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Assessing impacts and exploring options with rapid stream depletion estimates
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* Objective
* Estimate stream depletion impacts of proposed diversion transfers
* Provide learning opportunities to improve the process
* Better questions lead to better solutions...

* Methods: analytical or numerical evaluation
* Glover Balmer and Theis
* Groundwater model with surface water representation

* Tool: Open-source map-based interface
* Menus
» Standardized format
* Maps, graphs and tables



* Move From
* Location and formation
* Type of use
* Quantity
e Return flow

* Move To

TECHNICAL MEMORANDUM
OFFICE OF THE STATE ENGINEER
HYDROLOGY BUREAU

DATE: May 23, 2018

TO: Maureen Dolan, Attorney, Administrative Litigation Unit
William Duemling, District 2 Engineering Specialist Supervisor

THROUGH: Ghassan Musharrafieh, Chief, Hydrology Bureau % I&

FROM: Eric Keyes, Hydrologist, Hydrology Bureau ES K

SUBJECT: I - I /. pplication, C-ll, C-l and C-H
I into C-H and C- . HU
Evaluation Summary

A 10-year transfer to CHll does not negatively impact the Pecos River during the transfer period
but will negatively impact the Pecos River after the transfer period.

A 10-year transfer to C- Il negatively impacts the Pecos River to year 4 of the transfer.

The transfers do not cause significant drawdown at nearby wells.

Evaluation Details

I - D have filed an application for a 10-year temporary
transfer of water from C-Jll, C-lll and C- I into C-ll and C- . The
locations of the wells are shown in figure 1. The move-to wells are 3 and 22 miles southeast of
the move-from wells. The move-to wells are 19 miles apart and will require separate analyses.

The pumping would transfer use from irrigation to commercial.

The move-from and the move-to #1 (C.Hll) are in the Carlsbad Basin. The Carlsbad Basin is
administered with a consumptive irrigation requirement (CIR) of 2.1 acre-feet/acre.

The move-to #2 (C- ) is in the Delaware Basin. The Delaware Basin is administered
with a consumptive irrigation requirement (CIR) of 1.8 acre-feet/acre.

The move-from locations have an irrigation diversion of 131.7 AFY with a consumptive use of
92.19 AFY. The consumptive rate of the right, 92.19 AFY, is to be diverted at move-to #1. The
Delaware Basin consumptive portion of the right, 79.02 AFY, is to be diverted at move-to #2.

After 10-years ending on December 31, 2026, pumping reverts back to the licensed points of
diversion and places of use.

The application is protested by | INEEEEE nd by I
There are concerns that the transfer would impair existing water rights and impact flow on the
Pecos River. I h2s water rights on the C-[lll et al wells including the applicant




MOVE-FROM
WELLS

MOVE-TO
LOCATION #1
CU: 92.19 AFY

* APPLICANT WELLS
¢ PROTESTANT HEE—
[0 PROTESTANT I

MOVE-TO
LOCATION #2
CU: 79.02 AFY

TEMPORARY 10-YEAR TRANSFER THRU 12/31/2026
DIV: 131.7 AFY, CU: 92.19 AFY ==> 79.02 AFY CU DELAWARE BASIN MAP AREA
4Miles FIGURE 1
LOCATION MAP
FOR THE I SALES APPLICATION
C-H,C-H & C-EHl COMBINED INTO C-HN & C- .

bcation2.mxd



VALLEY

MOVE-FROM |
WELLS

MOVE-TO
LOCATION #1
CU: 92.19 AFY

Legend
H APPLICANT WELLS

Blue Spring
LAYER 1 TRANSMISSIVITY (FT?/DAY)

I 12541 - 15730
D R A M 15731-19800
I 19801 - 27000

0“3\ I 27001 - 33600
9

MOVE-TO
LOCATION #2
CU: 79.02 AFY

TEMPORARY 10-YEAR TRANSFER THRU 12/31/2026
DIV: 131.7 AFY, CU: 92.19 AFY ==> 79.02 AFY CU DELAWARE BASIN MAP AREA
4Miles FIGURE 2
MODEL LOCATION
FOR THE I APPLICATION
C-H,C-H & C-Hl COMBINED INTO C-lH & C- N
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FIGURE 3

TOTAL PECOS RIVER IMPACT AND THE MOVE-FROM AND MOVE-TO COMPONENTS
FOR THE I 10-YEAR TEMPORARY TRANSFER TO MOVE-TO #1, C-Hl
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THE SIMULATED TRANSFER PUMPING TO MOVE-TO #1
IS THE CONSUMPTIVE USE OF 92.19 AFY

THE TRANSFER PERIOD
IS 10 YEARS

AN

MOVE-FROM

~

== == MOVE-TC

e TOTAL IMPACT

+: BENEFITS THE PECOS RIVER BEFORE 12 YEARS

+: TRANSFER BENEFITS THE PECOS TO YEAR 12
- : DETRIMENT TO THE PECOS RIVER STARTING IN YEAR 12
- : MAXIMUM IMPACT TO THE PECOS OF 7.5 AFY AT YEAR 14

15 20

25

YEARS AFTER START OF THE TRANSFER
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FIGURE 4

TOTAL RIVER IMPACT AND THE MOVE-FROM AND MOVE-TO COMPONENTS
FOR THE I 10-YEAR TEMPORARY TRANSFER TO MOVE-TO #2, C I

THE SIMULATION TRANSFERS THE MOVE-FROM CONSUMPTIVE USE OF
TO THE MOVE-TO DELAWARE BASIN CONSUMPTIVE USE OF 79.02 AFY

THE TRANSFER PERIOD
1510 YEARS

92.19 AFY

MOVE-FROM
MOVE-TO

e TOTALIMPACT

- : DETRIMENT TO THE RIVER IN THE FIRST 4 YEARS
- MAXIMUM IMPACT TO THE RIVER SYSTEM OF 18.5 AFY AT YEAR 1

+: BENEFITTO THE RIVER SYSTEM AFTER YEAR 4 THROUGH 26

15 20 25
YEARS AFTER START OF THE TRANSFER




CALCULATED WITH THE THEIS EQUATION
TRANSMISSIVITY : 2760 FEETY/DAY
SPECIFIC YIELD : 0.01

RIVER BOUNDARY AT 10,500 FEET

GRID ANGLE : 22.4 DEGREES

T25SR28E T25SR29E

ooksy Ran Rd
™

IDEALIZED
RIVER
BOUNDARY

Red BIgT Draw
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C-02160-S7 v
> o o L MAXIMUM INDUCED
\ ‘ DRAWDOWN
Lot \ \ AT THE MOVE-TO #2 WELL

s IS 5.8 FEET
oC04022-P0D2

Legend

Y APPLICANT MOVE-TO WELL
® WATERS 5/2018

THE DRAWDOWN CONTOURS SHOWN ARE 0.5, 1/AND 2 FEET

TEMPORARY 10-YEAR TRANSFER THRU 12/31/2026
1Mies DIV: 131.7 AFY, CU: 92.19 AFY ==> 79.02 AFY CU DELAWARE BASIN
FIGURE 5
APPLICANT INDUCED DRAWDOWN
AFTER 10-YEARS AT THE MOVE-TO #2 LOCATION
FOR THE I SALES APPLICATION
H_moveto2.mxd C-H,C-H & C-lH COMBINED INTO C-Bm & C-

MAP AREA




CALCULATED WITH THE THEIS EQUATION
TRANSMISSIVITY : 2760 FEETY/DAY

SPECIFIC YIELD : 0.01
RIVER BOUNDARY AT 10,500 FEET
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Legend
¥ APPLICANT MOVE-TO WELL
® WATERS 5/2018

. SIMULATED FULLY DECLARED PUMPING OF 407 AFY
1Miles MAP AREA
" FIGURE 6
10-YEAR PROJECTED DRAWDOWN WITH PUMPING OF ALL DECLARATIONS
+ AND WITHOUT APPLICANT PUMPING

FOR THE I APPLICATION

C-lH C-l & C-Hl COMBINED INTO C-EN & C- I

d_fullydepl2.mxd
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* Proportion of pumped which is
captured stream flow

* Analytical Depletion Function (Zipper
et al., 2019) approach
e Streams broken into segments

* Aggregate Glover Balmer from each
included segment

segment
lengths

11



* Theis with river boundary condition:
e Shortest well-to-river distance
* River perpendicular to shortest distance

¢ Analytical SOlUtion riverr}etwork

observation well4 ..\

* Independent “Theis Zones” L ae T
* Pumping side of river
e Constant hydraulic properties

river boundary condition  closest point on river network

: ~ .
Theis Zone 1 __ ®<—observation well 3

observation well 1

* Drawdown output pumping wel
e Grided timeseries
* Timeseries at observation points

observation well 2

12



 Calibrated groundwater flow model
* Review of superposition assumptions
* Review objectives (isolated vs. projected)

e Baseline simulation
* No pumping
* Existing pumping
* Transfer simulation: baseline plus proposed pumping

* Net results
e Drawdown
e Depletion



Transfer Scenario Inputs
Pumping rates

e User inputS Pumping locations

Transfer duration

Pre- Pre-
Processer Processer
Analytical _ MODELOW ATEREE]
¢ M ethOd S/ - Streamflow depletion estimates - Streamflow depletion estimates if

- (AmElyideEl] DEElEHern [FUnEfem (217, appropriate BC packages available (e.g.,

GHB, RIV)
- Regional and local drawdown analysis

Processing

- Local drawdown analysis
- Theis

Post- Post-
Processer Processer

e Graphical/ Plots
tabular outputs Data overlays

Tables




The Analytical Interface (Ani)

An Analytical-Solution Interface for Streamlining
New Mexico OSE Evaluation of Transfer Applications
in Basins Without Numerical Models

Interstate Stream Commission

Created for

The New Mexico Office of the State Engineer

Move - To.
well
Move - From._,
Well

@ S.S. Papadopulos & Associates, Inc.



* 10-year
tranfer

* Two Move-
From and
Move-To

* Different:
pumping,
return,
sides,
properties,

File View Help

Basin

| Carlsbad v

Wells

MOVE-FROM T MOVE-TO T OBSERVATION ]

PROCESS & EXPORT

O User-Defined River Linearization

Add I Remove Clone Well Name: |fr0m-2 | ‘
from-1 UTM-83 v] X 603685.64 | Matsos
from-2 \

(meters) | 3567151.48 | \
Q (AFYY): | 200 |
\
Return Flow (%): I 0 I \
Trans. (ftA2/d): | 40 | ]
Storativity: | 0.05 | P&tos River ,-‘s
ver o
l; |
Additional Well Details /
In Domain: true |
Theis Zone ID: 3 ﬂ
Theis Zone Name: 3
Closest River: Pecos River l
Dist. to Black River: 45568 feet
Dist. to Pecos River: 26681 feet
Is this a temporary transfer? ‘
18
® ves O No How many years (max:99)? I 10 I {
1
|
Processing Options A g El
Transfer start year: | 2022 | “,
\
ADF Rivers:| Both Rivers v | \
Theis Contour Interval (feet): 1 v | \
\
Theis Contour Extent (miles):l 3 ~ | \
Theis Contour Output Years:| Years 1-40 v | \!‘

3 km \

SROGGIN :

ALAT O NONE
@® ESRI - Topography
O ESRI - World Imagery
[ ; O OSM - Mapnik

1

] | ' MOVE-FROM

| MOVE-TO

p 0! & OBSERVATION
Material Property Zones
Pecos River
Black River

7
e



TOTAL RIVER IMPACT AND THE MOVE-FROM AND MOVE-TO COMPONENTS

[ Tota-impact [_] Total-MoveFrom .. 3 Total-MoveTo




TOTAL STORAGE IMPACT AND THE MOVE-FROM AND MOVE-TO COMPONENTS

[ Total-impact [_] Total-MoveFrom y ... 3 Total-MoveTo




DRAWDOWN BY WELL

] from1 [___]to-1 from-2 [___Jto-2

[ Map TResultsT log | [PROCESS&EXPORT

Theis Contours | = O NONE
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Upper Pecos
Basin

Move-From
(left)

Move-To (right

Theis results:
mounding and
drawdown
contours

% SSPA-Ani: Upper Pecos Basin
File View Help

Basin

Upper Pecos v

Wells

' MOVE-FROM | MOVE-TO ‘ OBSERVATION |

Add | Remove Name
from: “| [utmss v  x 456004 35
(meters) e

Qv
Return Flow % E
Trans. (f2/d)-
Storativity:

Additional Well Details
In Domain: true
Zone ID: 20
Zone Name: QOutlet Canon Blanco
Closest River: Pecos River
Dist. to Gallinas River: 114411 feet
Dist. to Pecos River: 21531 feet

Is this a temporary transfer?

OYes @® No

Processing Options

Transfer start year

ADF Rivers{ Both Rivers v |

Theis Contour Interval (feel):
Theis Contour Extent (m\les):
Theis Contour Output Years:

[ User-Defined River Linearization

Map \ Results Log

O X

PROCESS

Theis Contours

Zone 7
Zone 20

Drawdown

-100 to -50 feet
-50 to -25 feet
-25 to -10 feet
-10 to -5 feet
-510 0 feet
0 to 5 feet
5 to 10 fest

A 10 to 25 feet

. 25 to 50 feet

87 B Widlife R
O NONE
@ ESRI - Topography
O ESRI - World Imagery
O 0SM - Mapnik

MOVE-FROM
MOVE-TO
OBSERVATION
O Theis Zones
Material Property Zones (Dummy)
Pecos River
Gallinas River

Ban Jose

Ribera

Villa nug

Villanueva
State Park

Leaflet | ©2022 S.S. Papadopulos & Associates | ESRI

NADS3 / UTM zone 13N: 448637.62,3924619.46




The Mimbres Basin Intexface (IMBI)

A Transfer Evaluation Interface for
the Mimbres Basin

Interstate Stream Commission

Created for

Move-From (I eft) The New Mexico Office of the State Engineer

Move-To (right)
Numerical model

results

 mounding (blue
shading)

e drawdown (red shading)

Purple shading indicates
existing pumping

Development
continues...

@ S.S. Papadopulos & Associates, Inc.



4= Mimbres Basin Interface :: S5PA-Groundwater Modeling Interface

File View Help

| Map |F\'est,its[ Log PROCESS & EXPORT
Wells

View Layer ISR SR NONE
Choose Layer: :L'é)‘f_.ER_1 _Y'
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The Lea County Int
® N u m e ri C a I Carlsbad A A Transfer Evaluation Interface for Lea

Su perpos it (High Plains / Ogallala Aquifers)

N CENOOINIAYA  The Carisb. createa for ,
g The New Mexico Office of
* E Sta n C I a by S.S. Papadopulos & Associates,

e Mimbres

: Ana'lytical Prepared for:
(A n I ) NeufMexico bfficet
e Carlsbad
* Upper
Pecos
* Gila/San
F ra n CiSCO S5.5. PAP2
® Hybrid Environme

April 1, 2022
e Carlsbad

3100 Arapahoe Ave, Suite 203 @ S.S. Papadopulos & Associate

The Analytical Inte:

An Analytical-Solution Interface for Stre:
New Mexico OSE Evaluation of Transfer
in Basins Without Numerical Models

Created for

The New Mexico Office of

S.S. Papadopulos & Associates, Inc.

A Transfer Evaluatig
the Estancia Basin

Created for




e Numerical
* Lea County
* Estancia
* Mimbres

* Analytical

(Ani)
e Carlsbad
* Upper
Pecos
e Gila/San
Francisco

* Hybrid
e Carlsbad

Numerical Footprints Analytical Footprints D New Mexico

- Carlsbad |:| Carlsbad

\ Roswell E Upper Pecos

Carlsbad

Tucumcan

Lea County

. . . t Taos
Estancia Gila / San Francisco s
Lea County N
. 0 25 50 100
Mimbres MuesA
14974 % e ;7“:'
¢ Sanja Fe
Gallup
F 'jlk‘!‘
Upper Pecos
o 2im Grants Albuguerqu 1_1
Lag
Puebk
F ‘.‘;”\, rlu‘f]l\
Estancia
Cibol
National
Forest
Eagar
St0
Apach
Naendl
Fore
A
Gila / San Francisco
romst
White Sands l‘}»*r:\;)m
Missile Resewvaton
Range
Alam ogordo
Siler City : rliv:, :“r
2 Fo t
-
% = Las Cruces
Mimbres| Fort Blis
‘t'f;‘.lf? UNITED, STATES g
arest MEXICO ElPaso
Juarez




& Associates, Inc.



Basin

| Upper Pecos

Wells

' MOVE-FROM | MOVE-TO | OBSERVATION

| Remove | Name:

* Select limits drawdown I B x
(meters) Y:

contours Q (AFv

Return Flow %:

* Reduce computation time S —

Storativity:

 Decrease interval

Is this a temporary transfer?
O Yes @ no

Processing Options

Transfer start year: | 2022 |
ADF Riversz[W:

Theis Contour Interval (feet):[ 1

Theis Contour Qutput Years:

O User-Define




* Pumping wells across multiple Theis Zones

 Select individual zones for display

& SSPA-Ani: Upper Pecos Basin

File View Help

Map Results Log
Basin e

PROCESS

Upper Pecos + Theis Contours
year: [40 V]
Zone 5

Wells
Zone 22

 MOVE-FROM | MOVE-TO OBSERVATION |
[ A Narme: [to-1
(& utMes v] x| 506176.15 |
(meters) Y[ 389276234 |
Q@Fy:[ 50 |
RetumFlow%: [ 0 |

Trans. (ft2/d): | 250 |

Storativity: | 025

Additional Well Details.
In Domain: true
Zone ID: 5
Zone Name: Gallinas River-Pecos River North
Closest River: Pecos River
Dist. to Gallinas River: 4563 feet
Dist. to Pecos River: 1698 feet

Is this a temporary transfer?
O Yes @ no

Processing Options
Transfer start year: 2022

ADF Rivers{ Both Rivers v |

Theis Contour Interval (feet){ 1 v

Theis Contour Extent (miles){ 3 V|

Theis Contour Output Years{ Year 40 Only v

() user-Defined River Linearization

Drawdown
W 25to-10feet
[l -10to-5feet
[l StoOfest
0to 5 feet
510 10 feet

1km
3000 ft

NONE

ESRI - Topography
ESRI - World Imagery
OSM - Mapnik

O0O®O

MOVE-FROM

MOVE-TO

OBSERVATION

Theis Zones

Material Property Zones (Dummy)
Pecos River

(<< NEN<H<N<N<]

Gallinas River

Leaflet | ©2022 S.S. Papadopulos & Associates | ESRI
NADS3 / UTM zone 13N: 499714.93,3900285.47

&1 SSPA-Ani: Upper Pecos Basin

File View Help

Basin

| Upper Pecos

Wells

| Resus | Log

PROCESS

‘ MOVE-FROM | MOVE-TO ‘ OBSERVATION

Theis Contours
year: [40 V|
O zones
Zone 22

[ Add Remove | Neme: [to-1 ]
‘m-1

[Utmss v] x| 506176.15 |
(meters) Y. 389276234 |
Q@Fy:[ 50 |
ReumFlow% [ 0 |
Trans. (ft2/d): | 250
Storativity: j}

Additional Well Details
In Domain: true
Zone ID: 5
Zone Name: Gallinas River-Pecos River North
Closest River. Pecos River
Dist. to Gallinas River: 4563 feet
Dist. to Pecos River: 1698 feet

Is this a temporary transfer?
O ves @ no
Processing Options
Transfer start year: | 2022
ADF Rivers{ Both Rivers v
Theis Contour Interval (feet) v
Theis Contour Extent (miles): v
Theis Contour Output Years? Year 40 Only v

() user-Defined River Linearization

Drawdown

Il 25to-10feet

Il -10to-5feet

[l 5to0feet
0to 5 feet
510 10 feet

1km
3000 ft

O NONE

@ ESRI - Topography
O ESRI - World Imagery
O OSM - Mapnik

MOVE-FROM

MOVE-TO

OBSERVATION

Theis Zones

O Material Property Zones (Dummy)
Pecos River

Gallinas River

Leaflet | ©2022 S.S. Papadopulos & Associates | ESRI
NAD83 / UTM zone 13N: 499949.68,3897189.45




e Assign uniform properties within each “Theis Zone”

* Delineate extents with HUC-10, then simplify appropriately:
e Surface geology maps
* Local expertise

& SSPA-Ani: Carlsbad Basin

File View Help

Basin

Carlsbad v

Wells

MOVE-FROM | MOVE-TO | OBSERVATION

Add Remove | Name
UTM83 V] X

(meters) Y:

Q (AFY)

Return Flow %

Trans. (ft2/d)

Storativity

Is this a temporary transfer?

O Yes @ No

Processing Options
Transfer start year
ADF Rivers{ Both Rivers v
Theis Contour Interval (feet)
Theis Contour Extent (miles)
Theis Contour Output Years{ Year 40 Only v |

(O User-Defined River Linearization

Mountains
National Park
Guadalips
Mount&in:
National Parf
SAQRAMENT

O NONE

@© ESRI - Topography
O ESRI - World Imagery
O OSM - Mapnik

MOVE-FROM
MOVE-TO
OBSERVATION
Material Property Zones
Pecos River

Black River

[<H<B<N<N<N<]

Leaflet | ©2022 S.S. Papadopulos & Associates | ESRI
NAD83 / UTM zone 13N: 475010.66,3663684.57

& SSPA-Ani: Gila/San Francisco Basin

File View Help

Basin

Gila/San Francisco v

Wells

MOVE-FROM MOVE-TO OBSER\/ATION‘

Add Remove Nate
[UtmMes v| X

(meters) )%

Q(AFY)

Return Flow %

Trans. (f2/d)

Storativity

Is this a temporary transfer?

O Yes @ No

Processing Options
Transfer start year: | 2022
ADF Rivers{ Both Rivers v

Theis Contour Interval (feet){ 1 v
Theis Contour Extent (miles){ 3 v

Theis Contour Output Years{ Year 40 Only v

(O User-Defined River Linearization

O NONE

@ ESRI - Topography
O ESRI - World Imagery
O OSM - Mapnik

MOVE-FROM
MOVE-TO
OBSERVATION
Theis Zones
O Material Property Zones
Gila River
San Francisco River

Leaflet | ©2022 S.S. Papadopulos & Associates | ESRI
NAD83 / UTM zone 13N: 104819.34,3726301.71




¥ SSPA-Ani: Upper Pecos Basin

File View Help

Basin
Upper Pecos ~

Wells

MOVE-FROM | MOVE-TO  OBSERVATION
Add | Remove Mams: | trom-1
L] UTh-83 ~ X 456004 35
{meters) Y. 3005487 34
Q (AFY)
Return Flow %
Trans. (R2/d)

Storativity

Additional Well Details
In Domain
Zone 1D
Zona Name: Cutlet Canon Blanco
Closest River Pecos River
Dist. to Gallinas River: 114411 feet
Dist. 1o Pecos River 21531 foat

Is this a temporary transfer?
O Yos @ No
Processing Options

Transfer start year | 2022
ADF Rrvers| Both Rvers

v
Theis Contour Interval (feet)] 1 w
Theis Contour Extent (miles); 3 ot
Theis Contowr Output Years: Year 40 Only v

-Dafs iy iz i

Theis Contours
year: |40 v
Zone 7
Zone 20

Drawdown
-100 to -50 feet
-50 to -25 feet
-25 fo -10 feet
-10to -5 feet
5 10 0 feet
0o 5 feat
510 10 foat
W 1010 25 feet
[l 25050 feet

3 km
2 mi

PROCESS
S - Wkilite F
O NONE
® ESRI - Topography
ESRI - World Imagery
O OSM - Mapnik

MOVE-FROM

MOVE-TO

OBSERVATION

Theis Zones
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Return Flow %:

Trans. (ft2/d): 500

Additional Well Details
In Domain: true
Zone ID: 21
Zone Name: 1-South
Closest River: Black River
Dist. to Black River: 15224 feet
Dist. to Pecos River: 54714 feet

Is this a temporary transfer?

OYes ® No

Processing Options
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O User-Defined River Linearization




* Improving Theis implementation
* Coordinate transformation for stream
» Superposition of Theis segments (Zipper Theis)

e Continue expanding messaging (e.g., zone-limited drawdown)
e Effective hydraulic properties
* Other post-processing, evaluating other boundary conditions



* |dentify the needs

* Develop the tool

* Test and document assumptions
* Train users (use and limitations)

 Employ: investigate, forensics and iterate
e Refine the question...
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