South F rk Riv Grande at South Fork
Rio Grande at Alamosa
Rio Grande River near Monte Vista

Division 4 Gunnison River Basin

1
2

3

4

5

6
7
8
9

10
1

Surface Creek near Cedaredge
Gunnison R ver below the East Portal of the

Gunnison Tunne
Surface Creek at Cedaredge
Muddy Creek above Paonia Reservoir
Muddy Creek be ow Paonia Reservoir
Cimarron River near Cimarron
South Canal

Uncompaghre River near Ridgway
Dal 1 as Creek near Ridgway
Redlands Canal near Grand Junctian
San Miguel River at Naturita

Division 5 Colorado River Basin

1
2

3
4
5
6

7
8

9
io
11
12
13
14

Blue River be ow Dillon
illo Reservoir

Blue River below Green Mountain Reservoir
Green Mountain Reservoir
Will ams Fork below Williams Fork Reservoir
Coiorado River at Hot Sulphur Springs
Eagle River below Gypsum
Fryingpan River near Ruedi
Colorado River near potsero
Williams Fork Reservoir

Colorado River below Lake Granby
Lake Granby
Willow Creek Reservoir
Shadow Mountain Reservoir

29

Data Type

S
5

S
S
S

S
S

S
S
S

5
SE
S

S
S

S
S
S

S

S
S
S
S
S
S

S
S
S
S

S
5E
S
SE
S
S
S
S
S
SE

S
SE
SE
SE
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Stations Operated by the
U 5 Army Corps of Engineers Omaha Districtj

Division 1 South Platte River Basin

l
2
3
4

5
6
7
8

9
o

12
13
14

5
6

17

18
9

Bear Creek at Kittredge
Bear Creek at Morrison
Bear Creek Reservoir
Bear Creek at Sheridan

Chatfield Reservoir

Cherry Creek at Parker
Clear Creek at Blackhawk

C1ear Creek at Derby
Clear Creek at Georgetown
Clear Creek near Golden
Coni fer
South Platte River below Cheesman Reservoir
South Platte River at Denver

North Fork South Platte River at Grant

South Platte River above Elevenmile Reservoir
South Platte River at Henderson
South Pl atte Ri ver at 5outh Pi atte
Plum Creek ai Larkspur

Cherry Creek Reservoir

Data Type

P

S P
SE P
S P

SE P
P AT
P
S P

P aT
S P

P
S P

S

S P AT
S P AT
S P
S P
P
SE P

Stations Operated by the
National Weather Service Colvrado River Forecast Center

Salt lake City

Division 3 Rio Grande Basin

1 Rio Grande Reservoir

Division 4 Gunnison River Basin

l
2

3

4
5

6
1
8
9

10
l
12
13

14
15

Blue Mesa Reservoir
Crested Butte
Gunn i son Ri ver at Del ta
East River at Almont
Gunnison River near Grand Junction

Duray
Paonia
San Miguel River near Placervil e

Sargents

North Fork Gunnison River near Somerset
Taylor River at Almont
Gunnison River near Gunnison
Dolores River near Bedrock

Tay or Park Reservoir
Uncompaghre River near Colona

3j

P AT

P AT SE
P AT
S P AT

S P AT
S AT
P AT

P AT
S P AT
P AT

S AT
S AT
S P AT

S P aT
P SE
S P
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5tations perated by the
U S Geological Survey Water Resources ivision

Data Type
Division 1 South Platte River Basin

1 Boulder Creek at Boulder S
2 Cache La Poudre at Fort Collins S

Division 2 Arkansas River Basinj

1 Arkansas River near Coolidge KS
2 Frontier Ditch near Caolidge KS
3 Trinidad Reservoir
4 Fort Lyon Canal near Cornelia
5 Fort Lyon Canal near Big Bend

D vision 6 Wh te Yampa River Basin

1 Yampa River near Oak Creek
2 Yampa River near Deer Lodge

Division 7 Dolores and San Juan River Basins

l Animas River near Cedar Hill NM
2 San Juan River at Farmington NM

Stations Operated by the
U 5 Bureau of Reclamation

Division 3 Rio Grande Basin

l Platoro Reservoir

Division 4 Gunnison River Basin

1 Silverjack Reservoir
Z Paonia Reservoir
3 Ridgway Reservoir

Division 5 Colorado River Basin

1 Lincoln Creek below Grizzly Reservoir
2 Rvaring Fork River above Lost Man Creek
3 Mormon Control House
4 Chapman Control House
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Station perated by the
R o Grande water Users Association

Division 3 Rio Grande Basin

l Rio Grande Canal S

5tation perated by the
Division of Nildlife

Division 3 Rio Grande Basin

1 Tabor Transmountain D version S

Future Statians To Be Operated by the
Colorado Ute Electric Association Inc

Division 1 South Platte River Basin

i Floyd Hill V
2 Foothills V
3 Sedalia V

Div sion 4 Gunnison River Basin

Traut Lake SE
2 Trout Lake utflaw S

Division 7 Dolores and San Juan River Basins

1 Electra Lake Outflow S
Z Electra Lake Diversion S
3 Electra Lake SE

Future Station To Be Operated by the
Aspen Consolidated Sanitation District

Division 5 Colorado River Basin

1 Roaring Fork River below Maroon Creek near Aspen S

Stations Operated by the
Southwestern Conservation District

Division 7 Dolores and San Juan River Basins

1 Cherry Creek near Red Mesa S
2 Long Hollow Creek at the Mouth Near Red Mesa S
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STATIUN

NAME DATE TIME

1 C LUTAC JUN 15 00 40

2 C LUTACO JUN 15 01 OU

3 COLUTAC JUN 15 02 00

4 COLUTACO JUN 15 03 00

5 C LUTA JUN 15 04 OQ

6 C LUTACO JUN 15 05 0

7 COLUTAC JUN 15 06 OU

8 C4LUTACO JUN 15 U7 00

9 COLUTACO JUN 15 S U

1 COLUTACO JUN 15 09 U0

11 COLUTACO JUN 15 10 U

12 C LUTACO JUN I5 11 04

13 COLUTACO JUN 15 12 U0

14 C4LUTACd JUN 15 13 00

15 COLUTACO JUN 15 14 00

16 COLUTACO Ji7N 15 15 00

1 COLUTAC JUN 15 fi 0 0

18 C4LUTACO JUN 15 1 OQ

i9 CoLUTACa J N 15 i8 00

2 0 C4LUTACC JUN 15 19 0

21 COLUTAC JUN 15 2 OU

22 C4LUTACO JUN 15 21 00

23 COLUTACO JUN 15 22 0

24 C4LUTAC JUN 15 23 OQ

DAYFILES

DAYFILES REPC RT

DATA

TYPE

GAGE HT
DISC RG
QAGB HT
DISCARG
GAGE HT
DISCHRG

GAGE HT
DISCFiRG
GAGB HT
DISC ftG
GAGE HT
DISCFfRG
GAGF HT
DISC RG
GAG HT
DISC RG
GAGE HT
DISCHRG
GAaB HT
D I SC RG
GAGE HT
DISC RG
GAGE HT

DISCHRG
GAGE HT
AISC RG
GAGE HT
DISC IRG
GAG HT
DISC RG
GAGE HT
DISCH G
GAGE HT
DISC tG
GAGE HT
DISC fRG
GAGE HT
DISCI RG
GAGE HT
DISC RG
GAGE HT
DISC RG
GAGE HT
DISC RG
GAGE HT
DISC RG

GAGE HT
DISC RG

DATA

VALUE

T 88
za oo 00

Z3000 00
23U00 00

7 93
2s000 00

T 9 3
23 DO DO

7 so
229Dn U

91
Z3000 00

7 gs
2 soo oa

7 88
228UU U0

7 8 T a

22800 00
86 a

llaoo 00
7 1 a

22fiU0 0U a
86

22soo oa a
T 8 2

22fi 0 00
83

22600 00
7 79

225U 00
7 82

22fiU0 0U
84

a27oo 00
T 8 4

22 00 0
89

22944 40
7 91

23000 00
99

233D0 0
8 04 4

235U0 00
8 04

2350d Ua

E SHIFT
E

k SHIFT
k

k SHIFT
k

k SHIFT
k
k SHIFT
k

SHIFT

k SHIFT

SHIFT

SHIFT

SHIFT

SHIFT

SHIFT

SHI FT

3HIFT

SHIFT

SHIFT

k SHIFT

E SHIFT

E SHIFT

E SHIFT
E

SHIFT

SHIFT

SHIFT

5HIFT

C LUTACO Caforadv River Near the Cotorado Utah Stateiine

Figure
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SH1FT

VALUE

4 04

0 04

4 4

0 04

0 04

0 04

0 04

0 04

O D4

0 04

0 44

0 44

0 4

a o4

04

O U4

0 04

O U4

04

0 04

U U4

4 U4

0 04

O U4



ARGHIVES REPQR

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xx xx
X WATER YTAR 198fi X
XX JUN XX
xx xx
xx COLUTACQ xx
xx xx
xxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx

SUN MON TUE W8D THU FRI SAT
1y c 2 c 3 c 4 c 5 c s c

COLUTAC
DISCHRG 2510U 48 25452 T5 25194 88 27511 65 3U157 28 3D993 fi8 32 63 6 I
GAGE HT 8 4fi 8 54 8 48 9 03 9 58 9 5 9 9F
SNIFfi 0 46 0 6 O Ofi O US O Q5 O U5 U 05

9 c o 12 c 13 14

COLLITACQ
DISCHRG 32942 5U 3117fi 86 292 7 4 26238 97 23511 54 224fi3 6Fi 22747 1
GAGB HT 8 43 9 i8 9 39 8 73 S U5 7 79 7 86
SHIF D 05 O U5 D 05 1 05 O D5 O U4 U U4

t 5 t s 17 t 8 s Zo Zx
w

COLUTACO
DISCHRG 22881 4fi 2352 21 23S5fi 99 23 0 9fi 23fi55 93 232fifi 63 22U88 70
GAGE HT 7 89 8 8 8 8 08 8 fi 95 7 55
SHIFT 0 04 0 04 0 04 0 03 0 02 0 01 0 00

Z rt

Z3 4y 25 i 26 8
coLUTaco

DTSCHRG 21671 92 9988 00 9988 7 00 998877 U0 998877 00 19543 46 19817 fi5
GAGE HT T 54 998 17 D 9988 0 998877 00 99887 0 6 96 7 02
SHIF 0 0 99887 OD 9988 77 44 9988 UQ 9988 T UU 0 05 0 06

r
4 29

COLUTACO
DISCHRG 93 1 4U
GAGE HT fi 9
SHIF I o os

3U

18841 98
s 7s
0 07

xxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxgxxxxxx xxxxxxxxxxxxxxxxxx

ARCHIVES

CQLUTAC4 Cotorado River Near the Colorado Utah Stateiine

Note 998877 values are default fiags where the actual data

was outside of user determined normal range

Figure 6
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ANNUAL REP RT

09163504 COL4BADa BIVgR IiBAR COLOBADO UTAR 8 ATB LIt B

DISCHB f ATB 1 AB OCTOBB 1985 4 SBPT BB 1986

llgAli YALOB

i
DAY OC KOY DBC JAN FBB 8 AFB KAY JU11 dUL A 1G SBF

1 7930 6729 SZ43 S8 0 i a3 13190 16Z06 3100 1839 78 3 8

2 790 6607 5078 6871 t393 14503 18T41 25453 1 415 59T S9Z

3 7103 6 81 50 0 6884 7453 IB23 21 Z1 319 1694 7 4 5939

4 636 63D4 5430 6923 t6 0 14171 238T0 8Y 1Z 16 1 Q11 94

5 6E64 fi30Z 4874 fi ZS 9 34 1t497 t63Z3 3015 181 9 2 5t

6 G28fi B3S4 45 8 5427 9834 11438 26349 30994 20188 6941 554

6310 6415 449 6360 135 109 84Zl 320fi4 19416 fi6 fi 5347

8 4UI 630 45Q4 6 5 699 f1ia9 23a81 32943 1 8 a 6576 52 1

g 1 68Z 63I0 4448 631 7545 11517 21414 31177 1 4 0 5365 5

10 96a5 63 8 4391 G2 3 8t 3 11818 x0319 29x2T l lZb 63 4 643
11 978b 6484 4604 5 9 i1815 19104 t6239 6 15 830 90

1 I0 43 S86Z 4736 559 4 30 11765 186 2331Z 15048 53fi9 9577

13 1Q312 15 4fi 9 583 01 1 13Q 18 74 22454 psg 3487 7163
t 9fi9 7 4fi 5273 6089 4xi 12Z S 1 04 Z449 1438p 5691 43
15 87 8 540 fi2 3 6 12 7Z50 11418 1 93 t 881 1489 55 1 668

16 8283 7307 6214 6 13 7E 3 11 05 19585 36 141 8 5411 s 7t
17 q 92 1 Q 6341 fi763 1TZ 11413 Z031Z t3S51 14898 53Q3 6333
18 7582 7180 64i0 6586 1Z4 11909 19t18 E 11 i4553 51t9 filfi8
19 174 16 654 6614 6 38 1181Z 18980 t3666 1349Z 4864 6105
20 7059 7I50 6 2 9245 6037 1it13 19070 Z3x6 I34 9 49I8 fiZ43
E1 138 T0 2 fi533 i886 59fi 14 3 1136F Z089 1 100 4fi45 648

t2 183 6678 fi55fi 1 35 5 05 11683 t 860 21 2 1i561 5009 846
23 244 fi464 6354 6 69 5981 139 1 5Z63 lg 1229 6068 5949
2 71 3 6589 66fi4 6323 1618Z 609 1s104 11828 494 6939
25 969fi 6fi14 788 GZg4 6829 Z5811 18663 113 4 31 Si37

2S 7034 5295 65 3 1102 2192 17120 2584 tg 4 10933 fi 8 8117
7034 5109 6 64 365 407 tB613 2T634 I9543 1 57g 69 8 40

Z8 7ti31 6003 66Q9 53 35 1 048 Z8110 1 818 9955 SZ I i959
E9 7i17 4g t 6615 8b33 14088 8016 19311 9341 4G3 85Z
30 71Z2 50T6 6668 94 g 1 380 Zfi98 8842 fli10 6256 83QQ

31 426 5162 6 29 1 539 25f89 8t1 3Si7

TO AL 1t90 1 633 30 0 1 811 1863I 2 91T4 3g0913 fi9b 91 6468 6F 3513xt 181x91 19966Z
lI8Ai1 84 6T T 51 Q 3 46 6 34 i393 13024 Z2468 Z4 T9 I 05 5848 6 5
lIAI 1Q682 954 5Z7 6 Z t885 10539 1712 8110 3t943 2Q188 i8T3 8544
I i 5264 630Z 4972 4391 59i 5 03 10 63 16Z06 1 842 SZ18 3 5 81

i TB YB 1986 TaTAL 3487484 KBAN 1079i IAI 1t943 IN 4391

Note Missing values in Nov Dec are due to ice effects vn Stage Sensor

Figure
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SCHEMATIC

x gI0T8ICQ Ia GBAliDB RIVBB 11QYB

1 45 DgG18 T8B aUtfl OF TSINCB d Cg

3fiAGB 3 35 ft ISCHASGB 64 cf

C41iPLACa COIIB QS gIVB BBIAfI

1a 4 A C18 PLAT4Y4 8QY4IB CO t 911g

9 A B 1 98 ft DISCHA GB 360 cf

CON lOCCQ COIiBJOS IVBB IiBA

11 15 DBCl8 IQCOTB C4

SiIIGB Q 1 ft DISC A 6S 1l8 cfs

iA88BtC0 L4 PI 4 8IY3B MBAB

10 45 DBC18 BSi2 C0

8TAC8 x 38 ft DISCBIBCB 113 cfs

x 9AlIdBTCO Slll A11TO I0 RIVg A f

i0 46 D C18 O ZIZ C0

9TACB 0 86 ft DISCSiB B 1s8 cfs

j
I
4 1

1 1
i 1

s NORLA Ca N4 T9 CHI1fNBL CQ JOS

49 40 BBC18 BIV B NBAY LA91USB8 CO3

STA B 2 85 ft DIBCHI CB 13a cfg

t SOULASC4 84U1 CBAilti L dliBJ4S

14 00 DBC18 BIYBB gA GASl1U 3 Ca

STAGB 1 OZ ft DISCBAB6B 1 cfs

t f

t IOLOBCO BI4 CBAIiDB NB1B LOBATQS

09 a6 D C18 CO3

STAGB 3 20 ft DISGflABGB 1584 cfa

Figure 11
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II SYSTEM APPLIGATION5

A Water Rights Administration

The primary utility of the Colorado satellite linked monitoring system is
for water rights administration The availability of real time data from a
network of key gaging stations in each major river basin in Colorado provides

an overview of the hydrologic conditions af the basin that was previously not
avaiiable By evaluating real time data for upstream statians downstream
flow conditions can typi al1 be predicted 24 to 48 hours in advance This
becomes an essential pianning tool in the hands of the D vision Engineers and

Water Commissioners The river call can be adjusted more precisely to
satisfy as many water rights as possible Access tv real time data makes it
possible to adjust the river cail to match dynamic hydroingic conditions
If additional water supplies are available more junior rights can be satis

fied On the other hand if water supplies decrease then water use can be
curtailed to protect senior rights

The administration of water rights in Colarado is becoming increasingly
more complex due to increased demands implementation of augmentation plans
water exchanges transmounta n divers ons and minimum streamflow require

ments The number of water rights increased by 239 from 1982 to 1988 from
42 028 to 24 994 Pians for water r ghts transfers appraved by the water

courts are becoming increasingly complex This is especially evident where
agricultural water rights are transferred to municipal use Une point that
must not be overlooked is that Colorado is coming out of a wet cycle Histor
ical and statistical evidence strangly ndfcate that Colorado can expect to
experience a downturn in this cycle As the availability af water decreases
the necessity of the system for water rights administration increases

i There is considerable interest in monitvring transmountain diversions
both hy western slope water users and the eastern slope entit es diverting the
water Transmauntain diversion water is administered under differ nt laws
than water originating in the basin In general this water may be claimed
for reuse by the diverter until it is tota1ly consumed Fourteen transmoun

tain diversions are monitored by the system

Water exchanges between water users are becoming increasingiy frequent
These exchanges can provide for more effective utilization of available water

resources in high demand river basins but can be difficult to administer

The satellite linked monitaring sysiem has proven to be an integral component

in monitoring and accounting of these exci anges

Many municipalities and major irrigation companies have
rights Generally these entities can ca11 for release of

demand The Division Engineer must be able to delineate the
the storage release while in the stream He then must track
ensure that the proper delivery is made The system has
effective in this area

55

reservair stvrage

stared water on

natural flow from
the release and

demonstrated to be



95

opEao o o a e s ay Cq pa da E

aae suo e s asay o sp zo a awc Eaa ay o suo e poW f ua ey
o f q suvdsa ay s uo s n ip sa nosaa a eM an ns a 60 oa S ay

se y ns sai ua a E s uou rfq pa e ado suo e s 6u fiefi asoy ao p o aa EU

ayl e ep p nu u nsa t os e ue va a uewnH 6u se y ns s a a

6o oap y v a esuadwoa o f essa au saw awos aae e ep ay o suo a ao

s ys puE sa qe 6u za uaa n aaow o fiu aa ua ay fq pa pow aq uE

suo saanuo afiaey s Q saoa a R aed ao s oaaa uo saanuo E 6 p o 6o eue

suo un ew osuas saa aa uo eaq e osuas o asne aq san En p Ep Me

fiu pa o nsa ay aq ue s yl uo e s uan 6 ao pao aa pu ay wo

ua a tp aq uE spao aa awti ea Ey pup saapun a E uassa s i I

E ep o unow ue3 ufi s e fiu so aao aq uo e an aa o a e ue

pue wa qoad ay o a eMe f a paww s aayde fioap fy ay s e apao aa ao

aosuas E uo r a a e ep p en fiu ofi uo o uo E s ay o uow o a qp

fiu aq u s uo a o e ep 6a oap fy aw Ea o a6E uenp e u sasodand

uo t i qnd ao sa nosa a eM o uo s n p peao o ay fq pa dopE wao

aodaa EnuuE uo s n a sa anosaa a pM fanans e fio oa s paz paepuE s

ay fiu pnl ul s ewao sno aEn u pa e ds p pue pana aa aq ue e eQ

aoa a uewny ao a uey ay fiu L e na e aa ndwo ay Cq no pa aaE a

suo e ndwo uawdo anap spao aa an ssaafioad o MO E o pa pow uE

ufi s s eM aaEM os uawdo anap spao aa ayl suo un fiu pa E p fiu s n

uo E s ey ao aayde fioap fy an adsa ay fq pa aa o san ten e ep pE en

pue pappe aq uE san En 6u ss W san en f ep ueaw 6u ndwo u paz n ou

aaE san En e ep pafifie f a e ada ddE pafifie aae sa6upa pa adxa ao pw ou

pau ap aasn o ap s no e y san Een p EQ fep sno naad ay ao cep y Ea

f Ewo n pa ndwo a e san En f ep ueaw pan a a a e suo ss twsupa E Ep

ay se s seq aw eaa e uo paw o ad aae suo e dde ys pu e sd ysuo aa

a6a y s p afie s se y ns suo s anuo s is eq aw ea E uo e p a fio

o p fy Mea o fiu ssa oad ay ao ap noad sw afio d a eM os paz E ads

uawdo ana sp to a fio oap fH 8

pau E u Ew aaE sMO w2aa s

wnw u w asay ey fiu nsua u E uassa s e Ep aw i a o f qe Ene

ayl s auaq sa iaays pue euo eaa aa ay y oq o Mo wEaa s wnw u u aa

uEaen6 0 sa ua6E a E s puE eaapa q paa nb e uaaq aney s yfi a aa eM

wa s fs ay q paao uow aae suo saan p

uo pfi a t oCew auo uaMl aan a ay o ffio oap Cy ay f ue ufi s a e

ue pas aaxa s yfi uo s an p a t p ayl s ip aa eM e o uo ea s u wpE

ay u yfi a fiu ay ua o a e s yfi asayl sa uedwo uo E6 a

o 6uo aq opeao a u s yfi a aa eM o uas a6 e ay v f ao CEw ayl

s edwo

a E saa u asay o L10 t Ea S LLI ltUpE an a a ay ao paz n a E oM au

fiu ao luow ap Ma s ay u pa eaodao u suo e s uaa uawat i ua

s o opEao o an dap puE an ap aano o ou nq s Edwoa a E saa u

sno En ay o swaa ay aapun aa eM o s unow pau ap aan ap o f 1 q

suodsaa ay sEy aaau fiu3 a e S ayl uo E dde uE odw R adsa ue

s s edwo a e s a u o uo ea s u wpE ay u t Wa s fs ay o f n ayl



C Water Resources Accounting

There is a growing need for t e ability to perform automated water

resources accounting Currently the sateilite iinked monitoring system is

being utilized for such accounting for the Coloradv Big Thornpson Project the

Dolores Prvject and the Fryingpan Arkansas Project Winter Water Storage The

ability to input real time data into these accounting programs aliows for
current and on going tabulations Since the computations are performed on a

computer the accuracy is increased significantly

D Dam Safety

Dam safety monitoring has developed in recent years into a major ssue

Numerous on site parameters are of interest to the State Engineer n assessing
stability af a dam At this time the system monitors seven reservoirs in
Colorado Currently the parameters monitored are imited to inflow outflow

and stage elevation These data do however provide a basis for evaluating
current operat ng condit ons as compared to specific operating instructians
The installation and operation of additionai sensor types could provide essen

tial data n internal hydraulic p essure vertical and harizontal movement

and seepage rates

E Automated Flood warn ng System

The Office of the State Engineer Division of Water Resources in
cvaperation with the National Weather Service Central Fvrecast ffice

NWS CFO in enver operates a statewide flood warning system utiliZing 78
strearn gaging stations that are part of the Colorado satel ite linked water

resources monitoring network operated by the State Engineer The NWS CFO
which operates on a 24 hour bas s is alerted to changing flaw conditions If
conditivns warrant either a flood lATCH or a flood WARNING is issued

Tab e 2 lists the incorporated stream gaging stations with the designated
alert levels used to flag high water conditivns A synopsis of how the system

operates follows

1 Remote Data Collection Data Transmission

Stream stage leve1s are measured and recorded every fifteen minutes for
transmission at standard 4 hour intervals If stage alert leveis are sur

passed emergency transmissions are made at random intervals of from 2 10
minutes A11 transmissions are sent via the Geostationary Operational Envi
ronmental Satellite Transmissions are received and processed at the receive
site located in Denver operated by the State Engineer

2 F agging High Water Levels

Data are screened n an automated fashion by the system s central com

puter tv flag high water levels The central computer automatically contacts
the NWS CFO by phvne giving a voice synthesized message that relays pertinent

information The transmission s not completed until the message is received
and verified A file is generated in the computer that lists all stations

reporting high water levels during the last hour
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F Future 14pp1 i cati ons

Any data that can be collected remotely can be monitored by the

i satellite linked monitoring system Future applications based primarily on
current sensor capabilities are likely to be in the areas af runoff forecast

ing water qual ty monitoring and in irrigation planning Runoff forecasting
will require the addition of sensor configurations capable of manitoring
liquid and frozen precipitatian air temperature solar rad ation and soil

moisture Water quality monitoring covers an extremely wide spectrum but
would likeiy consist of a sensor configuration capable af monitor ng conduc

tivity total disso ved so ids water temperature disso ved oxygen and

turbidity Irrigat on planning would require a sensar configuratian capable

of monitoring humidity precipitation soil moisture soil temperature air

temperature wind velocity and aiimuth evaporation rates and solar radiation

i

s
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TABLE 2

SATELLITE MOHIT RING SYSTEM
FLOOD WARNING NETWORK

STATION

Divisivn 1 5outh Platte River Basin

1
2
3
4

5
6

7

S

9
0

il

12

13
14

ALERT LEVEL FTl DISCHARGE CFS

Bear Creek at Morrison
Clear Creek at Golden
Bou der Creek near Orodell
St Vra n Creek at Lyons

North Fork Big Thompson near rake

Cache La Poudre at Canyon Mouth
near Fort Collins
South Platte River at Denver
South P atte River at Henderson
South Platte River near Kersey
South P atte River near Weldona
South Platte River near Balzac

Channel South

South Platte River near Julesburg
Channe Right

Cache La Poudre at Greeiey
Big Thompson River at Mouth of Canyon

Division 2 Arkansas River Basin

i Arkansas River near Wellesville
2 Fountain Creek near Pinon
3 Arkansas River near Avondale
4 Arkansas River below Catlin Uam
5 Purgatoire River near Thatcher
6 Purgatoire River at Las Animas

Division 3 Rio Grande Basin

1
2
3

4
5
6

7
s
9

10

i2

13

Alamosa Creek above Terrace Reservoir
Conejos River below Platorv Reservoir
Conejos River near Mogote
La Jara Creek near Capulin
Los Pinos River near Ortiz
Rio Grande near De1 Norte

Ria Grande at Thirty Mi1e Bridge
South Fork Rio Grande at South Fork
5aguache Creek near Saguache
San Antanio River at ortiz
Rio Grande at Alamosa
Conejos River near La Sauses
North Channel

Rio Grande near Monte Vista
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5 50
4 00
3 5

5 fi4
4 60

4 50
6 00

9 00
00

7 00

00

7 04
7 04
5 00

7 90
6 53
5 00

o
11 30

8 00

3 54
3 15
5 25
4 05
fi 25
5 10
4 74
6 60
4 50
5 OQ
8 00
6 00

7 50

345
345
590

1 610
172

2 000
3 93D
4 45U
6 560
4 200

2 230

4 280
2 500
2 400

5 00
5 020
5 000
o 000

10 04
2 910

1 480
1 085
2 910

211
1 840
7 fi0
z oo
3 280

54D
i 000
3 000
1 550

5 40
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s

C

FLOOD WARNING NETWORK cont

STATION ALERT LEVEL FT DISCHARGE CFS

Division 7 Dolores San Juan River Basins

l Rio Blanco below Blanco Diversion Dam
2 Navajo River below so Diversion Dam
3 Dolores River at Dolores
4 Lost Canyon Creek near polores
5 La Plata River at Hesperus
6 La Plata River at Colorado New Mexico

Stateline
7 Mancos River near Mancos
8 Florida River above Lemon Reservoir
9 Florida River below Lemon Reservoir

10 San Juan River at Pagosa Springs
11 Animas River at Durango

3

4 37
4 80
fi 44
6 14
3 88

3 b0
4 00
3 9

5 00

8 00
6 50

000
1y200
4 54

500

800

800
900

1 000
970

7 620
6 120



III OPERATING BUDGET

A FY 87 88 Operating Costs

The actual operating cost of the satellite linked monitoring systern for
FY 87 88 was 184 999 The projected budget was 228 741 Available funds
amounted to 87 732 A detailed breakdown of expenditures is given in Table
3 43 343 in r ecessary spending restraints was required Approximately 88
of the spending reductions were under faur line items

ITEM REDUCTIONS

FIXED EXPENSES

II D Scheduled Maintenance

r

II B

III

This basically involves preventive maintenance and

caYibration of remote data collection hardware and

sensors

Telecornmunications

Long distance phone access by water commissianers

was restrained

Indirect Cost Assessment

The Department vf Natural Resources applies an

assessment against cash funds to cover administrative

overhead

VARIABLE EXPENSES

I Dperating Costs

12 729

9 093

fi Z93

10 343

Train ng travel and per diem and hardware service
osts are included in this category

It is necessary to point out that certain indirect costs in operating the
systern are also realized These indirect costs are absorbed by the Division
of Water Resources These indirect costs amounting to an estimated 86 240
per year are as follows

1 Manpower to maintain the monitor ng network
7 divisions 3Q hours per month @ 12 per hour 30 24

2 Travel costs to maintain remote data cvllect on
hardware 14 0 0

3 Office space and secretarial support for 2 FTE s
1 000 per month

6

12 000
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ITEM

TABLE 3

SATELLITE MUNITORING SYSTEM
FY 87 88 BUDGET

FIXED EXPENSES

I PERSONNEL COSTS

II PERATING COSTS

A Hardware Maintenance Contracts
B Telecommunications
C Computer aperations
D Scheduled Maintenance

III INDIRECT CDST ASSESSMENT

VARIABLE EXPENSES

I 4PERATING COSTS

A Travel and Per Diem
B Tra ning
C Hardware Service
D Other Operating Costs

II CAPITAL OUTLAY

A Hardware Replacement
B System Enhancement

TOTALS

FY 87 88
projected

FY 87 88

actualj

95 9I9 95 848

83 012 59 742

15 5 8 16 005
43 2fi4 34 171

5 00 2 195
19 300 6 571

12 60 6 307
5191 591 8890 161 897 849

521 250

6 250
5 500
5 500
4 000

15 5 0

10 040

5 5 Q
36 750 1290

228 341

1 907

4 167
2 111
Z O81
2 548

12 195

8 136
4 59

23 102 16

184 999
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IV FUNDING SOURCES

A FY 87 88 Funding

Ninety four thousand three hundred sixty nine dollars 94 369 was

appropriated from the General Fund for the aperatian of the satellite linked

monitoring system in FY 87 88 A total of 282 997 was approved for total
program expenditures The remaining 188 628 was tv be collected from user

fees pursuant to Section 37 80 111 5tc C R S 985 Supplement

In FY 87 88 fees amounting to 93 400 were collected as compared to
94 soo in FY 86 87 and 140 900 in FY 85 86 The following is a summary of

the fees col1ected n FY 81 88

Southeastern Colorado Water Conservancy District
Co orado River Water Conservation District
Arkansas River Compact Commission

Dolores Water Conservancy District
Southwestern Water Conservation District
Bureau of Rec amation San Juan Chama Project

City of Denver
Animas La Plata Water Conservancy District
Bureau of Reclamation Montrose Rrojects Uffice
City of Aurara
Urban Drainage District
Centrai Colorado Waier Conservancy District
Farmer s Reservoir and Irrigation Company
Denver Metro Sewage D sposal District
Rio Grande Canal Water Users Association

Lower South Platte Water Conservancy District
Henrylyn Irrigation District

Conejos Water Conservancy District
Santa Maria Reservoir Company
Florida Water Conservancy District
Mancos Water Conservancy District
City of Durango
Pine River Irrigation District

Uncompaghre Valley Water Users Association
Calarado Ute E ectric Association

West Divide Water Conservancy District
TOTAL

Total funds available for FY 87 88 was 208 557

funding is as follows

Fund balance from
General Fund with
User Fees Actual

FY 85 86 through FY 8b 87
POTS

b9

TOTAL

35 000
15 D00

7 000
6 50
6 0 0
2 400
2 4 D
1 800

ao
1 fi 0
x 200
r 200
1 200
i zoo
1 200
i zoo
I 000

oao
ao

6 D
600
600

600
600
sno
500

93 4 0

A summary of the

20 825
94 369
93 363

208 557
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Based on user fee requirements of 155 965 the relative user fee

requirements by basin division and the net differences based on projected fee
cvilect ons are as follows

Water User Fee Prajected Fee Net
Basin Division Requirements Collection Difference

South Platte
Arkansas
Rio Grande
Gunnison
Colorado
White Yampa

Dolores San Juan
T TALS

1
2
3
4
5
6
7

E Future Funding Considerations

y 35 357
44 716
18 718
11 439
22 878

7 279
15 599

155 986

22 250
42 voo

2 900
10 25

10 750
z oo

20 344
111 150

13 107
2 71fi

15 818
1 189

12 586
4 579
4 701

45 294

The water user community has expressed the opinion that the admin stra

tion of the state s water resources is a pubiic responsibility The satellite
monitoring system s effectively being utilized in daily water rights adminis

tration hydrologic records development f1vod monitoring water resources

accounting and in the administration of interstate compacts All of these
tasks are carried out for the benefit of the public By having the entire
operating budget allocated from the General Fund the cast of operating the
system can be borne by all water users while ensuring its continued opera
tion It is important to understand that approximately 70 of cash funds are

cvntributions rather than user access fees or service fees

The satellite monitaring system represents a 1 800 000 investment by
the state of Colorado to apply space age technology ta the administration and

management of the state s most valuable natura resource The a location of
General unds to operate the system will provide all interested users the
opportunity to direct y utilize the system s capabilities which 3s a primary
objective of the Uffice of the State Engineer Non Colorado water users i e
the state of Kansas will be provided access only on a user fee hasis Users
being provided with special services i e the receiving and processing of
data transmissions from privately operated data collection hardware wi11
still be required ta pay for the actual cost of those services

a major thrust in marketing the satellite linked monitoring system is
in the integration of the system into the operatians of other state agencies
Discussions have been held with the Division of Wildlife Department of
Health and the Water Conservation Board to determine what needs can be met
through the utilization of the monitoring system Increased General Fund
appropriations can be more easily obtained if more broad based interagency
utilization can be achieved



V C4ST BENEFIT GRITER A

It is estimated that the Colorad sateliite linked water res urces moni

toring system pravides benefits to the state of Colorado amounting tv between
1 337 0 0 and 1 505 000 per year These benefits wi11 increase as the

system becomes further assimilated into the statewide administration and

management of water resources Benefits wiil also increase dramaticaily
during periods af water shortages as compared to current periods of water
surpluses Since the cost to operate the system in FY 87 88 was 271 239

184 999 in direct costs and 86 240 in indirect costs the net benefit to

the state of Coiorado s between an est mated 1 057 40 and 1 225 000 If
the original capitai cost of he system of approximately 1 50D 40 is

amort zed simply over a 5 year periad net benefits realized are between an

estimated 757 000 and 925 000 per year

Direct and indirect benefits ar calculated as follows

l Approximateiy 5 3 0 000 per year is budgeted by the ff ce of the
State Engineer for statewide uater rights administration If the

operation of the satelliice linked monitvring system conservatively
increases effectiveness by i09a that equates to a benefit af 530 004
per year Direct benefits are attained by water commissivners having
more time for water administration and reduction in over time to

accomplish ever incr a ing workloads Indirect benefits relate to

the ability to be more effective in water r ghts administration

This leads to greater coope tion among water users and fewer legal
problems

Despite the fact that the number of water rights increased from

02 28 in 1982 to 124 994 in 1988 increase of 2390 the number of
water comm ssioners decreased from 94 to 93 These statistics indi

cate that based strictly on the number of water rights the number of

water commissioners should have increased by twenty three We must

also consider the increased worklaad due to the growing complexity
being incorporated recently into water rights administration The

monitaring system annot be expected to replace the need for

twenty three additional arater omtnlssianers but can campliment a

moderate increase in water commissioners If the system can poten

tially eliminate the need for ten additional water commissioners

savings may be an estimated 350 000 to 400 000 annua ly The

responsib lity of water rights administrat on is a statutory respon

sibilit given to the State Engineer The necessary personnel and

tools ta carry out this r spons bility must also be provided

2 It is calcu1ated that in
acre feet of water can

tion of the system At
of water this amounts

years of water scarcity
sumption may vary but
higher

an average year between 42 000 and 56 000
be saved for use in Co1orado through utiiiza

a conservative price of 12 00 per acre foot
to between 5 4 00o and 672 00 per year In
the amount that is actually saved for con

the value of the water wou d naturally be
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YI EFFECTS F L4SS F FUNDING FUR FY 88 89

The sate lite linked water resources monitoring system without adequate

funding would not be able to function sat sfactorily and would likely be
deactivated within eighteen months The system is an integration of various

essential components that cannot function with the loss of any one of those
components Th s would effectively mean the loss of a 1 5 million investment

by the state of Colorado

The FY 88 89 budget of 248 649 is broken down into two categories fTxed
expenses amounting to 211 395 and variable expenses amounting to 37 254
The variable expense items are 15 of the budget and would be the f rst cuts

made These cuts would mean curtailment of

1 Long distance phone access by the water cammissioners
2 Repair of malfunctioning remote data collection hardware
3 Replacement of damaged vandalized or stolen remote data collection

hardware
4 Timely maintenance and calibration of remote data collection hardware
5 Training for system users relative to data base access and software

utilization

6 Travel to Division affices system users and cooperating Federal
agencies

Fixed expense items would be the second area for budget cuts The
effects of these cuts would be as follaws

1 Personnel eliminations

Two fu l time employees would be eliminated from the program the
Program Manager and the System Analyst The effects of the elimina
tion of the Program Manager positio would include the foliawing

a The loss of statewide interagency coordination
b The loss of intra agency coordination
c The loss of coordination with system users
d The ass of coordination in network expansion
e The loss of coordination in system enhancement

f The loss of coordinat on ir system operation and util zation

The effects of the elimination of the System Analyst position

would be as follows
a The loss of coordination in central computer and Divisivn

personal computer utilization

b The oss of cvordination in data base management
c The loss vf coordination of data base access and software

utilization

d The loss of coardination in software development

2 Elim nation of system maintenance contracts

3 The e imination of telecommuni at3ons access to the system
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VII SYSTEM USERS

The following is a list of users of the satellite linked water resources

monitaring system

A Office of the Colorado State Engineer

1

2

Division of Water Resources
a Divisivn l Greeiey
b Division 2 Pueblo
c Division 3 Alamosa
d Division 4 Montrose
e Division 5 Glenwood Springs
f Division 6 Stearnboat Springs

g Divisian 7 Durango
h Central Office Denver

Water Commissioners

B Water Conservancy Districts Irrigation Distri ts

1
2

3

4

5
6
7

8

9
10
11

12
13
14

Southeastern Colorado Water Conservancy District
ower South Platte Water Conservancy District

Colorado River Water Conservation District
Southwestern Water Conservation District

Dolores Water Cvnservancy District
Animas La Plata water Conservancy istrict

Florida Water Canservancy District
Narthern Colorado Water Conservancy District
Rio Grande Water Conservation District

North Sterling Irrigation District
Central Colorado Water Conservancy District
Henrylyn Irrigation District

Mancos Water Conservancy District
Pine River Irrigation District

C Municipalities
l Denver Board of Water Cammissioners
2 Puebl o
3 Colorado Springs
4 Durango
5 Alamosa
6 Westm nster
7 Aurora
8 Tharnton
9 Denver Metro Sewage Disposal District

D State Agencies
1 Division of Disaster Emergency Services
2 Colorado Water Conservation Board
3 Colorado Water Resources and Power Development Authority
4 Divisian af Wildlife
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YIII UTILITY OF THE SATELLITE LINKED MOHITORING SYSTEM
WITHIN THE C LORADO DIYISIDN OF WATER RESOURCES

i
NARRATIYE AND SPECIFIC APPLICATION El AMPLES

A Di is on 1 Greeley Colvrado South Platte River Basin
Alan Berryman Dirrision Engineer

The sateliite linked monitoring system has become an integral tovl in

dai y water rights administration in Division 1 With increasing comp exity
n the administration of the South Platte River basin the system provides the

key to effective decision making

In past years streamflow data needed for river administratian was slow

if not difficult to acquire because of the remote location of key gaging
stat ons Administration was in fficient and frustrating to the water

commissioner and to downstream water users With the sateilite monitoring
system comprehensive river data are avaz able to the water commissioner

allowing him to administer water rights on a timely and accurate basis This

ability allows the water users to adjust mnre quickly to the changing condi

tions of the river system and expand the number of water rights able to divert
and use water The system aliows the water commissioner to determine the

river conditions largely on his vwn not having to rely as much on data
supplied by water users This results in closer administration of water

r ghts potentially benefiting a l water users of the area by assuring that
the availab e supply of rater is being diverted by the correct water right

Another advantage of the satel7ite mvnitoring system is that the water c mmis
sioner can release water downstream knowing that the amounts released reflect

actual river condztions and won t have to be adjusted at a later date The

eff ciency afforded to the water commissioner allows him to attend to more of

his other duties which are ever increasing with the growth of the water rights
system such as ground water administration

With the satel1ite monitoring system data the water commissioner can

immed ately evaluate river conditions both upstream and immediately above the
senior rights Subsequently he can adjust diversions in his own district to

satisfy the more senior rights ar send a demand call to the upstream dis

tricts for more water ta satisfy those rights early in the day This is

especially critical in administering water exchanges

The river can be run more efficientiy simply as a result af the ncreased

knowledge of the river conditions provided by the sateliite monitoring
system The readily available kr owledge of riv r conditions also provides the
water commissianer with evidence that can be beneficial when interacting
with water users that question administrative practices The system makes it

easier fvr the water commissioners to interact with other district water

commissioners in receiving or passing water through his district The ability
i to monitor diversions by some of the major irrigation diversions inc uding the
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utility of the system to river administrators is reflected in more responsive

adjustments to river conditions maximization of water deliveries to water

users increased knowledge of river conditions by all water users and in

time resource savings for the admin strators Future applications will

hopefully increase these benefits by adding more uses and more complete

information
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Af MINISTRATI N 0 THE SOUTH PLATTE RIVER
DISTRICT 2 MONITORIHG TRIBUTARY INfLOW

UTYLiZING REAL TIME QATA

The ability to monitor flow cor ditions of major tri

butaries to the Souih Platte River ori a real time basis is
esse tial to effective administration of downstream water

rights Three major tributaries enter the South Platte
River in the reach between Fort Lupton and Kersey Dis

trict 2j 7hese tributaries are the 5t Vrain Creek Big
Thampson River and the Cache La Poudre River 7hese
tri utaries contribute significant flow ta the South

Platte Ri er

The hydrograph shown plots real time discharge data
far the gaging stations St Vrain Creek at Mouth near
Platteville SYCPLACO and the Sauth Platte River near

Kersey PLAKERCO for the period June 7 12 987

SYCPLAC supplies appraximately 20x af the flow measured

at PLAKLRC A significant hydraiogic event on J ne 9
i987 increased flow at bath stations by aver 4001L

Alan 8erryman Oivisian 1 Engineer
Keith Del enthal Water Commissioner District 2
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ADMINISTRATION 0 THE 50UTH PLATTE RIYER FROM KERSEY
TO THE STIITELINE UTILIZIHG REAL TIME DATA

The administration af water rights in the South

Platte River basin fram Kersey to the siatelfne Districts

i and 64 is difficult primari y because it covers such a
large geographical area In ad ition rrater rights in
this l wer reach nf the South Platte River are relatively
junior in camparison to upstream water rights It is

essential that these lower basin users be alerted of water
availability even short terni availability to put all

available water to beneficial use

The hydrograph shown plots real time discharge data

far the gaging stations South Platte River near Kersey
PLAKERCOy South Platte R ver at Weldana PLAWELCUj

Sauth Platte River near Ba1Zac PLABaSCO and South
Flatte River at Julesburg PtAJURCO for the periad

August 10 14 1987 Although flow conditians for the
three upstream statians were relativ ly high the flow at
the stateline measured at PLAJURCO was relative y low
and stable i he amaunt of water delivered ta Nebraska was
no mare than its entitlement ihis demonstrates ti e
effectiveness af the sateilite manitaring system in ti e
hands of the Di ision 1 Engineer and the Water Commis
sioners in administering the available water resources far
maximum beneficia use in the State of Calorado

8 0

d00

4 0

200

Alan 6erryman Division 1 Engineer
Robert Samples water Camnissioner District 1
E ton Watson Water Cam missioner Distrlct 64
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ADMIHISTRATIOH OF THE SOUTH PLATTE RIYER
DISTRICT UTILIZING REAL TIME DATA

In District Z the Water Commissioner s primary
responsibility is in distributing water to senior dit h
rights in the reach from Nenderson to Platteville The
water supply for these rights cames mainly from water

passed through Chatfield Reservoir and inflows from Bear
Creek Ciear Creek and the Oenver MeLro Sewage outfall
The key index station far the administration of these

seniar rights is the gaging station South Platte River at

Henderson PIAHENCO

The hydrograph shown plots real time discharge data
for PLAHENCO far the period June 7 11 1987 The most

obvious characteristic of the hydrograph is the flood
event occurring on June 9 1987 as the result of a major

precipitation event Flow increased significantly from
2000 cfs to nearly 13 000 cfs in less thar three hours
1 he water commissianer was able to alert diverters af
these available flaod waters for either direct diversion
or for off channel starage Residual flood water was

available for several days after The abiiity to monitar
these changing fiow conditions on a real time basjs ailows
for mare effective distri ution af available water

sup lies

Aian Berryman Division 1 Engineer
Keith Delventhal Water Commissioner District 2
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i

B Division 2 Pueblo Cvlorado Arkansas R ver Basin
Robert Jesse Division Engineer

i
The satellite monitoring system is being utilized effectively for water

rights administration throughout Division 2 This includes the administration
of direct d version rights storage rights transmountain diversion water the
Arkansas River Winter Water Storage Pragram and the Arkansas River Interstate
Compact Division 2 covers a large and diverse geographical area with a

r number of major senior rights It is an arid water thirsty area that
typically dries up the Arkansas River at several locations during the late
irrigation season

ivision 2 staff use the satellite monitoring system to keep an account
ing of transmountain diversions that are delivered to storage storage by
exchange and routed to ditches in the Lower Arkansas River Valley The
system has been valuab1e in determining daily diversions in a timely manner

for accurate accounting and delivery An example involves the exchange of
Colorado Springs transmountain diversian water discharged into Fountain Creek
for storage in Turquoise Reservoir

The capability to monitor inflows and outflows of reservoirs with

accuracy in a timely manner has helped in the administration and accounting of

reservoirs in the divis on The routing of natural streamflow and reservoir

releases to storage or through a reservoir is difficult and takes constant

attention to maintain proper discharge and storage The system also helps in
keeping close watch on reservoir releases so that we can determine the section

of the river the release is in and prevent any diversivn of these rele ses
except by the dit h or ditches calling for the water The Division Engineer

routinely utilizes the system to track reservoir releases from Clear C eek
Reservoir Pueblo Reservoir and John Martin Reservoir

We have had much success with the system in our exchange prvgrams It
has been very valuable in determinir g the exact amaunts of water available for
exchanges This permits maximum use af water available with no injury to
other water rights

The water commissioners in Division 2 have found the system to be an
essential tool in setting the river cail Flow canditions can vary dramati
cally in the period of hours rather than days due to diurnal effects of spring
runoff major tributary inflow fiash flooding from summer precipitation

events the effects of major irrigation diversions and a high volume of
imported water transmountain diversions The basinwide overv ew provided by
the system on a real time basis is a valuable too for both short term and
lang term planning This a ows for maximum efficiency in putting Colorado
water to beneficial use in Colorado The system has been especially effective
in setting the river call in the lower Arkansas River basin from Pueblo
Reservoir to the stateline

The system has becvme an integra factor in the management program of
John Martin Reservoir along with the attendant responsibi ities of assuring
proper deliveries to the state of Kansas and maximizing utilization of water

93
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C Division 3 Alamosa Colorado Rio Grande Basin

Steve Vandiver Division Engineer

The satellite monitoring system after four years of use in the Rio

Grande basin in Division 3 has successfully been incorporated into da ly
water rights administration water resources accounting f ood monitoring dam

safety and in hydrolagic records development

A primary responsibility of the Division 3 Engineer is in the administra
tion and accounting of the Rio Grande Compact The Rio Grande Compact was

written to provide for an equitable distributian of the waters of the Rio
Grande between the three states of Colorado New Mexico and Texas Colorado

has an annual obligation to deliver water to the Colorado New Mexi o stateiine

based upon two de ivery schedules one for the Rio Grande and one for the

Conejos River basin a large tributary vf the Rio Grande This obligation is

based on the index flows of the Rio Grande Conejos Lvs Pinos and San

Antonin Rivers There are a total vf seven compact stream gaging stations on
those four river systems all vf which are equipped with the satellite moni

toring hardware The Bureau of Reclamation installed satellite 3inked data
collection hardware at Platora R servoir on the Conejos River monitaring
reservoir stage elevation precipitation and gate openings The data have

been extremely useful during this past water year in the administration of

water purchased by the Conejos River basin water users from the Bureau of
Reclamation The data co lectian piatform instalied at the Bureau of Reclama
tion s Closed Basin Project as activated this year enabling the monitoring
of Compact releases to the Rio Grande on a real time basis

r
The satel ite monitorir g system is invaluable due to the fact that these

gages are w dely dispersed in the San Luis Valley and the flows measured at
the sites are needed daily for proper administration of both the Compact and

the water rights on those streams Prior to the sateilite monitoring system
our water commissioners spent valuable administrative time driving to these

gages to ascertain the flows at these gages bQfore the water could be properly
distributed Now this nformation is available at any time to them from their

homes and offices Much more time can be spent on the streams and ditches

ensuring that effective administratian of water rights is accomp ished and

that New Mexico and Texas are receiving the proper amount of water and more

importantly that Colorado water users receive a11 the water to which they are

entitled An example of the system s utility has been in delineating the
natural flow component of the Conejos River from storage releases out of

Platoro Reservoir

The system is able to give not only real time data but can provide cumu
lative amounts of water over past periods of time The Compact is so sensitive

that 10 day updates must be done to ensure that proper amou ts of deliveries

are occurring The computer software provided with the system does those

evaluations saving both time and expense and provides us much more timely data
on which to base our adjustments and projections

Daily adrninistration of water rights on the Rio Grande and its tribu
taries is more efficient and effective due to the system This improvement

has been to the benefit of water users in the basin ThQ majority of the

monitoring stations in Division 3 are located on the Rio Grande and Conejos

145
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THE ADMIHYSTRATION AND ACCQUNTING
OF THE RIO GRANI E C MPACT

Colarado has an obiigation to deliver water to the
Colorada New Mexica stateline based upan two delivery
schedules one far the Ria Grande and ane for the Conejos
River uring selected periods of flow the Divisivn 3
E gineer may have ta deliver up to i8 of the Rio Grande
flow and 4QX of the Conejos River flaw to the stateline
it is to the State of Colorado s benefit not to vver
deliver or under deliver Kn4wledge of real time condi
tions both upstream and at the stateline delivery point is
essential for planning and operations relative ta the
administration af the Campact This is extremei r impor
iant fa the Ria Gra de basin s rice there are no storage
structures in the middle and ower reaches

The first hydragraph shorrn plots real time discharge
data for th gaging stations Rio Grande near pel iVorte
tRI4DELCQj and the Rio Grande near Labatos RIOLaBC4 for
the periad June I 5 1987 Ouring this periad the flow
at RIO E CO in reased steadily fram 3000 cfs to aZmost
60 4 cfs This represents significantly high flow condi
tiorts Fiow canditions dur ing this period at the state
line gaging station RIDLOSCO averaged about 1500 cfs
This indi ates that diversions below RIUDEI CO and above
RIQL08C in reased from 1500 cfs on June 1 1981 to 4Da0
cfs on June 5 98T The tatile lisis mean daily discharge
values for each station far the study period The Divi
sion 3 Engineer and the appropriate Water Ca nissio ers
through Lhe use of the satellite manitoriRg system were
able to monitor the development af significant y increas
ing flow conditions in the pper reach of the Rio Grande
and advise downstream water users oP the avaiiab lity of
surplus water
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THE ADMINI5iRATION AND ACCOUNTING
OF THE RIU GRA tDE CaMPACT

Contir ued

Tl e second hydrograph shown plats real time discharge

data tor the gaging stations San Antonio River at Orti

SANORTCOj Narth Channel Conejos River near La Sauses

NORLASCQj Conejos River near Mogate CONMOGCOj and Los

Pinos River near prtiz lQSORTCO for the period June
l 5 1987 Significantly high flaw nnditions exisied at

CONMOGCD during this period T e runoff was effectively
diverted by downstream users as indieated by tbe NORLASCO
plot for thase days The table lists mean dai y discharge
values for each station for the five day period

Steve Vandiver Division 3 Engineer
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ADMiNIS3RATI0N OF TilE RIO 6RANDE FRflM THE
RIO GRAt DE RESERYOIR T4 ALAFiOSA DISiRICT 20

UTILIIIHG REAL TIME DATA

The admi istratian of this upper reach of the Rio

Grande is Gomplicated by the administration of Compact

water storage releases from Rio Grande Reservoir na

storage structures below Rio Grande Reservoir transmoun

tain diversion water and water ex hanges The hydrograph

shawn plots real time discharge data far the gaging
stations Rio Grande below Rio Grande Reservair at

Thirty Mile 8ridge RIOMILCO Ria Grande near Oel lVorte

RIODELCU Rio Grande near Monte Vista RIOMONCU and

Rio Grande at Alamosa RIOALACO for the per od Jttne

10 14 1981 The releases from Rio Grande Reservoir

measured at RIOMILCO inrreased from no flow on June

i0 1987 to 1500 cfs on June 14 1981 Flow at the down
stream stations remained steady indicating that the

diversions above RIOMUNCO were increased according y

Tributary infiow to the Rio Grande between RIDMILCO and

RI QELCD is substantia contributing nearly fi000 cfs

during the five day period Between the RIODfLCO and

RIOALACO stations diversions account for 2000 cfs to 250fl

cfs during tfie five day periad The table iists mean

daiiy discharge values for each station over the esig
nated period
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D Division 4 Montrose Colorado Gunnison River Basin

Thomas Kelly Division Engineer

The 1988 irrigation seasan praved to be a challenge in water rights

administration in Water Division 4 Spring snowpack thraugh much of the

Uncompahgre and Upper Gunnison basins was estimated to be 659Q of average In

addition to the usual demand on the Uncompahgre River by irrigat on users the

Bureau of Reclamation was seeking to fi11 the new Ridgway Reservoir The

satellite manitoring system was extremely useful in determining streamflows on

a daily basis so that interdistrict admin strative decisians could be made

promptly and effectively

The availability of real time data is essential in evaluating both

upstream and downstream streamflow conditions in the planning and implementa
tion af water rights administration This is critical in Division 4 where the

senior water rights are generaily downstream of junivr water rights An

examp e of this is in the Surface Creek drainage basin There are two moni

toring stations on Surface Creek one upstream o Cedaredge and one at

Cedaredge Several important diversions are iocated between the two gaging
stations A high percentage of the flow is generated by snvwmelt runoff which
demanstrates significant fluctuations The monitoring system affords a

knowiedge on flows above the irr3gated areas essential for planning purposes

The satellite monitoring system has proven to be useful in delineating
the natural flow at a po nt in a stream from flvw cantributed by storage

releases An example of this application is o Muddy Creek The senior right
in the district s owned by the Fire Mountain Canal holding storage rights in
Paon a Reservoir Two monitoring stations one located above the reservoir
and the other below provid real time data on the respective reservoir nflow

and autflow The system has a lowed the water commissioners to be more effec
tive in water rights administration to the saiisfaction of water users in the
basin There have been definite savings in travel and time

The recent completion of Ridgway Reservoir has provided for another

application of the satellite monitoring system Two monitoring stations above

the reservoir on the Uncompaghre River and on Dallas Creek provide real time
data on flow into the reservoir A monitoring station on the Uncompaghre
River below the reservoir provides real time data on outflow The Division

Engineer utilizes these data for administering the filling of the reservoir

The satellite monitoring system has been especially effective in identi

fying diurnal effects of snowmelt runoff and runoff from precipitation events

The water commissioners can notify water users of changing streamf1ow condi

tions in order to divert available water supplies for beneficial use or

storage This is critical in periods of less than adequate water supply

The system is equipped to function as a flaod monitaring and warning
device The Uncampahgre River flows through Montrose Delta and Olathe

Fortunately this past year the stream systems as a whole were not in an

excessive flood posture however this potentiai continues to exist and

during any one of these parti cular circumstances the entire system could

well be worth the cast saved in one early warning of potential flaoding
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ADMINISTRATIOH QF SURFACE CR EK
UTILIIIHG REAL TIME OATA

i The administration of Surface Creek is camplicated by
havinq to satisfy a11 natural flow rights by having to
a count for reservoir releases on the Grand Mesa and due
to water transferred from different drainages Surface
Creek is an o er appropriated system with the majority of

senior rights diverting dawnstream of r umerous junior
rights

7he availability of real time flaw data has become an

essential tool in administering water rights in Surface
Creek The hydrograph shown plots real time discharge
data for the gaging stations 5urface Creek near Cedaredge

SURCEDCO and Surface Creek at Cedaredqe SAYC DCO far
the period May 25 May 31 1988 Diurnai runoff peak
flows were diverted into lnwer priority ditches while

still satisfying Senior dnwnstream diverters The system
provides advance notice af peak f ows and estimated down
stream arrival times Travel time and costs are reduced

in not having to visit each station to take a reading
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i
ADMIHISTitATION OF THE GUNNISOH RIYER

AND THE REDLANDS CANAL
UTILIZIHG RFJIL TIME DAiA

Flows at the Gunnison River at Grand Jun tian are

primarily the result of flows in the Gunnison River at
De ta inflows fram the U campaghre River at Delta plus
severai points nf irriga ion return flows Only minor
diversians and returns exist betwee the gaging station
Gunnison River at Grand Junction Gl1NGRJCO and the paint
of diversion for the Rediands Cana1 RiCGRJCU The
RLCGRJCD has a relativeiy senior right to divert 670 cfs
from the Gunnisan River far power generatian and irrzga
tian When flow conditions dropped such that the tatal
right could not be satisfie the Redlands Canal Company
requested that the ivisian Eng neer place a call on the
river pstream The Division Engineer determined that the
Redland Canal s right was junior to the right of the
Gunnisan Tunne and as such could not call out this major
diversion

The hydrograph shawn plots mean daily flaw values for
the gaging stations GUNGRJCO RLCGRJCO and the Gunrtison
River at Delta GUNDELCO for the period July through
At gust I988 The flaw at GUNGRJCO drnpped ta 7ess than
6lQ cfs for two days in late July but flows quickly
increased abave that amount as a result of increased
return flows rainfall a decreased upstream water demand
for irrigation and administration of the Uncompaghre
River
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Tom Kel y Division 4 Engineer
Keith Kepler Assistant Division 4 Engineer

WATER YEAR 19B8

AUG

MONTHS

GUNDELCO DISCHRG Gl1NC RJC DISCHRG

RLGGRJCOfDISCHRG

9



i

ADMIHISTRATIO i 4F THE 6UH IISQN RIYER AND
BUREAti OF RECLAMATIOH RESERYpIRS

UiILIZIN6 R AL TIME DATA

Flows in the Gunnisan River are to a large extent
controlled hy three Sureau of Reciamation Reservoirs 81ue
Mesa Reservoir Morrow Point Reservair and Crystal Reser
vair Flows upstream of the reservoirs are monitored by
the gaginq statian Gu nison River at Gunnison

GUHGUNCO These inflows are primarily the result of

snowmelt runoff and extensive mountain meadow irrigation
return flaws Releases from the reser oirs were rela

tively constant during the summer manths at 1400 cfs
These releases exceeded the reserr oir inf ow during the
months of July through August 1988 The reser oirs are
principally utilized for power generation Between 1000
to 1100 cfs of the reieases was diverted by the
Uncompaghre Valiey Water Users Asso iation through the
Gunnison Tunnel Approximately 300 cfs was kept in the
Gunnison Rfver to flow through the Black Canyan

The hydrograph shown plots mean daily flow alues for
the gaging stations GU IGUNCO and Gu nisfln River below the
East Partal of the Gunnison iunnel GUNBEPCD for the
perind July thraugh August 1988 Flow at GllNBEPCD
incrQase from 350 cfs ta 525 cfs from August 15 24 1988
as a result of a change in reservoir aperations by the
Bureau n Reclamation
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Tom Kelly Divisian 4 Engineer
Keith Kepler Assistant Divisian 4 Engineer
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ADMINISTERING THE OP RATIOH OF RIU6WAY RESERYOIR
UTILIIIHG REAL TIME QATA

The water rights for Ridgway Reservoir are relatively
junior and must be cl sely admir istered so as nat ta
injure any downstream senior rights Two gaging stations
uncompaghre River near Ridgway UNCRIDCO and Dallas Creek
near Ridgway DALRIDCQ monitnr inflow ta Ridgway Reser
vvir The gaging station Uncompaghre R9ver at Calona

iINCCOLCU monitors f ow below Ridgway Reser oir An
estimate af water retained far storage in Ridgway Reser
voir is camputed by subtracting the flow measured at
UNCCOLCQ fram the tatal flow measured at UI CRIDCD and
DALRIOCQ However anaTysis of actual storage levels at
Ridgway Reservoir indicated that flow contrib tions
occurring between Ridgway Reservoir and UNBCCOLCD were
greater than realized A new gaging station will 6e
installed at the Reservoir outlet to obtain more accurate
records

The Uncompaghre Yalley Water Users Assaciation
tuvwua ontrols and distributes water for nearly all of
the irrigators between Colona and Uelta The UVWtlA has a
right to di ert up to 1100 cfs from the Gunnison River
below Crystal Reservoir into the l ncampaghre River In
order to meet demands an their system during the summer
months it was necessary to place a call on junior
diverters upstream which limited the fil ing of Ridgway
Reservoir The satellite Iinked monitoring system was
extremely useful in praviding water to juniflr diverters
when available

s

i

The hydrograph plats the mear daily flow for
NCRIDCO DALRIDCO and UNCCOLCO far the period July

through August 1988 As inflows dropped to a law of
82 cfs an July 24 1988 it became necessary to pass a 1
flows thraugh Ridgway Reservoir The result is an
increase in flows at UiVCCOl CO beginning an July 25 1988
and stabilizing abnut 180 cfs until August 12 19 8
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Tom Kelly nivision 4 Engineer
Keith Kepler Assistant Division 4 Engineer
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E Division 5 Glenwood Springs Coloradv Colorado River Basin
Or yn Bel l Di vi si on Engi neer

i
The utility of the satellite monitoring system in the Colorado River

basin is developing at a rapid rate As the nly major river basin in Colo
rado that has significant amounts of unappropriated water the system is

becoming a powerful p anning taol in the area of water resources development
The Colorado Front Range has several transmountain diversions from the Colo
rada River basin currently operating with se eral others on the drawing
board The inevitable resurgence of the oil shale industry will definitely
put added demand on the available supplies

The Colorada River accounting system is a necessary tool for the adrnin s
tration of a mainstem call It can determine which structures are in and or

out of priority wh ch owe the river and what reservoir releases should be
made for transmounta n diversions west slape dep etions and augmentation

replacement Key components of the rea time monitoring network include
stations that monitor the operations of Green Mountain Reservoir and the Adams
Tunnel

The initia step in this process is the assimilation of data for direct
diversions streamflows reservoir contents evaporation and precipitation

Once the data are entered into a spread sheet needed divers on or storage
adjustments can be made Some of the data are obtained from the water cammis

sioners on site checks and phone cal s The remainder are obtained from the
satellite monitoring system Although a small percentage of a water commis

i sioner s structures are monitored by the system those monitored are the
majority of the ones most critical to a mainstem call the largest and the
most likely ta change from day to day The real time data allow us to track
the r ver and anticipate an upward or downward trend in the river We can

reduce the lag time between a shortage or rise in flow and the corresponding
adjustment to the river all This increases the effectiveness and the effi

ciency of administration and saves water during critical periods

Administration of the Blue River involves tracking a paper fill n Greer
Mountain Reservoir account ng for transmountain diversions and power inter
ference out of priority replacement from a separate basin and upstream
exchanges The Blue River shares a water corrmissioner with the Eagle River
and therefore s very short handed 6ecause of the lack of man power in
this area the system is valuable not only for its real time data but also

for the daily monthly and annual data stored in the archives

i
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M4NI70RING TRA ISMDUHTAIN IYERSYOH FlOWS THROUGH
iNE ADA IS TUNNEL UTILIZIHG REI4 TIME DAiA

fransmountain diversians from the Colarado River

basin ta the Sauth P atte River basin as accoun ed for
under the Green Mauntain Reservoir Exchange are monitored

on a real time basis utilizinq the satellite monitoring
system Several aperat ng points on the Colorado 8ig
7hompsun Pra ect are monitared by the system This appli
cation deals with the manitorinq uf delivered pro ect

water at tt e east parta af the Adams Tunnel ADAiUNC

The hydragraph shown plots real time discharge data

or A AT NCO far the period July 10 14 198i The dai y
aperations of the ADATUNC are apparent The camp ted mean
dai y values are listed in the table

Orlyn Bell Division 5 Engin er
Alan Martellaro Assistant Division 5 Engineer
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MONITORING TME FLON 4F TF E COLORADO RIYER
AT THE COL4RAD0 UTAH STATELINE

There is considerable interest in monitoring the flow
of the Colorado River at the Coiorado Utah state ine The
Colorado River Compact of 1922 in basic terms provides
that 1576 of the water ariginating in the Colorado River
basin in Calorado must pass to the lower states Ca oradv
1s not howe er putting to consumptive use all of its
entitlement under the Compact

The hydrograph shown plots mean daily discharge
values for the gaging station Colarado River near the
Colarado Utah Stateline COiUTACO for the 1986 and I997
water years which respective y ran from October i 1985
through September 30 1986 and October 1 1986 through
Septemher 30 1987 The mean daily flaw for this station
for water year 1986 was greater than 1i 000 cfs The meat

daiiy flow for this siation fvr water year 1987 was
approximately 8 000 cfs The mean dai y flaw for this
station for the period 1950 19H1 was 5 73fi cfs
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ADMINISTRATION 4F THE COLORADO RIYER
FR4M KRfMMLING T CAMEO UTI IZIHG REAL TIME DATA

The 1987 waier year was one of above average water

set p y for the Colorado River basin Howe er conditions

were such that a river call stili had ta be implemented
for part of the year 7he Glenwood Shoshone Pawer Plant
located in the Glenwaod Canyon between Dotsero and Glen
woad Springs has a senior right amounting to 1250 cfs
This is the key water right and contrals the administra

tion of the Colorado River in this reach

The hydrograph shown plats real time discharge data

far the qaging stations Coiorado River near Krertunli g
COLKRfCOj Cotorado River near Datsero COLDOTCOj

Colorado River near Cameo COLCAMCOj a Eagle River
below Gypsum EAGGYPC4 for the period August 10 14
i487 The discharge measared at COLDOTCO above tt e
Glenwood Shoshane Power P1ant ranges from 125 cfs to

400 cfs The flnw being contributed by the Eagle River
as measured at EAGGYPCQ did not indicate any increases
This prompted the Division Engineer to place a call on

the river upstream from COIDOTCO an August 12 1987 to
ensure tt at the senior right for the Glenwood Shosfione
Aawer Rlant wauid not be injured Flow at COCCAMCa
dropped to appraximate y 2 b00 cfs but ahove the 2 260 cfs

evel that prompts a river all
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F Division 6 Steamboat Springs Colorado White Yampa River Bas n
Steven Witte Division Engineer

The administration of water rights in Division 6 is complicated nat as

much by demand as by limited manpower resources and geagraphic diversity As

such the sateilite monitoring system allows this office to become increas

ingly effective with limited staffing

Currently Water Districts 54 55 and 5fi are administered by a permanent
part time water commissioner whv is centrally located in Craig Although the

number of water r ghts in this area is relatively low access to the

points f diversion s difficult and the distances between them is great wf ich

causes comprehensive on site monitoring to require several man days

Obviously in times of administration or impending administration this kind

of delay is unacceptable to water users and could cause a breakdown of the

arderly administration regulation and distribution of the waters of the
state as required by law For this reason a DCP has been installed by this
office on the gaging station on the Upper reaches of the Little Snake River

The gaging station Litt e Snake River nQar Slater SRSLACO is located

approximately 57 miles from Craig Calorado The administration of the Little
Snake River is governed by Article XI of the Upper Colorada River Compact
which relies upon a knowledge of the flow at a point downstream of the
L5RSLACD station Historically information from this gage has not been

particularly critical however with the advent of Wyoming s transbasin

diversion to Cheyenne in 1987 administration of the Little Snake River is a

future certainty Without access to real time information as provided by the
satellite monitoring system it would not be possible to have the current

distribution of manpower and we would have to revert to the employment of an
additiona permanent part time emplvyee wh ch would result in an incremental
cost of approximately 2 884 per year AZthough the benefits of this instal

lation are probably not evident to the loca water users at the pre5ent time
the grvup most likeiy to realize the potential advantages is the Pot Hook

Conservaney District

i

The gaging station Little Snake River near Dixon Wyvming LSRDIXWY is
located 42 miles from Craig USGS owned satellite linked remote data collec
tion hardware is installed below the largest canal on the Little Snake River
Real t me data from this station is valuable in interstate administration

The Division 6 Eng neer administers an interstate agreement between
Co orado and Utah on Pot CrQek Pot Creek near Uernal Utah POTVERUT is

approximately 120 miles from Craig The operation of this gaging station is
included as part of a formal agreement between Colorado and Utah concerning
the administration of the Pot Creek drainage The ability to mon tor compli
ance with this agreement remotely provides the advantages of better adminis

tration and prevents unnecessary trips saving an estimated 78 per year

The North Platte River and its tributaries are the most consistently
administered streams in Division 6 Two water commissioners are responsible

for the administration of approximate y 435 structures Historicaliy the
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ADMIHISTRATiOH 0 THE BEAR YAMPA RIYER DISTRICT 58

UiILIZiNG REAL TIME DATA

The development of two storage reservoirs in the
Sear Yampa Rtver basin brought about the need for
real time data for water rights administratian The

gaging station Bear River near Topanas BEaTOPCU
measures inflow into Yamcolo Reservair The gaging
station Yampa River near Uak Creek YAMOAKCOj measures

flow at the proposed Stagecoach Reservoir site

The hydrograph shav m plots rea time discharge data
for BfATOPCO and YAMOAKCO for the periad June 15 19
1987 F vw at BEATDPC regulated by releases from Still

water Reservoir fiuctuated between 90 cfs to 165 cfs over
the 5 day period Flow at the downstream station

YAMoAKCO was steady at 50 fs over the 5 day period
except for a precipitation re ated peak on June 15 987

Steve Witte Division 6 Engineer
7ruman Manes Water Comnissioner District 58
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THE 11 MINISTRATIQN AHD ACCOt1NTiNG OF TH
C4LORA00 Li1 AH POT CREEK INTERSTATE IIGREfMENT

UTILIIIHG REAL TIME DATA

7he administratian af Pot Creek pravides a unique

example of the utiliiy of the satellite monitar3ng
syst m Pot Creelc lacated in ihe Green River basin
flows into Colorado from Utah An interstate agreement
developed between the two states provides far Utah ta

receive the f9rst 4 cfs Cvlorado receives the next 6 cfs
and Utah is enti led to the excess flow The stream runs

only 4 6 weeks per year in the May June period The
station js extremely remote a 5 haur drive from the
Division fi office in Steamboat Springs The gaging
station Pot Creek near Vernal Utah POiY RUT measures

the flaw diverted by Cfllorado out of its account

The hydrograph shawn plots real time discharge data
for POTVERUT for ifie periad June 1 5 i987 The table

Iists mean daily discharge values for the period

10 8

80

d 00

C

4 00

08

0

Steve Witte Division 6 Engineer

1987

JLJNiB JUNi9 71JN 0 JUN21 JlJN22

DAYS

POTUERUT DISCHRG

WY STA7ION CODE HR JUN18 JliN19 JUN20 JUN21 dUN22

8l POTVERUT DISCHRG 00 3 34 6 70 8 68 9 46 8 50
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s

G Division 7 Durango Colorado San Juan and Dolores River Basins
Chuck Lile Diaision Engineer

The satellite monitoring system is being effective1y utilized in Divis9on

7 for water rights administration reservoir management water resources

accounting and flood monitoring The benefits of the system have reached the

majority of water users in this division Our monitoring network is unique in

that the stations are located in a stream drainage which consists of separate
and individual but large streams which exit the state without becoming a

single administrative unit as in the other divisions

The McPhee Reservoir and Dolores Project administration is not as yet

totally functional since the proje t is not complete although there are five

monitoring stations in operation The La Plata River Compact is probably our
best present use and example since it is being used on a daiiy basis The San

Juan Chama Project subnetwork has been effective in monitoring the Bureau of
Reclamation operations and the Lemon Reservoir subnetwork was quite helpful

this past season to adjust reservoir releases

The sate lite monitoring system is being utilized for daily water rights
admin stration relative to the Dolores Project This includes administering
allocations to the Montezuma Val ey Irrigat on District Mountain Ute Indian

Tribe City of Cortez and the Dove Creek Canal The Division Engineer and

the manager of the Dolores Water onservancy District utilize the system in
t e operation of McPhee Reservoir A water resources accounting system for

the Dolores Project incorporates rea time data fram five satellite monitoring
stations

The La Plata River Compact is administered on a daily basis by the

Divisivn Engineer and the District 33 water commissioner utilizing the satel
lite monitor ng system The water commissioner is able to access the system s

data base at any time utilizing a portable cvmputer terminal An upstream

station provides streamflow data necessary for advance planning These condi

tions are typically dynamic Early morning flows can be used to predict
anticipated dai y flows Diversions are adjusted to allow for maximum daily
usage yet meeting compact requ rements Dry conditions experienced in late

summer and early fall required precise and prompt delivery of irrigation water

to Colorado users A station at the Colvrado New Mexico stateline gives data
on actual deliveries

Through the use of the satellite monitoring system the water comm s

sioner can operate the La Plata River on a real time basis He can observe

the changes occurring at Hesperus and the stateline and in turn direct the

diversions or curtailment of ditches in Colarado to meet the compact needs
We have found that the real time data have great1y enhanced our ability to

administer the La Plata River and are of the opinion that there has been an
ncrease in the amount of water available to Colorado users through thQ prompt

administration of the stream This office has realized significant savings in

travel and manpower relative to this task
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TNE AQMINISTRATIOH OF THE C LORADO NE1 1 MEXICO
LA PLATA RIYER INTERSTATE COMPACT

UTitIZING REAL TIME DATA

Under the La Plata River Campact established in 1922

Colorado is obligated ta de iver up to 1 0 cfs or 5U of

the flow at the liesperus index gage to the Colarado New

N exico stateline on a daily basis Decreased flaw condi

tions prompted administration of the La Plata River system

in May 1988 when New Mexico re4uested up to 90 cfs af its
entitlement

The hydragraph shown plots real time discharge data

far the gaging stations La Plata Ri er at Hesperus

LAPHESCO and La Plata River at the Coiorado New Mexico

Stateline IAPMEXCO for the period May 9 13 1988 The

hydragraph shows that flow increases significantly at

LAPHESCO beginning on May 11 1988 The water commis

sioner continuously adjusted the system to provide New

Mexico with its prnper entitlement but no more than that

Chuck Lile ivision 7 Engineer

Russe l Kennedy Water Cammissioner District 33
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ADMINISTRATION AND QPERATION OF LEMON RESERVOiR
UTILIIING REAL TINE DATA

During April 1988 the senior right on the fZorida

River was experiencing water shortages By monitoring
flaw cnnditions at the gaging station Florida River below

Lemon Reservoir tFLOBLECO it was discovered that the

aperators af Leman Reser air were adjusting the nutiet ta

zero flow several hours each day during this period The

operators were vrdered ta bring releases back to a steady

state in arder to properly administer the river

7he hydrograph shown plots real time discharge data
for FLOBLECO far the period April 8 14 1988 Gate

clasings at the reser oir are obvious
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Chuck Lile Division 7 ngineer

Ken BeegZes Assistant Division 7 Engineer
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SATELLITE LINKED MQHIT RING SYSTEM PROVIDES
AHIMAS RIVER FLOH UPOA7 S TO AID RECREATIONiSTS

Daily hydrographs were produced using current

real time data versus flow data acquired the previous year

to compare flow conditians These hydrographs were

submitted to the local paper for daily publication ta aid

river recreationists

The hydroqraph shawn plots real time dis harge data

for the gaging station Animas River at Ourango ANIDURC

far the period May 13 18 1987 and i988 The 1987 flows
ranged from 3600 to 4900 c s while the 1988 flows ranged

from 1200 cfs to 2900 cfs Diurnal effects due to daytime
snowmelt runoff are obvious

Chuck Lile Division 7 Engineer

Ken Beegles Assistant Division 7 Engineer
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H Flood Monitorir g Utilizing Real Ttme Data

The ability ta obtain real time river data thraugh

tt e state computer during the recent rt naff season was

enormously useful in aiding t e Natianal Weather Servi e

NWS to satisfy the requirement put upon ft by Congress
ta furnish flood watch and warrting information to the

public There were at least three instances during the
snowmelt season when a river at ane af the monitoring
statians reached within half a foot of the published fload
stage In two af these cases on the Animas River at

Durango and on the Cache La Poudre River near Fort

Collins the ability to monitor river levels on a cnntinu

ous basis allowed the NWS to get through the pealc flows
without issuing spurious watches ar warnings and thus

unnecessarily alarming the puhlic

The Ria Grande in the vicinity of Alamasa reached the
aiarm level on June 14 987 triggering a computer gener

ated call tv the NWS Central Forecast Office NWS CfDj
Since the NWS CFO was able to monitor the river ievels

continuously thraugh the system s cvmputer the NWS C 0

rras able to ascertain that the proper course of action was

ta issue a flood watch indicating that slow river rises
might produce overbank flows in same areas and that

persons in the vicinity should be alert However con

tinual monitoring made it fairly obvious that a flood

warning indi ating that serio s fiooding was in progress
or imminent would not he requ red This again meant tf at

alarming of the public was not necessary

i

The hydragraph shawn plots real t me discharge ata

far ti e gaging stations Rio Grande near Del Norte

RiODELCO and the Rio Grande at Alamosa RIOAi ACO far

the period June 14 18 1987 Flow at the upper statian

RIDOEl C reached an alert level af 7 064 cfs at 080D

hours an June 15 1987 F ow ai the lower station

RIOALAC4 reached an alert level of 3 000 cfs at OO Q

hours an June 14 1987 E aluation of upstream canditions

at Ri4 ELC0 utilizing real time data indicated that on

June 17 1987 the flow was decreasing
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J Historic Flow Data

By mid 1988 historic flow data wil be archived in
the satellite monitaring system data base for key gaging
stations in Colorado These data representing mean daily
discharge will go back as far as 80 ta 94 years for some
stations The data will be on line and accessible through
the HYDROM T ARCHIYES program in both report and graphics
a tput The availability pf these historic data will be

extremely valuabie in maicing comparisons with real time
conditions The data wil be usefUl in determining
wet dry cycles periads of maximum snowmelt runoff and

the effects of storage faci7ities on flow conditions

Periods of average low and high flow canditions can be
identified and used to malce comparisons and pro ections

FEistoric flaw data for the gaging staiian Rio Grande
near Lobatos RIOLOBCO for 1977 and 1982 were entered

inta the system s data base far the purpose of comparison

with real time data collected by the system for 1985
1986 and 1987 1977 represents a periad of record low
flows 198z represents an average flow period based on a

twenty year average and 985 987 represents a record

high flaw period

The Division 3 Engineer utilited these data to show
Colarada water users in the Rio Grande basi that the
real time flow canditions at RIULOBC during May and une

1985 were significantly high At that time the State af

Colorado had built up a de6it of approximately 8 0 004
acre feet owed to Lhe river However a clause in the
interstate Gompact stated that if Elephant Butte Reservoir
located in New Mexico ever spilled all debits would be

erased Due to high f3ow conditions in i983 and i984
Elephant Butte Reservoir had reached near capacity 7he
Division 3 Engineer utilizing the satelltte manitoring
system was able to persuade the Colorado water users in
the Rio Grande basin to curtail rrater use so as to enhar ce
the opportunity to spill Elephant Butte Reservoir The
spill took place an June 13 1985

The hydrograph shawn plots mean daily discharge
values for RIOLOBCO for June 1977 June 1982 and ar une

1985 1981 The di ference in flow between June i917 and
June 1985 is dramatic It helps to remind us that the

current wet cycle that we are in can change at any time
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IX DEFINITION F TERMS

NOMENCLATURE FOR STATION NAMES

Station names have been abbreviated to eight characters The first three
characters identify the river basin the second three characters identify the
station location the iast two characters identify the state Example The

monitoring station Colorado River near potsero CoZorado is abbreviated
COLDOTCO

DIVISi NS

The affice of the Colorado State Engineer Division of Water Resources
is divided statutorily into seven divisions for purposes of water rights

adrninistration The seven divis ons coincide with the seven major drainage
basins in Colorado Each division has a central office administered by a

Division Engineer

Division 1 Greeley Co orado South Platte River Basin
Alan Berryman Division Engineer

Division 2 Pueblo Colorado Arkansas River Basin
Robert Jesse Division Engineer

Division 3 Alamosa Colorado Rio Grande Basin
Steven Vandiver Division Engineer

Division 4 Montrose Colorado Gunnison River Basin
Thomas Kelly Division Engineer

Division 5 Glenwood Springs Colorado Colorado River Basin
Orlyn Bell Division Engineer

Division 6 S eamboat Springs Colorado White Yampa River Basin
Steven Witte Division Engineer

Division 7 Durango Colorado Dolores and San Juan River Basins
Daries Lile Division Engineer

DISTRICTS

The ffice of the State Engineer Division of Water Resources divided
the state of Colorado into eighty districts for purposes of water rights

adrninistration on a smaller geographic area than a division Distri t
adm nistration is carried out directly by the designated water commissioner
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1 cubic foot second 8fi 400 cubic feet day
i cubic foot second 1 9835 acre feet day
1 cubic fovt second 723 9fi acre feet year

w 1 million gallans day 1 547 cubic feet second

million gallans day 3 07 acre feet day

TIMES

Times given are local time based on a 24 hour clock

s

157



APPEHDiX A

GOES LINKEO REMaTE DATA C LLECTION
HARDWARE AND ACCESSORIES

Data Collection Platfarm 3 5 4 4 400

Incremental Shaft Encoder 450 l oo

Yagi antenna 2 0 250

Antenna eable 50 75

12 volt power supply 50 175

Power supply cable 25 50

Envirvnmental enclosure 204 30

Solar panel 250 35

Solar panel cable 25 50

Programming terminal 750 1 250

Grounding package 50 75

Float tape caunterweight 100 204

Installation costs pre existing structure range from 200 70

VEND RS

i

i

Handar Inc
I380 Borregas Avenue
Sunnyvale CA 94n89

Sutran Inc
2194 Fox Mill Road

Herndon YA 2207

Synergetics Inc
P 0 Box E
Boulder CO 80346 123fi

Telephone 448 734 9fi40

Telephone 7D3 471 810

Telephone 303 530 2020
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APPENDIx B

SENSORS THAT CAN BE UTILIZED IN
GOES LINKED REMOTE DATA COLLECTIaN

Water Leve Measurement Sensors

Type
Cost
Output

Requ rements
Advantages
Limitations

5haft encoder float
50D 1 2 0

Analog to digital
Stilling Well
Accurate to 41 foot easy
Requires a sti ling well

ranges greater than 10 feet

to install and operate

difficult to operate with

i e effected

Type Acoustic echo ranging
Cost 650 854
Output 0 5 VDC or 4 20 mA
Requirements Stable platform installation
Advantages Non contact sensor not effected by water conditions
Limitatians Accuracy 05 of range range 2 14 feet

Type

Cast
Dutput

Requirements

Advantages

Limitations

Pressure transducer strain gauge

700 1 500
0 5 YDC or 4 24 mA can be converted to BCD to allow for

ana1og to digital output

Stable sensor position
No st il ng we l required easy to install and operate

wide range available portable can position sensor at

cansiderable distance from transmitter
Accuracy 1 of range power consumption 175 mA from
12 VDC

Precipitation Measurement Sensors

Type Tipping bucket
Cost 500 7U
Output Analog incremental counter

Requirements Unimpeded rain catchment
Advantages Easy to instail and operate

Limitations Liquid precipitation only

Type
Cost

Output
Requirements
advantages
Limitations

Weighing bucket
soo z oo

0 5 VDC or 4 24 mA
Unimpeded rain catchment
8oth liquid and frozen precipitation
Scheduled maintenance necessary measures

pre ipitation minus evaporation

16t
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