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THE C LORADO SATELLITE LINKED WATER

RESOURCES MONITURING SYSTEM

The Colorado satellite linked monitoring system provides real time water

resources data on a continuous basis from key gaging stations across the State

of Colorado The computerized system can be accessed by computer terminal

f rom any location via phone communications These data and appropriate appli

cations software provide for more effective water rights administration com

puterized hydroiogic records develapment flood warning and water resources

management

The system was provided to the 5tate Engir eer by the Colorado Water

Resources and Power Development Authority The Authority s 8oard was con

vinced through a two year demonstration project in the Arkansas River and Rio

Grande basins that the system could be an important tool in water resources

r management Since the enhancement of water resources management is one of its

goals the Authority elected to fund the installation of the system and its

first year of operat on at a toial cost of 1 8 million

The Authority awarded the contract under competitive procurement to the

S tron Corporation Herndon Virginia in May 1984 The original contract

called for Sutron to provide a turn key system including remote data collec

tion hardware for 82 stations rece ve site central computer and

operating applications software In March 1985 the Authority approved an

expansion of the monitoring network by an additional 68 stations This

effectively brought the statewide network to 50 stations The system

i
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A System Configurati n

I PROGRAM DESCRIPTI N

The system is comprised of seven basic components

1 Gaging stations

2 Remote data co lection hardware

3 Transmission receive hardware

4 Central computer

5 Applications software

6 Computer terminals for fie d staff

7 Satellite communications link

a

The remote data cQllection hardware is generally installed at pre exist

ing stream and reservoir gaging stations The hardware interfaces with

on site sensors The sensor may be either a float operating in a stilling

well hydraulically connected to the stream or reservoir a manometer or other

type of pressure transducer witl an orifice pos tioned in the water 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 l2 volt battery a solar panel and complimentary cables The

UCP is comprised of a sensor inierface module a microprocessor and a UHF

transmitter The sensor interface module is capable of handling up to 16

3
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Three ISC 2427 color CRT terminals a Sanyo MBC 775 color CRT terminal a

Tektronix 4105A color CRT termina an LA 12 console printer a 60 LPM

printer and an ISC X Y color plotter are located in the Division of Water

Resources Denver office Each of the seven Division offices has been pro

vided with a Wang PC xC3 computer having 256 KBytes of CP A memory expan

sion board increases the memory by 512 KBytes Each unit has a software

communications and productivity package color display CRT terminal printer

and modem Thirty two EPS N HX 20 portable remote terminals have been distri

buted to field staff and Water Commissioners through the D vision offices

These terminals are capable of programming the DCP s via an RS 232 port and

being equipped with acoustic couplers can provide for system access via phone

communications

Figure 1 illustrates the system configuration

Figure 2 illustrates the configuration of the Direct Readout Ground

Station

Figure 3 illustrates the central ccmp ater hardware configuration

Figure 4 illustrates the data management software configuration

The cvmmunications link for data transmissions is the Geostationary

Operational Environmental Sateliite GOES GOES is a federal communications

satellite operated by the National Oceanic and Atmospheric Administration

National Environmental Satellite Data and Information Service NOAa N SDISj

The GOES satellites are in an equatorial geostationary orbit at a point

22 0o mi es in space This type of orbit allows for a continuous

line of sight to be maintained with both remate transmitters and the Direct

Readout Ground Station NOAA NESDIS has provided the Colorado 5tate

5
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remote terminal setting off an alarm at a remote terminal or by ca ling a

phone and giving a voice synthesized message to the answerer

The system operates on a continuous basis and can be accessed by computer

terminal via any phone line The VAX 11 75 is equipped with 32 modems

enabiing the handling of 32 users simultaneously The Division of Water

Resources has negotiated with the U S Geological Survey Water Resources

Division Denver and the Northern Colorado Water Conservancy District Love

land to utilize their downlinks as backups

The primary operations goal is to maintain data base integrity

Real time data are of no value unless the data are accurate Considerable

effort is maintained to ensure that the remote hardware sensor interface

remains in calibration This effort becomes compounded by the fact that over

half of these gaging stations are operated by other entities that generally

are not utiiizing the data to make real time decisions Oata values that fali

outside of normal operating ranges are flagged to alert the data base manager

The Division of Water Resources is responsible for system maintenance

s Each Division office was provided with two sets of replacement hardware If a

component is determined to be malfunctioning that component is replaced and

returned to the manufa turer for repair Field personnel received special

training in DCP programming and in system diagnostics

7
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data FIGURE 9 is an example of a plot of ARCHIU S data Figure 10

is an example of a plot of ANNUAL data

5 SCHEMATICS provides for a graphi al display of the relative locations

of monitoring stations along with the most recent data for each

station Figure 11 represents the 1ower reaches of the Division 3

monitoring network

6 DIAGN STICS 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

D System Capabilities

r The ability to collect data remoteiy on a real time basis is the most

fundamental capability of the system The iatest data values are never more

than four hours old Random emergency transmissions update the data base at

intervals down to two minutes if user defined thresholds are met or sur

passed Data are processed in an automated fashion on a real time basis

Data are automatically screened and appropriately flagged if they fall outside

of a user defined normal range If river conditions s arpass flood warning

levels the system automaticaily sends out warning messages to designated

personnel by either computer tv computer communications or by giving a

voice synthesized message over the phone Up to 32 users can access the

system simultaneously The system evaluates incoming transmissions and
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The Office of the State Engineer has discussed with the Soil Conservation

Service Central Forecast Center Portland Oregon the potential to input

SNOTEL data for Colorado directly into the system s data base Although the

state s receive system cannot receive SNOTEL data transmissions the processed

data can be transferred daiiy to Colorado by computer to computer link This

would be extremely useful n assessing current snowpack conditions and

short term runoff

The ability to extract information from the enormous amounts of real time

data being collected can be enhanced through the development of more sophis

ticated software Currently several Division offices are developing various

water resources accounting programs Programs in the area of short term fore

casting are of specia1 interest Program development wiil come slow over the

next one to two years but will gradually increase momentum

F Monitoring System Network

The real time hydrologic data collection network operated by the State of

Colorado is comprised of 151 stations These stations were selected by the

State Engineer Division Engineers and Water Commissioners with an emphasis

on the need for real time data for water rights administration The following

is a tabu ation of the location of these stations by divi5ion river basin

Division 1 South Platte River Basin 34 stations

Division 2 Arkansas River Basin 43 stations

Division 3 Rio Grande Basin 17 stations

11
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Ent ty Number of Stations

U S Geo ogical Survey Water Resources Division 29

U S Bureau of Reclamation 18
Denver Water Board 9

Northern Colorado Water Conservancy District 4

Farmers Reservoir and Irrigation Company 1

North Sterling Irrigation District
Riverside Irrigation Company 1

U S Army Corps of Engineers 2

City of Colorado Springs 2

City of Pueblo 5

Highline Canal Company 1

Twin Lakes Canal Company 1

Catlin Canal Company 2

Fort Lyon Canal Company 3

oxford Farmers Canal Company 1

Rocky Ford Highline Canal Company 1
Colorado Canai Company
Holbrook Canal Company 1

Upper Yampa Water Conservancy District 1

Water Supply and Storage Company 2

Lower Latham Ditch Company 1

Lamar Canal Company 1
Union Ditch Company 1

Mutual Irrigation Company 1

Terrace Irrigation Company 1

South Canai Company 1
Grand Val ey Water Conservancy District 1

Grand Valley Water Users Association 1

Silt Water Conservancy District 2
MVI Diversion Company 1

La Plata and Cherry Creek Ditch Company 1

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 ser community in the satellite monitoring system

1larious entities involved with water resources management and development

within the 5tate of Colorado have installed and are operating hydrological

real time data collection hardware in Colorado utilizing the GDES sate lite 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 Engineer s Office can schedule its Direct Readout Ground

3
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TABLE 1

SATELLITE LINKED DATA COLLECTION NETi IURK

MONITORED BY THE STATE OF COLURADO
DIRECT READOIJT GROUND STATIDN

Stations Operated by the State of Colorado
Office of the State Engineer

DIVISION 1 South Platte River Basin

l
2

3
4

5
6

7

9
o

11

12
13

4

15
16

17

18

19
20

21
22

23

24
25

26

27
28

29

30
31

32

33

34

South Platte River at Waterton

South Platte River near Kersey
South Platte River at Balzac South Channel
South Platte River at Balzac North Channel

South Platte River at Julesburg Channel 4

South Platte River at Julesburg Channel 2

South Platte River near Weldona

Big Thompson River at Mouth near La Sal e

St Urain Creek at Lyons
St Vra n Creek at Mouth near Platteville

Cache La Poudre at Mouth of Canyon near Fart

Cache La Poudre near Greeley
Harold D Roberts Tunnel

Moff at Water Tunnel
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 Orodell
Laramie Poudre Tunnel
Grand River Ditch

Big Thompson River above Lake Estes
lympus Tunnel

North Fork B g Thompson River at Drake
Hoosier Pass Tunnel

South Platte River at Fort Lupton

Lower Latham Ditch
Union Ditch

South Platte River below Strontia Springs
South Platte River below Chatfield Reservoir
Metro Sewage Effluent utlet Gage

Big Thompson River at Mouth of Canyon
Cheesman Reservair

South Boulder Creek below Gross Reservoir

Division 2 Arkansas River Basin

1 Arkansas River at Portland

2 Arkansas River above Pueblo

3 Arkansas River near Nepesta

1
2

Collins

Data Type
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Division 3 Rio Grande Basin cont

8
9
o

11

z

13
14
15

16
17

San Antonio River at Ortiz
Alamosa Creek above Terrace Reservoir
Conejos River below Platoro Reservoir
Closed Basin Project Outlet
Terrace Reservo r
Rio Grande above the Mouth of Trinchera Creek
Saguache Creek near Saguache
La Jara Creek near Capulin
South Fork Rio Grande at South Fork
Rio Grande at Alamosa

Division 4 Gunnison River Basin

1
2

3
4

5
6

7
8

9
10

11

i2

5urface Creek near Cedaredge

Leroux Creek near Lazear

Kannah Creek near Whitewater
Surf ace Creek at Cedaredge

Muddy Creek above Paonia Reservoir

Muddy Creek below Paonia Reservoir
Cimarron River near Cimarrvn
5outh Canal

Uncompaghre River near Ridgway
Dallas Creek near Ridgway
Smith Fork at Crawford

San Miguel River at Naturita

Division 5 Colorado River Basir j

1
2

3
4

5

6

7
8

9
10

11
12

13

4

15

l6
17
18

19

20

21

22

Blue River below Dillon
Dil1on Reservoir

Blue River below Green Mountain Reservoir
Green Mountain Reservoir

Williams Fork below Williams Fork Reservoir
Colorado River at Hot 5ulphur 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
5hadow Mountain Reservoir
Wi low Creek Pump Canal
Government Highline Canal

Grand Valley Canal
Plateau Creek near Cameo
Rifle Creek below Rifle Gap Reservoir
Grass Valley Canal
Fryingpan River near Thomasville
Willow Creek below Willow Creek Reservoir
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r

Stativns Operated by the
Natianal Weather 5ervice Colorado River Forecast Center

Salt Lake City

Division 4 Gunnison River Basin

2

3
4

5

6
7

8
9

1Q
l

12

13
14

15

Blue Mesa Reservoir
Crested Butte

Gunnison River at Delta
East River at Almont
Gunnison River near Grand Junction

uray
Paonia

San Miguel River near Placerville
Sargents
North Fork Gunnison River near Somerset
Taylor River at Almont

Gunnison River near Gunnison
Dolores River near Bedrock

Taylor Park Reservoir
Uncompaghre River near Colona

Divisivn 5 Colorado River Basin

l

2

3
4

5

6
7

8

9

o
11
12

Breckenridge

Colorado River near Cameo

Colorado River belvw Glenwood Springs

Colorado River near Kremmling
Colorado River near Colorado Utah Stateiine
Dillon

Grand Lake

Meredith

Roaring Fork River near Aspen
Roaring Fork River at Glenwood Springs
Ruedi Reservoir

Winter Park

Division 6 Green River Basin

1 White River near Meeker
2 Yampa River near Mayhell
3 Little Snake River near Lily
4 Little Snake River near Dixon WY

5 North Platte River near Narthgate

Division 7 Dolores and San Juan River Basins

l Animas River at Durango
2 San Juan River at Pagosa Springs
3 Uallecito Reservoir

19
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Divisivn 5 Colorado River Basin cont

12 Meadow Creek Meteorological Station

13 Cottonwood Pass Meteorological Station

14 Granby Meteorological Station

Stations Operated by the
City of Colorado Springs

Division 2 Arkansas River Basin

l Fountain Creek at Fountain

2 Fountain Creek at Pueblo

3 Fountain Creek at Security

Station Operated by the
Santa Maria Reservoir Company

i
Division 3 Rio Grande Basin

l Continenta Reservoir

Station Operated by the
Rio Grande Water Users Associativn

Division 3 Rio Grande Basin

l Rio Grande Canal

Data Type Abbreviations

S Stage
SE Stage Elevation Reservoir

DM Discharge Meter

P Precipitation

RT Air Temperature

SR Solar Radiation
SW 5now Water

ST Snow Temperature
SMU Soil Moisture Upper

SML Soil Moisture Lower

2T

Data Type

SW ST SMU SML P AT
SW ST SMU SML P AT
SW ST SMU SML P AT

S
S
S

SE

S
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GOES SATELLITE RECEIVE SITE ELECTR NICS
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Figur 2
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VAX 11 75 G MPUTER

AND C MMUNICATI4NS

HARDINARE

OMMUNICATIDNSI
1GNAlS FRO

INTERFACE

i ES RECEIV

I51TE UNIT
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PRINTER

OU7 BOUND VOICE

TELEPHONE SVNTHESIZER

FOR ALARM FOR ALARM

SYS7EM

LOCAL

TERMINAIS N

UP TO

32 6
MOpEMS g

PHONE 16 N

DATA L N g
LINE

FDR

R AIOT

OPERATOR

CONSOLE

DMF32 I
CE1V TRA L

PROCESSING UNIT
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EMULEX
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EMU x
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s

DWR DATA MANAGEMENT SYSTEM

REAL TIME
l

I
S4FfWARF

LOGGER

I
I

I
RECEIVE RTCM FM

SITE UNIT
EMUX PREP

REAL T1ME DAYF1 ICALCULATION MANAGER

I I
I
I

s rsrEM
conrrROC I

R7C MCF RTF
FILES REAL MASTER RATING

TIME CONFIGU A71afV TABLE
CALCULA IONS FILE

F4LE

I

1NTERA CTIVF

SOFTWARE
CU ER NTERF CE

MCF

I MDE
MANUA DATAENTRY

1 FiTF

DAY

ARC

I ARCHIVE

DAILY
TODAY

DATA FILES raanY i

TOpAY

ETC

BATCH

SOF7WARE

ARCHIVE Y R
WATEH

A
YEAR

FI ES

E TC

THE OPERATI N AND SCNEDUALING OF ALL PROC SSES
INCLUDING USER ACCESS AND ACCDUNTING IS

CONTROLLEQ BY THE VAXVMS iVIRTUAL MEM RY SYSTEM
OPERATING SYS7EM

Figure 4
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STATIQN

NAME DATE TIME

1 C LUTAC4 JUN 15 00 0

2 COLUTACO JUN 15 01 0

3 COLUTACO JUN 15 02 00

4 C 3LUTAC4 JUN 15 0 3 0 U

5 C LUTACD JUN 15 D4 U0

6 C LUTACO JUN 15 05 OU

7 C LUTACD JUN 15 0 fi 0 D

8 COLUTAC JUN 15 7 U

9 COLUTAC4 J N 15 8 0

10 COLUTAC JUN 15 U9 D0

1 COLUTAC4 JUN 15 10 00

12 C LUTAC JUN l 5 11 0

13 COLUTACO JUN 15 12 UD

14 COLUTACO JUN 15 13 D4

15 COLUTACO JUN 15 14 DU

1fi COLUTAC4 JUN 15 15 00

17 C4LUTACO JUN 15 1fi QQ

18 C LUTACQ JUN 15 17 00

19 COLLITAC JUN I 5 18 U U

20 C4LUTACO JUN 15 19 00

21 COLUTACO JUN 15 20 00

22 COLUTACO JUN 15 21 a0

23 COLUTACO JUN I5 22 00

24 COLUTACO JUN 15 23 OD

DAYFILES

DAYFILES REPORT

DATA

TYPE

GAGE HT
DISC fRG
GAGE HT
DI3CARG
QAGE HT
D I S C IRG
GAGT HT
DISCARG
GAGE HT
DISCARG

AGE HT
DISC IRG
GAGE HT
DISC RG
GAaE HT

DISC RG
GAGE HT
DISC IRG
GAGE HT
DISCARG
GAGE HT
D I 5 C fRG
GA ErHT

DISCHRG
GAGE HT
DISC IRG
GAGE HT
DISCI RG
GAGE HT
DISC RG
GAGE HT
DISCARG
GAGE HT
DISCHRG
GAGE HT
DISC RG
GAGE HT
DISCI RG
GAGE HT
DISC RG
GAGE HT
DISC RG
GAGE HT
DI SC fRG
GAGE HT
DI SC fRG
GAGE HT
DISC RG

DATA

VALUE

T 8 8
2asoo 00

7 91
Z 000 00

7 91
230D 00 4

93 j

23004 00
93 a

23UOU DD
7 90 a

229 U 4
T 91

23000 ao a

7 8fi a
228U 00 a

7 88 a

z2soo 00
87 a

228D 00
7 86 a

zzsoo ao a
7 8

2ZSOO 00 a
8s

ZZSOV 00
7 82

22soo 00
83

22fiD0 0U

a5oo o
T 8 2

zasoo 00
84

zz7oo o0
T 8 4

22 ov 00
89

2290 00

23U00 00
7 99

233UO OQ
8 04

23500 D0
8 04

23500 oa

SHIFT

SHIFT

SHIFT

SHIFT

SHI FT

SHIFT

SHIFT

SHIFT

SHIFT

SHIFT

SHIFT

SHIFT

SHIFT

SHIFT

E SHIFT

k SHIFT

E SHIFT
E

SHIFT

SHIFT

SHIFT

sxiFT

SHIFT

SHIFT

SHIFT

COLUTACO Colorado River Near the Coloradv Utah Stateline

Figure 5
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SHIFT

VALUE

U4

0 04

0 04

0 04

0 4

0 4

0 04

U U4

U U4

0 04

0 04

0 04

0 04

0 04

0 04

0 04

0 04

0 04

4 04

U 04

0 04

0 04

0 04

0 04



ARCHIVES REPORT

xxxxxxxxxxxxxxxx xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xx

XX WATER YEA t 19 8 6 Xx

XX JUN x

XX
XX COLUTACO xx

xx xx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxx

S 3N M N TUE WED THU FRI 5AT

1 2 i 3 i 4 5 I S l
w w

coLUTaco
DISCHRG 2510 48 25452 75 25194 8 2 I511 fi5 3U15 28 3U993 68 32063 fiT
GAGE HT 8 46 8 54 8 48 9 U3 9 58 9 T5 9 9fi
SHIF I U 6 0 06 a U6 0 05 0 45 4 05 U U5

8 9 10 11 12 13 14

COLUTACOW
w

DISCHRG 32942 5 3117fi 86 29227 D4 26238 9 T 23511 54 224fi3 fifi 22 4T 1 T
GAGE HT 8 43 9 78 9 39 8 73 8 U5 7 9 8fi

SHTFfi 5 0 05 O U5 U 05 O U5 U 04 0 44

15 i s i 7i t 1 19 zQ t 2

DISCHRG C22881C4fi 2352 21 23656 99 2371D 9fi 23fi55 93 2326fi fi3 22088 TO

GAGE HT 9 8 0 T S U8 S OS 8 4fi 95 7 fi5

5HIF g 0 4 O D4 U a4 0 03 0 2 0 01 O OU

22 i 23 24 25 2fij 2 28

COLUTACO

DISCHRG Z1671 92 99 77 OD 9988 7 00 99887 04 998 77 OU 19543 4fi 1981 1 fi5

GAGE HT 7 54 9988 OU 9988 7 00 998877 00 99 8 00 6 96 T 02

SHIFR U Ua 998877 44 998 77 00 998877 0 99 877 DU 0 05 0 06

29 3D

COLUTACO
DISCHRG 19311 4U 18841 98
GAGE HT 6 89 6 6
SHIFT U os D D l

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXxXXXX xXXX XX XXXXXXXX XXXXXXXXXXXXXXi x

ARCHIVES

CoLUTACO Colorado River Near the Colorado Utah Stateline

Note 9988 7 values are default flags where the actua data

was outside of user determined normal range

Figure 6
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ANNUAL REPORT

091635D0 CbL BADQ gIVB N aR CaL4RAD0 tJTAB 8lATB LINB

DI3CHBG IiATB YgA QCTQBBR 1985 fi0 BPTBtlB 1 8fi

I AN VALUBS

DAY OCt NOV DSC dAN FBB A8 APg KAY dUii UL AOG 3BF

1 930 6729 3243 6880 7485 13190 1 20fi 25100 18359 78 3 58 4
2 7904 6607 3478 6871 393 14 43 I874 25453 17419 97 592
3 143 6481 5040 6884 9l 3 16235 21221 5195 16948 7248 5939
4 6567 6344 503Q fi923 6ia 141 1 E38 0 27512 1871 011 5943
5 6Z64 fi302 48 4 6325 7734 1249 Z6323 30I5 18107 69 2 t
6 6286 6350 4578 6427 7830 11438 26349 30994 20186 6941 3545
7 fi310 fi 16 4497 63fib 7135 1094 24245 32064 19415 6636 347
a a 630 4504 6245 6995 111Q9 23081 32943 17828 65 fi 5291
9 10682 6310 4448 fi31 5 11517 21414 311 9 f94 0 63fi5 533

10 96a5 6398 4391 6223 8133 11818 20319 29Z27 fil G324 6434
11 9fi80 6484 4fiQ4 5577 7922 11815 1g104 2fi239 16fi15 58 0 944
1Z 16503 fi862 4736 91 2750 11766 18fi63 3512 l a 3fi9 57
13 103f2 155 46 9 5 32 7 01 12i3Q 18 74 22464 14488 487 71fi3
14 9 9 72 fi 273 6089 7427 1Z 46 i7 04 22T47 14380 697 693Z
15 8798 40 fi243 6112 72 4 1I418 1 957 g881 1489fi 5 1 fi687
16 8283 307 6214 fi713 72 3 11005 1958 2362 14158 5411 637t
19 779Z 7180 fi341 57fi3 172 11413 D312 23fi 1485fi 5303 6353
18 9382 I 0 fi420 638fi 124 11909 19918 23911 1 5 3 I29 61fi8
Ig 174 71fi7 6571 6314 6 38 118I2 18980 23656 134 Z 4854 fi106
2a 9459 150 6 2 7245 fi037 1i115 190 0 232fi9 13049 49I8 6245
if 7138 7012 6533 7885 96 1a963 21136 2 a89 131 0 474 6482
22 7183 Gfi 8 6 6 7135 4 11fi83 23860 216 1256 5049 5846
23 9240 6460 fi557 676 6981 139 1 2525 20319 122 5469 949
24 1 3 6 89 66fi4 6323 16182 26092 191Ql 11828 5U90 6939
Z 7096 6614 6788 6794 16BZg 2 511 18663 11364 3I5 Si37
26 036 527 65 3 102 192 1Z126 Z5847 18274 10933 38 8117
Z 7430 5109 6560 365 7407 tfi61 27530 19 43 105 g 69 8 4
28 7031 50Q3 660g 753 9939 15045 2811a I9818 995 3281 79 9
29 7117 497Z 6613 8633 1408B 2841fi 19311 9301 465 852fi
3Q 122 54 6 6668 9429 14380 2 6g8 18842 8G1 32 5 8300
31 026 16 6 29 1d 39 25 89 8t18 55Z7

TOTAL 241290 135633 30642 I 8117 186317 229174 390 13 fi964g9 6468 6 35132 181E91 199fi62
11BAN 84 6 6 5106 46 fifi34 393 13024 224fi8 24879 140 3 5848 66
lIAI 1Ofi82 54Q 5275 6772 7885 10539 171E0 Z8110 32943 ZQf88 Z8 3 8540
MI 1 fi264 6302 4 72 4391 5 91 5 0 107fi3 16 06 18842 8Z18 4 4 291

WTB Y 1986 TQTAL 3489480 XBAN 1Q79 KA 32943 XIN 4391

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

Figure T

35



i

0
J
a

N
p W
J

ti

a
ii o

m

a
oJm
raa

J

aW
c

Z w

3
a

m
m M N m

C H U2 C7

m
N N M

o

N

m

W
Z

m

V
p

k1 I Q

n

3

0

C7

U
N
H

O

H

Q
U

37

m

W

J

r7

r7

m
w
li

z

U

U
o

z J
a

JO W
L1

i

r

a

r

c m
m

L

a

I
O O

L L

Q

UV

4

J

0

m
M

N

m

O
ti
Z

h

m

C

U
N
H
O

O
U
Q
H

q m
9

n N

o

J

m
U

1



SCHEMATIC

BIOT8IC0 BI4 GBAH B gIVBR AIOYB

t4 45 DBC18 THg KOUTB QF TBIIiCHBBA CBB

SiAG 3 3 ft DISCiIA8G8 0 cfs

i

1 1

x COIiPLACO GOIiBJO BIYBB BgLOfi

10 43 ll6C18 PtATffBO B gBBVaIB CO C@IiB

9TAGB 1 48 ft OI9CHAaGB 3fi cf

t COlItlOCC6 OIiB OS BIVBB NBAB

ll l5 DBGI IlQGOT C4

gTAGB O ZI ft DI3C A86 1 8 C 8

t

f LQSOg CQ EAi PI 108 BFV B NBAB

1Q 45 DBC19 OBTIZ C0

8T1lCB 2 38 ft DIBCHABGB 113 cfs

E

t 9A Id fCp S K AliT611I6 BIVB AT

10 l5 DBC18 O TI C0

3TAG8 0 85 ft DISCHABG 198 cfs

f t
t

x UORLASCO 1iUBTH CN1I NBL CQI1BJ08

09 04 BC18 BIVZB 11BAQ LASAOSg C4

STAGg 2 85 ft DISCHARCB 130 cfa

SaULA9C0 80llTH CHAi1 IBL COl 8J08

10 00 DgC1 BIYBB IiBAB LABAUSBS C0

STAGB 1 D2 ft DISC ASGB 1 cfe

t t t

t BIOi OBCO BIO GxAtiDB IiBAB LOBATO

09 OQ D C18 CO3

3TAGS 3 tQ ft DIgC ASGB 1584 cf

Figure 11

39



II SYSTEM APPLICATIUNS

A Water Rights Administration

The primary utility of the Co orado satellite linked monitoring system is

for water rights administrativn The avaiiability 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 of the basin that was previously not

available By evaluating real time data fvr upstream stations downstream

flow conditions can typi ally be predicted 24 to 48 hours in advance This

becomes an essential planning tool in the hands of the Division Engineers and

Water Commissioners The river call can be adjusted more precisely to

satisfy as many water rights as possible

The administration of water rights in Colorado is becoming increasing y

more complex due to increased demands implementation of augmentation plans

water exchanges transmountain diversions and minimum streamflow require

ments ne point that must not he overlooked is that Colorado is currently in

the high point of a wet cycle Historical and statistical evidence strongly

indicate that Colorado can expect to experience a downturn in this cycle As

the availability of water decreases the necessity of the system for water

rights administration increases

There is considerable interest in monitoring transmountain diversions

both by western slope water users and the eastern slope entities diverting the

water Transmountain diversion water is administered under different laws
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effect significantly the hydrology of the river Twenty one major irrigation

diversions are monitored hy the system

Recently water rights have been acquired by federai and state agencies

to guarantee minimum streamflow for both the recreational and fisheries bene

fits The availability of real time data is essential in assuring that these

minimum streamflows are maintained

B Hydralogic Records Development

Specialized software programs provide for the processing of raw hydro

logic data on a real time basis Conversions s ch as stage discharge

relationships and shift applications are perfvrmed on a real time basis as the

data transmissions are received Mean daily values are computed automatically

each day for the previous day Missing values can be added and invalid data

values corrected by the respective hydrographer for that station using data

editing functions Data can be retrieved and d splayed in various formats

including the standardized U S Geological Survey Water Resources Division

annual report format adopted by the Colorado Division of Water Resources for

publication purposes An advantage of real time hydrologic data cvllection is

in being able to monitor the station for on going vaiid data collection If a

sensor or recorder fails the hydrographer is immediately aware of the problem

and can take corrective action before losing a significant amount af data
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E Automated Flood Warn ng System

The Office of the State Engineer Division of Water Resources in cooper

ation with the National Weather Service Central Forecast ffice NWS CFo in

Denver operates a statewide flood warning system utilizing 78 stream gaging

stations that are part of the Colorado satellite linked water resources moni

toring networic operated by the State Engineer The NWS CFO which operates on

a 24 hour basis is alerted to changing flow conditions If conditions war

rant either a flood WATCH or a flood WARNING is issued

Table 2 listing the incorporated stream gaging stations with the desig

nated alert levels used to flag high water conditions is attached A synops s

of how the system operates fo lows

l Remote Data Collection Data Transmission

Stream stage levels are measured and recorded every fifteen minutes for

transmission at standard 4 hour intervals If stage alert levels are sur

passed emergency transmissions are made at random intervals of f rom 2 10

minutes Al transmissions are sent via the Geostationary Dperational

s

Environmental Satellite Transmissions are received and processed at the

receive site located in Denver operated by the State Engineer

2 Flagging High Water Levels

Data are screened in an automated fashion by the system s centra com

p ter to f ag high water levels The central computer automatically contacts
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points of contact including hospitals schovls etc Public announcements are

made over the National Weather Service designated VHF FM radio frequencies

known as the National Weather Radio NWR and through the news media via the

Automation of Field Operations and Services AFOS national weather wire In

the Denver metropolitan area the Metropolitan Emergency Telephone System

METS is utilized

i
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TABLE 2

SATELLITE MONITORING SYSTEM
FLU4D WARNING NETWORK

STATION

Division 1 South Platte River Basin

l

2

3

4

5
6

8

9
10
11

1Z

13
i4

ALERT LEVEL FT DISCHARGE CFS

Bear Creek at Morrison
Clear Creek at Golden

goulder Creek near Orodel
St Vrain Creek at Lyons

North Fork Big Thompson near Drake
Cache La Poudre at Canyon Mouth
near Fort Collins
South Platte River at Denver
South Platte River at Henderson

South Platte River near Kersey
South Platte River near Weldona

South Platte River near Balzac

Channel South

South Platte River near Julesburg
Channel Right

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

Division 2 Arkansas River Basir

1 Arkansas River near Wellesville

2 Fountain Creek near Pinon
3 Arkansas River near Avondale

4 Arkansas River below Catlin Dam
5 Purgatoire River near Thatcher
6 Purgatoire River at Las Animas

r Division 3 Rio Grande Basin

1

2
3

4

5
6

7

8
9

10
11
12

Alamosa Creek above Terrace Reservoir

Conejos River below Platoro Reservoir
Conejos River near Mogote

La Jara Creek near Capulin

Los Pinos River near Ortiz
Rio Grande near Del Norte

Rio Grande at Thirty Mile Bridge
South Fork Rio Grande at South Fork
Saguache Creek near Saguache
San Antonio River at Ortiz

Rio Grande at Alamosa
Conejos River near La Sauses
North Channel

49

5 50

4 0
3 50

5 60
4 fi0

4 54
6 00
9 0

7 00

7 0

7 OD

7 00

7 00

5 D

7 90
6 53
5 0

7 70
1 30

8 00

3 50

3 75
5 25
4 05

6 25

5 1

4 70
6 60
4 50

00

8 00
fi 0

345

345
590

1 610
172

z 000
3 930
4 450

6 560

4 20

2 230

4 2H0

2 50D
2 400

5 0

5 20
5 000

o 000

10 04
2 910

1 480

1 085
2 970

211

1 84

7 D64

2 700

3 280
540

i 000

3 000

1 550
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i

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 be ow so Diversion am

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
Z1 Animas River at Durango

5t

4 37

4 80
fi 40

6 1
3 88

3 60

4 00
3 90

5 0

s 00
6 0

1 000

zoo
4 50

5 0
soa

800

900

000

970
7 620
6 120
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III OPERATING BUDGET

A FY 85 86 Uperating Costs

The actual operating cost of the satellite linked monitoring system f r

FY 85 86 was 161 085 The projected budget was 275 175 A detailed brealc

down of expenditures is given in Table 3 Approximately 60 of the cost

reductions realized were under four separate line items

ITEM REDUCTI NS

Fixed Costs

III A Metro Lines 31 108

The metro lines provide unlimited telecommunica

tion links between the seven Division offices and

the system s central computer in Denver Due to

significant delays in completing line installation

the lines were ava lab e only the finai few weeks

of he f i scal year

Variab e Costs

III C Software Utilization Training 10 50D

The Sutron Corporation provided three separate

training sessions for Division of Water Resources

staff at no charge

IV g Service Casts 8 092

The Sutron Carporation provided ar extended

1 year warranty August 8 1985 to August 8 1986

on their hardware

II B Long Distance Water Commissioners 1 943

The majority of the Water Commissioners began

accessing the system only ate in the fiscal year

IV C Replacement of Damaged Vandalized Hardware 5 135

A contingency fund of 15 0 0 was set aside to

cover the costs of damaged vanda ized hardware

The cost to replace the remote data collection

hardware at only one station is approximately
5 00 During FY 85 86 naturally occurring

damage and vandalism were less than expected
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TABLE 3

SATELLITE MDNIT4RING SYSTEM
FY 85 86

BUDGET

ITEM

FIxED EXPENSES

I PERS NNEL CQSTS 2 FTE

II HARDWARE MAINTENANCE CONTRACTS

A DEC VAX 11 750 Computer

B Direct Readout Ground Statio
C Air Conditioning and Power

5upply Systems

TII TELECOMMUNICATIONS

A Metro Lines
B 16 Incoming Modem Lines

IV COMPUTER OPERATIONS

TOTAL FIxED EXPENSES

VARIABLE EXPENSES

I TRAI EL PER DIEM

A Vehicle perations Malntenance

B Travel

C Per Di em

II TELEC MMUNICATI4NS

A l ong Di stance Central Off i ce

B Long Distance Water Commissioners

s III TRAINING
A DEC System Training
B Hardware perations Maintenance

C Software Utilization Training

55

FY 85 86

projected

87 812

13 325
6 000

3

33 888
5 zso

39 f 6

14 0 0

163 405

5 00
3 00

ZOo

15 zoo

1 200

1

2 50

3 000

13T

FY 85 86

actua

86 925

12 30

1 6 0

T5
7 5

2 78a
zso

3 983

114 653

275
1 466

4 546

7 287

945

1 477

2 500

T iT
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TABLE 4

SATELLITE MONITORING SYSTEM
FY 86 87 and FY 87 88

BUDGETS

ITEM

FIXED EXPENSES

I PERSONNEL COSTS 2 FTEj

II HARDWARE MAINTEfVANCE CONTRACTS
A DEC VAX 11 750 Computer

B Direct Readout Ground Station

C Air Conditioning and Power
Supply Systems

III TELECOMMUNICATI NS

A Metra Lines

B 16 Incoming Modem Lines

IV COMPUTER OPERATIDNS

TOTAL FIxED ExPENSES

VARIABLE EXPENSES

I TRAUEL PER DIEM

A Vehicle perations Maintenance

B Travel

C Per Diem

II TELECOMMUNICATIONS

A Long Distance Central ffice

B Long Distance Water Commissioners

III TRAINING

A DEC System Training
B Hardware Operations Maintenance

C Software Utilization Training

FY 86 87

projected

92 2D8

13 5
1 50D

35 D88

5 44

154 41

1 500

2 0 0
4 5 0
s 000

000

1T

z aoo
4 Q00

5 00
000

FY 87 88
projected

97 000

14 250

1 575

36 588

5 250

161 955

1 fi00

2 100
4 700
8 400

a5o

Z OOD

3 000

16
450
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IV Fl1NDING SOURCES

A FY 85 86 Funding

Eighty six thousand seven hundred eleven dollars 86 711 was appro

priated f rom the General Fund for the operation of the satellite linked

monitoring system for FY 85 86 This is 13 932 ess than the original

General Fund appropriation of QQ 643 A total of 269 846 was approved for

total program expenditures in FY 85 86 The remaining 183 35 was to be

collected f rom user fi ees pursuant to Section 37 SO 111 5 c C R S 1985

Supplement

In FY 85 56 user fees amounting to 1D 94 were col ected f rom the

following

Southeastern Colorado Water Conservancy District 35 0

Colorado River Water Conservation District

Rio Grande Water Conservation District

Dolores Water Conservancy District

Southwestern Water Conservation District

Lower South Platte Water Conservancy District

Denver Board of Water Commissioners

Urban Drainage District

Animas La Plata Water Conservancy District

City of Durango

Florida Water Conservancy District

Bureau of Rec amation San Juan Chama Project

TOTAL

9

25 000

o00

6 50

6 000

5 004

2 400

1 200

1 2 0

200

1 204

oo

oo oo
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The water user community has expressed the opinion that the administra

tion of the state s water resources is a public responsibility The satellite

monitoring system is effectively being utilized in daily water rights admini

stration hydrologic records development f ood 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 f rom the General Fund the cost of operating the

system can be borne by all water users while ensuring its continued operation

The sate lite monitoring system represents a 1 800 000 investment by the

State of Colorado to apply space age techno ogy to the administration and

management of the state s most valuab e natural resource The ailocation of

General Funds to operate the system wi11 provide all interested users the

opportunity to d rectly utilize the system s capabilities which is a primary

objective of the ffice of the State Engineer Non Colorado water users i e

the State of Kansas w ll be provided access only on a user fee basis Users

being provided with special services i e the receiving and processing of

data transmissions from privately operated data collection hardware will

still be requ red to pay for the actual cost of those services
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V CUST BENEFiT CRITERIA

It is estimated that the Colorado satellite linlced water resources moni

tori ng system prov i des benef i ts to the State of Co 1 orado amount i ng to between

1 335 76 and 1 504 760 per year These benefits wil increase as the

system becomes further assimilated into the statewide administration and

management of water resources Benefits will also increase dramatically

during periods of water shortages as compared to current periods of water

surpluses Since the cost to operate the system is projected to be 331 Ob1

for FY 86 87 232 741 in direct costs and 98 320 in indirect costs the net

benefit to the State of Colorado is between an estimated Q05 699 and

1 173 699 If the original capital cost of the system of approximately

1 50 00o is amortized simp y over a 5 year period net benefits realized are

between approximately 705 0 0 and 875 00 per year

Direct and indirect benefits are calculated as follows

1 Approximately 5 290 00 per year is budgeted by the ffice of the

State Engineer for statewide water rights administration If the

operation of the satellite linked monitoring system conservat vely

increases effectiveness by 10 that equates to a benefit of 529 000

per year Direct benefits are attained by Water Commiss oners having

more time for water administration and reduction in over time to

accomplish ever increasing workloads Indirect benefits relate to

the ability to be more effective in water rights administration

This leads to greater cooperation among water users and fewer legal

problems

b3
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6 An estimated 53 4 0 per year is saved in reduced manpower and travel

costs in manually reading stream gages

a Manpower savings

15 stations 8 hours per month @ 12 per hour

b Travel savings

5 stations 1 trip per week
25 miles per trip @ 20 per mile

14 4 0

39 000

It is necessary to point out that certain ndirect costs in operat ng the

system are also realized These indirect costs absorbed by the Division of

Water Resources amount to approximately 98 320 per year as follows

i

1 Manpower to maintain the monitoring network
7 divisions 40 hours per month @ l per hour

2 Travel costs to maintain remote data collection
hardware

3 Office space and secretarial support for 2 FTE s

1 0 per month

4 Computer room and utilities for VAx 11 750 computer

1 000 per month

5 Support from the Information Services Branch
1 0 per month

6 Administrative costs

5D per month

65

40 32

16 000

12 000

Z o00

Z 000

6 000



VI EFFECTS OF LOSS OF FUNDING FUR FY 57 88

i

The satellite linked water resources monitoring system without adequate

funding would not be able to function satisfactorily 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 This would effectively mean the loss of a 1 8 million investment

by the State of Colorado

The FY 87 88 budget of 243 955 is broken down into two categories fixed

expenses amounting to i61 955 and variable expenses amounting to 82 000

The variable expense items are 34 of the budget and would be the first cuts

made These cuts would mear curtailment of

l Long distance phone access by the Water Commissioners

2 Repair of ma1funct oning remvte data collection hardware

3 Replacement of damaged vandalized or stolen remote data collection

hardware

4 T me1y maintenance ar d calibration of remote data collection hardware

5 Training for system users relative to data base access and software

utilization

6 Travel to Division offices system users and cooperating Federal

r
agencies

Fixed expense items would be the second area for budget cuts The

effects of these cuts would be as follows

67
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l During the first twelve months an estimated 20 or thirty f the

remote data collection stations wou d be taken off line due to

malfunctioning damaged or stolen hardware

2 As a result of the above the State of Colorado would have thirty

transmission slots on GOES revoked by the National Environmental

Satellite Data Information Service due to inactivity

3 Maintenance of remote data collection hardware would face 2 3 week

del ays

4 Data quality would deteriorate

5 Down time of the Direct Readout Ground Station and central computer

would be in excess of six weeks per year

6 As the system became less dependab e it would be utilized less and

ess

7 Hydrologic records would cease to be developed on the system

requiring manual records development

8 Real time data would not be available requiring additional staff and

travel to manualiy read remote gage5



YII SYSTEM USERS

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

monitoring system

A Office of the Colorado State Engineer

1 Division of Water Resources

a Division l Greeley

b Division 2 Pueblo

c Division 3 Alamosa

d Divisian 4 Montrose

e Division 5 Glenwood Springs

f Division 6 Steamboat Springs

g Division 7 Durango

h Central Office Denver

2 Water Commissioners

B Water Conservancy Districts

l Southeastern Colorado Water Conservancy District

2 L wer 5outh Platte Water Conservancy District

3 Colorado River Water Conservation District

4 Southwestern Water Conservation District

5 Dolores Water Conservancy District

6 Animas La Plata Water Conservancy District

7 F1orida Water Conservancy District
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i

2 USGS Water Resources Division

a Oenver

b Pueblo

c Grand Junction

d Meeker

e Durango

3 National Weather Service

a Denver

h Salt Lake City

4 Corps af Engineers

a Omaha

b Albuquerque

5 Soil Conservation Service

6 Colorada Kansas Arkansas River Compact Cornmission

F Associations

l Rio Grande Water Users Association

2 Urban Drainage District

3 Arkansas River Rafters Association

G Private Entities

1 Fort yon Canal Company

2 Santa Maria Reservoir Company

3 Mutual Reservoir and Irrigation Company
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VIII UTILITY OF THE SATELLITE LINKED MONITORING SYSTEM
THIN H L A i N A

NARRATIVE AND SPECIFIC APPLICATIUN EXAMPLES

A Division 1 Greeley Colorada South Platte R ver Basin

A an Berryman Division Engineer

The satellite linked monitoring system has become an integral tool in

daily water rights administration in Division l With increasing complexity

in the administration of the Sauth Platte River basin the system provides th

key to effective decision making

In past years river information needed for river admin stration was

slow if not difficult to acquire because of the remote location of key

gaging stations Administration was inefficient and f rustrating to the Water

Commissioner and to downstream water users With the satellite monitoring

system comprehensive river data are available to the Water Commissioner

al7owing him to administer water rights on a timely and accurate basis This

ability allows the water users to adjust more quick y to the changing cvndi

tions of the river system and expand the number of water rights ab e to divert

and use water The system allows the Water Commissioner to determ ne the

river conditions largely an his own not having to rely as much on data

supplied by water users This results in c oser administration ot water

rights potentially benefiting all water users of the area by assuring that

the available supply of water is being diverted by the correct water right

Another advantage of the satellite monitoring system is that the Water Commis

sioner can re ease water downstream knowing that the amounts re1eased reflect

actual river conditions and won t have to be adjusted at a ater date The
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these floods and divert them for beneficial use or storage rather than have

the water exit the state unused Additionally if fload peaks arger than

2 00 cfs can be diverted and reduced to 20 0 cfs or less the sand dams

employed by diverters can be spared f rom being washed out Preventing their

washing out allows those structures to continue diverting water rather than

waiting up to one week after water levels have reduced to repair the sand dams

and begin diverting again This is very important in years with low to normal

flows intermingled with flood peaks f rom ra nstorms

The main responsibility of the Division Engineer is to coordinate the

administration of water rights for the respect ve division Because of the

large area covered in Division 1 many tributaries and districts are adm nis

tered In order to coord nate the administration in each of the districts

knowledge of the current river conditions for the South Platte River and its

tributaries is essential Inflow f rom the Big Thompson River Cache La Poudre

River and St Vrain Creek can prov de the majority of the flow in the South

Platte River below Kersey The satellite monitoring system provides the

Division 1 Engineer with the basinwide information necessary to accomplish the

task outl ned above In coordinating daily administration for the division

the Division Engineer can analyze conditions for the entire area early each

day With the flow infarmation on each tributary and at various river loca

t ons the Division Engineer can coordinate administration between districts

As an example the information can provide the status of diversions in Dis

trict 2 Denver to Kersey and compare that with the amount of water available

in the upstream areas to decide what adjustments need to be made to Chatfie d

Reservoir releases in order to satisfy the senior rights below he reservoir

The information f rom the system can be used to monitor water releases f rom
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B Division 2 Pueblo Colorado Arkansas River Basin
Robert Jesse Division Engineer

The satellite monitoring system is being utilized effectively for water

rights administration throughout Division 2 This includes the administration

of direct diversion rights storage rights transmountain diversion water the

Arkansas River Winter Water Storage Program and the Arkansas River Interstate

Compact Division 2 covers a large and diverse geographical area with a

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

Division 2 staff use the satellite monitoring system to keep an account

ng 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 valuable in determining daily diversions n a time y manner

for accurate accounting and delivery An example involves the exchange of

Colorado Springs transmountain d version water discharged into Fountain Creek

for storage in Turquoise Reservoir

The capability to monitor inflows and outflows of reservoirs with accu

racy in a timely manner has he ped in the administration and accounting of

reservoirs in the division The routing of natural streamflow and reservoir

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

attention to maintain proper discharge and storage The system aiso helps in

keeping close watch on reservoir releases so that we can determine the section

of the river the re ease is in and prevent any diversion of these releases

except by the ditch or ditches calling for the water The Division Engineer

9
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day It then becomes necessary to monitor flows headed downriver to the

reservoir giving maximum lead t me possible The system gives the capability

of monitoring upstream stations on both the Arkansas and the Purgatoire Rivers

with lead times of up to 48 hours The non storage mode creates the situation

of having to route streamflows through the reservoir body to users down

stream Monitoring of inflaws is just as critical in this instance The

i nf 1 ow at the stat i ons above John Mart i n Reservo i r p 1 ays an i mportant part i n

managing winter water storage and in setting summer river calls

93
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C Division 3 Alamosa Colorado Riv Grande Basin
Steve Uandiver Division Engineer

The satellite moniioring system after two years of use in the Rio Grande

basin in Divlsion 3 has successfully been incorporated into dai y water

rights administration water resources accounting flood monitoring dam

safety and in hydrologic records development

A primary responsibi ity 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 distr bution of the waters af the Rio

Grande between the three states of Colorado New Mexico and Texas Coiorado

has an annual obligation to deliver water to the Colorado New Mexico stateline

based upon two delivery schedules ne for the Rio Grande and one for the

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

based on the index flows of the Rio Grande Conejos Los Pin9s and San

Antonio Rivers There are a total of seven stream gaging stations on those

four river systems al1 of which are equipped with the satellite monitoring

hardware

The satellite monitoring system is invaluable due to the f act that these

gages are widely d spersed 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 Previous to the satellite monitoring

system our Water Commissioners spent valuable administrative time driving to

these gages to ascertain the flows at these gages before the water could be

properly distributed Now this information is ava ab e at any time to them

f rom their homes and offices Much more time can be spent on the streams and

111



Z

au uo s e o C y uow a ndwo os p o uo s n p sa qeua fiu wwp 6oad a ndwo

ayl spo aw 6u oM Ey euo uanuo ay upy ua a a ow pup a sE

y nw si puE s spq aw Ea e uo pa ndwo aq o s E o asa sa qpua wa s s

6utao uow a a ps ayl edwo apup o ay I LM a UEI CIW o uow o

pasn suo E s 6u fi e6 uanas a e a ayl wa s fs ay o uawa a ue odw up s

SLSECj aw pa p uo sp o a Mo wea s 0 6uissa o d E Ep paz a ndwo

sea p ay u s an au u Mo ay a p pawwt Mou saauo s

s wwo a eM 6u u ow y pa e ep passaao d a ndwo ay fiu ssa e 8 s an

sofauo pue apuE o au uo pa e o a e uo s n p u suv e s 6u o uow

ay o C vCpw ayl u i seq ay u s asn a eM o auaq ay o uaaq seu

uawano dw s l wa s s a o anp an a a pue ua a a ow s sa ap

wnqia s i pu apue o ay uo s y6 a eM o UOI p SILIIWpE f eQ

suo a o d pu2 s uaw sn pe no aseq o y yM

uo e ep law a ow y nw sn sapino d pu e asuadxa pue aw y oq 6uinps suo

n pna asoy saop wa s Cs a y M pap no d a M os a ndwo ayl 6u a n o

aae sa an ap o s unowe adoad aansu o auop aq snw sa ppdn ep Ot E

an suas vs s pdwo ayl awL o spo ad spd aano a pM o s unowe an E

nwn ap no d ue nq p pp awi pa C uo ou an fi o a qp s wa s s ayl

onaasa o o d

o uauodwo Mo an pu ao no saspa a a6e o s wo an s Cauo ay L t u

fiu Eau tap u uaaq se n s ua s fs ay o a dwExa uy pa ua a e fay

yM o a EM ay E ania a s asn aa eM oppao o e u odw a ow

pue a pM o unowp aado d ay 6u n a aa a e spxal puE o xaw Ma py pup

paus dwo e s s 6 a EM o UOl 2 SLLILIUpP adv d e 6u nsu say p



first of each month The 10 day and monthly totals are sent to various

agencies which monitor the Compact s ach as the Corps of Engineers Bureau of

Reclamation State of New Mexico etc The real time data enabies Division 3

to supply information to these agencies in a more timely manner

The spring runoff periods in 1985 and 1986 had exceptionally high f ow

amounts and put the satellite monitoring system to a real test The system

proved to be vital in mvnitoring the flood leveis that were occurring at

various towns along the Rio Grande and Canejos Rivers We were able to detect

hourly changes daily trends and compare day to day flows for changes in

discharge amounts The real time information was critical in coordinating

flood watching activities for all of the lvcal agencies such as the state

patrol counties cities sheriff departments Division of D saster Emergency

Services and the Army Corps of Engineers The up to date information f rom

the satellite monitoring system enabled the division personnel to utilize

their time for flood fighting activities rather than driving to the stations

to obtain flow ir formation An example of this was being able to coordinate

diversions to help reduce the peak flows of the system Without this system

Division 3 could not have managed the high water as efficiently as it did

Basic monitoring of stage elevations of reservoirs can provide informa

tion relative to dam safety In 1984 a restriction was placed on Terrace

Reservoir because of an inadequately sized spillway The spil1way capacity is

insufficient to handie all of the inflow during the spring runoff This

creates a problem with enforcing the restriction level when the water cannot

be released f ast enough Having rea time monitoring hardware at the

reservoir has been essentia in keeping the water level regulated to allow
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D Division 4 Montrose Colorado Gunnison River Basin

Thomas Kelly Division Engineer

Division 4 has experienced five consecutive years of above average water

supply for most areas in the Division Although the satellite mon toring

system is currently being util zed for general water rights administration in

tracking reservoir releases and in hydrologic records development the system

wil1 be more effective during periods of average to below average water supply

The availability of real time data is essential in evaluating both

upstream and downstream streamflow conditions in the p1anning and implementa

tion of water rights administrat on This is critical in Division 4 where the

senior water rights are generally downstream of junior water rights An

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

toring stations on Surf ace Creek one upstream of Cedaredge and one at

Cedaredge Several important diversions are located between the two gaging

stations The satellite monitoring system has proven to be useful in

delineating the natural flow at a point in a stream f rom flow contributed by

storage releases An example of this application is o Muddy Creek The

senior right in the district is owned by the Fire Mountain Cana holding

storage rights in Paonia Reservoir Two monitoring stations one located

above the reservoir and the other below provide real time data on the

respective reservoir inflow and outflow The system has allowed the Water

Commissioners to be more effective zn water rights administration to the

satisfaction of water users in the basin There have been definite savings in

travel and t me

1 3
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E Division 5 Glenwood Springs Colorado Colorado River Basin

Qrlyn Bell Division Engineer

The utility of the satellite monitoring system in the Colorado River

basin is developing at a rapid rate As the only major river basin in Colo

rado that has significant amounts of unappropriated water the system is

becoming a powerful planning tool in the area of water resources development

The Colorado Front Range has several transmountain diversions f rom the Colo

rado River basin currently operating w th several others on the drawing

bvard The inevitable resurgence of the oil shale industry will definitely

put added demand on the available supplies

The Colorado River accounting system is a necessary tool for the adminis

tration of a mainstem call It can determine which structures are in and or

out of priority which owe the river and what reservoir reieases should be

made for transmountain diversions west slope depletions and augmentation

replacement Key components of the real time monitoring network include

stations that monitor the operations of Green Mountain Reservoir and the Adams

Tunnel

The initial step in this process is the assimilation of data for direct

diversions streamflows reservoir contents evaporation and precipitation

4nce the data are entered into a spread sheet needed diversion or storage

ad ustments can be made Some of the data i s obtai ned from the Water Commi s

sioners on site checks and phone calls The remainder is obtained f rom the

satellite monitor ng system Although a smail percentage of a Water Commis

sioner s structures are monitored by the system those monitored are the

majority of the ones most critical to a mainstem cail the largest and the

131
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F Divis on 6 Steamboat Springs Colorado Green River Basin

Steven Witte Division Engineer

The administration of water rights in Division 6 is complicated not as

much by demand as by l mited manpower resources and geographic diversity As

such the satellite monitoring system allows ihis office to become increas

ingly effective with limited staffing

Currently Water Di stricts 54 55 and 56 are admini stered by a permar ent

part time Water Commissioner who is centrally located in Craig A though the

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

points of diversion is difficult and the distances between them is great which

causes comprehensive on site monitoring to require several man days

Obviously in times of administrat on or impending administration this kind

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

orderly administration regulation and distribution of the waters of the

state as required by law For this reason two gaging station sites have been

incorporated into the mor itoring network for this area

The gaging station Little Snake River near Slater LSRSLAC is located

approximately 57 miles f rom Craig Colorado The administration of the Little

Snake River is governed by Artic e xI of the Upper Colorado River Compact

which relies upon a know1edge of the filow at a point downstream of the

LSRSLACO station Historically information f rom 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 nformation as provided by the

satellite monitoring system it wou1d not be possible to have the current
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1 Vo unteer gage readers are not always available when the information

is most needed i e weekends holidays at various times throughout

the day

2 The information provided s instantaneous in nature and does not

indicate upward or downward trends

3 The information gathering process is time consuming causing delays in

decision making and in responding to calls for water

For these reasons it was decided to establish two new stations

I1 inois River near Rand ILLRANCO and Michigan River near Gould MICGOUCD

by reallocating DCP s originally installed at less advantagevus sites A

third station Roaring Fork near Delaney Butte RFKDELCO is being stud ed

for inclusion into the system It is expected that the constituency of both

the Michigan River Water Conservancy District and the Jackson County Water

Conservancy District wi11 enjoy the benefits of this change beginning in the

Spring of 1987

A network of four DCP s has been established to mon tor the Yampa River

and its tr butaries f rom it5 headwaters down to Maybell Co orado The gaging

stations Bear River near Toponas BEAT PCD and Yampa River near Oak Creek

YAMOAKCO re maintained primari y for administrative efficiency By main

taining the BEAT PCO station which measures the inflow to Yamcolo Reservoir

and YAMOAKCO which is located at the proposed site of Stagecoach Reservo r

we will be able to reallvcate manpower resources to allow one Water Commis

sioner to perform the same work formerly accomp ished by two in this area In

143



C

wa s s

ay o sa E auaq a L pu i s e pa ap suo aq CEw s Q C uen asuo a eM

ad un ay Pue ia s p uv E6 I euE l aq eW a41 LLfiI u Pa a s u wpp

aq o aan EdlilP ay pasnp Eau eu L LE ay Paap d y yM uQ L Laq 1eW

a o C w xo d s o anp pup C eMp sa w p 6 ea u pauo e s s auo s

s wwo a eM a ssaua owaa s o asnp aq sasod nd ani ea s u wpe o Mp

o sa a u e t n o s uo e ado panu uo s anaMOy a s pa e ado pup

paunno S S p s 0 8JlbW d l llaq W pau an edwp uo p s fiu fip6 ayl

l101 E S ll1 WpL o spo aad 6u anp edwe aMO ay o sMO

pa ed L ue o o paad p sp paz n s O dl 3 pdWE au o p nq

orew P S O luOW O y 3i 1 L p aan 13 uoi 2 s 6u 6 efi ayl

S lOA aSa O O Wp

puE y eo a6p s av a npa o d 6u p ado ue o uawdo anap ay u pup a s

uo n suo ay o wea sdn sMO 0 6u uaEM a uenp e aq t M i s p ay

o auaq ayl onaasa y eo afip s o uo n suo fiu np s p f u2n

asuo edwe add ay o an p o pa adxa s auaq ea p auo ss wwo

aa EM ay o pap o e s6u nQS an e pue aw pa pd ue ay o uo tppE



rl

a

F W
W

O

c

FW
Zf C

N

W E
G F

z

aY
w

pUC7
z

QC7N
OC d
F J

M Q

o
d

i
H 1

d
C

a rn o v as ns rn v a
7 C C C Vi C r t C N F r

N 4 r L Q
r S VI E Ci Q7 7 C

ai E rn ro
r S r0 O QJ

C Q1 ti L E

E n aXi

0 4
F

V r 4J G N L 1 VaJ N i

N b y Qf C O

r
L OG O

r

rn F aJ w i

O N i 0 1 1 7 V

4
f F V W r Q

a s a 7 E a
c c 3 i a r a v r

Y yj
O f O 1 LC 1

r r0

qvj v N
r

rtS i

L a N
N O

U V N Qy
O L Qy 4

O r rO R3
c v o v

t rC X a i r7 j
a v rts L a E a

o o o c a ti c o b
QJ r al v i O O

o r ay d
Q

u E ro 1
N

0 3 ai rn
p Ul r O O L

r a ny a s ro

t U
U N

U
y

b q a v c

N y A y V N rd

Vf ay L i N r y v i s
tc

o

nX
Ua

o
o

oa o

E 3 c al a F

Od 4 r
N r

C
r

C 5

I E O O p O Q I
E

d ai V r r r y y Vl

E 3 G N s

b Vf Q 7 U rO iC a i
X 1 QJ 07 C C r 1 O r
G w 4 L rC O cn cn a r

m

o c1D

u i

m n

OHCf U OC

j

a

i
Q1
N
c

C
W

C

Q
r

j

3

N

cV
1 1

11 L

N
11

f 11T1
11

h
11 LC7

iF
11

i 11ff
j h 11

m
u

r ocs
r7 1111 OO

i 11
11

a 11

111

11 fry
11 W

1 N T
Qo

ii

a 1t
1 11

1 1
N

t o0
to

111 pp
n i 11

7 tl

s i

a Uj ad o

t9 H
o

pq i i
r i H O i U

o0

ca

u

O F
r

F O7

w
Ora E

I 1 OQ
W i to

e f ao



1

u7

H
U

F
N

C

I

w
C

Q E
a

h
1
J

Q

CO i 7
Z

W
N
M

J
11
O

Z

F
d
LL
H
N
r

Z
r

i
O
d

W p1 V1 rC 1 L G a7
O C Cl Qt 07 C rd r s

4 O O r 7 O v
Ol 7 r Q r 1
r IA l L 7

C O Q1 r N y D p
r F i y

cW
E E U n

s s o
h v 7 r E

N r RS
J

L U r V1 N
N Y L

en RS Q p N tp
n

Q V1 pj Q
S E O Q1 Q cn

O
r a rd F 4J

f O U

rO 7 p i01 V1 C S f

N L Q J Q1 U1 4J C V 4S O CL N V a t tO
L aN

ow
v o ni

i O U r rd r
rO

L N U p d Q C71 N r 7A

l1 E
U

Q 3 rd
Ql

N O i

C1 C
N

r p N
ei

r

Q Q r i4 n
rd a w W

Ql L Cp r i j
Ql

Q b 0
r U 3

r

r Q i L1 p r fb

C
V

t Z7

7 7 Q O C

a E E N E
F iT O F pp G

i c r Q o in o
r 7 r

f0 f i7 Ri f0 Q L S N i
Q7 0 1 rd 47 p 07 b 4 al r N
co s rn w 4 4 3 nr n

i

i

I IrIV ZLLV

147

U

L

al
N
C

rn
C

w v

lD O

o

N

Q

d U
w

rtf

3

q l

N

C
rd

E

H

rn a

ii o
r sor c a
i

k

t f OO

N 11 M O
i

H
ea

ti N

D i

O i

e a n
11 M N

C 1 1

ra 11 p
1 RO

7 111
1 f

Z

i i c ah p ea e
r v

I 1 C Oi
1

1 7 1 111
11

Z
11 ti7 tCi

h oa r

OC i i

U
F Ji pd r a cs

I H t o0

ts
qq w

h O r exs x

U v cs
c aa aa

w i

1 A A

W
o o a

U C

m i Ca Yr4
O

1 E d

I
4 pq S
11 al C

P 1 i t0 SO
11 CO OO



G Divis on 7 Durango Colvrado San Juan and Dolores River Basins
Chuck Li e Divisior Engineer

The sate lite monitoring system is being effectively utilized in Division

7 for water rights administration reservoir management water resources

accounting and f ood monitoring The benefits of the system have reached the

majority of water users in this division

The McPhee Reservoir and olores Project administration is not as yet

totally functional since the praject 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 da ly basis The San

Juan Chama Project subnetwork has been effective in monitoring the Bureau of

Reclamation operations and he Lemon Reservoir subnetwork was quite helpf ul

this past season to monitor inflow to prevent downstream flooding

The satel l i te mon i tori ng system i s bei ng uti l i zed for dai y water ri ghts

administration relative to the olores Project This includes administering

allacations to the Montezuma Valley Irrigation District Mountain Ute Indian

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

the manager of the Dolores Water Conservancy District utilize the system in

the operation of McPhee Reservoir A water resources accounting system for

the Dolores Project incorporates real time data from five satel ite monitoring

stations

The La Plata River Compact is administered on a dai y basis by the Divi

sion ngineer and the District 33 Water Commissioner utilizing the satellite

monitoring system The Water Commissioner s able to access the system s data

base at any time util zing a portable computer terminal An upstream station

149
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IX DEFINITION F TERMS

NOMENCLATURE FOR STATI N NAMES

Stat on names have been abbreviated to eight characters The first three

characters dentify the r ver basin the second three characters identify the

statian location the last two characters identify the state Example The

monitoring station Colorado River near potsero Colorado is abbreviated

COLDOTC

DIVISIONS

The Office of the Colorado State Engineer Division of Water Resources

is divided statutor ly into seven divisions for purposes of water rights

administration The seven divisions coincide with the seven major drainage

basins in Co orado Each division has a central office administered by a

Division Engineer

Division l Gree ey Colorado South Platte R ver 6asin

Alan Berryman Division Engineer

Division 2 Pueblo Colorado Arkar sas River Basin

Robert Jesse Division Engineer

Division 3 Alamosa Colorado Rio Grande Basin

Steven Vandiver Division Engineer

Division 4 Montrose Co orado Gunnison River Basin

Thomas Kelly Diviszon Engineer

Division 5 Glenwood Springs Colorado Colorado River Basin

Orlyn 8e11 Dzvision Engineer

Div s on 6 Steamboat Springs Colorado Green River Basin

Steven Witte Division Engineer

Division 7 Durango Colorado Dolores and San Juan River Basins

Daries Lile Division Engineer
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Daily discharge va ues as listed n ARCHIVES are mean values computed

f rom 96 real time measurements and are in cubic feet per second cfs

Daily content values as listed in ARCHIVES are mean va ues computed

f rom 96 real time measurements and are in acre feet

COMMON WATER C NVERSI N FACT RS

1 cubic foot per second equa s 1 cubic foot of water passing a point in

one second of time

1 acre foot equals the quantity of water required to cover 1 acre of land

1 foot deep

UOLUME

1 acre foot 325 851 ga lons

i acre foot 43 560 cubic feet

1 cubic foot 7 4805 gallons

1 cubic foot second 448 8 gallons minute

i
cubic foot second 646 317 gallons day

1 cubic foot second 8fi 4 cubic feet day

1 cubic foot second 1 9835 acre feet day

1 cubic foot second 723 96 acre feet year

1 mi lion gal1ons day 1 547 cubic feet second

TIMES

M

1 mil ion gallons day 3 07 acre feet day

Times given are loca time based on a 24 hour clock
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