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1 Introduction/Background		

This report describes the Operational Readiness Test performed at the New Mexico 
Interstate Stream Commission (NMISC) Seven Rivers Wellfield in January 2019. The 
idea to test select groundwater production wells originated in 2018 during meetings 
of the 2003 Pecos Settlement Parties.  In late 2018, this group (the New Mexico 
Office of the State Engineer [NMOSE]; the NMISC; the United States of America, 
Department of the Interior, Bureau of Reclamation [USBR]; the Carlsbad Irrigation 
District [CID]; and the Pecos Valley Artesian Conservancy District [PVACD]) 
collectively developed and finalized an Operational Readiness Test Memorandum of 
Understanding (MOU).   

The purpose of the Operational Readiness Test was to (Settlement Parties, 2018): 

 Ensure valuable State-owned equipment is in working order and will be 
ready for use when needed 

 Allow for measurement and evaluation of wellfield system production 
and delivery efficiencies 

 Provide guidance for future use of the wellfield to maximize efficiency 
and minimize impact 

 Deliver water which will contribute to the CID’s project supply and 
compact state-line deliveries 

The State of New Mexico was required by the 2003 Pecos Settlement Agreement 
(Settlement Parties, 2003) to construct augmentation wellfields in the southern 
Roswell Artesian Basin.  By 2009, two wellfields and pipelines were constructed in 
the vicinity of Seven Rivers and Lake Arthur (Figure 1).  The wells are used to 
pump groundwater to the Pecos River and Brantley Reservoir to augment CID’s 
project supply as specified by the Settlement, and to assist the State of New Mexico 
in meeting its delivery obligations to the State of Texas under the 1948 Pecos River 
Compact and 1988 U.S. Supreme Court Amended Decree.   

The augmentation wellfields were last used to deliver water to the Pecos River in 
2013.  During 2014 and 2015, the NMISC made improvements to the Seven Rivers 
and Lake Arthur Wellfields to increase pumping and operational efficiencies through 
automation.  Improvements included the installation of 10 variable frequency drives 
(VFDs), upgrades to existing motors and new instrumentation at selected wells at 
the two wellfields.  The seven VFDs installed at the Seven Rivers wellfield were 
equipped with water-level-sensing units and were programmed to automatically 
adjust the motor (i.e., pump) speed to maintain targeted groundwater levels in the 
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wells.  At the Lake Arthur Wellfield, the three VFDs were not equipped with water-
level-sensing units; these drives have the option of being used to automatically 
maintain a constant target pumping rate.   

Three groundwater production wells at the Seven Rivers Wellfield were pumped 
during the 2019 wellfield operational test.  Wells at the Lake Arthur Wellfield were 
not operated.  Augmentation pumping has not occurred since installation of the 
VFDs, so gaining experience operating and troubleshooting the VFDs was one of 
the principal goals for the test.  The test procedures, observations and 
interpretations are described below (Sections 2 and 3).  Activities performed 
following the test to address VFD technical issues are discussed in Section 4. 

In addition to the two wellfields, NMISC also owns Hagerman Irrigation Company 
(HIC) water rights that can be delivered to the Pecos River under certain 
conditions.  No augmentation water was delivered from this source during the 
drought of 2011-2013.  Therefore, a goal of this report is to also provide guidance 
on when and how to augment the river using HIC.    

To evaluate river delivery efficiencies from Hagerman and Lake Arthur to Brantley 
Reservoir, the NMISC also compiled the data and results of previous 
investigations/evaluations and conducted further analysis of augmentation and 
stream discharge data (Section 5).   
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2 Test	Setup	and	Planning	

The test plan was developed during November and December 2018 and 
implemented in January 2019.  The criteria used to select the pumping and 
observation wells are described below, as well as the rationale for the pumping 
schedule created for the test.  This section also describes the sequence of tasks 
performed to equip the groundwater production wells and methods used to monitor 
the aquifer response to pumping. 

2.1 Well	Selection	

Three NMISC groundwater production wells were selected, equipped and pumped 
for the test.  Since a primary goal for the test was to gain experience using the 
VFDs installed at select wells, two VFD-equipped wells were chosen: wells B and K 
(Figure 2).   

The VFDs control the pump motors and allow the wells to either be pumped in 
“manual control” or “automatic control” modes.  In the manual control mode, the 
NMISC operators can start a VFD-controlled pump and manually set the well pump 
speed.  In the automatic flow- or groundwater-level-control modes, the operator 
can enter either a flow or a groundwater level target set point and the VFD 
determines how to change the motor frequency to bring the measured value closer 
to the target set point (ITRC, 2015).  At the Seven Rivers Wellfield, the VFDs were 
configured to automatically adjust the pump speed to maintain a relatively constant 
water level.  The groundwater level measurements for control and monitoring are 
performed by a water-level-sensing unit, a system of components that provides 
frequent automatic water-level readings to the VFD using dedicated airlines and the 
“bubbler” measurement method.   

The pumping wells for the test were also selected in order to test sections of the 
pipeline used to deliver water to the Pecos River and Brantley Reservoir.  Thus, well 
B was chosen because it is equipped with a VFD and is located at the upstream end 
of Pipeline E (Figure 2); well K was chosen because it is equipped with a VFD and is 
located at the upstream end of Pipeline B; and well L was chosen because it is 
located at the upstream end of Pipeline A.  Well L is not equipped with a VFD.   

As the primary goals of the test could be achieved by the proposed pumping of the 
three wells described above, the plan did not include any testing of wells located in 
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the northeast portion of the Seven Rivers Wellfield at the Lewis Farm area (Figure 
2).   

The Lake Arthur Wellfield was under considerable artesian pressure in December 
2018/January of 2019, preventing equipping of the wells and their use as part of 
the test.  Accordingly, no Lake Arthur wells were pumped for the test. 

2.2 Pumping	Schedule	

The NMISC worked with S.S. Papadopulos and Associates, Inc. (SSPA) to create a 
pumping schedule for the test.  The schedule was created to meet the following 
two goals: 

1. Goal 1:  To evaluate productivity at two production wells by measuring 
current pumping capacities and comparing these to those determined 
when the wells were first drilled and constructed in 2006 (Shomaker, 
2006).  Data collected during the first 24-hour-long pumping period of 
the test would then be used to evaluate well performance.   

2. Goal 2:  To operate a VFD in auto groundwater-level-control mode, which 
was planned for the second and final 24-hour-long pumping period.   

To meet these goals, the pumping schedule created for the test included two 
consecutive 24-hour-long pumping periods (Table 1).  The first period was 
designed to stress the aquifer in a controlled manner in order to compare the 
current well capacity to that observed in 2006.  During the first test period, the plan 
called for pumping wells B and K at the same rates used for the 2006 step-
drawdown tests.  The pumping rate during each step would be maintained at a 
constant rate and then “stepped” (increased) every two hours, a total of four steps, 
to generally replicate the procedures used in 2006.  The proposed pumping rates 
would thus permit the response of the aquifer to pumping in 2019 to be compared 
with the 2006 response when the wells were first drilled and installed, and to 
evaluate potential changes to wellfield productivity.  

The second period was designed to test the VFD auto-mode function at well K, 
continue to pump well B at the same rate as the first period, and to pump well L at 
its maximum rate.  Well K would be switched from “manual-control mode” to “auto 
mode” and a target drawdown value programmed into the drive.  In this mode the 
well is pumped at its maximum rate until the target water level is reached, and 
then the VFD adjusts the pumping rate to maintain that level (i.e., the pumping 
rate varies over time).   
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Table 1.  Pumping Schedule  

Pumping 
Period 

Hour B 
(gpm) 

K 
(gpm) 

L 
(gpm) 

1 

0 800 0 0 
1 800 600 0 
2 1,100 600 0 
3 1,100 800 0 
4 1,400 800 0 
5 1,400 900 0 
6 1,700 900 0 

2 
0 1,700 900 Maximum 
1 1,700 Auto Mode Maximum

24 0 0 0

Note: gpm = gallons per minute 

2.3 Well	Preparation	

Tasks completed to equip the groundwater production wells for the test are 
described in this section.  The three groundwater production wells pumped during 
the test were drilled and completed in the confined aquifer during 2006; well 
construction details are presented on Table 2.  The pumping wells were equipped 
with deep-well turbine pumps and airlines by Pecos Valley Pump Inc. (PVP) during 
December 2018.  NMISC also prepared a Wellfield Startup Plan, which lists the 
tasks required to initiate pumping operations at the wellfields, associated costs, and 
lead time needed to equip the wells for pumping. 

Table 2. Well Construction Details  

Well 
Depth 
(ft bgs) 

Casing 
Diameter 

(inch) 

Screen 
Diameter 

(inch) 

Screen 
Interval 
(ft bgs) 

Airline 
Depth 
(feet) 

Variable 
Frequency 

Drive 

B 808 13 ⅜ 8 ⅝ 506 to 807 209 Yes 

K 803 13 ⅜ 8 ⅝ 541 to 802 429 Yes 

L 693 13 ⅜ 8 ⅝ 433 to 693 299 No 

Note: ft bgs = feet below ground surface 

During December 2018, J&G Electric Company (J&G) first inspected the VFD 
cabinets at wells B and K looking for signs of damage, and none were noted.  The 
motor “soft start” (a device used with electrical motors to temporarily reduce the 
electric current surge during the initial start-up) at well L was damaged by rodents 
and exposure to rain and dust. Due to the severity of the damages the cabinet was 
replaced.  Prior to pumping the wells, PVACD performed maintenance on the flow 
meters at wells B, K, and L on January 3, 2019.  Each water meter was removed 
from the pipeline and inspected, cleaned, lubricated, and then reinstalled.  J&G 
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then returned to wells B, K & L and reestablished electrical service to the pump 
motors.   

The final preparation step was to program the VFDs so that the drives could be 
used to operate the pumps at wells B and K.  NMISC and J&G configured the VFDs 
with telephone support from Mitchell Lewis and Staver.  The programming of the 
numerous parameters at the two VFDs was challenging.  The lack of documentation 
for the initial setup of the VFDs seemed to be the principal cause of the difficulties 
experienced.  After the test, the Irrigation Training and Research Center at 
California Polytechnic University (ITRC) was contacted for VFD support, and a plan 
to properly document the VFD programming and to correct remaining technical 
issues was later developed and implemented (Section 4).   

After completing the programming, the wells were briefly operated in manual-
control mode to confirm that the wells were ready to pump water for the upcoming 
operational test.   

2.4 Water‐Level	Monitoring	

The response of the aquifer to pumping during the test was measured using both 
manual water-level measurements and data loggers equipped with pressure 
transducers.  Manual depth-to-water measurements were collected to the nearest 
0.01 foot using an electronic water-level indicator (sounder), or to the nearest 0.5 
psi at wells equipped with airlines using compressed air and an Ashford air pressure 
test gauge (type 1082).  Longer-term monitoring was completed using data loggers 
equipped with pressure transducers. 

Manual water-level measurements were collected at various times at select wells 
located in the Home and Price Farms in the western and central areas of the 
wellfield where the pumping for the test occurred (Figure 2).  Water levels at select 
wells were collected prior to, during, and after the 2-day-long pumping period.   

Antecedent water-level data collection was also performed at select wells during 
the week preceding the start of the operational test.  Data loggers collected data at 
two of the three pumping wells (wells B and K), and at four observation wells (wells 
C, Schoolhouse, and SRI New Big Price and New Point wells).  Unfortunately, 
equipment failure at SRI New Point well prevented data collection at this well.   
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3 Testing	and	Observations	

The procedures used to implement the Operational Readiness Test and the 
observed aquifer response are described below. 

3.1 Operational	Test	Pumping	

Pumping for the test began midday (pm) on January 29, 2019 and ended roughly 
48 hours later.  Table 3 presents a summary of the pumping performed during the 
test.  The planned pumping schedule for well B was successfully implemented, but 
technical difficulties at well K caused deviations from the plan.  Table 3 lists the 
date, time, and approximate pumping rates for the three production wells. 

Table 3. Operational Test Pumping  

Pumping 
Period 

Day Time 
Approximate Pumping Rate (gpm) 

B K L 

1 
1/29/2019 

12:00 800 0 0 
13:00 800 600 to 0 0 
13:10 800 1,160 to 0 0 
14:00 1,100 0 0 
14:30 1,100 0 0 
14:33 1,100 1,320 0 
16:00 1,700 1,320 0 
17:00 1,700 1,660 0 
18:00 1,900 1,660 0 

1/30/2019 
9:38 1,900 1,660 2,400 

2 

14:00 1,900 Auto Mode 2,400 
14:20 1,900 1,700 2,400 

1/31/2019 
10:16 1,900 1,700 0 
12:24 0 1,700 0 
13:38 0 0 0 

Note: gpm = gallons per minute 

Manual measurements were collected from all the wells located in the Home and 
Price farms (Figure 2) on the western and central portions of the wellfield on 
January 29 before the start of pumping, and then as time permitted during the two-
day test. 

There was no pumping at any of the NMISC and SRI groundwater production wells 
in the wellfield during the week prior to the test. 

A summary of the test is presented below.  The two pumping periods were 
consecutive, with no cessation of pumping. 
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First Pumping Period 

The first 24-hour-long pumping period began at noon on January 29, 2019.  The 
time of actions taken to implement the plan and any deviations are described 
below: 

12:00 Pumping began at well B in manual-control mode at a rate of ≈800 
gallons per minute (gpm) (Table 3). 

13:00 Pumping began at well K in manual control-mode at rate of ≈600 
gpm.  However, the VFD was not able to sustain a pumping rate as 
low as 600 gpm, which caused a deviation from the plan.  Pumping 
resumed at 13:15 using a higher rate of ≈1,160 gpm.  (Note that 
this issue was later resolved during VFD programming performed by 
ITRC after the test; see Section 4). 

14:00 First step at well B completed.  Pumping rate increased to ≈1,100 
gpm.   

14:30 Field team returned to well K, where pumping had stopped.  The 
pump was restarted within minutes at a slightly higher rate of 
≈1,320 gpm.   

16:00 Second step at well B completed.  Pumping rate increased to 
≈1,700 gpm.   

17:00 First step at well K completed.  Pumping rate increased to ≈1,660 
gpm.   

18:15 Third step at well B completed.  Pumping rate increased to ≈1,900 
gpm.   

The field team left the wellfield shortly thereafter leaving wells B and K pumping at 
constant rates of ≈1,900 and 1,660 gpm, respectively. 

Second Pumping Period 

The second 24-hour-long pumping period began at midday on January 30, 2019.  
The time of actions taken to implement the plan and any deviations are described 
below. 

8:00 Returned to well sites and verified that wells B and K were pumping 
at proper rates. 

9:25 Began pumping at well L at a rate of ≈2,400 gpm. 

10:00 NMISC held an on-site meeting with various stakeholders and 
contractors; the group visited wells B and K, and the pipeline outfall 
at Brantley Reservoir (Figure 2).  
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14:00 Manual control pumping at well K was stopped, and the well 
restarted in auto groundwater-level-control mode.  However, 
technical problems occurred and testing in this mode was ended.  
The well was restarted in manual mode at a rate of ≈1,700 gpm.  
(Note that this issue was also later resolved during VFD 
programming performed by ITRC after the test; see Section 4). 

Pumping at the three test wells ceased on January 31 after 48 hours had elapsed.  
Almost 40 acre-feet of water was delivered to Brantley Reservoir during the test 
(Table 4). 

Table 4: Acre-feet of Groundwater Pumped 

Well B K L 

Acre-feet 14.5 14.5 10.8 

Grand Total Pumped 39.8 

3.2 Aquifer	Response	

The time of year, stability of the aquifer water levels, and the static depth-to-water 
prior to the start of pumping may affect the response of the well to pumping.  
Aquifer conditions in 2006 and 2019 are therefore summarized and contrasted 
below.   

The 2006 step-drawdown tests were performed between March 24 and May 11, 
whereas the 2019 test occurred in January.  Therefore the 2006 tests were 
performed after the start of the irrigation season and pumping at other nearby 
wells.  Consequently, external stresses to the aquifer in early 2006 affected water 
levels in the test wells leading up to start of (and likely during) the step-drawdown 
tests.  In contrast, the 2019 tests were performed three months after the end of 
the irrigation season, when the aquifer was recovering from pumping the previous 
irrigation season, and when aquifer water levels were relatively stable (Figures 3 to 
7).   

While a detailed account of these initial hydrogeologic conditions is beyond the 
scope of this report, it is noteworthy that static water levels prior to the start of 
testing in 2019 were approximately 10 to 20 feet lower than in 2006.  These depth-
to-water measurements were as follows:  
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 Well B depth to water was 74.35 feet below ground surface in 2006 
compared to 83.1 feet in 2019  

 Well K depth to water was 121.62 feet in 2006 compared with 138.5 feet in 
2019 

 Well L depth to water was 76.8 feet in 2006 compared with 96.9 feet in 2019 

Table 5: Well B Water Level Data  

Date Time Airline(1) 
(psi) 

Water Level 
(feet) 

Comments 

Airline(2) 
Depth to 
Water(3) Drawdown 

1/29/2019 

11:46 54.50 125.9 83.1 0.0 
Static prior to start of 
pumping 

11:59 NA - - - 
Pumping begins: Step 1 
with rate ≈ 800 gpm 

13:52 49.50 114.3 94.7 11.6 Nearing end of Step 1 

14:03 NA - - - 
Begin Step 2 with rate ≈ 
1,100 gpm 

14:08 47.50 109.7 99.3 16.2 Pumping during Step 2 
15:38 47.00 108.6 100.4 17.3 Nearing end of Step 2 

16:00 NA - - - 
Begin Step 3 with rate ≈ 
1,380 gpm 

18:11 43.00 99.3 109.7 26.6 Nearing end of Step 3 

18:15 NA - - - 
Begin Step 4 with rate ≈ 
1,700 gpm 

1/30/2019 8:33 35.25 81.4 127.6 44.5 Pumping  

1/31/2019 
12:20 33.50 77.4 131.6 48.5 Nearing end of pumping 
12:24 NA - - - End of pumping 

2/5/2019 14:29 54.5 125.9 83.1 NA 
Static during monthly 
monitoring 

Notes:  1. Pounds per square inch (Ashcroft test gage model 1082) 
 2. Feet of water above end of airline 
 3. Depth to water below ground surface 

The 2019 step-drawdown test data for wells B and K are presented on Tables 5 and 
6, and Figures 3 and 4 present plots of water-level change versus time at these 
wells.  The average pumping rate and drawdown at the end of each step are listed 
below.  Note that the steps at well B were each 120 minutes long, but that no 
drawdown was available at the end of the last step due to data logger malfunction.  
Also, the technical difficulties at the start of pumping at well K caused undesirable 
perturbations to the water levels in the well; the pumping rate for the steps were 
much higher than in 2006 and the steps for the test were 150 minutes long instead 
of 120.    
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Well B 

Step 1 787 gpm 11.6 feet of drawdown 
Step 2 1,110 gpm 16.2 feet of drawdown 
Step 3 1,382 gpm 26.6 feet of drawdown 
Step 4 1,714 gpm, not available 

Well K 
Step 1 1,289 gpm 21.4 feet of drawdown 
Step 2 1,649 gpm 30.0 feet of drawdown 

Table 6: Well K Water Level Data 

Date 

Time Airline(1) 
(psi) 

Water Level 
(feet) 

Comments 

Airline(2) 
Depth to 
Water(3) Drawdown 

1/29/2009 
12:51 125.8 290.5 138.5 0.0 

Static prior to start of 
pumping 

12:59 NA - - - 

Make three attempts to 
initiate pumping at constant 
rate of 600 gpm, but pump 
shuts down within minutes

13:10 NA - - - 
Pump restarted at rate of 
≈1,160 gpm 

14:30 NA - - - 
Pump was off when returned 
to site

14:33 NA    
Pump restarted at new Step 
1 rate ≈1,320 gpm 

16:51 116.5 269.1 159.9 21.4 
Pumping rate increased to 
≈1,660 gpm 

17:01 NA - - - Nearing end Step 1 

17:01 NA    
Begin Step 2 with rate ≈ 
1,660 gpm 

1/30/2009 8:57 111.5 257.6 171.4 32.9
8:57 111.3 257.0 172.0 33.5
12:59 109.8 253.5 175.5 37.0  

13:15 NA - - - 

VFD manual mode off; 
unsuccessful attempt 
operation in auto 
groundwater-level-control 
mode.  Restart pump at rate 
≈1,700 gpm 

13:35 103.5 239.1 189.9 51.4  
13:40 104.0 240.2 188.8 50.2  
17:16 108.5 250.6 178.4 39.8  

1/31/2019 13:37 107.8 248.9 180.1 41.6 Nearing end of pumping
13:38 NA - - - End of pumping 

2/6/2019 
9:59 126.0 291.1 -138.9 NA 

Static during monthly 
monitoring 

Notes:  1. Pounds per square inch (Ashcroft test gage model 1082) 
 2. Feet of water above end of airline 
 3. Depth to water below ground surface 
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The drawdown in wells B and K at the end of the 48-hour pumping period was 
about 49 and 42 feet, and the average pumping rate was 1,625 and 1,652 gpm, 
respectively (Figures 3 and 4).   

Well L was pumped during the second 24-hour-long period for roughly 24.5 hours 
at an average rate of 2,372 gpm, with about 68 feet of drawdown at the end of 
pumping.   

The observed drawdown at nearby observation wells was clearly affected by the 
two pumping period stresses imposed during the test.  The timeseries plots of 
water-level change for wells C, Schoolhouse, and SRI’s New Big Price (Figures 5, 6, 
and 7, respectively) show an initial water level drop during the first pumping period 
when wells B and K were the only wells being pumped, followed by another more 
rapid water level drop after roughly 24 hours when pumping at well L was started.  
The greatest drawdown, almost 22 feet, occurred at well C, which is generally 
located downgradient of the three pumping centers (Figure 2).  About 18 feet of 
drawdown was observed at the Schoolhouse well nearest to well K, and almost 14 
feet of drawdown was observed at SRI’s New Big Price well located closest to well 
L.   

3.3 Discussion/Interpretations	

Groundwater production at the Seven Rivers Wellfield was first evaluated in 2005-
2006 when various pumping tests were performed.  The 2019 testing at wells B 
and K generally replicated the 2006 step-drawdown tests and the resulting specific 
capacities were used to qualitatively assess changes in well capacity.  

The specific capacity of a well provides a ‘benchmark evaluation’ as to the well’s 
relative performance on a unit basis (Driscoll, 1986), and historical data provide a 
timeline indication of any changes to the well’s efficiency. However, it is noteworthy 
that the specific capacity of a well also decreases with increasing pumping rates 
and the length of pumping.  Because of these factors, and because test conditions 
(pumping rates and the length of each step) were not exactly replicated, the 
resulting data from 2019 are not strictly comparable with the 2006 tests 
(Shomaker, 2019).  Accordingly, the specific capacity values determined by the two 
sets of step-drawdown tests (discussed below) were used to qualitatively assess 
well capacity.  
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Specific capacities determined in 2006 and 2019 at well B are presented on Table 7.  
The 2019 values of specific capacity ranged from a high of 68 during step 1 to 52 
gpm/foot drawdown for step 3.  Comparison with the 2006 step-drawdown indicate 
that the well specific capacity, and thus the productivity of the well, has 
approximately doubled since the well was first tested. 

Table 7:  Well B - Step-Drawdown Tests Specific Capacity 

Year Step 
Pumping 

Rate 
(gpm) 

Drawdown
(feet) 

Specific 
Capacity 

(gpm/feet 
drawdown) 

2006 
1 

799 23.97 33.3 

2019 787 11.55 68.1 

2006 
2 

1111 33.60 33.1 

2019 1110 17.30 64.2 

2006 
3 

1367 42.85 31.9 

2019 1382 26.57 52.0 

2006 
4 

1745 54.95 31.8 

2019 1714 NA NA 

Note: Step duration in 2006 was 60 minutes 

Since the 2006 testing, more than 5,000 acre-feet of water was pumped from the 
well B (most during augmentation pumping in 2011 through 2013).  Pumping at 
this well since 2006 likely continued to develop the well and may have consequently 
increased well capacity.   

Well K 

The deviations to the proposed pumping schedule at well K caused the well to be 
pumped at significantly higher rates than were used during the 2006 step-
drawdown test.  For example, during the first step in 2006 the well was pumped at 
a rate of 370 gpm compared to a rate of 1,289 gpm in 2019.  Because the rates 
used during these two tests were so different, the well’s relative performance on a 
unit basis cannot be directly compared.   

Nevertheless, the 2006 and 2019 data show a significant increase in the capacity of 
the well.  The 2006 constant-rate test at well K (pumping at ≈ 960 gpm) indicated 
that the specific capacity of the well was 8.8 gpm/foot drawdown, and the last step 
of the 2006 step-drawdown test (pumping at ≈880 gpm) produced a value of about 
10 gpm/foot drawdown (Shomaker, 2006).  The specific capacity determined in 
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2019 was 56 to 60 gpm/foot drawdown, which is five to six times higher than in 
2006.  As discussed above for well B, more than 5,200 acre-feet of water was 
pumped from well K since the testing in 2006, and this pumping likely further 
developed the well and may have increased its capacity. 

Therefore, although the 2019 data are not strictly comparable with that of the 2006 
tests, recent testing indicates that the specific capacity of wells B and K increased 
during the 2011 to 2013 augmentation pumping.  Additional testing may be 
planned by NMISC to confirm these increases. 
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4 Post‐Test	VFD	Programming	

Following completion of the operational test, NMISC contacted ITRC for VFD 
technical support.  At NMISC’s request, ITRC developed and implemented a plan to 
remedy the VFD programming issues and to create documentation for the existing 
VFD configuration.  This work was successfully completed during February and 
March 2019 and is briefly described below.   

The four main goals for this phase of work included: 

1. Reprograming of the VFD flow meter  
2. Ensure that auto groundwater-level-control mode is operational 
3. Contact the VFD manufacturer to confirm proper procedure for 

reenergizing VFDs that have been unpowered for extended periods, and 
obtain guidance on best practices for the future 

4. Prepare updated documentation and programming for the VFDs 

The first step was for NMISC to install specialized software and download the 
existing VFD programming to a laptop computer.  These electronic files were then 
sent to ITRC for review and analysis. Based on their review and support from the 
VFD manufacturer, ITRC resolved all technical issues described above in Section 3.1.  
ITRC also developed and pre-configured new programming for the VFDs at wells B 
and K.   

Prior to the ITRC site visit, NMISC and J&G performed a site visit and inspection to 
confirm the VFD wiring of the water-level pressure transducers and the flow meters 
at wells B and K.  NMISC inspected and reprogrammed the water level sensing units 
and confirmed that the equipment was operational for the upcoming ITRC visit. 

The ITRC site visit took place on March 25 to 27, 2019.  With assistance from 
NMISC and J&G, ITRC was able to successfully troubleshoot and reprogram the 
VFDs at wells B and K.  Both wells were successfully tested in auto groundwater-
level-control mode during the site visit; the auto groundwater-level-control mode at 
well K was further tested by pumping the well overnight for approximately 12 hours 
(to Brantley reservoir).  In addition, the new VFD setups ensure that if the primary 
water level sensor signal to the VFD fails, then the drive will automatically switch to 
the secondary transducer with no cessation of pumping.  This feature was also 
tested successfully by temporarily disconnecting the primary sensor during pumping.  
Finally, an on-site meeting was held by ITRC with NMISC and various contractors 
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where a summary of the work performed during the ITRC site visit was presented 
with their findings.   

Following the site visit, ITRC prepared the following documentation for NMISC: 

 VFD Operation Documentation 
 Instructions for Loading a Program into the VFD 
 Adjusting VFD and Water Level Sensing Unit Datalogger for Updated Motor 

and Depth Settings 

ITRC also provided NMISC with the new VFD programming for the remaining VFDs 
at both wellfields, the calibration spreadsheets used to program the water-level 
sensing units and flow meters, and spreadsheets with all VFD parameter 
programming for wells B and K.   
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5 Delivery	Efficiency	Evaluation	

As part of the Operational Readiness Test, the NMISC reviewed and evaluated the 
delivery efficiency of augmentation water from two other sources, the Lake Arthur 
Wellfield (Lake Arthur) and the Hagerman Irrigation Canal (HIC), located 
approximately 35 and 70 miles upstream of Brantley Reservoir, respectively (Figure 
8).  Delivery efficiency is a measure of the proportion of augmentation water 
reaching the reservoir.  The primary goal of this evaluation was to inform decision-
making for future augmentation to the river. 

The NMISC last delivered augmentation water from the Lake Arthur wellfield during 
the extended drought of 2011-2013.  No HIC water was used to augment the river 
during this drought.  Since the goal of river augmentation is to increase the supply 
of water stored in Brantley Reservoir, minimizing conveyance losses during transit 
in the river is crucial. Previous analyses of river conditions indicated that water 
deliveries from Lake Arthur and HIC should, when possible, be restricted to cooler 
months or times of relatively higher river flows.  These restrictions highlight the 
need for advanced forecasting of drought conditions (ideally six months or more) to 
maximize the effectiveness of augmentation.   

Gains and losses during transit in the river affect augmentation water delivery 
efficiency.  Losses are primarily due to seepage and evapotranspiration and are 
seasonal and discharge dependent.  Losses are a function of parameters such as 
the river surface area and channel wetted perimeter, which are in turn related to 
discharge, and weather conditions such as wind speed, temperature, and humidity.  
Gains are mostly from precipitation, surface runoff, and irrigation return flows, 
which are not discharge dependent, as well as groundwater base inflows from local 
aquifers (Tetra Tech, 2000). 

The evaluation of delivery efficiencies during transit from Lake Arthur and HIC 
delivery locations to Brantley Reservoir was based on the analysis of USGS 
discharge data from three gages on the Pecos River in the area of interest (Figure 
8): 

 Pecos River near Lake Arthur (USGS 08395500) located about 2.5 river miles 
upstream of the Lake Arthur Wellfield outfall 

 Pecos River near Artesia (USGS 08396500) located about 18 river miles 
downstream of the Lake Arthur gage 
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 Pecos River (Kaiser Channel) near Lakewood (USGS 08399500) located 
about 12 miles downstream of the Artesia gage, and about 5 miles above 
Brantley Reservoir 

The stretch of the river from the Lake Arthur gage to the Artesia gage is referred to 
as the Upper Reach.  The Lower Reach extends from the Artesia gage to the Kaiser 
Channel gage (Figure 8).   

5.1 Lake	Arthur	Wellfield	

The Lake Arthur Wellfield is located about 35 river miles above Brantley Reservoir 
(Figure 8).  The NMISC last delivered augmentation water from this wellfield during 
the extended drought of 2011-2013, pumping groundwater to the river over the 
course of five discrete periods (Table 8).  Almost all this pumping occurred during 
three longer periods lasting 110 to 182 days; late in the drought, there were also 
two shorter pumping periods of 7 days or less that coincided with brief summer 
storms.  Total duration of pumping amounted to 455 days and the combined 
pumped volume was 6,688 acre-feet.  The nature and extent of losses that 
occurred during these augmentation activities is examined below and compared to 
average historical monthly losses. 

Table 8: Pumping at Lake Arthur Wellfield 2011-2013 

Pumping Periods Duration 
(days) 

Average Discharge 
(cubic feet per second) 

Total Pumping 
(acre-feet) 

03/02/2011 – 08/31/2011 182 8.9 3,199 

02/18/2012 – 05/31/2012 110 5.4 1,175 

12/19/2012 – 05/19/2013 152 7.1 2,128 

07/03/2013 – 07/09/2013 7 9.1 126 

08/13/2013 – 08/15/2013 4 7.4 59 

Total 455 7.4 6,688 

5.1.1 Historical Losses – 1989 to 2018 

Prior to analyzing the 2011, 2012, and 2013 discharge data to assess delivery 
efficiency during times of augmentation, the entire record of discharge from the 
USGS Lake Arthur, Artesia and Kaiser Channel gages was obtained.  Monthly 
average discharge at these gages for 1989 through 2018 was used to calculate 
values of 30-year average monthly loss (Table 9, see Attachment A).  Averages 
presented in Table 9 include the entire USGS data record (i.e., no filtering of the 
data set was performed).   
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Table 9.  Historical 30-Year Average Monthly Loss – 
Lake Arthur to Kaiser Channel 

Month 
Average 
Losses 

(%) 
Month 

Average 
Losses 

(%) 
January 1.8 July 8.4
February 3.1 August 10 

March 3.6 September 14 
April 0.5 October 8.0 
May 5.3 November 7.0
June 10 December 4.0

Note: Averages calculated using 1989 to 2018 discharge data. 

The historical losses on a monthly basis for transit from Lake Arthur to Kaiser 
Channel ranged from 0.5 to 14% (Table 9); inspection of the table indicates the 
following: 

 The highest single loss of 14% occurs in September 

 The next highest losses of about 8 to 10% occur in June, July, August and 
October 

 Smaller losses (4 to 7%) occur in May, November and December 

 The lower losses of 0.5 to 4% occur in the winter months of January 
through April 

 The lowest loss in April of 0.5% appears to be an artifact of increased flows 
that typically take place in March when irrigation resumes (due to block 
releases from Sumner Reservoir) 

 The total average annual loss was 7%  

In addition to inspecting the average monthly loss over the 30-year period, the 
distribution and variability of the data set was examined and visualized with box & 
whisker plots (Figure 13; also see inset on following page for information regarding 
box & whisker plots).  This analysis of the data determined that: 

1. The highest variability of loss/gain occurs in June through September 
2. The median loss varies from a loss of 2.6% in January to 13.6% in 

September.  
3. In June, and in August through December, losing conditions occur more 

than 75% of the time. 
4. In January through May, and in July, gaining conditions occur more than 

25% of the time.   
5. September has the highest third quartile loss, at a 24.1% loss 
6. March has the largest first quartile gain at 6.4%. 
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7. No month experienced net gains in all years or net losses in all years 
8. The upper whiskers (i.e., maximum non-outlier values in data set) are 

highest in September and June, with losses of 51% and 43%, respectively 
9. The upper whiskers are lowest in November through March, with losses 

ranging from 18% to 23% 
10. The lower whiskers all indicate non-outlier gains ranging from 7% to 

26% 
11. Out of the 360 months in the period, 20 months had outlier losses, and 8 

had outlier gains.  (Note that only 19 outlier losses are visible on the 
chart as November experienced 2 years with almost identical losses of 
approximately 30%). Of the 20 months which experienced outlier losses, 
13 occurred during the 2011-2013 drought. 

12. Outliers are valid data (the term 
conveys the statistical measure 
applied to the 30 years of data; 
see box at right).  The presence 
of numerous outliers in this data 
set is consistent with the 
“flashy” nature of the Pecos 
River; droughts and flooding 
increase the hydrologic 
variability of the system with 
losses as high as 100% and 
gains that occasionally approach 
50% 

Examination of the past 30 years of 
monthly discharge data indicates that 
losses are lowest during the months of 
December through April.  Therefore, one 
would expect losses to be minimized if 
augmentation occurs during these cooler winter-spring months and especially in 
late March and April.  Losses steadily increase beginning in May, increasing through 
September.   

Historical average monthly losses were also compared to average monthly losses 
during augmentation in 2011, 2012, and 2013; this analysis is presented below. 

In a Box & Whisker Plot: 

 the median is marked by a horizontal line inside 
the box 

 the ends of the box are the upper and lower 
quartiles (25% and 75%) 

 the whiskers are the two lines outside the box that 
extend to the highest and lowest observations, 
excluding outliers. 

________________________ 

Quartiles 

Values that divide a data set into quarters, and 
include the following: 

 The first quartile divides the lowest 25% of data 
and the upper 75%. 

 The second quartile is equivalent to the median 
and divides the lower 50% of the data from the 
upper 50%. 

 The third quartile divides the lower 75% of data 
from the upper 25%  

Outliers 

Outliers are defined as values that fall further than 1.5 
times the inter-quartile range (i.e. 1.5 times the height 
of the box) from either the upper or lower quartile (i.e. 
the ends of the box) 
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5.1.2 Augmentation Losses – 2011 to 2013 

To evaluate conveyance losses that occurred as augmentation water flowed from 
Lake Arthur to Brantley Reservoir, the USGS records of daily discharge at the three 
gages of interest were obtained for water years 2011, 2012 and 2013.  The total 
daily volume of wellfield groundwater delivered to the Pecos River was determined 
based on NMISC water meter readings.  This analysis compared discharge in the 
Upper Reach (between the Lake Arthur and Artesia gages) and the Lower Reach 
(between the Artesia and Kaiser Channel gages) (Figure 8).  Note that gains or 
losses between Kaiser Channel and Brantley Reservoir were not considered in this 
analysis.   

Time series plots of augmentation pumping and river discharge at the three gages 
of interest for water years 2011, 2012 and 2013 are presented on Figures 9 
through 12.  Figure 9 combines all three water years on a single plot, whereas the 
individual water years 2011, 2012, and 2013 are presented on Figures 10 through 
12, respectively.  (Note also that Figures 9 through 12 include two versions of each 
timeseries: figures with an “a” suffix present a plot with a y-axis maximum 
discharge of 100 cfs, whereas those with a “b” suffix present the same data with a 
larger y-axis maximum of 1,500 cfs.  Finally, for ease of reading this text does not 
refer to either suffix when referencing these figures. 

These plots highlight complicating aspects inherent in the analysis of the highly 
variable river flows; for example: 

 Discharge at the river gages was highly variable: there were short-term daily 
fluctuations as well as longer-term seasonal changes. 

 The months when the wellfield was pumped for extended periods of time 
varied, with pumping beginning as early as December or as late as March, 
and then ending by the month of May to August.   

 Block releases from Sumner Reservoir occurred during augmentation in all 
three years (Figures 9, 10, and 11).  The number of block releases and 
volume released was highest in 2011 (with two releases totaling roughly 
41,000 acre-feet), and lower in both in 2012 and 2013 (with releases of 
roughly 14,500 and 12,100 acre-feet of water, respectively). 

 The lag between the gages is not constant and varies inversely with 
discharge. 

 Precipitation-event inflows, including runoff, was sporadic and variable. 

 Irrigation diversions and return flows varied during this time and are not well 
characterized. 
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 In 2011, the USGS gage at Kaiser Channel showed 0 cfs for 6 days; in 2012, 
the Artesia and Kaiser Channel gages showed 0 cfs for 22 and 63 days, 
respectively; and in 2013, Kaiser Channel gage showed 0 cfs for a total of 23 
days.  

 The average USGS-gaged discharge in the river decreased by about half 
during the 3-year drought. 

 The discharge data used for this analysis are rated by USGS as “good” and 
“fair”; these ratings indicate that about 95 percent of the daily discharge 
averages are within 10 and 15 percent of the “true” values, respectively 
(Burt and Freeman, 2003).   

Notwithstanding these complicating factors, the volumes of water delivered to the 
river during augmentation and measured at the three USGS gages were analyzed 
and the delivery efficiencies determined (Table 10).  To minimize the undesirable 
impact of surface water travel times (i.e., time lag) to this analysis, the data were 
grouped into long-duration multi-day data sets with identical start and stop dates.  
These long-duration datasets reduce the impact of travel times to this analysis 
since they are considerably longer than the river water travel time through each 
reach of the river.  For example, basin surface water modeling results indicate that 
travel times between the Upper and Lower Reach gages increase from about 3 to 
over 30 hours as flows decrease from approximately 1,500 to 10 cfs, respectively 
(Tetra Tech, 2000).  Therefore, losses calculated using daily discharge data will 
rarely yield an accurate estimate of the delivery efficiency. 

The first analysis of losses combined all 455 days of augmentation into a single 
dataset, while the second analysis assessed losses during the three time periods of 
110 to 182 days that coincided with the annual extended augmentation events 
(Table 10).  Because these time periods are considerably longer than potential lag 
times between the gages (3 to 30 hours), the error in these analyses due to lag 
effects is reduced.  The third analysis considered the 2011, 2012, and 2013 
monthly averages and compared them to the historical monthly averages 
determined in the previous section. 
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Table 10: Discharge and Percent Loss - Lake Arthur to Kaiser Channel Reach 

Pumping 
Periods 

Days 

Average Discharge (cubic feet per second) 

Percent Loss Lake 
Arthur 
Gage 

Lake 
Arthur 

Pumping 

Artesia 
Gage 

Kaiser 
Channel 

Gage 
03/02/11 - 08/30/11 182 113 8.9 110 114 7.0 
02/16/12 - 06/04/12 110 81 5.4 81 81 6.0 
12/19/12 - 05/20/13 152 61 7.1 64 57 15 
07/03/13 - 07/09/13 7 80 9.1 70 21 76 
08/13/13 - 08/15/13 4 130 7.4 113 48 65 

Average NA 88 7.4 87 85 10 

The analysis of USGS discharge data collected during augmentation periods 
performed during the 3-year drought is presented on Table 10.  Overall, the 
wellfield delivered 6,688 acre-feet of groundwater to the Pecos River during 455 
days of operation.  Over that same period, discharge at the Lake Arthur gage was 
78,991 acre-feet.  This gage is located about 2.5 miles above the wellfield pipeline 
outfall, and the sum of the gage and wellfield discharge define the “initial condition” 
(or volume) at the beginning of the Upper Reach used to calculate losses during 
transit.  The data indicate that during augmentation approximately 10% of the flow 
entering the upper reach was typically lost in transit to the Kaiser Channel gage 
(Table 10).   

Increasing annual losses that occurred as the drought progressed were also 
evaluated.  As expected, the delivery efficiencies over the three extended pumping 
periods worsened as the drought persisted (Table 10).  Conveyance losses of 15% 
in 2013 (at the height of the drought) were about two times higher than in 2011 
and 2012 (with losses of 7.0 and 6.0%, respectively).  However, other factors 
(besides discharge at a single gage) need to be considered when evaluating 
whether hydraulic conditions are favorable for augment flows in the Pecos River.   

Table 11 presents greater detail regarding gains and losses at the two river reaches 
during the three periods of extended augmentation.  It is noteworthy that the 
biggest change to hydraulic conditions occurs at the Lower Reach: the reach was 
gaining in 2011 (+3.8%), only slightly gaining in 2012 (+0.6%), and finally became 
clearly losing at -9.8 percent in 2013 (Table 11), as the drought persisted.  It is also 
noteworthy that the periods of zero recorded flow (63 days) at Kaiser Channel in 
2012 occurred after augmentation had ceased for that year, and that the 2013 rate 
of loss then more than doubles compared to 2011 and 2012.  By 2013, it appears 
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that groundwater discharge (baseflow) to the Pecos River was affected by changes 
in the river-stage elevation, shallow groundwater elevation, and the confined 
aquifer potentiometric surface. These all decreased as the drought progressed and 
impacted hydrologic conditions (i.e., causing the Lower Reach to switch from 
gaining to losing). 

Table 11.  Gains & Losses in Upper and Lower Reaches 

Year 
Percent Gains or Losses 

Upper 
Reach 

Lower 
Reach 

Total over both 
Reaches 

2011 -10 3.8 -7.0 

2012 -6.2 0.6 -5.6 

2013 -6.1 -9.8 -15 

As the drought progressed in 2013, the Pecos River was nearly dry by mid-May and 
NMISC stopped pumping from the wellfield (Figure 11).  In 2013, the Kaiser 
Channel gage recorded a flow of 0 cfs from June 22 to 30, August 6 to 11, and 
September 1 to 11.  Substantial rainfall during July and August of 2013 resulted in 
temporary re-wetting of the river and, in an attempt to take advantage of the 
increased flow in the river to convey augmentation water to Brantley Reservoir, the 
NMISC briefly pumped the Lake Arthur Wellfield for seven and three days to 
coincide with each storm event (Figure 11).  However, this strategy had limited 
success; estimated losses during these two periods were 76 and 65% (see Tables 
10 and 11).  These high loss rates were presumably from increased seepage into 
the channel, caused by the preceding dry conditions, indicating that the tactic of 
coordinating the delivery of augmentation water with smaller summer flood flows 
has limited functionality when river gages have indicated zero flow over extended 
periods.  In other words, a dry river channel will not convey water efficiently.  

After examining losses using the time periods on Table 8, the delivery efficiencies 
were further examined by analyzing the 2011-2013 data on a monthly basis.  This 
analysis compared the monthly loss in years 2011, 2012, and 2013 to the historical 
averages (Table 9) and the box and whisker plots (Figure 13) (Section 5.1.1).   

Figure 14 combines the box and whisker plots from Figure 13 with the monthly 
lose/gains during 2011 through 2013.  Note that the monthly values determined for 
years 2011, 2012 and 2013 include periods when NMISC was augmenting flow in 
the river.  Inspection of Figure 14 shows that the losses in 2011, 2012 and 2013 
were much higher than average.  High losses up to 75% began in late 2011 during 
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September (Figure 14).  Losses in August and September 2012 were 100% 
compared to historical means of 10 and 14%, respectively (Table 9 and Figure 14).  
Losses remained above 40% during October 2012, and then steadily decreased to 
0.1% by March 2013.  Elevated losses were again reestablished by April 2013 
(again 40%) with another 4 consecutive months of losses above 70% (Figure 14).  
These higher losses in 2013 seem to be a prolongation of the dry conditions 
established by mid-2012 due to the persistent drought.  The dire nature of the 
losses in 2013 towards the end of the drought is highlighted by the fact that there 
were five consecutive months (April through August) when the monthly losses 
ranged from 41 to 92%.  Examination of the 30-year historical records (Figure 14) 
indicates that these months were all outliers during this time period. 

In contrast to these high-loss periods, the plot of monthly losses for 2011, 2012 
and 2013 indicates that losses are smallest in December through March (Figure 14).  
Losses during the remaining months of the year were 20% or more in 18 instances 
and reached 60% or more in 8 instances.  Inspection of Table 10 indicates that 
losses of 6 or 7 % occurred in 2011 and 2012 with the flow at Lake Arthur ranging 
from about 80 to 110 cfs.  However, other factors (besides discharge at a single 
gage) need to be considered when evaluating whether to augment flows in the 
Pecos River.  Impacts to the hydrology of the stream reaches caused by prolonged 
droughts and heavy water use must also be evaluated during the decision-making 
process. 

5.1.3 Conclusions/Recommendations 

Examination of these loss rates reveals an important quandary associated with 
pumping the wellfield: drought-affected summer months, when there may be the 
biggest impetus for augmenting the river using the Lake Arthur Wellfield, is 
unfortunately the worst time to augment flows in the river.  During these dry, hot 
periods, the river discharge will tend to be lowest and a greater percentage of the 
augmentation water will be lost during transit.  Conversely, during the wetter and 
cooler winter months, a greater percentage of the augmentation water will reach 
Brantley Reservoir (although additional water may evaporate during longer-term 
storage in the reservoir).   

This predicament highlights that the most benefit from augmentation activities 
would be obtained if one could predict future drought conditions at least six months 
in advance and operate the wells accordingly.  Historical data indicate that 
conveyance losses are smallest in December through April, and that losses during 
augmentation may be minimized during these times.  Late March into April seems 
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an opportune window for augmentation as it takes advantage of the recharge to 
the system.  However, impacts to the hydrology of the stream reaches caused by 
prolonged droughts and heavy water use must also be considered during the 
decision-making process.  As expected, delivery of augmentation water to Brantley 
Reservoir becomes increasingly challenging during extended multi-year droughts, 
regardless of the time of year. 

5.2 Hagerman	Irrigation	Company	

In addition to the NMISC’s wellfields at Lake Arthur and Seven Rivers, the NMISC 
owns HIC water rights that can be delivered to the Pecos River about 75 river miles 
above Brantley Reservoir (Figure 8) or can be used at the augmentation wellfields.  
No augmentation water was delivered from this source during the drought of 2011-
2013. 

Estimating the conveyance losses of augmentation water delivered from HIC points 
of delivery is challenging for the same reasons discussed above in Section 5.1.  In 
addition, there are no other existing USGS gages between the HIC outfall and Lake 
Arthur.  Since the HIC delivery point is situated about twice as far upstream from 
Brantley Reservoir as the Lake Arthur wellfield outfall, higher conveyance losses 
might be expected.  However, this reach of the river reportedly receives significant 
groundwater base inflows, as well as some inflow from several agricultural drainage 
ditches and the Rio Felix.  Because of these inflows, the net losses along this reach 
are generally minimal (TetraTech, 2000). 

Based on these reported inflows, the bulk of losses associated with augmentation 
from HIC could, as an initial approximation, be considered equivalent to those 
experienced by augmentation flow provided from the Lake Arthur Wellfield.  
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6 Summary	&	Conclusions	

The NMISC Operational Readiness Test performed during January 2019 provided 
the opportunity to test and demonstrate that State-owned equipment at the 
augmentation wellfields is in working order.  NMISC coordinated with its contractors 
to equip three groundwater production wells which were successfully pumped 
during the test.  The qualitative analysis of the 2019 and 2006 step-drawdown data 
for wells B and K indicates that the well capacity at both wells has increased.  
Additional testing may be planned by NMISC to confirm these findings. 

NMISC also developed a Wellfield Startup Plan outlining the startup tasks required 
to initiate operations at the wellfields.  The plan identifies the required tasks, 
associated costs, and lead time needed to equip the wells for pumping. 

Although technical problems occurred during testing of the VFD automatic control 
mode, these were subsequently diagnosed and addressed following the test with 
assistance from ITRC.  During March 2019, the VFDs at wells B and K were 
reprogramed, and the auto groundwater-level-control mode at well K was 
successfully tested by pumping the well overnight for approximately 12 hours.  
ITRC also prepared a set of short memorandums documenting VFD operation and 
programming.   

Lake Arthur and HIC were not used for augmentation during the 2019 wellfield 
operational test.  Previous inspection of river conditions between Hagerman and 
Brantley Reservoir indicated that water deliveries from the Lake Arthur Wellfield 
and HIC should, if possible, be restricted to cooler months and/or relatively higher 
river flows.  These restrictions highlight the potential benefits of predicting future 
drought conditions at least six months in advance if the most advantage is to be 
obtained from augmentation activities.  The analysis of losses that occurred during 
augmentation in 2011-2013 suggests that late March into April seems an opportune 
window for augmentation as it takes advantage of the recharge to the system.  
However, impacts to the hydrology of the stream reaches caused by prolonged 
droughts and heavy water use must also be considered during the decision-making 
process. 

To maintain the augmentation wellfield’s capacity to augment Pecos River flows, 
the NMISC recommends an ongoing program of rotating operational testing as 
resources permit.  This program would be implemented when no augmentation has 
occurred for 3 to 4 years.  In general terms, this program would maintain operator 
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training for personnel and ensure infrastructure functionality with regards to 
mechanical, electrical and software issues.    	
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Historical Monthly Losses and Gains – 1989 

  

 



Attachment 1
Historical Monthly Losses and Gains

1989 ‐ 2018

Upper Reach 
Gages

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

LA 88 107 201 112 229 261 239 225 246 176 110 90

Art 88 109 196 110 220 234 228 213 219 167 104 90

Diff. (acre‐feet) 0.6 1.6 ‐5.3 ‐2.3 ‐9.2 ‐26 ‐12 ‐13 ‐27 ‐8.4 ‐5.9 ‐0.2

Diff. (%) 0.7 1.5 ‐2.6 ‐2.1 ‐4.0 ‐10.1 ‐4.9 ‐5.6 ‐10.9 ‐4.8 ‐5.3 ‐0.2

Lower Reach 
Gages

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Art 88 109 196 110 220 234 228 213 219 167 104 90

KC 86 104 194 112 217 235 219 202 211 161 103 86

Diff. (acre‐feet) ‐2.2 ‐5.0 ‐2.1 1.7 ‐3.1 0 ‐8 ‐11 ‐8 ‐6.2 ‐1.8 ‐3.4

Diff. (%) ‐2.5 ‐4.6 ‐1.0 1.6 ‐1.4 0.1 ‐3.7 ‐5.1 ‐3.5 ‐4 ‐1.8 ‐3.8

Combined Reaches
Gages

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

LA 88 107 201 112 229 261 239 225 246 176 110 90

KC 86 104 194 112 217 235 219 202 211 161 103 86

Diff. (acre‐feet) ‐1.5 ‐3.4 ‐7.3 ‐0.6 ‐12.2 ‐26 ‐20 ‐24 ‐34 ‐14.6 ‐7.7 ‐3.6

Diff. (%) ‐1.8 ‐3.1 ‐3.6 ‐0.5 ‐5.3 ‐10 ‐8.4 ‐10 ‐14 ‐8 ‐7.0 ‐4.0
Note: Discharge reported in cfs

8/15/2019 30YR LA gages loss 20190815.xlsx
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Figure 3. Well B - Water Level Change vs. Time 
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Figure 4. Well K - Water Level Change vs. Time 
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Figure 5. Well C - Water Level Change vs. Time 
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Figure 6. Well School House - Water Level Change vs. Time 
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Figure 7. Well New Big Price - Water Level Change vs. Time 
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Figure 9a. Lake Arthur Wellfield Pumping and Pecos River Discharge vs. Time  
Water Years 2011-2013 (100 cfs y axis)  
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Figure 9b. Lake Arthur Wellfield Pumping and Pecos River Discharge vs. Time  
Water Years 2011-2013 (1500 cfs y axis) 
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Figure 10a. Lake Arthur Wellfield Pumping and Pecos River Discharge vs. Time  
Water Year 2011 (100 cfs y axis) 
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Figure 10b. Lake Arthur Wellfield Pumping and Pecos River Discharge vs. Time  
Water Year 2011 (1500 cfs y axis) 
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Figure 11a. Lake Arthur Wellfield Pumping and Pecos River Discharge vs. Time  
Water Year 2012 (100 cfs y axis) 
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Figure 11b. Lake Arthur Wellfield Pumping and Pecos River Discharge vs. Time  
Water Year 2012 (1500 cfs y axis) 

2019 OPERATIONAL READINESS TEST REPORT 
NEW MEXICO INTERSTATE STREAM COMMISSION 

 

 



 
 

 
 

 

 

Figure 12a. Lake Arthur Wellfield Pumping and Pecos River Discharge vs. Time  
Water Year 2013 (100 cfs y axis) 
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Figure 12b. Lake Arthur Wellfield Pumping and Pecos River Discharge vs. Time 
Water Year 2013 (1500 cfs y axis) 
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Figure 13. Monthly Percent Loss/Gain from Lake Arthur to Kaiser Channel  
30-Year Historical 1989-2018 
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Figure 14. Monthly Percent Loss/Gain from Lake Arthur to Kaiser Channel  
30-Year Historical and 2011, 2012 and 2013 Averages 
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