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Example 1: What information is available to help determine available flow
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District?
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Historical Crop Consumptive Use Analysis — Review
Estimating Crop Consumptive Use — StateCU

Example 5: Estimating crop CU for a specific ditch using the StateCU
Wizard



CDSS Overview

What is CDSS?

“Colorado’s Decision Support System (CDSS) is a water management system being
developed by the Colorado Water conservation Board and the Colorado Division
of Water Resources. The goal of this system is to assist in making informed
decisions regarding historic and future use of water”

When?

1992 — Colorado State Legislature authorized CWCB to conduct a needs analysis
and feasibility study for a Colorado River Decision Support System

1992 — Colorado River DSS development (HydroBase development)

1998 — Rio Grande DSS development

2001 — South Platte DSS development

2009 — Arkansas DSS Feasibility Study

Why?

To provide the capability to develop credible information on which to base

informed decisions concerning water resource management issues including:

e Interstate Compact Issues

e Resources Planning (response to population growth, drought and climate
change, environmental issues, etc)

e Water Rights Administration by DWR

How?

e Provide user-friendly access to quality controlled data (data-centered around
HydroBase) and GIS coverages

e Provide data and models to evaluate alternative water development and
administration strategies

e Provide a functional, integrated system that can be maintained and upgraded
by the State

e Have the capability to accurately represent current and potential federal and
state administrative and operational policies and laws

e Promote information sharing among government agencies and water users
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CDSS Products

1. Basin Operation Information
e Basin Fact Sheets
e Straight-line Diagrams
e Basin Information Reports
e Water Resources Planning Model User’s Manual
e Supporting Technical Memoranda

From the Colorado’s Decision Support Systems home page ( http://cdss.state.co.us/), select the
basin of interest under the Basin menu. Scroll to review available information. Selecting the
document will display in an internet browser, allowing the option to save in *.pdf format.
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South Platte

Overviews

A number of overview documents are available about the CDSS and its components, as well as work that has been
done in the major river basins in Colorado.

All Products

Cverviews

Consumptive Use

[ Straightline Diagrams - South Platte

DMI Utilities
These diagrams are updated versions of straightline diagrams drafted by water commissioners, other DWR
IS personnel, and consultants. The level of detail varies between water districts depending on current needs and
Ground Water Model usage.
Hydrobase Description File Type Date
Denver Regional Area Report 5/30/2007
Surface Water Model Water District 1 Report S5/31/2007
Water Budgst Water District 2 Report 10/8/2008
Water District 23 Report 3/26/2007
Other Products Water District 3 Report 7/13/2007
Archivas Water District 4 Report 8/27/2007
Water District 54 Report 7/13/2007
[ Information - South Platte Basin Background & General Information
Documents the general basin issues. Decision Support System expectations. Project elements and general
reference information. May also include meeting notices and minutes.
Description File Type Date
Core Advisory Committee Meeting Minutes
Vaating Miaotes Report 10/3/2005
Historical South Platte Irrigated Crops
/97
Poster of crop types in the South Platte in 1356, 1876, 1387, 2001 and 2005 Erochure 10/9/2007 v
8 €D trternet w00 v




2. GIS Coverages

From the Colorado’s Decision Support Systems home page ( http://cdss.state.co.us/), select GIS
under the Products menu. The File Download window guides you through either running the
program to extract and save the layers, or saving the self-extracting zip file on your computer -
allowing you to extract the layers at a later time.

(olorada’s Decision Support Systems—

Developed by DWR and (WCB
*Home Overviews Basin~ View Data~ Map Viewer Products~

Consumptive Use

DMI Utilities

Gis Welcome to Colorado's Decision Support Systems (CDSS)

Ground Water Model

HydroBase

Other Products
Surface Water Model ! EOLIQMMDMS\O“F
Water Budget WATER RESOURCES

Advanced Product Search = e e R

Colorado's Decision Support Systems (CDSS) is a water management system being developed by the Colorado Water Conservation Board and the Colorado Division of Water Resources. The goal
assist in makina informed decisions renarding historic and fiture se of water.

Scroll down to the Division you are interested in and click on Division X Layers. (Division 4 in
this example)

[ GIS Layer Data - Division 4 - Gunnison
GIS data layers are distributed in bundles.

Description File Type Date

Division 4 Contours

/30/
Contour shapefiles only. GIS Files 9/30/2004

Division 4 Layers
All Division 4 layers except contours. Includes irfigated land coverage for 1993 & 2001. GIS Files 7/1/2008
Updated: All HydroBase related point files.

Division 4 Metadata

This zip file contzins metadata files for all Division 4 GIS layers in .htm format.

Metadatz 7/1/2008

The File Download window guides you through either running the program to extract and save
the layers, or saving the self-extracting zip file on your computer - allowing you to extract the
layers at a later time. You may also want to download the associated Metadata.

File Download - Security Warning &l

Do you want to run or save this file?

Marme: div4_gis_20080701.exe
Type: Application, 20, 1ME

From: dwrftp.state.co.us

Bun ]’ Save ]| Cancel |

potentially harm pour computer, [F wou do nat tust the source, do not

| iﬁl While files from the Internet can be useful, this file type can
b
\—/ run or save this software. What's the risk’?




Available layers for each division include:

e Water division/district boundaries °
e Rivers .
e Diversion structures .
e Streamflow stations .
e C(Climate stations .
e Irrigated acreage (snapshot years) °
e Lakes/Reservoirs °
e Soil Data (AWC for CU analysis) °

3. General Water Resources Data

Contour Lines

Cities

Highways

Counties

Hydrologic Unit Codes (HUCs)
Land Use

PLSS (public land survey system)
Wells

e Stored in HydroBase, more data in completed DSS basins
e Can be accessed through the CDSS Website (see Examples)
e Can be accessed through Data Management Interfaces (StateView,

TSTool, StateDMI)

Available HydroBase data includes:

e Diversion records e Groundwater levels

e Streamflow measurements e Irrigated acreage

e Water rights and well permits e Agricultural statistics

e Climate data e Census data

e Call chronology e Owner/Operator information

e Reservoir contents e Structure physical information (headgate

capacity, area/capacity curves)

4. Modeling Software and Data Sets
e StateCU — Consumptive Use Model
e StateMod — Surface Water Model
e Data Sets



Colorado Water Rights Administration - Review

Some Definitions

Prior Appropriation Doctrine “First in time, first in right”. Water rights must
be put to beneficial use - use of a reasonable amount of water to accomplish
the purpose of the appropriation without waste.

Absolute water right: A water right that has been placed to beneficial use.

Conditional water right: right granted in water court that fixes the priority
and provides time to complete the appropriation as long as it can be
demonstrated that progress is being made toward project completion during
six year “diligence” periods.

Appropriation date: date water is first put to beneficial use or steps were first
taken to develop

Adjudication date: decree date
Abandonment - relinquished water right due to intentional non-use

Water rights are decreed for specific use(s). This, plus the fact that water
rights can be changed, requires detailed administrative accounting to be
performed by water commissioners.

In Colorado, water is a property that can be sold separately from the land;
however, the public retains an interest in the water. This allows for change of
water rights.

e Change in type of use (ex: from irrigation to municipal; from direct use

to storage)

e Change in point of diversion

e Adding points of diversion
Must be approved by water court to assure no injury occurs to other water
rights. Change in point of diversion or alternate points of diversion to
upstream locations require an analysis to determine “exchange potential”.



Filing for a new right for diversion or storage generally requires a water
availability analysis.

River call: a water right holder can “place a call” to the Division Engineer
indicating they are not receiving their full decreed water right and request
that the Division Engineer shut down (curtail) all upstream water rights
junior to the calling right.

1. CDSS has helped with the detailed administrative accounting to be
performed by water commissioners.

HydroBase data-entry tools, developed through CDSS, provide drop-down menus
that restrict typos and include built-in quality control checks.

Each water right location (decreed or conditional) has been assigned a 3 or 4 digit
integer identifier which, when combined with the Water District, is unique and
can be used to query information in HydroBase (termed WDID). In general:

e River Diversion IDs are between 100 and 1999

e Instream flow IDs are between 2000 and 2999

e Reservoir IDs are between 3000 and 3999

e Transbasin IDS are between 4000 and 4999

e Well IDs are greater than 5000

For example, the WDID for Larimer County Canal is 0300911 where 03 indicates
the structure is in Water District 1, and 911 is the unique identifier for the ditch
headgate location. All of Larimer County Canal’s over 50 water rights are
“associated” with WDID 0300911in HydroBase.

River diversions and reservoir releases are coded by source, location of source,
use, and type — know as DivClass or SFUT (and now SFUTG, where G lists an
augmentation plan). Structures are also assigned a Current In Use code (CUI
code) that reflects current conditions. In addition, there are standard codes used
in Water Commissioner comments that provide information in lieu of diversion
records.

The Water Commissioner Handbook describes standard diversion and use codes
and provides examples of how to code specific diversions. The following tables
are directly from the Water Commissioner Handbook.



SUMMARY OF DIVERSION CODING..... SOURCES

o
b

pit

COMMENTS

Natural Stream flow

Water available for Diversion in priority o satisfy
water rights.

Reservoir Storage

Water that is actually stored in a Reservoir. Not !
flow through water. | '

Ground Water
(Wells)

Both tributary and non-tributary waters. (The
stream # in the structure file will identify the
actual source in the diversion reports).

Transbasin

The same as transmountain; water imported from
another basin

Non-Stream
Sources

Springs and seepage

Combined

iG'

A non-additive source code generally used when
water is measured beyond the headgate where
sources have been mixed. This code is used to
keep from double accounting. At the intake the
different sources are identified and the uses are
not, while at the delivery points the source equals
combined and the use is identified.

Transdistrict

Water imported from one sub-basin into another,
both sub-basins being part of the same river
basin. ’

Re-Used

Water used once and put back in stream to be
re-used generally by exchange or for
augmentation. Usually sewage effluent water
from sources which may be fully consumed.

Multiple

Water with numerous sources that arent
separable. Differs from Combined in that each
use is identified and Multiple source water totals
in structure and district summaries. Another
difference is that Multiple source water is only
measured once whereas Combined water is
measured twice.

Remeasured and
Rediverted

Water that has been measured, diverted, and
used later downstream.




SUMMARY OF DIVERSION CODING...... USES

e
e ig%%ﬁ% CODE COMMENTS
Storage 0 (Zero) | An intermediate use before the final beneficial
use.
Irrigation . i Water applied to crops
Municipal 2 Urban use
Commercial 3 Ordinary non-manufacturing: retail,
stockyards, campgrounds, efc.
Industrial 4 Manufacturing, mining, steam power, etc.
Recreation 5 Non-consumptive (except evaporation)
Fishery 6 Non-consumptive (except evaporation)
Fire 7 emergency and intermittent use
Domestic 8 household, lawn & garden
Stock 9 livestock watering
Augmentation A augmentation water, maybe used with type=6
| (replacement to river)

Export from Basin B Water being diverted from one sub-basin to
another in the same basin and or remeasured
and coded as to actual use.

Evaporation E Non-beneficial use
Geothermal G Non-consumptive (except evaporation)
In House H Household use only
Snow making K Non-consumptive
Min. Stream flow - M As defined in statute and used in decrees.
Power Generation P Non-consumptive
Other Q Used with a type code; when the use is
recorded elsewhere or there is no actual
beneficial use.
Recharge R Water used for ground water recharge

Export from State S Water being diverted out of state

Transmountain g Water diverted from one basin to another
Export
Wildlife w MNon-consumptive




SUMMARY OF DIVERSION CODING...... TYPES

CODE COMMENTS
Blank is acceptable
Administrative *0 Water that is recorded for administrative

Record Only (Zero) purposes.

Exchange 1 Where water is diverted out-of-priority at one
structure and replaced at another.

Trade 2 A particular part of an exchange where the
release is not back to the stream but directly into
the effected structures

Carrier 3 Water diverted into a "carrier" ditch or canal
within a district and remeasured for diversion and
actual use in the same district. Used to avoid

: duplication of "Uses"
Alternative Point of . 4 Decreed water rights taken in another structure
Diversion . )
Re-Used 5 (this code was replaced by Source equals reused
and is no longer used as a type code).
Replacement *6 Water replaced as exchange for upstream
to River diversions. Water released for augmentation
olans also fallin this category.

Released to River o River being used as a camier for water to be
picked up downstream or water released for no
beneficial use.

Released to “8 Water released so that it can be picked up and

System ) measured in another structure.
User-supplied +9 Diversion information supplied by the user that

Information has not been verified. After 1992, not used as a
type code.

Augmented A Jsed only for augmented water. The use of
augmented water would be the beneficial use it
was being put to.

Gecthermal G Geothermal

Reservoir S Release made by upstream reservoir in lieu of a

Substitution release by a downstream reservoir when no

exchange between reservoir exict

* water does not add into strucmre totals

+After 1992, user supplied data is notated in a special field fied to each daily amount field.
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CURRENT IN USE CODES

A Active structure with contemporary diversion records

0 . Structure Abandoned by the courn

c Conditional structure

D Duplicate, ID is no lunger used

F Structure used as FROM number-located in another District

H Historical sorucure only-ne longer exists or has records,
but has historical data

I Inmacive struciures which physically exist but no diversion
records are kep: '

N Non-existent structure with no contemporary or historical
records

U Active Structures but diversion records are not maintained

When a structure with a CIU of A (Actve stucturs with contzmporary Diversion Records)
hzs no diversion records for the current year, the Not-Used-Codes (NUC) and in the case r;rf
recorded releases from Reservoirs, the Not-Released-Codes (NRC), are used:

NOT-USED AND NOT-RELEASED CODES

Structure is not usable

Mo water is available

Watzr available, but not taken
Water taken in another structure
‘Water taken but no data available
Mo nformation available

MmEHAg oW >

For example, diversion coding for Lower Platte and Beaver Ditch includes the
following:
e S:1F:U:1T:G: (Source River for Use Irrigation)
e S:2F:6403552 U:1 T:1 G: (Source Storage from WDID 6403552 -
Prewitt Reservoir for Use Irrigation by Type Exchange)

2. CDSS has increased the efficiency and accuracy of water rights change
analysis.

Analysis for water rights changes requires the information stored in HydroBase.
Quality control procedures for storing data, and web-based access to data has
increased efficiency of analysis and reduced water court disagreements over data
sources and manipulation. StateCU has provided a tool for consultants to use to

11



determine historic uses, and for water administrators to use to review for
consultation. For several consultants, StateMod has provided a tool to look at
exchange potential under current and estimated future conditions.

3. CDSS has provided a tool to look at water available for a new diversion or
reservoir.

Water availability requires defining the physical supply, legal supply, and reliable
supply for a new water right. Information available in HydroBase, including
historic streamflow data; diversion records; and call records; can estimate water
availability based on historic water uses. StateMod can estimate water
availability based on current use and future use.

Physical Supply
e Where is water available compare to demand? (spatial availability)
e Isthe supply available when the demand requires it? (temporal availability)
Legal Supply
e Is the physical supply available in priority?
e |sit committed to downstream, senior uses?
e Will it be available if conditional rights are perfected, or transbasin
diversions are reused?
Reliable Supply
e Will the supply be there in a drought year?
o Will the supply be reliable if other conditions change?
— Administrative changes
— Climate change
— Compact restrictions

12



Example 1: What information is available to help determine available flow for an
instream flow request on Tabeguache Creek?

Step 1 — What stream gages and diversion structures can help with the analysis? Diversion
records and comments can provide clues and help determine the “right questions” to ask the
water commissioner.

If you are a GIS user, you can use the CDSS GIS layers to identify stream gages and diversion structures.
If you are not a GIS user, or want to quickly identify nearby features, use the CDSS Map Viewer. Select
the Map Viewer tab on the CDSS homepage and click on Accept Disclaimer and open CDSS Map
Viewer. * *You will need to turn off the Popup blocker **

(olorado’s Decision Support Systems-

Developed by DWR and CW(B

Home Overviews Basin-+ View Data~ »Map Viewer Products~

CDSS Map Viewer
DISCLAIMER

The Colorado Division of Water Resources (CDWR) information is provided for informational purposes only. COWR makes no express or implied warranties or representations as to the
accuracy, usefulness, timeliness or completeness of the information. COWR. assumes no liability for any damages that may result to any user as a direct or indirect result of any decision
or action taken or not taken, based in whole or in part on use of the information. The user shall assume all risk of using the information.

At this time, CDSS Map Viewer fully supports Internet Explorer 5.0 and higher, and most features also are available with other browsers. You may need to disable your pop-up
blocker to view metadata or to print a formatted map. To disable the pop-up blacker with Internet Explorer 6, select Toolsfrom the main menu, then select the Pop-up Blocker
sub-menu and select Turn Off Pap-up Blecker. With other browsers and pop-up blockers, please refer to the Help documentation for instructions on how to disable the blocker.

Flease direct all questions or comments about CDSS Map Viewer to the address on the CDSS Map Viewer toolbar.

Accept Disclaimer and open CDSS Map Viewer

g Colorado's Decision Support Systems CDSS Map Server velop B and DWR [ONEEEE visitors

AutoReﬁesng ’@Q‘{"ﬂo‘ﬁhd“{asqssaeﬂ 0|;Q_E[‘M

L1 climate
L1 Gages
(C0 piversions
(C30 well Applications
(C30 1nstream Flow
3 Base
-0 - Rivers
[¥l -~ Main Rivers
-0 £ |akes and Reservoirs
¥l % Main Lakes and Reservo
[0 = Aluvial Aquifer
A e Designated Basins
-/ &3 Management Districts
[0 2 Bedrock Aquifer
Ad Highways
I Cities
0O Townships
0 O sections
07 counties
{50 Districts
-[0 [ Basins
¥/ pivisions
010 Land Use
(C10 Background

iy

Sila maintained by the Calorade Division of Walar Rasources, last

il 2Eiml

Done (& € meernat H100% -
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Similar to other map viewer programs, you can zoom, pan, and identify information. The StatelMS User
Manual, which includes instructions to zoom, pan, display specific GIS layers, and select features, is
available on-line by selecting the | ? | button.

Display the Diversions.. Diversions layer, the Base..Rivers layer and the Gages layer by clicking the check

box next to the later name. You can also use the find button | 4| to selecta specific diversion or
gage station in the area of interest. —

Step 2 — View diversion information available in HydroBase.

To select specific features, the layer name in the layer list must be active — click the layer name, making
sure it is highlighted gray. Activate the Diversions layer and select diversions, using the select by
rectangle button, graphically select diversions located in the instream flow reach.

B Colorado's Decision Support Systems CDSS Map Server velop CWC DWR ors |

(] Climate

(C1l¥l Gages

{3 piversions

-------- O = pecreed wels

-------- [0 = Transbasin Structures
[¥ = Diversions

-------- [0 & Reservoirs

L3I0 well Applications

L3 mnstream Flow

{3l Base

........ ¥l - Rivers
[¥#l -~ Main Rivers

-------- [0 &= Lakes and Reservoirs
[¥l 5% Main Lakes and Reservo g
[0 = Aluvial Aquifer

........ [0 = pesignated Basins
[0 3 Management Districts
[0 =2 Bedrock Aquifer

........ [H ~ Highways
[CI cities
00O Townships

-------- [0 O sections
E] counties
{07 Districts

-------- 0O Basins
¥ O pivisions

I Land Use

(C31# Background

] [ W 1| St G

Diversions Lo |
Zoom to F: 5]
Rec |HTMLLINK WD | 1D HAME CIU DIV | COUNTY |ST WATER_SRC UTH_X | UTM_Y |DATUM ZONE |LATDECDEG |LONGDECDEG ACCURACY ID_LABELG |
1 (@osinfs )P0 758 | SKEES DITCH U |4 |MONTROSE|CO|TABEGUACHE CREEK 1885007 42517538 |NADS3 12 |28.360495 |-103.553425 |Spotied from quarters | 800758 | —
2 |mowinfs |60 |778 | TEMPLETGN DITCH A |4 |MCNTROSE |CO|TABEGUACHE CREEK 136280 2 42519215 |MADS2 |12 [38.360525 |-103.580332 |Spotied from quarters | 800778
2 |moinfs 60 |77E | THIRD PARK RES DITCH M |4 |MONTROSE|CO|TABEGUACHE CREEK 1370538 42510768 MADS2 12 |38353195 |-108.581122 | Spotied from quarters 600778 |4
<

| 5

(% € Internet H100% -

View more about a Feature by selecting more info. This takes you to the CDSS Structure Data Selector
window. Highlight the structure and select the Structure Summary button to view all information about
the structure.

Tip: Start with the Structure Summary when investigating diversions. The summary reports all available
information, including source, legal locations, water rights information, monthly diversions, and water
commissioner comments.

14



W & | @wes coss structure | | - B

Water Division/District: |...60 - San Miguel River Basin v Last Refresh Date
Structure Type: | All Structures v 2009-05-01

Structure Name | Structure ID | Source | Legal Location | Decreed Amounts | Owner Name | Case Number|

Structure Id: | 776 To Submit Request

Help?
Select a row from the search results below to activate the reporting features
Div |WD | Structure Structure Name Q10 |Q40 |Q160 |Sect |Twshp (Range |PM |Distance |Distance Water Source
D From From
N/S Line | E/W

3 & & TEMPLETON DITCH NW 1 TABEGUACHE CREEK

1 records returned

Results List Report:

Structure Reports:
Adobe Acrobat (Preferred for Printing) >

Generate Report

Web CDSS Structure Data Selector Version 1.10.29.04 @ 2007 Division of Water Resources - State of Colorado

Specify the information you want to review, and select the Get Structure Summary button.

| = Structure Summary Detail - Windows In... g|§|g|

& | http:ffodss, stake,co.usistructurefStructureDetail, aspx hd

Water Rights Data:
Water Rights Transaction Summary

Water Rights Net Amounts
Irrigated Acres Summary
Irrigated Acres From GIS Data
Diversion Records

Totals

Diversion Comments

Get Structure Summary

Cancel and Close Window

Review the Structure Summary Report for information regarding water available to the instream flow
right. Note the relative seniority of the ditch water rights and if the water commissioner comments
include “No water available”. If “No water available” for a junior ditch, may still be water in the reach.
If “No water available” for a senior ditch, likely means the reach is dry.

15



e http:ffcdss.state.co. usfstructure/StructureSummaryReport.aspx - Windows Internet Explorer

& | htkp://cdss. state. co.usfstructurefStruckureSummaryReport . aspi hd
SRS o O & eelin) fw B~ ¢
~
Structure Summary Report T
State of Colorado HydroBase
Structure Name: TEMPLETON DITCH Water District: 60 Structure ID Number: 776
Source: TABEGUACHE CREEK
Location: Q10 Q40 Q160 Section Twnshp Range  PM D |
SE MW NW 1 47N 168W N
Distance From Section From N/S Line: From E/W Line:
UTM Coordinates (NAD 83):  MNorthing (UTM 4251922 Easting (UTM x): 1862802 Spotted from PLSS distances from section ines
Latitude/Longitude (decimal degrees): 38.380525 -108.580332
Water Rights Summary: Total Decreed Rate{s) (CFS): Absolute: 5.5000 Conditional: 0.0000 APYEX: 0.0000
Total Decread Volums(s) (AF) Absolute: 0.0000 Conditional- 0.0000 APIEX: 0.0000
Water Rights -- Transactions
Case  Adjudication Appropriation Administration Order Priority Decreed  Adjudication
Number Date Date Number ~ Number  Number Ameount Type Uses Action Comment
ChAdedl 1939-11-01 1%26-10-22 3080428053 0 273 20000C 8§ 1 TABEGUACHE GRT SAN MIGUEL R P
ChAdedl 1939-11-01 1335-06-15 31211.00000 0 340 15000C 8,C 1 CGOND DECREE TABEGUACHE GR T SAN MIGUEL R
CA5882 1939-11-01 19350615 31211.00000 0 1.5000C S,CA 1 TABEGUACHECR P 533
CA5882 1952-07-10 1339-03-15 32811.32580 0 3% 05000C 8§ 1 TABEGUACHE GR P 652
CA5882 1952-07-10 1349-05-01 36403.00000 0 15000C 8,C 1 P 662
Woe06 1952-07-10 1949-09-01 36403.00000 0 1.5000C S,CA 1
Water Rights -- Net Amounts
Adjudication Appropriation Administration Priority/Case Rate (CFS) Volume {Acre-Feet)
Date Date Number Order Number  Number Absolute Cenditional APEX Absclute Conditional APEX
19381101 1826-10-22 30604.28053 0 273 2.0000 0 0 0 0 0
1938-1101 __1835-06-15 31211.00000 0 34n 45000 n f n f n ™
Unknown Zone

Close the Structure Summary Report and choose the Diversion Records button. Available diversion
classifications and time-steps will be presented, as outlined in the Water Commissioners Handbook.

Tip: Daily records for senior ditches can provide an indication of the minimum flow in a reach during the
irrigation season on streams with no gaged data. Diversions classes can identify how much flow in the
river is non-native (from reservoir releases or transbasin diversions). If senior ditches routinely divert
less than decree, questions to ask the Water Commissioner include “Are they taking less than their
decree because they don’t have the demand for the water? Is there a physical water limitation? Is there
a legal water limitation?” Infrequent diversion records often include annual totals for ditches
infrequently visited by the water commissioner.

Highlight the Diversion Record of interest (in this example select Diversion Daily Total), chose the

Summary button to review daily diversions or chose Export to save in text file or to open in Microsoft
Excel.
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& | hitp:ficdss.state, co,usfstructure/DiversionRecords, aspsx A

Diversion Records:

Type Time Step Identifier Quality | Start Year |End Year |Meas Count
Diversion |Annual Total 1974 2008 420
Diversion |Annual S:1 F: Uil T: G: 1974 2008 14700

» Diversion | Daily Total

Diversion |Daily S:1F: Uil T: G 1974 2008 3877

* = Infrequent Diversion Record

To select multiple diversion records in the grid above, hold the Ctrl key and click on each row to select. Click
again to unselect.

[]Diversion Comments ( 1975 - 2000 )

Reservior/Release Data:

Report Options:
Start: 1974 0:—2008

Coommy |

Cancel and Close Window

Done [# €D Internet #100% -

Step 3 — View stream gage information available in HydroBase.

Using the CDSS Map Server, activate the Gage-Historic layer and select diversions, using the select by
rectangle button, graphically select nearby stream gages located near the instream flow reach. For this
example, it may be useful to view the historic flow at the gage in the upstream reaches of Tabeguache
Creek to get a sense of physical flows. Because several tributaries contribute flows before the instream
flow segment, this could be considered the minimum flow likely to be seen in the reach.

View more about the Tabeguache Creek near Nucla gage Feature by selecting more info. This takes you
to the CDSS Stream flow Data Selector window. Highlight the station and select the Summary button to
view information about the structure and get a sense of data availability. In this example, data is only
available from April 1946 through September 1953.

Tip: When investigating tributaries with limited historic streamflow measurements, the information is
valuable especially if you understand the types of years and/or months (wet, dry, average) it represents.
Use a long-term gage in the same basin to “rank” flow years and extend those categories to your limited
gage. This can be done easily with TSTool and Excel — see Example 3.

To view or export daily data, change the Data Frequency drop-down menu to “Daily” and hit the Submit
Request button.
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| fi

& Weh CD3S Streamflaw |

w &

Water Division/District: All - Entire State 5 Last Refresh Date:

Flow Data u F b 2009-05-01
Frequency: Daily >

Station Name | Station 1D | SEQ Abbreviation | County | Hydrologic Unit Code |

Station ID: 09176500

Select 2 row from the search results below to activate the reporting features
Data Type

County

Station Name

Station
1D

60 |09176500 |TABN

O | TABEGUACHE CREEK NEAR NUCLA, CO. (USGS Streamflow | Daily

1 records returned

Results List Report: Time Series Report:

Adobe Acrobat (Preferred for Printing) % Time Series Period: 1946-01-01 To: 2003-12-31

Graph ] [ Summary ] [ Export

Web CDSS Stream Flow Data Selector Version 1.8.19.12 © 2008 Division of Water Resources - State of Colorado

Before closing the CDSS Map Server, activate the Climate, Temperature Station layer and identify
climate stations that are near Templeton Ditch. This information will be used in Example 5.
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Example 2: What are the conditional direct diversion rights for energy use in the
White River basin?

Step 1 - Find the water rights for a specific district with use type “Industrial”. Note that “industrial”
includes manufacturing, energy and mining uses.

Select View Data tab on the menu bar of the CDSS home page. * *You will need to turn off the Popup
blocker ** The HydroBase overview window will be enabled. Note that this window can also be
enabled by selecting HydroBase under the Products tab. The HydroBase overview window provides the
option to view Data Dictionaries to better understand the information in HydroBase and view User
Manuals for instructions to query and extract data through the CDSS website.

= — s »
e e |@Co\orado's Decision Support Systems | ‘ [ i ] e - |- Page - ) Tools -

(olorado's Decision Support Systems-

Developed by DWR and CW(B

Home Owverviews Basin~ *View Data~ Map Viewer Products~

Hydrobase
Any Location ) . ) . _ )
HydroBase is the State of Colorado’s relational database, containing streamflow, diversion, water rights, and other
Arkansas d
ata.
Colorado
[ Information - HydroBase Online Tools
Dolores / SanJuan
s HydroBase Online Toals are utilities that query HydroBase and return data.
unnison
Description File Type Date
Republican 2DMIN ATION: Aot ™
" DMINISTRATION: Active Call= Online Application 2/1/2006
4 Currently active calls by Division.
Rio Grands ADMINISTRATION: Streamflow Stations (real-time data)
South Plathe Rezl-time data collected from a network of satellite stations across the state of Colorade and  |Online Application 5/13/2005
the west.
Statevide ADMINISTRATION: Water Information Sheets I -
/13
Daily administrative data ths shove how the river is baing adminsterad. Online Application °/13/2005
Yampa / White Call Chronology
gy i1y
The history of administrative calls placed on the river. Online Application 2/1/2008
Call Chronology Data Dictionary
J11/
This document includes definitions of the fields in the Call Chronclogy online application. Metadata [#/11/2008
Call Chronology User Manual
This user manual includes = description of the Call Chronology online application, along with a  |User's Manual l4/11/2008
"How to" section to help users get started using the tool.
Climate Stations
Evaporation, Temperature, Precipitation and Snow Depth dats from the Nation Oceanic & 13y
Atmospheric Adminisration and the Colorade Agricultural Metaoralogical Network for the state of |ONIine Application 9/13/2005
Colorado.
Climate Stations Data Dictionary
J11/
This document includes definitions of the fislds in the Climate Ststions online asslication. Metadats [#/11/2008
Climate Stations User Manual 2
e e o etl imlido o e mmie £ b Almhe o elime —oliciioe leoe bl - lieoais saemees aieyinnnn
Done (3 @ mternet 0% <

Scroll down to select and enable the Water Rights Data Dictionary window. Description of water rights
information stored in HydroBase, including use types, is enabled to view or print.

@ ftp: ) fdwrftp state. co.usfcdss /webtools/Data_Diction. . ‘ | & v B 8= - [ Page - () Tooks

=& el (NG §(©& Lo Fee- (5 (] [m ]

Water Rights

Data Dictionary

Column Name Description Datatype|
Action Comment ThIS corn_ment describes any issues worth noting for the particular water Character
right action
Action Update [The date the record was inserted/modified Datetime

Date the water right was settled by judicial procedure, i.e. date that the
court awarded a water right
o Pre-1969 adjudications: The day the Judge signed the decree
o Post-1969 adjudications: The last day of the year of filing
\Adjudication type coding.

AB - abandoned

AP - alternate point

C - conditional

CA - conditional made absolute

EX - exchange

O - original

S - supplemental

TF - transfer from

Adj Date Datetime

Adj Type Character

Unknown Zane
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Close the Water Rights Data Dictionary window and select the Water Rights User Manual option.
Water Rights Description with Step by Step Instructions is enabled to view or print.

m = —— - »
o |’_éFtp:Hdwrftp.state.co.us,l’cdss;’webtoo\s,iHaIp_WatarR\...‘ | -a:i? - B fan - |ikPage ~ i Tools -

=5 A D & e (l Sy & (8 e[| A B |-

Water Rights
Description with Step by Step Instructions

Description:

The Water Rights information tool returns data describing water rights: location of the
structure on which the water right is declared, legal attributes of the case, and properties of
the case.

Water Right data may be selected using a combination of:
+ Division/Water District
* Structure Type
» Water Right Type
And may be further refined using one of the following criteria:
» Water Right Name
Case Number
Source
Priority Number
Legal Location
Use
Decreed Amount
Structure ID o

Urknown Zong

You can select Water Rights Online Application from the HydroBase window, or you can mouse-over the
View Data tab on the menu bar, then click “Water Rights”. Both these options enable the CDSS Water
Rights Data Selector screen. The following Data Selector options are available, and include Data
Dictionaries and Descriptions with Step by Step Instructions to view or print as demonstrated for Water
Rights:

e (Call Chronology

e C(Climate Stations

e Groundwater — Other Data

e Groundwater — Water Levels
e Streamflow Stations

e Structures

Aquifer Determination Tools option is also included under the View Data tab. This allows the user
to extract aquifer characteristics consistent with the Denver Basin Rules based on a user-input
location. Output also identifies whether the aquifer is tributary or non-tributary at a given location.
Other Data option included under the View Data tab include agricultural statistics acreage and
livestock census.
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w ’1'% I @ Colorada's Decision Support Systems l I

- . »
o= v lZ}’Eage - {f Tools -

Colorado's Decision Support Systems-

s Developed by DWR and (W(B

Home Owerviews Basin~ *View Data~ Map Viewer Products~

Division/Water District: |AII - Entire State V‘
Structure Type: | All Structures v |
Water Right Type: |Transa:tiun List V‘

Date Last Refreshed:

Sort Order:

Water Right Name | Case Number | Source | Priority Number | Legal Location | Use | Decreed An >

Alpha (Structure) v

2009-05-01

Water Right Name: ‘Stans With V| |

Submit Request

Help?

Mo Data To Display

Water Rights

Done

=i

EB e Inkernet

0% -

Select the Water District “43 - White River Basin” from the drop down list labeled Division/Water
District. Further refine the search by selecting “Ditch” from the Structure Type drop down list and “Net
Amounts” from the Water Right Type drop down list.

To define the rest of the search options, select a search tab. In this example, highlight the Use tab and
select “Industrial” from the Use drop down list. Click on Submit Request to display the 75 records
stored in HydroBase that match the search criteria. Note that the Help? Option will also display the Step

by Step Instructions for using this form.

w e I@Cn\nradn‘sDecismr\SuppnrtSystems I }

(olorado's Decision Support Systems-

™ Developed by DWR and CWCB.

Home Overviews Basin~ »View Data~ Map Viewer Products-+

Division/Water District: ...43 - White River Basin
Structure Type: 1 - Ditch
Water Right Type: Net Amounts

Water Right Name | Gase Number | Source | Priority Number | Legal Location | Use [ Decreed An

Sort Order:

Date Last Refreshed:

>

2009-05-01

Alpha (Structure) v

Use: ‘ INDUSTRIAL [4] ~ Submit Request
~—
Help?

DIV |wD | ID Water Right Name Water Source Q10 |Q40 Q160 |Seca

6 43 |526 |BARBOUR NORTH SIDE D MARVINE CK NE |SE 26

5 43 |1027 |BELOT MOFFAT DITCH PICEANCE CK sw o [sw |25

6 43 1027 |BELOT MOFFAT DITCH PICEANCE CK sw[sw |25

5 43 |548 |BOIES DITCH BLACK SULPHUR CK sw o [sw |20

3 43 3184 |CORRAL GULCH BORROW AREA DITCH CORRAL GULCH NE SE 33

[ 43 |2667 |CORRAL GULCH NO. 1 CORRAL GULCH sw INE 35

Done
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Tip: There are several options to narrow down the search of water rights in HydroBase. The tabs that
refine searches cannot currently be used in conjunction, so choose a narrowing search then use Excel to
sort and categorize further. For example, this search could be refined by Decreed Amount instead of
Use, requesting Decree Type - Cond Rate > 0. Conditional rights for all uses would be selected (instead
of the just the Industrial Use defined above), and Excel could be used to further sort and categorize by
use.

Step 2 — Output the information to Excel for further analysis.
The water rights selected can be output into a standard Tabulation Report by Administration number
(Adobe) or the Results List shown in the form can be output in several formats, including Adobe, HTML,

Excel, CSV, or Tab Delimited.

Select “Results List as CSV” from the Output Options drop-down list and click Generate Output. A File
Download dialogue box will allow the file to be opened in Excel or saved. Choose “Open”.

e o [@c:.luradn‘sDeusmniuppmtﬁystams I I

Structure Type: [1-Ditch v
Water Right Type: | Net Amounts V‘ Sort Order: Alpha (Structure) %
Water Right NamTCase Number | Source: Pmri'tyNumberTLegal Location | Use | Decreed An © >
Use: |INDUSTR\AL [4] "‘ Submit Request
Help?
piv |wp | D Water Right Name Water Source Q10 |Q40 Q160 |Seca
6 43 |526 |BARBOUR NORTH SIDE D MARVINE CK NE |SE 26
6 |43 |1027 |BELOT MOFFAT DITCH PICEANCE CK sSw_|[sw |25
[} 43 |1027 |BELOT MOFFAT DITCH PICEANCE CK sw |[sw |25
6 |43 [548 |BOIES DITCH BLACK SULPHUR CK sw [sw |20
5 43 |3184 |CORRAL GULCH BORROW AREA DITCH CORRAL GULCH NE |SE 33
6 |43 |2667 |CORRAL GULCH NO. 1 CORRAL GULCH sw |NE 35 &
< | >
75 records returned
‘Output Options:
Results List as CSV ~
Generate Qutput

Web CDSS Water Rights Data Selector Version 1.09.12.32 © 2008 Division of Water Resources - State of Colorado

Colorado’s Decision Support Systems Terms Of Use

Tip: Decreed and conditional water right rates are stored in HydroBase as a text field. If you choose the
“Export as Excel” option when querying HydroBase, you will need to convert text columns to values to
be able to use arithmetic functions, such as summing or averaging. If you save the output as a CSV file,
it automatically brings rates and other numbers into Excel as a value field.

Step 3 — Sum conditional water rights in Excel.

In Excel, sum the Conditional Rates column. There are 37 conditional water rights with a use type of
industrial assigned to ditches in the White River basin, for a total diversion rate of 1,432.36 cfs.
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Step 4 — Check for direct conditional rights for industrial use assigned to pipelines or pumps.

Follow the same procedure selecting Structure Type “Pipeline” and structure type “Pump”. Note that
selecting all structures with Use “Industrial” will yield an incomplete HydroBase search and the message
“Search results limited to 344 records. Please refine search for better results.” Therefore, breaking the
search into smaller queries is the best option. There are 25 conditional water rights with a use type of
industrial assigned to pipelines for a sum of 3,051 cfs. There are 7 conditional water rights with a use
type of industrial assigned to pumps for a sum of 251 cfs.
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Example 3: Updating values presented in the Snake Diagram (with low, average
and high years).
COLORADO

HISTORIC AVERAGE ANNUAL STREAM FLOWS

(acre feet)
& '.I.' B0

401 200

NORTH FORK ___(

REPUBLICAN

o %0 B
o
¢ \Qgﬂk Al Berkaimay, NE =

WEST TOMMRD PACIFIC CCEAN 5,807 450 a!

EAST TCWARD ATLANTIC OC

164 200

MCELMO

3,100 of

MANCOS
-

. 291200 TOTAL LEAVING COLORADD 10,240,500 of
Prepared by the Hydrographic Branch (2003 Revision} OFFICE OF THE STATE ENGINEER
Historic averages obtained from USGS Water-Data Report CO-02 COLORADO DIVISION OF WATER RESOURCES

Daily and monthly streamflow measurements are stored in HydroBase. In this example, we want annual
results to determine average annual of available records, the average for dry years, and the average for
wet years. Monthly data can be extracted with the on-line HydroBase Viewer used in Example 1 and 2,
then brought into Excel for further manipulation using Pivot Tables or other automated methods for
summing monthly to annual. Another option is to extract the monthly data using the Data Management
Interface TSTool; then use the TSTool option to change the interval to annual.

TSTool, and the TSTool User’s Manual, can be downloaded from the CDSS website. Mouse over
“Products” on the menu bar, then click DMI Utilities. TSTool can be installed directly from this screen.

Tip: State employees have direct access to HydroBase through the State’s central server. Water users
and consultants outside the State must purchase a “stand-alone” copy of HydroBase and have it
installed on their computers to use TSTool or StateDMI. For most non-state users, the online-view data
tools are sufficient, coupled with Excel for data manipulation or statistical analysis. Developers and
users of StateMod require a stand-alone HydroBase installation.
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Step 1 — Use TSTool to extract monthly streamflow data from HydroBase.

Determine the streamflow data of interest. In this example, we will extract the streamflow stations
used in the Snake Diagram for the Rio Grande basin as follows:

e South Fork Rio Grande at South Fork (Station ID 08219500)

e Conejos River near Lasauses (Station ID 08249000)

e Rio Grande at Thirtymile Bridge, near Creede (Station ID 08213500)
e Rio Grande at Wagon Wheel Gap (Station ID 08217500)

e Rio Grande near Del Norte (Station ID 08220000)

e Rio Grande near Lobatos (Station ID 08251500)

Open TSTool by clicking on the application on your desktop or through an explorer window. TSTool will
prompt you to Select HydroBase. Use the dropdown menus to point TSTool to the appropriate
connection and select okay.

Input/Query Options Window

Input Type: in the Input/Query Option box should be set to “HydroBase”. Set Data Type to “Stream —
Streamflow”, and Time Step: to “Month”. Note that data available under the View Data tab on the CDSS
website, described in Example 2, are available through TSTool. Additional information not available
directly from the website includes population census data and reservoir content data.

Further refine the query using the three available drop-down query boxes. Options for query
refinements include County Name, District, Division, HUC, Station ID, and Station Name.

Refine the search in the first box by selecting Where: Division Equals 3-Rio Grande. Refine the search in
the second box by selecting Where: Station Name Starts with South. Click on the Get Time Series List
button. Four stations meeting these query criteria are shown in the Time Series List window. The Time
Series List window provides general information about the time series, including Data Source and Start
End Dates.

& . TSTool - no commands saved

File Edit View Commands Run sulks - Tools  Help

InpLtiGuery: i rTime Series List (4 time series, O selected

|ID CO Abbrev. [Name/Description Data Source ||Data Type
RORDSCC0 MORDSCCO  [SOUTH CHAMMEL NORTON DRAL., [DWR |Streamflow
- 05219500 RICSFKCO  [SOUTH FORK RIO GRANDE AT S... [DWR [Streamflow
Datailiypedstream - Streainflow > SOULASCO SOULASCO  [SOUTH CHANNEL CONEJOS RIVE .. [Streamflaw
Time Step: Marth v | SOUCRECO SOUCRECO  [SOUTH CRESTONE CREEK NEAR .. |Streamilow
‘Where: Division b _;Equals * [3 - Rin Grande
Yyhere: Station Mame v | |Starts with V South

FoLt Type:?HydroBase |

It Marme:

v | |Matches v |

Caopy Al to Commands

Camimands (0 commands, 0 selected, 0 with failures, 0 with warnings)

2
3
4

Fesult:

Enzembles | Output Files | Tables | Time Series |
0 time series, 0 selected
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Highlight the South Fork Rio Grande at South Fork Gage in the Time Series List window and click the
Copy Selected to Commands button. This creates a command that tells TSTool to extract monthly
streamflow data for station 08219500 from HydroBase. Repeat these steps for the Conejos gage by
selecting Where: Station Name Starts with Conejos in the Input/Query Options window and clicking on
the Get Time Series List button. Five time series are listed in the Time Series List window. Highlight the
Conejos River near Lasauses gage and click the Copy Selected to Commands button. Lastly repeat these
steps to get the main stem Rio Grande gages by selecting Where: Station Name Starts with Rio Grande
in the Input/Query Options window and again clicking on the Get Time Series List button. Highlight the
four gages Rio Grande gages listed above (hold the shift key when selecting to choose more than one
gage) and again click the Copy Selected to Commands button.

Commands to extract monthly data from HydroBase for each of the six gages of interest are now shown
in the Commands window. At this time, selecting the Run All Commands button will extract the data
from HydroBase and hold it in memory.

% T5Tool - no commands saved @@

File Edit Wew Commands Run Resuts Tooks Help

Finput/Query Option Time: Series List (22 time series, 4 selected)
Input Type: HydroBass v D HCO Abbrev. |NameDescription Data Source |Data Type Time Step Units
13 [05240000 RIGTRICO |10 GRANDE AE MOUTH TRINCHERA C NR LASAUSES...[DWR Streamflow Morth ~
U i 11 RIOLOBCO  |RIO GRANDE NEAR LOBATOS, CO usGs Streamflow Manth 0
Data Type: Stream - Streamflow b 15  |Daz52000 RIOBORCO  |RIO GRANDE AT COLORADO-NEW MEXICO STATE LINE [USGS Streamtlow Manth
Time Step: Marth | 16__|08313000 RICOTANM |RIO GRANDE RIVER AT OTAW BRDGE NEAR SAN ILD... [USGS |Streamflow Month
Where: Divisian + [Equals v | - Rio Grande ] 17__|08354500 RGFSANNM _|RID GRANDE FLODDWAY AT SAN ACACIS, NM uscs Streamflow Month
i ET— | [starts wiih ] Rio Grande ‘ 18__|05355000 [RIO GRANDE AT SAN ACACIA, N UsGS Strearmflow Month b
19 |03358400 [SMFRIONM  |RIO GRANDE FLOODWAY AT SAN MARCIEL, W = Strearmflow Morth v
Wihere v | Metches v | <
£ | >
Celllinescnes et Copy Selected to Commands Copy Allto Cormmarnds

rCommands (12 commands, 0 selected, 0 with failures, 0 with warnings)

1 |# 08219500 - SOUTH FORK RIO GRANDE AT SQUTH FORK, CO.
08213500 .0WR. Streamflow,. Month~HydroBase

# 08243000 - CONEJQS RIVER MEAR LASAUSES, CO.
08249000, USGS. Streanf low.Month~HydroBase

# 08213500 - RIO GRANDE AT THIRTVMILE BRIDGE, MR CREEDE, CO.
08213500.0WR. Streamflow. Month~HydroBase

# 08217300 - RIO GRANDE AT WAGON WHEEL GAP, CO
08217500.0WR. Streamflow. Month~HydroBase

# 08220000 - RIO GRANDE MEAR DEL NORTE, CO.

08220000. USGS. Streamf low.Month~Hy droBase

# 08251500 - RIO GRANDE MNEAR LOBATOS, €O

A

BOG oo om N m e bl

Bk

~

Run All Commands Clear Commancs

Enseribles | Output Files | Tables | Time Seriss |
r&time series, 6 selected

Cormpleted running commands. Use Results and Tools menus. w

Highlighting individual time series in the Results window allows you to view, graph, and save the data
extracted from HydroBase. Select South Fork Rio Grande at South Fork time series in the Results
window. Right-clicking the mouse brings up the available options to look at the data. The following
shows the Graph-Line option for viewing the data.
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« : TSTool - Time Series - Graph

1 '100051‘.% FT

100000.0

Qoooo.0

20000.0

F000o0.0

GO000.0

S0000.0

40000.0
20000.0
200000

b L1 11

0o

AR

1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1935 1990 1995 2000 2005

—— S0UTH FORK RIO GRANDE AT SOUTH FORK, C0O., 08219500.0R. Streamflove. M onth (1910-08 to 2006-09%
Yizible Period (white):

[ SUmmMary ” Takle ” Prirt ” Save H Close l

Zoom hode W 1857-03, ¥ 1096765

Selecting a Table provide the information in a columnar format for copying to Excel or other software.

0o ]
DATE 08219500,
Streamflow, ACFT

910-08 43250 ~

910-09 241789 =

910-10 35852

910-11 2941 5

91012 24585

911-01 22275

911-02 18506

911-03 40027

911-04 15461 4

911-05 0244 0

911-06 71957 4 "

Graph H SUmmary H Save ]

Currertly-zelected worksheet interval: Morth
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Selecting a Summary provides the data in a matrix format, plus provides additional information stored in
HydroBase about the time series, such as location information and drainage area.

Tool - Summary |
|

|comments: he

Estaticm. and time =erier information from HydroEa=e determined at time of gquery:

|Time series idemtifier = 08219500.DWF. Streamflow. Month

Lescriptiun = S0UTH FOREE EICO GFEANLDE LT S0UTH FOEE, CO.

E:DEn:El Fouroe = DR

!:Data type = Streamflow

Data interval = Month

Eata unite = LCFT

i rofa=ze guery period = Query R1l1l

HydroBa=e available period = 1310 to 2008

\5tate of 0o abbrewiation = RIOSFECO

Located in water diw, district = 2, 20

lLocated inm county, =state = EIO0 GELNDE, O

éLDcated in HUC = 13010001

Latitude, longitude = 37.656945, -106.645205

Drainage area = 216.00 50 MI

Mon-natural comtributing area = NE

Elevation = §221.79 FT

Time =erie® creation hiztory:

Fead HydroBa=se time =zerier from 1210-05 to 2005-09.

Tear Jan Fz=h Mar Lpr May Jun Jul Iug Sep oot

1210 ju pos hu pos hu o b o ju pos hu pos hu o 42250 2417.9 358

1911 22275 1350.5 40027 15451. 4 Soz44. 0 71957 .4 41371.5 10421 .3 5514.3 3499

1212 35001 25751 41951 =y 1= STO21.7 S4S551. 2 13311. 4 5562.7 3212.2 455

1313 1l2&7.8 2110. 4 25440 17215.5 35211.0 I279.7 Tle2. 4 3&833.5 4535, 4 55&

1914 27055 2332.6 J2EE.9 1l09838. 6 374838, 1 So490.0 17433 .0 TEQE.3 SE90.0 1241

1315 2043 .0 3302.5 4253.5 11782, 2 27548.3 SE075.5 13313.7 s759.5 3563.9 350

191G JOos54.5 Jov0.5 Too4. 4 15875.0 53123.0 730245 27080, 7 126607 G392.2 1552

1217 2523.5 2332.6 4112. 7 12553.6 Jl425. 5 27529 45540. 5 95993 51a7.5 321

1915 1931. %2 1356.5 4332.0 G866, 2 29403 .4 42703.7 12793.65 G1l7S. 5 54903 251

1212 090,45 1243.5 2215, 7 15525, 4 S3441. 4 35504, 2 17083, 0 TSO2.0 3TE0.T 352

1220 2459._5 2585.5 4119.7 S345. 65 T2O25 .4 1004541 35324.2 S§473.5 3g2l. 9 341

1921 2709_5 25545 TLE9 .4 9211.4 ITTET.S T2225 .2 20170, 2 121073 T1l56.5 304

1922 25440 2810.3 445357 1l0254. 92 T3295.3 S4054.5 13293.5 T239.5 24595 hu pos

1923 o i Hc HNc HNc o i Hc HNc HNc o i MC o

¢ | El
Search ] [ Prirt ] [ Save ] [ Clase ]

Ready

Tip: Always view the data, graphically or in a summary form, prior to adding commands to manipulate
or save the data. The period of record shown in the Time Series List window does not indicate the
amount of data that may be missing in the time-series.

Step 2 — Use TSTool to “Change Interval” so annual streamflow totals can be extracted for use in
determining wet, dry, and average year statistics.

TSTool includes commands to read time series information from sources other than HydroBase, fill
missing data using statistical options, set missing data directly, and revise time series using arithmetic
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functions, including add, subtract and scale. These commands are most useful for developing input files
to StateCU and StateMod. The “Change Interval” command allows monthly data to be divided into daily
data, daily data to be summed to monthly, monthly data to be summed to annual, etc.

Mouse-over “Commands” on the main TSTool menu bar, then mouse-over “Create Time Series” and
select the TS Alias = Change Interval() command. This will enable the Edit Change Interval() Command
window. The options currently filled with information are required. The remaining options will use
defaults, if left blank.

1. Setan Alias identifier for the time-series to convert. It is recommended the station ID be used
for the alias. For this example, type in the first gage identifier — 08219500.

2. Select the time series to convert from the drop-down menu. Only time-series identified in
previous commands are available. For this example, select the corresponding first gage
“08219500.DWR.Streamflow.Month”.

3. Select the New Interval, “Year”.

The Old time scale will automatically be populated with information from HydroBase. In this
case, streamflow is monthly Accumulated.

5. Select the New Time Scale. In this case, we want to accumulate monthly data for an annual
total so select “ACCM-Accumulated”. Other options include changing interval to represent
mean annual flow.

6. Click the OK button.
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& Edit Changelnterval() Command

Create a newy time series by changing the data interval of an existing tine series.

Use the aliaz to reference the newy time series. Data unitz are not changed unless specified.

The conversion process depends on whether the original and nes time zeries contain accumulated, mean, or instantaneous data.
The tirme scales must be specified (they are not automatically determined fram the data type).

Cther time series information will be copied from the ariginal.

Time zeries alias: | 03213300
Time seties to convert: 05213300 .0WER Streamflowe Marth b
Mawy interval: |Year bt Drata interyal for result.
Qld titne scale: | ACCH - Accumulated

Mewy time scale: |ACCMW - Accurmulated s

ey dlata type: Default iz to uze the data type from original tine series.
Meswy units: Defaul is to use the unitz from original time series.
Allowy mizzing count: Mumber of missing values allowed in original processing interval (default=00.
Cuprt fill method: i Usze to fill autput when converting from large to small interval (default=Repeat).
Handle missing input how?: hd Indicate hawe to handle miszing values in input (default=Keephliz=zing).

T3 05219500 =
Cormand; ChangeInterwal (TSID="03219500.DUE. 3treanflow. Honth™  Newlnterval=Year,01dTinelc
ale=ACCH  NewTine3cale=4ACCH)

Cancel H Ok l

This new command will be added to previous commands in the Commands window. Repeat this step
for each of the other five streamflow time series. Click the Run All Commands button. Now, both
monthly time-series and annual time-series are shown in the Results window. Note that if you wish to
edit commands, either double-click on the command, or highlight the commands and select
Edit..Command from the main TSTool menu.

Step 3 — Save annual data so it can be sorted into wet, dry, and average years in Excel.

Tip: You may want to use the entire period of record for each gage, or you may want to choose the
time-period of gage overlap for a more direct comparison.

Data can be saved directly from the Results window. Highlight the six annual time series (listed as
..Streamflow.Year as opposed to ..Streamflow.Month). Right click and chose Table. Click the Save
button to save to DataValue Time Series file, a Tab-Deliminated Text file, or a Comma-Delimitated Text
File. Each of these file types can be read directly by Excel.

Another option is to right click in the Time Series — Table window and “Copy All with Header”. This
copies the time series into the clipboard where it can be “pasted” directly into Excel.
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DATE (03219500, 08249000, 08213500, 08217500, 08220000, 08251500,
Streamflow, ACFT  |[Streamflow, ACFT  |Streamflow, ACFT  Streamflow, ACFT |Streamflow, ACFT  (Streamflow, ACFT

359 85191 3 165865 577024 252382.5 IET042 7 54381 ~
950 138077 4 93035 6 1485626 405424 5 2226 3 201009.3

961 116364.0 755743 138284 .5 3313437 5011431 1691965

962 160516 4 1261440 1704291 4717536 758240 5 3152595

963 72377 4 1798965 950894 2295386 329534 7 725794

954 96551 5 163829 92474 3 248026.5 3701370 574302

965 243530 2 2174753 188007 931263 2 498622 1

a6 1317857 963207 162059.9 579584 7 2553736

967 1186153 8564 4 gezsz  Deselect Al 309421 4 160441 3

968 164336 9 116727 6 1414371 Copy BEG520.5 3307764

9639 164013 6 156663 el copy with Header 655714 4 415067 2

a70 152543 1 109356.5 (EECE] =y 6557729 323534 6

a7 121404 1 S0145.3 139757 2 ) 454705 9 2068057

972 108350 7 326687 Tiggasg|  COPY Allwith Headsr 47T7E03.0 162262.2

973 203475 4 155661 0 1Ggaeng|  Paste BI3068.0 520736.2

974 B7702.4 32662.1 954643  Savetofie ... 337524 3 121513.2

375 198040 & 1929906 180210.3 qoEZZET 08064 .0 4666600

976 158005 3 599455 136409.5 3615464 5517693 2489357 =
977 512437 113241 53457 5 152604 5 215108 6 612265

378 95401 1 653850 1241110 2727015 406533 7 1744505

379 250153 1 231325.0 165153.3 5A5555.4 954545 5 6257804

980 162597 0 2120929 1989512 453439 5 751044 3 451664 5

51 913422 32450 6 93360.3 2591251 .2 409537 2 1315001 2

[ Graph ] [ Surmmary ] [ Save ] [ Close ]
Currertly-zelected worksheet interval: “Wear

Step 4 — Save the commands to a command file so you can quickly update the information when new
streamflow data becomes available.

The commands used to generate annual streamflow results can be saved into a “command file” that can
then be read in and used to generate time series in the future. Select File..Save..Commands from the
main TSTool menu. A standard dialogue box will allow you to provide the name and location to save the
command file.

Tip: If you are extracting and manipulating data from HydroBase for an analysis that you expect to
update or revise in the future, be sure to save your command files. Command files for this analysis can
be saved and, at a later date, revised to include other gages represented in the Snake Diagram.

Step 5 — Copy the annual streamflow data into Excel from the clipboard or Open a saved text file in
Excel. Determine the wet, dry, and average year annual flow for each gage location.

Sort the annual streamgage data for each column from smallest to largest. Determine the average of
the 25 percent of available years representing the lowest flows, the 25 percent of available years
representing the highest flows, and the overall average for the period of record. For example, statistical
the results for the Rio Grande at Lobatos gage, representing Rio Grande flow leaving Colorado, are as
follows:

1. Average annual flow = 403,000 acre-feet (for the period 1900 through current - compared to
most recent Snake Diagram value of 322,100 for the period 1931 through 2002)
Average flow for dry years = 106,200 (for the period 1900 through current)

3. Average flow for wet years = 780,300 (for the period 1900 through current)
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Example 4: Estimating missing streamflow data using a nearby station

When extracting information for the Snake Diagram we noted that five of the six gages used in the Rio
Grande basin had data extending back at least to 1936. However, the Rio Grande at Wagon Wheel Gap
streamflow station did not begin recording until 1951. We are interested in a comparison of all gages
for the period 1936 through 2006; therefore would like to fill the gage using a nearby station with the
best statistical correlation.

Step 1 — Use TSTool to extract monthly streamflow data from HydroBase.

Open the TSTool command file used to extract information for the Snake Diagram. Select
File..Open..Command File. A standard dialogue box will allow you to enter the name and location of the
saved command file.

Tip: When selecting gages to use for filling, gages on the same tributary, when available, generally result
in the best correlations. Next, look for gages in the same basin with the same “aspect” (flow direction)
and similar drainage areas. In all cases, try to pick gages without the affects of reservoir storage and
releases or without large upstream diversions.

Step 2 — Compare the relationship of the Rio Grande at Wagon Wheel Gap data with the other five
streamflow gages and select the gage to use for filling.

Click the Run All Commands button, loading the monthly and annual streamflow data into memory.
One at a time, highlight the monthly Wagon Wheel Gap gage plus one of the other gages in the Results
window. Right-clicking the mouse brings up the available options to view data. Choose the Graph-XY-
Scatter option.

«.: T5Tool - Time Series - Graph
KY-Scatter Plot

140000 ég all

100000.00

S0000.00 *

S0000.00

FO000.00

GO000.00

50000.00

4000000

2000000

2000000

A0000.00

0080 100000.0 2000000
ACFT

“{dependent): SOUTH FORK RIO GRANDE AT SOUTH FORK, CO., 09219500 0WYR. Stre amflow. Month, ACFT (1910-02
*  RIO GRANDE AT WAGON WHEEL ¢AF, CO, 08217500, LR Streamflow. Month, ACFT (1954-05 to 2006-09)

Summary H Tahle ” Print ” Save ” Close ]

Zoom Mode Disahled | [ 11924688, v 96026.08
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Visual inspection generally provides good information regarding the correlation between gages. Right-
click in the graph for more options, including Analysis Details. This provides correlation details for all
data (one equation) based on a linear relationship. For this example (Rio Grande at Wagon Wheel Gap
as independent series and South Fork at South Fork as dependent series), the “R” value representing the
correlation fit is 0.9105.

& TSTool - Analysis Details

Independent time serie= (X, 1551-05 - 20O05-09): 05217500 DWE.Streamflow.Month (RI0 GRENDE AT WASON WHEEL GRE, ©O)
Dependent time =eriez (Y, 1910-05 - 2006-09): O0S5215500.DWR.Streamflow.Month (SOUTH FOREEK EICQ GFRNDE AT SOUTH FOEEK,
mnalyeie period: 19210-0& to 2005-09

mnalyeizr method: Ordinary Least Sguarer Eegre=ssicn

Data transformation: None

umber of eguation=: 1

|Mon| w1 | Maangl | SE1 | mz | Meaniz | sIz | Maant | SX |
|all] 663 | 32658 70| 39735.15 | o 0.00]| 0.00]| 32655.70]| 3973915 |
| | Dependent (Y] | Line Fit Fesults

| Mo | Meanvl | 5¥1 | Meany | 5Y | L% | E

|nll] 12046, 40| 1742376 o.00| o.00| 951 &5 | o.

I1  Gaads + k1 1 iod ol T 3 =r 1 1 LY iaadds + k]

Comparing the Rio Grande at Wagon Wheel Gap and the Rio Grande at Thirtymile Bridge gage results in
an R value of 0.9526; while the correlation with Del Norte results in an R value of 0.9861. Based on this
quick analysis, it appears that Del Norte is the best gage to use when filling missing records for the Rio
Grande at Wagon Wheel Gap gage.

TSTool allows other options for filling missing data, including using monthly linear regression equations,
and annual and monthly log transformation regression equations. To determine if monthly or log
transformation provides a better estimate, right click on the graph and choose Properties. This enables
the Time Series Product Properties window.

Select the Analysis tab in the Graph Properties: portion of the window.

=

& : T5Tool - Time Series Product Properties

Product Properties:

Procuct (D | Product
Product Name: |

Graph Properties: 1 - XY -Scatter Plot e |

|General |Graph Type | Titles | X Axiz | % Axiz | Label | Legend Ennm@.&nnmaﬂuns
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Test the results if the Number of Equations is set to MonthlyEquations, if the Number of Equations is set
to OneEquation and the Transformation is set to Log, etc. Select the options to investigate then click
Apply button and the Close button.

Tool - Time Series Product Properties

Product Propetties:

| Titles || Layout
Product ID: | Procuctd
Product Mame: |

Graph Properies: |1 - W -Soatter Plot b |

General | Graph Type | Ttles | X &xis || ¥ &xis | Lakel || Legend Zu:u:um| Analysiz |.ﬂ-.nnntati|:|ns

Select the parameters far the aph curve it analysis (appliesto

Curve Fit Method: |OLSHegressinn hd | Tranzformation:
Mumber of Equations: |Mcur|thl'g.quuatiDns b | Morthl =) of Interest: |:|

| o]
Ihdependert Analysiz Period: | h'u! |
[[] &nalyze (REME) for Filling Irtercept: | |
Fill Periodt: | ot |
Time Series Properties: |1 - 0821 7500 DR Streammflow Month~HydroBaze w |

|GEHEVE| |Graph Type | Axes | Symbaol | Label | Legend || Analysis

Time Series Enabled

[ Apply H Close ]

The graph will now graphically display the relationships with the new analysis option. To again view the
analysis properties, right click on the graph and select Analysis Details. Comparing the Rio Grande at
Wagon Wheel Gap gage to the Rio Grande at Del Norte gage using monthly linear regression results in
monthly R values ranging from a low of 0.8130 in January to a high of 0.9828 in July.
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& TSTool - Analysis Details

Enaly=iz method: oOrdinary Least Sguares Eegre=ssion
Data transformaticn: None
trumber of eguation=: 1z [(Monthly)

|Mom| w1 | Meanil | SI1 | wmz | Meaniz | SEZ | Meant | ST |
| Jan| S4| 1017745 | 2532.23 | 1] 1152413 | a.ao| 11529.81| 3193.13|
| Fehb | sS4 9913 31| 214265 | 1] 1155587 .00 1090761 2464 38|
|Mar | 55| 15323 .55 | 4519 . 44| al o.ao| a.ao| 16656.53 | 5343.&7|
|2pr | 55 | 39815.34| 15395 41| ol .00 .00 45493 14| 15141.75|
| 2y | 56| l4c491_ 00| 53663.51| al o.ao| a.ao| 154995.12| 53Ga4 37|
| Tum | 56| 172833 .41 F2394. 35| ol .00 .00 154134 40| g7202.24|
| qul| 56| 745037 54576, 50| al o.ao| a.ao| G5795.02| S0554._25|
| Bug | 56| 4143971 24495 81| ol .00 .00 4771575 | 2520933
|sep| 56| 2789551 16502, 24| al o.ao| a.ao| 30421.69| 15156._34|
|oet] 55 | 25251_ 69| 12905, 49| ol .00 .00 3023644 21055 47|
| 27w | 55| 15170 46| 6505 .31 al o.ao| a.ao| 16921.73 | T402.81|
|Dea| 55 | 11363 .90| 309923 | ol .00 .00 12592 71| 3969 18|
| | Dependent (Y] | Line Fit Ee=zults |
| Mom | Meanvl | 5Vl | Meant | =S | N | B RMSE |
| Jan| &s092. 50| 1446 45| ao.oa| a.oa| 1365. 82| 0.4 4380. 46 |
| Feb| 5751.97| 1365.67| a.ao| a.oo| 547 74| a. 4350.90]|
|Mar | 510242 | 236480 ao.oa| a.oa| 1230.22| a. 772674
|apr| 22224 &3 | G36G.55 | a.ao| a.oo| 2040.67| a 19363 .59 |
| May | go252. 22| 28777.81] ao.oa| a.oa| 13512.65| s} 63192 92|
| Jum | 1116559._&9 | 43930.20]| a.ao| a.oo| 2147095 | a 73120.10|
| qul | 6012995 | 38295.33| ao.oa| a.oa| 5315.56 | s} 2655500
| Bag | 31705 40| 1924973 | a.ao| a.oo| -z43_05| a.l 11&03 .35 |
|sep| 2043565 | 11095.13 | ao.oa| a.oa| 2073 .47 | a. 958716 |
|oct| 17150.39 | G045 .23 | a.ao| a.oo| 1959.69| a. g 2773.75 |
| 1| 9011, 98 | 4115 .03 | ao.oa| a.oa| -23_668] a. 682697 |
|Dec| G659 73 | 191423 | a.ao| a.oo| T14.97| a. 502599
|n11| | a.o0|

Step 3 - Fill the Rio Grande at Wagon Wheel Gap gage based on regression with the Rio Grande at Del
North gage.

Fill the Rio Grande at Wagon Wheel Gap gage on a monthly basis — prior to changing the interval to
annual.

Tip: When adding new commands to TSTool, the new command will be entered ABOVE the command
highlighted in the Commands window. Time series to be used in new commands must have been “read
in” from HydroBase above the new command.

Highlight the first Change Interval command in the Commands window. This will ensure that the fill
command is run in sequence after we’ve read the data from HydroBase, and before we change to an
annual interval. Mouse-over “Commands” on the main TSTool menu bar, then mouse-over “Fill Time
Series Missing Data” and select the FillRegression() command. This will enable the Edit FillRegression()
command window. The options currently filled with information are required. The remaining options
will use defaults, if left blank.

Using the drop-down list, choose 08217500.DWR.Streamflow.Month (Wagon Wheel Gap) time series as

the Time series to fill (dependent). Select 08220000.USGS.Streamflow.Month (Del Norte) time series as
the Independent time series. Fill in other options as necessary. For this example, leave other options
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blank as we are using one equation without a log-transformation to fill the missing data. (See the TSTool
Documentation for more details regarding filling options.) Click the OK button to include the command.

& : Edit FillRegression{) command

Fill mis=zing data using ordinary least sguares (OLS) regression.

The analysiz period

Uze g zetOutputPeriod] command before reading to extend the dependent time series, if necessary.

Specify dates with precision appropriate Tor the data, Use blank for all availahble data, OutputStart, or SutputEnc.

Titme zeties to fill (dependent); 05217500 DWE Strearmflowe Manth hd
Independert titne series; sy n NN R eSS (f=r- Ty [ T g ig] hd
Mumber of equations: W Murnber of egquations to use (blank=one equation).
Aralysis month: Can be used with monthly equations (blank=all manths).
Transtormation: hd Howy to transform data before analysis (hlank=mNone).
Intercept: Blank or 0.0 are allowed with no transformation.
Analysiz period: to
Fill Period: to
Fill flzg: 1-character flag to indicate fill.

FillRegression(T3ID="05217500.DWE. Streanflow. Month" , IndependentT5
ID=""05220000.T55%, Streanf low. Month™)
Command:

Cancel H O ]

Note the highlighted comment above “Use a setOutputPeriod() command before reading to extend the
depended time series, if necessary.” This is CRITICAL if you want to fill data prior to the beginning date
in a time-series. Otherwise, only missing data within the original period of the time-series will be filled.
As noted, this command needs to be included before the data is read from HydroBase.

Highlight the first command in the Commands window. This will ensure that output period is set prior to
reading data from HydroBase. Mouse-over “Commands” on the main TSTool menu bar, then mouse-
over “Output Time Series” and select the SetOutputPeriod() command. This will enable the Edit
SetOutputPeriod() Command window. Use the format for month data, since we are reading monthly
streamflow from HydroBase. Note that the comments in this window also provide a reminder to “Use a
SetOutputPeriod() command to guarantee longer periods if filling data.” Set the output period and press
the OK button.
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& . Edit SetOutputPeriod{) Command

The output period iz used ORLY for output product=s (e.q., files).
The time series period after reading will typically be extended to the output period if necessary.
Uze a SetOutputPeriod) command to guarantee longer periods it filing data.
Specifty the command at the top of commands when filling a specific period.
Enter datefimes to a precizion appropriste for time zeries being read. For example:
Year data; Y'Y
Morth data: MRS oF Y -M
Day data:  MMDDMASYSY o Y -h-DD
Hour data;  MMDDMAS™™S™Y HH or 5 -hkd-DD HH
Minute data: MDD ™Y™Y HH mim ar 55 -hibd-D0 HH: im
Special values are alzo recognized (for all precizions):
CurrertToYear = the current date to year precision
CurrentTalMinute = the current datefime to minute precision
CurrentTabMinute - 7Day = current datetime minus ¥ days
CurrentTabMinute + 7Day = current datetime plus 7 days
Leave blank to read all available data (default it SetinputPeriod) command is not used).

Output period start: | 0141200

Output period end: | 1202007

SetlutputPeriod (Jutputitart="01/1900" ,JutputEnd="12

oo
Carmmanc: / !

Cancel H 8]1 ]

Click the Run All Commands option and review the results. The Rio Grande at Wagon Wheel gage now
extends back to 1904, when measurements began at the Del Norte gage. As with Example 3, the results
can be viewed, graphed, exported, and copied/pasted to another software program.
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« : TSTool - Time Series - Graph
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[ SUmmMary ” Takle ” Prirt ” Save H Close l

Zoom hode o821, v 11433248

Step 4 — Include a command to save the results to file within the command file.

The benefit of writing results to an output file using a Write command (in lieu of copy/paste or saving
from a viewing results) is that all commands used to create the file are “stamped” in the output so at a
later date, it is clear how the data was filled or otherwise manipulated. In addition, the date, time, and
HydroBase version used to extract data are stamped in the output file. Make sure none of the
commands in the Command window are highlighted, so the output file is written after all other
commands have been executed. As noted, additional commands are added above the highlighted
command. To “deselect” any highlighted commands, right click and choose Deselect All Commands.

Mouse-over “Commands” on the main TSTool menu bar, then mouse-over “Output Time Series” and
select the WriteDateValue() command. This will enable the Edit WriteDateValue() command window.
The only required input is the name of the Date Value file to write and TS List to output.

Selecting the Browse button will bring up a dialogue box allowing you to navigate to a specific directory

and provide a file name. Because the command includes both monthly data, and annual data, indicate
the data to save is the annual data using a wild card *.Year.
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& Edit WriteDateValue() Command

Wikite time series to a Datevalue format file, which can be specified using & full or relative path (relative to the working directary).

The working directory is: CO

The Brovyse button can be used to select an existing file to oververite (or edit the file name after selection).
Enter datetimes to a precizion approgriate for output time series.

Datetalue file to write

Delirniter:

Output precision;
output start:
Output end:

TS list
TSID (for TSList=Alatching TSI

Command:

: | chgave b | [ Brovwse

| Default is space. Comma is only other allovwwed delimiter.

0 | Digitz after decimal (default=4]).
| Owerrides the global output start (defaut=yvrite all data).

| Owerrides the global output end (defaut=write all data).

s AlMatching TZID  w Ihdicates the time series to process (default=4AI1TS).

: f‘.‘r‘ear b |

WriteDateValue (QutputFile="c:sawve.txt” Precizion=0,T3List=4Al1MatchingT3ID
LTEID=""% Tear™)

Remaove vorking Directory H Cancel ][ Ok ]
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Historical Crop Consumptive Use Analysis - Review

Definitions

1. Monthly Potential Consumptive Use (PCU) = crop evapotranspiration

= Modified Blaney-Criddle — outlined in SCS Technical Release 21
(most common)

PCU=k *f

f=t*p/100
k =k * ke

where:

t = mean monthly air temperature

p = mean monthly percentage of annual daylight hours
k. = temperature coefficient

k. = crop coefficient

=  QOriginal Blaney-Criddle — outlined in FAO-24
(typically used w/ calibrated coefficients developed from lysimeter data)

= Pochop Method — outlined in Elevation — A Bias Error in SCS Blaney-Criddle ET
Estimates
(for bluegrass)

Input Data:

= Climate — monthly temperature and frost dates
= Latitude — used to calculate daylight hours

= Crop Type

= Crop Coefficients/Growing Season Triggers

40



2. Monthly Effective Precipitation (Re) = amount of monthly precipitation
effective at serving crop needs

Methods:

= SCS —outlined in SCS Technical Release 21
(dependent on net depth of application and average monthly PCU)

= USBR
(linearly related to the monthly precipitation)
Input Data:
= Climate — monthly total precipitation
= Net Application Depth
Adjustments to Climate Data:

= Orographic Adjustment— outlined in ASCE Manual 70

User Supplied adjustments, typical values:

Temperature — Adjust the climate station temperature down by 3.6 degrees per
1,000 feet rise in elevation between the irrigated acreage and the climate station
location (based on the standard meteorological Environmental Lapse Rate)

Precipitation — Compute the ratio of the annual precipitation at the location of
the irrigated acreage (using average annual Isohyetal maps) divided by the
average annual precipitation at the climate station. Monthly values at the
climate station are then multiplied by the ratio to estimate monthly values at the
irrigated lands.

0 Adjusts climate station data to location of irrigated lands

0 Used when representative climate station data not available (e.g. high
altitude irrigated areas)

0 General “weight” climate station data if irrigated lands are located between
multiple climate stations, in lieu of adjusting raw data
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Adjustments to PCU:
= Use Crop Coefficients Representing Local Conditions

= Elevation Adjustment — outlined in ASCE Manual 70

10% upward for each 1,000 meters increase in elevation above MSL

0 Corrects for lower mean temp at higher elevations that do not reflect crops’
reaction to warm daytime temp and cool nights

0 Applies to Modified B-C and Original B-C method (Pochop has separate built-
in altitude adjustment)

0 Applies to any crop type

3. Monthly Crop Irrigation Requirement = the amount of water the crops could
use from a full irrigation supply

CIR = PCU —Re

4. Supply-Limited Crop CU = Actual Crop Consumptive Use = Historical Crop
Consumptive Use = Total Crop CU

The actual amount of water the crops consumed from irrigation supplies. This is the
amount that can be transferred to another use or another location. The amount of water
historical diverted (surface or ground water) but not-consumed by the crop due to
conveyance and application losses is the unlagged or total return flow obligation. As a
“Term and Condition” of the water right change or transfer, this amount must continue to
be available to the river based on historical lagged patterns to assure junior uses are not
injured.

Monthly Supply to the crop is compared to monthly CIR estimates based on a ditch-level
water balance approach as follows:
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[Read Water Supply Informatioﬂ
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Example 5: Estimating crop CU for a specific ditch using the StateCU Wizard

Estimate the crop consumptive use for the Templeton Ditch considered as part of the Instream Flow
review in Example 1 using the CDSS StateCU model. The StateCU model, and associated Documentation,
is available on the CDSS website under the Products menu. Open StateCU by clicking on the application
on your desktop or through an explorer window by clicking on the StateCUl.exe executable installed in
the \cdss\statecu\bin\ subdirectory.

The HydroBase Wizard is an interactive tool that guides the user step-by-step through the development
of a new monthly scenario and pulls required input data directly from HydroBase through an internet
connection. The HydroBase Wizard can be used to create a new monthly Climate Station Scenario or a
Structure Scenario. Required data (e.g. climate data, diversion records, crop characteristics) is pulled
directly from HydroBase via an active internet connection and formatted into the correct input files.
Note that the purpose of the Wizard is to create a complete and operational scenario based on
HydroBase data; it is the user’s responsibility to review and edit specific data in the input files through
the GUI to obtain accurate results.

Activate the Wizard by selecting the Create new StateCU scenario using HydroBase Wizard command
through the File menu. Figure 5 displays the introductory screen to the Wizard. All screens in the
Wizard have an Exit button. Select the OK button to proceed to Step 1.

StateCLl) Scenario Wizard

Welcome to the StateCU Scenario Creation Wizard.

This brief seqguence of forms will guide you through the steps
necessary to create a working StateCU input data set. It requires
an active internet connection =o that the latest data can he
ohtained directhy from the official Colorado OWE HydroBase
anline.

IMPORTANT: The StateCLl input data created by this wizard is designed
to be a starting point for the consumptive use analysis. Careful review and
editing of the data are critical for obtaining accurate results.
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Step 1 — Select Consumptive Use Options

Step 1 of the Wizard identifies the analysis as a Climate Station Scenario or a Structure Scenario. Using
the radio controls, select the Structure Scenario. Select the option to use crop and acreage data from
the data source and to use diversion data from the data source. The crop, acreage and diversion data
loaded in HydroBase for the specific structure will be used when creating the input files. If either of
these options is unchecked, the Wizard will ask for crop and acreage data to be manually entered in
Step 3 and diversion data to be manually entered by the user in the GUI.

Note that the message of ‘Connected’ in green text will appear if there is an active internet connection.
If an internet connection is not available, the message will state ‘Not Connected!’ in red text.

Enter a new scenario name avoiding special characters, spaces or periods in the file name. All input files
will receive the same scenario ‘base’ name. The Wizard saves all new scenarios to the
C:\CDSS\Data\StateCUWizard directory. Name this scenario “Templeton”. Click on the Continue button
to move to the next step.

StateCU Scenario Wizard

Step 1. Consumptive Use Analysis Options

Choose analysis type Online OWH HydroBase Status
O Climate Station Scenario
Connected!
& Structure Scenario
lUse crop acreage data from HydroBase

Use diversion data from HydroBase

Enter new scenario name

Step 2 — Select the structure for the analysis

A Structure Scenario created in the Wizard will determine the potential crop consumptive use, irrigation
water requirement and water supply limited consumptive use for one or more crops at a specific
diversion structure. Step 2 of the Wizard determines the consumptive use location (ditch) that will be
used in the analysis. Select the radial button to Search by Name, and enter Templeton in the Search by
window. The search can be narrowed, if desired. Narrow the search by Division, and select Division 4
for the Gunnison Basin. Select the green Refresh List button.
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Highlight the Templeton Ditch in Water District 60 — San Miguel River basin. Click on the View structure
info to view structure and diversion class information. Templeton Ditch has only one diversion class,
S:1 F: U1 T: G, indicating the structure only diverts Source 1 (river) for Use 1 (irrigation). Therefore,
when performing the historical crop consumptive use analysis for Templeton Ditch, it is appropriate to
use DivTotal through the headgate.

Preview diversion structure information

Parameter Name Walue

:ture M ame TEMPLETON DITCH
Structure 1D MW DIDY BO00YYE
County MOMTROSE
Divizion 4
Elervation -999.00
Latitude 38.360525
Longitude -108.550332
UTH = 186280.2
UTM % 42519219
Structure Type Ditzh
Structure diversion 1 code Total

Structure diverzion 1 ztart pear | 1974
Structure diverzion 1 end pear | 2003
Stucture diversion 2 code STREUAT G

Structure divergion 2 start vear | 1974

Structure diverzion 2 end year | 2003

The diversion data can be previewed by clicking on the View DivTotal. Select the radial button for “Use
structure DivTotal” and click the Continue button.
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Step 3 — Select crop(s) and acreage

Step 3 of the Wizard determines which crop(s) will be used in the analysis. Note that although acreage
and crops can vary over time, the Wizard uses the single ‘snapshot’ of the most current CDSS acreage
assessment data in this step and applies them to all years in the scenario. This data can be edited in the
GUI to represent changes in cropping practices.

[® StateCl Scenario Wizard

Step 3. Select crop(s) and acreage

Miote: The fallowing are the most recent crops and acreages for this structure downloaded from HydroBase. The refresh button is disabled and all

Marraw the crap list by

>

Crop Mame Aores

ALFALFA TR 0

Show Al Crop Type Coefficient Type

® O

S _PASTURE. TR21 2008

ORCHARD WITH_COWER.TR21

ORCHARD WO_COVER.TR21
GRAPES.TR21
DRY_BEAMS.TR21
SPRING_GRAIN.TR21
CORM_SILAGE. TR21
SUGAR_BEETS. TR21
CORM_GRAIM.TR21

SWEET _CORM.TR21
SNAP_BEANS. TR21

Fefresh list

OooooOoooogo:no

Apply elev adj to all TR21 crop coefiicients [ View info about selected crop l

Based on the most recent CDSS Irrigated Acreage Assessment representing the year 2000, Templeton
Ditch irrigates 20.09 acres of Grass Pasture. The Grass_Pasture.TR21 designation indicates that standard
TR-21 coefficients will be used to estimate potential crop consumptive use. Highlight
Grass_Pasture.TR21 and click the View info about selected crop button to see the parameters used to
estimate growing season. The “Temperature Early Moisture” and “Temperature Late Moisture”
indicates that the growing season will start when the mean monthly temperature reaches 45 deg F and
end when it drops below 45 deg F. Note that these defaults are recommended in SCS TR-21, and can be
revised by the user to reflect known irrigation practices.
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StateCU: Crop information.

B

Parameter Mame Walue
3 Crop Mame GRASS PASTU..
Flanting bMonth 1
Planting Dray 1
Harvest Month 12
Harvest Day Kl

Days ta Full Cover [not used by Blaney-Criddle, used by PM] | 110
Length of Seazon 365

emperature Early Moisture [F] [zource: generally SCS TR-21)
Temperature Late Moisture [F) [zource: generally SCS TR-21)
ent Allowable Deficit Level [zource: ASCE Manual...

Intial oot Zone Depth (i) [source: ASCE Marnual 70) 33
kaximurm oot Zone Depth [ [zource: ASCE Manual 70) 33

Awailable YW ater Holding Capacity 0
 aximurn Application Depth (inch) 3
Spring Frost Date Flag [D-mean,1-28 deq,2-32 deq) 0
Fall Frost Date Flag [0-mean,1-28 deg.2-32 deg) 0
Days between 13t 2nd cuts for alfalfa -399
Days between 2nd 2rd cuts for alfalfa -393

The user can also revise the acreage and crop type, based on additional information by checking the
boxes to select additional crops and entering or revising the associated acreage. The user can also
choose to apply an elevation adjustment to all TR21 Crop Coefficients, using the check box in the lower
left corner of the window. For this analysis, check the Apply elev adj to all TR21 crop coefficients and
click on the Continue button to move to the next step.

Step 4 — Select climate station(s)

Step 4 of the Wizard determines which climate station(s) will be used in the analysis. The Structure
Scenario will only include one consumptive use location, however data from multiple climate stations
can be used to determine the consumptive use. If multiple climate stations are selected, the Wizard
equally weights the climate data from the multiple climate stations for the analysis. Select the District
radial button in the “Narrow the search” by window and select Water District 50 — San Miguel River
Basin. Six climate stations are available. Based on the location of Templeton Ditch with respect to
climate stations reviewed in Example 1, select Uravan to represent the climate.
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StateCU Scenario Wizard |:||§|E|

Step 4. Select climate station(s)

Select one or maore climate stations from the list below. If multiple climate stations are selected, they are equally weighted.

Search by Prec. Frec. A

O Ip ® MName D Marre Div | Dist | Start End
| Year Tear

0228 |AMES B0 1948 1986
B012 |MORWOOD B0 1948 2008
B524 | PLACERWILLE B0 1948 2008
() Showal (O Division (%) District () County Refresh list 8204 | TELLURIDE 4 WY 0 1900 2008

WD | Marre Div i 8454 | TROUT LAKE B0 |1945 1986
58 | Upper ¥ampa River ] f | A

o9 |East River Basin 4

60 |San Miguel River Basin
61 |Paradox Cresk 4
62 |Upper Gunnison River

Ertet pattial nameid ar leave blank for all stations.

Marrow the search by

b | = | O ] b

4
53 | Dolores River Basin 4 D < | >
G4 | South Platte: Balzact... |1

b View station infa l [ View Precip Data l [ View Temp Data ]

The View station info button displays physical information about the climate stations, including
elevation and latitude. The View Precip Data and View Temp Data buttons provide monthly climate
data and shows when/if data is missing. Review of the climate data indicates there is sufficient data for
the analysis. Click on the Continue button to move to the next step.

Step 5 — Choose the time period and describe the scenario

After completing the climate station selection in Step 4 of the Wizard, the user has determined all of the
input parameters necessary to create a Structure Scenario. The Final Step of the Wizard is to set the
beginning and ending year of the analysis and enter a description of the scenario. Note that all time
series data files will be created using these time period parameters. Through the GUI, an analysis can be
adjusted to a smaller time period, but not a larger period, therefore it is recommended to define this
period as large as available data can support.

Missing data in the input files is indicated by -999. The user can choose to have StateCU fill missing data
‘on-the-fly’ with month averages or zeros through selecting Missing time series data fill options in the
Final Step. Note that ‘on-the-fly’ filling will fill the missing data for the consumptive use calculations
only; the original input file data will remain unchanged. Consumptive use calculations cannot be
performed for years with any missing data. Edit the years by typing over the default or using the up and
down arrows. When we reviewed available diversion records in Step 2 above, we noted that diversion
records are available beginning in 1974. Set the Begin Year to 1974. In addition, we noted that there
were a few months of missing climate data. Select the Fill clim w/hist avg & div w/0 radial button.
Enter a description of the scenario in the three allotted lines - this information is stored in the header of
the model control options file and is included in certain output reports. Select the Create New Scenario
to complete the creation of the scenario.
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StateCU Scenario Wizard g@@

Final Step. Choose time period and describe scenario.

New Scenario: Prec. Years Temp. Years Missing time series data filling options (sir. scen. only);
) MNane ) Fill clirm v bist avy & div ! hist avyg
Beqgin Year 1974 , 1960 1960
E > O Fill div v avy shrt; do not fill cli ) Fill clim ! hist avy & div
End Year (2009 b | o] 2009 3 Fill div w01 & do not fill clim ) Fill clirm ol hist avy & do nat il div

w

Choose a time period for the StateClU) scenario above.

It is recommended to select the largest time periad that might be needed, regardless of the data availability,
as missing data can be filled via manual or automated methods through the GUIL
Enter a three line scenario description (stored in CCU file):

Templeton Ditch
Histarical CU Analysis using Urawvan Climate Data

Jure 2009

[ Create New Scenario ]

Several parameters and modeling options are not specifically input by the user into the Wizard, rather it
is the responsibility of the user to review and edit these parameters through the GUI. The Wizard sets
these parameters to defaults when creating the scenario. The default settings are listed in a window
that is activated once the scenario is created. The following is a list of these defaults settings:

e The Modified Blaney-Criddle consumptive use analysis method is set

e The effective precipitation method is set to the SCS method.

e Crop types and crop acreages is fixed for all years

e Canal efficiencies are set to 80%

e Acreage is all set to be flood irrigated and crop types are fixed for all years (non-variable)
0 The maximum flood irrigation efficiency is set to 45%
0 The maximum sprinkler irrigation efficiency is set to 75%

e No soil moisture accounting and structure available water capacity is set to zero
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StateCl) Scenario Wizard

StateCU Wizard Default Settings

IMPORTAMNT: The follovwing default settings are part of the
new scenario. Feview the model parameters and input data
in the GUI before running the model.

kdodified Blaney-Criddle method

Effective precipitation methad = SCS method.
Canal efficiency = 80%

hax flood irrigation efficiency = 45%

hdax zprinkler irrigation efficiency = 75%

All acreage flood irrigated

Crop tvpes fixed for all vears

Mo zoil moisture acct. (AWwiC = 0.0)

Input data generated through the StateCU Wizard can be viewed and edited through the StateCU Edit
menu. For more information and easy to follow instructions, including screen shots, see the StateCU
Documentation.

Step 6 — Run the simulation

Select the Run.. Run Simulation command under the main menu. When a run is initiated, the StateCU
GUI shells out to a DOS window to execute the StateCU program. The process status and any warning or
error messages are displayed in the DOS window during StateCU execution. If the execution is
successful, the DOS window will either close automatically or prompt the user to press the Enter key,
and the user will be returned to the GUI to view output. If the execution is unsuccessful, the StateCU
generated log file will be displayed on the screen with a description of the error that caused the
program to terminate.

Tip: The user should view the StateCU Fortran Program Log File located in the Results menu or through
a text editor even with a successful execution, as it may contain warnings or other pertinent
information. In addition, the log file summarizes much of the data input.

Step 7 — View the results

StateCU generates standard output reports that can be viewed through the GUI. Select the
Results..Detailed Water Budget Output (*.dwb) to view annual, average monthly, and monthly results
for the analysis. As shown, on average the annual Irrigation Water Requirement for the Templeton
Ditch, based on the acreage assigned in HydroBase, is 54 acre-feet. The average Total Estimated Crop
CU is 36 acre-feet, indicating the ditch does not receive a full supply.
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Select the Results..Time Series Data Report Generator (*.bd1) to select specific water budget
components to view, graph, and save. Click twice on the Add Row from Data Source button. Double
click on the ID (Name) and select “6000776 (TempletonDI)” from the drop-down list in both rows.
Double click on the Data Type in row 1 and select “Irrigation Water Reqt” from the drop-down list.
Double click on Data Type in row 2 and select “Total Crop CU” from the drop-down list.

tateCl Time Series Data Tool

File  Wiew Help
Select Data Source: Enter an existing StateCU binary output file (* BD1)

CACDESDatanztate CLMIzard TempletomTempleton B0 Browyse for File

Select Data to Yiew: Add rows to the following table for each time series variable to viewy inthe report from the above source.

Acled Rowe from Data Source Delete Selected Row Delete Al Rovws ]
STATION TYPE ID (HAME) INTERVAL |DATA TYPE UNITS 1/0 TYPE SOURCE FILE HAME
1 CU Structure BO0COT7E (TEMPLETOM DI Morth Irviggation Water Rect AF StateCll Output tateCLIzar diTempletoniTempl:
2 CU Structure BO00T7E (TEMPLETOM DI) Morth Total Crop U AF StateCl Output tateCLWizar i\ TempletoniTemple
< >

Select a particular report or output type for the above time series:

Select the report time period

) ’ Tahular Data Preview (columnar grid) l [ StateMad STM File ] Create IDS AYWAS
Begin Year | 1g74 w “Import" file using
’ Excel Graph and Yorksheet l ’ Custom Columnar Repaort File (*CCR) ] ALL structures in

End ¥ear | o009 2 B4 file

[ Time Series Summary File (text) l

Cl
After selecting the time series data, select the time period and then choose a graph, summary report or takble,

The results can be viewed in several formats, described in the StateCU Documentation. Select the Excel
Graph and Worksheet button. The data is loaded into a Data worksheet in Excel and a corresponding
Graph worksheet is created. The Excel spreadsheet can be saved and the graphical presentation
revised.

StateCU Time Series Data
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6000776 (TEMPLETON DI) - Irrigation Water Reqt —— 6000776 (TEMPLETON DI) - Total Crop CU
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