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EXECUTIVE SUMMARY

1 A study was performed to evaluate the potential for tafdil development of
groundwater within the Lone Star Groundwater Conservation District (District).
Estimates regarding the amount of subsidence or potential water quality changes that
could occur with the development of additional groundwateraése a consideration
as part of thistudy. Hydrogeological data also were assembled regarding the Catahoula
Formationand the groundwater production that has occurred from the aquifer in
approximately the last five years along with wdearel and watequality data.

1 The potential for the development of additional groundwaterinvitie District from
the Chicot, Evangeline and Jasper aquifers was explored to assess the effects that would
occur as the result of additional pumping. The Groundwater Managemean(@MVA)
14 Run 2 simulation of future pumping in the District was used as a starting point in the
evaluation of future groundwater pumping options. The effort was conducted in
collaboration with the Findings and Review Committee as various pumpingneptio
were explored. This was part of the iterative process in evaluating the potential for
additional development of groundwater in the District, as was prescribed by the District
Board of Directors when this study was launched in October of ZXid resits of the
effort included the evaluation of four pumping scenarios with the last scenario, Run D,
concluded to be a feasible approach for additional development of groundwater. This
conclusion occurred while taking into consideratiansurvey of large Jame
groundwater users (LVGUS) in the District regarding the amounts of additional static
waterlevel decline they could tolerate in their wells and still mainpagduction from

the wells

1 The results of the Run D simulation showed that varying amafnéstesian head
decline or watetevel decline in wellsvere estimated to occwith the areas of greater
decline occurring in the areas where higher amounts of groundwrathuctionwere
simulated These areas were principally in the central path@District along the-#5
corridor and extending a few to several miles east and west of the corridor. 1t is

estimated that about 100,000 ateet per year (att/yr) could be developed from the
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Chicot, Evangeline and Jasper aquifers with about 88eperof that total being
withdrawn from the Evangeline and Jasper aquifers. As a result of the pumping, it is
estimated that pumps in some wells will require lowering and/or replacement to
maintainsome level of productionSome wells could require thestallation of higher
horsepower pumps to maintain pumping rates. Over the past few decades as
groundwater pumping in the District has increased, similar pumping equipment

upgrades have occurred as statid pumping water levels declingdwells.

Jaspe Aquifer pumping in Run D results in an increase in average drawdowre
surrounding countiesf from 60 to 200 feetompared to GMA 14 Run 2 values. This
is occurring because there is a substantial increase in pumping from the Jasper Aquifer

projectal or included for the District in Run D compared to GMA 14 Run 2.

Based on the Houston Area Groundwater Model (HAGN&o referred to as the
Northern Gulf Coast Aquifer Groundwater Availability Mojethe amount of
additional subsidence estimated teauwrcas a result of the quantities of pumping in Run

D is up to about 1f2oot greater than was calculated with HAGM for GMA 14 Run 2,
the current simulation utilized during the development of desired future condiions

the District within GMA 14. The average Districtwide subsidence as a result of the
amounts of pumping in Run D is estimated at 0.55 feet compared to 0.50 feet for GMA
14 Run 2.

As groundwater pumping in the District continues in the future, pumping water levels
in wells and groundwateguality should be monitoredo that on a redlme basisthe
response of the aquifer to pumping can be evaluated and that evaluation utilized for

future groundwater suppllanning andnanagement.

The reduction in pumping from the Chicot, Evangelnd Jasper aquifers in 2016 has
resulted in static watdevel recovery over a substantial part of the areas where the
pumping is occurring in the District. A vast majority of the static wiseel recovery

is occurring in the Evangeline and Jasper aggifas about 97 percent of the overall
permitted pumping reduction in 2016 of 15, 244ftacas been recorded in those two
aquifers.
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1 The pumping of groundwater from the Catahoula Formation that began in 2011 has
gradually increasetb approximately 4,40@crefeetin 2016 The pumping has resulted
in modest static watdevel declines in wells that have averaged about 20 feet for the
pumping that was spread over an area of about 100 square miles. Based on the response
of the Catahoula Formation to datas estimated thaadditionalgroundwater could be
developed on a loaterm basis. As is occurring now, the monitoringstdtic and
pumping water levels in wells should continue to advance the assessment of the
response of the aquifer taditional pumpingand the data could be used in the future

for development or enhancement of a groundwater flow model

1 The development of groundwater from the Catahoula Formation has been focused on
areas with better water quality that is being usegidnlic supply. The water quality
data developed over the last three to five years is showing that the total dissolved solids
(TDS) content or general mineralization of the water produced by weaipleted in
the Catahoula Formatiois stable. Well wateqguality data should continue to be
collected in the future to lengthen the record and improve further assessment of water

quality in the Catahoula Formation.

1 Increasing pumping from the Catahoula Formation by thousandsf§@df it occurs,
most [kely will necessitate the lowering of pumasd increasing motor horsepovier

some Catahoula Formation screened wells.
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INTRODUCTION

The Lone Star Groundwater Conservation District (LSG@DDistricf) is conducting a
strategic water resources planningtudy to evaluatepotential opportunities for additional
development of groundwater resources while ensuring-tiemg viability of the aquifers ithe
District. As part of ths strategic evaluationfask 3study objectives included assessmsa@ithe
potential for developing additional groundwater from the Chicot, Evangeline, Jappégrsand
the CatahoulaFormation This processicludedthe development of potential pumping scenarios
in the District andcalculatingthe effects of those groundwafmmping scenario®n the Chicot,
Evangeline and Jasper aquifassng the Houston Area Groundwater Model (HAGH&o referred
to as the Northern Gulf Coast Aquifer Groundwater Availability Mpdéls part of the process,
the distribution of pumping betwedime aquifersboth spatiallyand temporallywas varied while
assessinghe potential for additional development of groundwater resoumceiéferent parts of
the District While working closely with the Findings and Review Committee ofBibard of
Directors recommendations were developed for potential future punggpgrtunitiesin the
District and data were developed regarding the potential effects of th@ruuralative to artesian
head changem aquifersand subsidenceAdditionally, an estimatés provided of the potential

effects of developing additional groundwater from the Catahoula Formation.

Sections of tls TechnicaMemorandum include a review of the Taskeéthnical Report
a model simulation adapted by Groundwater Management GidA) 14 during the last cycle of
planning andnodel simulations of@undwater pumping scenarios considered as part of this Task

3 study.

A summary of the initial evaluation of the reduction in groundwater pumping in 2016 and
its effects on artesidmeads in the Chicot, Evangeline and Jasper aquifers is provided in Appendix
A.
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TASK 2 REVIEW

A review of the total estimated recoverable storage (TERS), estimates released by the
Texas Water Development Board (TWDB) and their possible implicattongroundwater
management in the District were studied as part of the Task 2 effort. The TERS estimates included
in the data released by th®/DB in 2014show that there are large quantities of groundwater
storage within the District The Task 2 TechnicaMemorandumdocumented thathis
understanding of large quantities of groundwater in Montgomery Chastipeen known by water
resources planners for decades. Thsk 2 TechnicaMemorandumalso notes thagstimates of
TERSproduced by the TWDBlo not gve weight to, among other considerations, the longevity
of a supply, the economics of pumping the waselhsidenceesulting from lowering artesian
water levels,impacts onwater quality, and did not consider the practicality or the effects of
pumping orboth shorterm and longerm basis.The 25 to 75ercent bounds sbly the TWDB
as estimates of the amount of groundwater that might be withdrawn by pumping do not appear
applicable when assessing the availability of a groundwater stnophythe artesia aquifersin
the District. The estimates of TERS do show that there is a very large amount of groundwater in
storage and that information is valuable in understanding the areal artbthicknes®f the
Chicot, Evangeline and Jasper aquifers and tiegt &re a regional, major water supply extending
under at least 21 counties in the southeast part of the state, including all of the counties surrounding
the District.

CATAHOULAFORMATIONASSESSMENT

As part ofTask 3 an assessmemtas performeaf the ajuifer response of the Catahoula
Formationto the recent pumpinigom the aquifer irthe District Since 2011about 14wells have
beenconstructedn the northern part of thdistrict and screened to withdraw water from the
CatahoulaFormation CatahoulaFormationwell and pumpingdata were obtained from the
LSGCD, theU.S. Geological Survey (USG&nhd Municipal Utility Districts (MUDSs) withirthe
District. The Catahoul&ormationis locatedust belowthe base of the Gulf Coast Aquifgystem
and it haghe capability of providing water targe capacityvells. In the north parof theDistrict,
available electric log and water quality data indi¢hesCatahoula Formatiocontains water with

less than 1,000 milligrams per liteng/l) total dissolveddalids (TDS)over about 360 square miles
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andcontains water with greater than 1,08Q/| TDS over a larger part of the District, as shown
on Figure 1 The Catahoul&ormationis currentlybeing utilized as a supply of fresh groundwater
in the north part ofthe District and could beconsidered as aotential supply of brackish

groundwatein other areas of the District.

The 14 constructed wellalong with theirscreened interval§ DS, and fluoride levelsre
listedin Tablel.

Table 1. CatahoulaFormation Screenedwells

Well Owner & Number Grounq Level Screened Interval TDS Fluoride
Elevation (ft) (ft) (mgll) (mag/l)
Dobbin-Plantersville WSC-Well 8 260 2,0222,582 972 2.33
Montgomery Co. MUD 1871 Well 3 272 1,8332,453 455 NA
City of Montgomery i Well 4 245 2,4502,560 511 2.1
Stanley Lake MUDT Well 3 249 2,2382,666 916 193
Corinthian Point MUD 2 i Well 4 260 1,8652,092 691 1.36
Point Aquarius MUD i Well 4 248 1,6681,728 764 0.52
City of Willis 7 Well 6 343 1,8982,665 643 1.55
City of Willis 1 Well 7 389 2,0942,920 941 1.94
Montgomery Co. MUD 8 219 2,1742,660 574 NA
Far Hills UD 7 Well 6 216 2,3722,602 416 1.55
Cal Sierra International, LLC 395 1,7682,255 718 NA
City of Panorama Villagei Well 4 299 2,1422,814 783 2.07
Montgomery Co. UD 37 Well 3 294 2,2902,587 568 1.96
City of Conroe’i Well 24 260 2,2582,623 991 2.13

The wells ardocated in the nortpart of Montgomery County and are shoamFigurel.

Pumping fromthe Catahould&ormationin Montgomery County started in 2011 with the
Montgomery CoUD 3 well and the other 13 wells have followed in subsequent y&atde 2
shows the pumping amounts for the past six ye&smpingdatafrom therecently constructed
Far Hills UD Well 6was notavailable at the time of threport. Annual pumping totals from the
Catahoulag=ormationcurrently average about@Bmillion gallons aday (mgd) or 4,40Cacrefeet

per year §cft/yr) as of 2016
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Table 2. Catahoula Pumping

Well Owner & 2011 2012 2013 2014 2015 2016
Number (gallons) (gallons) (gallons) (gallons) (gallons) (gallons)
Dobbin-

Plantersville 0 0 0 0 0 31,202,000
WSCi Well 8

Montgomery

Co. MUD 181 0 163,434,000 323,140,000 316,266,600 265,481,000 338,089,000
Well 3

City of

Montgomery 1 0 0 0 10,396,00 53,165,000 71,817,000
Well 4

Stanley Lake

MUD i Well 3 0 0 80,212,000 60,118,000 63,294,000 118,399,000
Corinthian

Point MUD 21 0 0 0 1,998,000 35,658,000 37,085,000
Well 4

Point Aquarius

MUD i Well 4 0 0 0 0 87,770,000 120,855,000
\(,:v'glogw'"'s ! 0 0 5,817,000 49,298,000 66,509,000 76,913,000
\%}gl‘;‘(w""s ! 0 0 3,084,000 90,809,000 66,509,000 47,717,000
Montgomery

Co. MUD 8 0 0 0 113,621,000 264,856,000 283,998,000
Far Hills UD i

Well 6 0 0 0 0 0 0

Cal Sierra

International, 0 0 0 0 0 7,996,000
LLC

City of

Panorama 0 0 7,130,000 115,589,000 111,006,000 99,937,000
Village 7 Well 4

Montgomery

Co.UD 37 Well 81,787,600 215,067,300 263,459,000 233,955,000 217,862,000 96,465,000
3

\?v'gloszomoe' 0 0 0 0 24,795,000 94,437,000
Total Gallons 81,787,600 378,501,800 682,842,000 992,050,600 1,177,848,000 1,424,910,000
Total MGD 0.22 1.04 1.87 2.72 3.23 3.90
Total Acreft 245 1,200 2,100 3,000 3,600 4,400

Pumping from the Catahoukormationincreased from .22 mgd (245-#tyr) in 2011 to
3.9 mgd 4,400 aeft/yr) in 2016andthe wells that are withdrawing water agread over about
100 square miles in the DistrictWater levels have shownodestdeclines during that period in

response to pumping, as shown on Figure 2. Thewitbllthe longest record of static water levels
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is Montgomery County UD 3 Well 3 and it shows about 20 feet of decline fromi22Q17. The
static water levels in the City of Willis Wells 6 and 7 essentially show no desitice 2013
probably due to # low pumpingatefrom the wells as given ifiable2 and the locations of the
wells away from the area of greater pumping to the southwidse. collection in the future of
pumping and static watdevel data willfurther the understanding of the artesian head response in

the Catahoula Formation to changes in pumping.
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Pumping and static watdevel data collected to dateveabeen essential in evaluating the
Catahoula Formation response to pumping. Short term pumping tests are also available for 8 wells
constructed in the north part of Montgomery County. From these tests transmissivity values range
from 19,000 to 37,00@pd/ft with an average of 28,000 gpd/ft. Similar data, plus water quality
data should be collected in the future and used to empirically forecast the aquifer response to
pumping and/or be usad conjunction with the development of a groundwater flow maulel
improvement of the existing model to estimate the effects of future pumping and groundwater

availability.

For the current study, weonsideedthe findings from a 2012 modeling evaluation study
of the Catahoul&ormationconducted by LBEB5GuytonAssocidesand Intera.Modeling results
calculated a 2@oot headdecline in the Catahoulormationover a 58year period for 3,000 ac
ft/year pumpinga 50foot headdecline in the Catahoukormationover a 56year period for 6,550
acft/year of pumpingand a 210-foot headdecline in the Catahoulgormationover a 50year
period for 36,000 aft/year pumping. These numbersould beunderestimatingo some degree
the actuaartesiarhead decling thatmightoccuras theapproximatel\20 feet or so of head dew

that hasalreadyoccurred is for far less than 50 years of pumping

Generally, the water quality in the Cataho#armationis better in the north part of
Montgomery County. Water quality data for TDS and fluoride are includ&dbtel. The TDS
values show a maximum oB@mg/l TDS and a minimum of 416éng/| TDS with an average of

736mg/l TDS, which is acceptable for potable water supply.

Water samples were collected and analyzed by the USGS and shaketii®S content
of the water has remained stable except for one well. That wed5-605 is located in proximity
to the area where it is estimated that the aquifer can contain water with an increasing TDS content.
The water quality data are providedAppendixB. Water samples from the wells screening the
Catahoula Formation should continue to be analyzed to extend the current recorchthabspa
three to five yearsWith additional water quality and pumping data estimates can be developed
regading water quality trends for wells screening the Catahoula Formation.

It is not uncommon to find elevated fluoride levels at the depths where the Catahoula

Formationwells are screened. The dataTiable1 show amaximum value of 33 mg/l which
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exceeds the Secondary Standard oh2gll but does not exceed the Primary Standard oimgA.

The temperature of water produced from the Catahoula Formation can be in the range of 95 to
110° F. At those temperatured, needed a caling tower can be installed to lower the water
temperature prior to piping the water to public water supply distribution syswimsre the water

quality is better it is estimated the TDS, fluoride, and other measurements to remairelselati
stable in the short term. For wells located closer to the transition areas of poorer wateraguality
shownon Figurel, it is estimated the water could increase in TDS over time and likely will not

improve.
RESULTS FROM GMA 14 RUN 2 SIMULATION

As part of thejoint-planning effort of GMA 14 a simulation was developed that was
utilizedin developinghe desired future conditiof®FCs)for GMA 14. In that simulation there
were assumptions regarding grountlvgoumping withinthe Districtfor a period from2010
through 2070based on current water demands, groundwater pumping, and projections of future
water demands An objective of the effort was to estimate the artesian head chtragevould
occur in theChicot, Evangeline and Jasper aquifers during the period from 2010 to 2070. A figure
showing the pumping by aquifésr the Districtin the GMA 14 Run 2 simulatiofor the District
is includeasFigure3. In thesimulation, the overall pumping for the three aquifers in Montgomery
Countyis held constant at 64,0Gcft/yr from 2016 through 2070

Based on the pumping assumptions regarthegDistrict and the otheounties in GMA
14, model simulation estimategre developedtilizing the HAGMof the amount of artesian head
change that would occur during the period. The results, in terms of artesian head changes for GMA
14 Run 2, are shown for the Chicot, Evangeline and Jasper aquifers on HigGresd 6,
respectively. Positive numbers on the contours represent artesian head decline and negative
numbers represent artesian head recovéhe results othe simulation show that for the Chicot
Aquifer, there could be up tabout40 feetof artesian head denk in parts ofthe District

principallyin the southwest part of tH&istrict.

For the Evangeline Aquifethe model simulation shows that there couldabartesian
head rise in the south part of tBestrict and an artesian head decline in the ngdht of the

District, principally becausegs showron Figure 3 the amount of pumping from the Evangeline
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Aquifer decreases from abouf,800 aeft/yr in 2015 to about 28,000 dtlyr after 2016. Also
included inthe GMA 14 Run 2 pumping assumptions for the Evangd@oéfer is a reduction in
pumping from the aquifer in Harris Countgngingfrom 240,000 adt/yr in 2015 to 135,000 ac

ft/yr by 2070. he artesian head increase or recovery attributable to theti@din pumping from

the Evangeline Aquifer is reflected in the amount of artesian head rise estimated to occur in the
south part of the District as the effects of reducing pumping in Harris County extend into the
District.

For the Jasper Aquifer, thmodel results also show an increase in artesian head in the
southcentral part of the District and watiewvel declines or artesian head declines in the north part
of the District in response to the reduction in pumping from the Jasper Aquifer from4akooo
acft/yr in 2015 to about 24,000 dtyr in 2016 and the pumping remaining in the range of 22,000
to 24,000 adt/yr through 2070.The main area of the reduction in pumping is in the soatttral

part of the District and that is where the highaabunt of artesian head rise is estimated to occur.
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Figure 3. LSGCD Pumping Included in GMA 14 Run 2 Model Simulation
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DEVELOPMENT OF PUMPING SCENARIOS

With the esults of GMA 14 Run 2 available and reviewed, a next step was to develop
estimates ofuture pumping that could occur withthe District whiletaking into consideration
that the2017 TexasWater Plan estimated that the populatiortha Districtcould ircrease to
slightly over 1 million people by 2040 ate close to 2 million people by 2070. Along with the
increase in population, tt#O17TexasWater Plan estimates that by 2040 the demand for water in
the District is projected tde 163,626cft/yr andby 2070 itis projected tdoe 291,791 adt/yr.
By comparisonin 2015permittedgroundwater pumping in tHeistrict was74,472acft/yr based
on data from the LSGCWith an additionalb,707 acrefeet of surface wateconsuned almost

exclusively for powegenerationbased on data from the TWDB

Prior to developing the potential pumping scenarsoosubstantial amount efork was
performed to updatgroundwatempumpingdatawith respect to the aquifer pumped, the spatial
distribution of pumping, and mteporally, in the HAGM for 2010 through 2016 so that the
groundwater pumping in the model wabedter representationf pumpingfor that period This
effort built upon updates to the L BGBKRIOS geod:
this straegic water resources planning study.

Updating HAGM Representation of Groundwater Pumping

As the result of meetings and discussions with the Findings and Review Committee and
staff, the historical pumping in the HAGpumping filefor 2010through 206 wasupdated based
on pumping data available from the LSGCD. As this occurred, a substantial effort was expended
to distribute the pumping as accurately as possible between the Chicot, Evangeliaspand J
aquifersand areally througlhhe District This efbrt included working cooperatively with the
LSGCD staff to develop geodatabasef pumpinginformation throughout the District. Data were
collected for large volume groundwater users (LVGU) and small volume groundwater users
(SVGU) and other entities cemlered to represent exempt pumpirffter the HAGM pumping
files were updated and the files reviewed and checked, the next step was the development of
pumping scenarios for different quantities of future groundwater pumping distributed in the
District.
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Development of Pumping Scenarios
General Description

Meetings were conducted with the Findings & Review Committee to develop future
groundwater pumping scenariog\n iterative process was used to develop the scenarios that
represented varying amouratnd spatial or arealistribution of pumping With any scenario, the
pumping was distributed in areas that, based on regional water planning, projected growth in
population resulting in an increase in water demand. Scenarios A MOD and B MOD were
developedfollowed by Run C and after the results of Run C were reviewed, a Run D was
developed. The preceding are the names of fuenariosused when developing them tithe
Findings & Review CommitteePumping in the simulations by aquifer for 202630 and 270
is provided inTable3. A brief description of the scenari@dlows.

Table 3. Montgomery County Pumping (aeft/yr)

2016
Aquifer GMA14 Runz Run AMOD Run B MOD Run C Run D
Chicot 12,500 5,900 5,900 5,900 5,900
Evangeline 27,500 31,800 31,800 31,800 31,800
Jasper 23,900 21,500 21,500 21,500 21,500
Total 63,900 59,100 59,100 59,100 59,100
2030
Aquifer GMA14 Runz Run A MOD Run B MOD Run C Run D
Chicot \ 13,900 8,000 8,900 8,000 8,900
Evangeline 27,500 37,800 47,800 46,600 39,000
Jasper 22,600 25,100 36,200 38,400 42,200
Total \ 64,000 70,900 92,900 92,900 90,100
2070
Aquifer GMA14 RunZ Run AMOD Run B MOD Run C Run D
Chicot \ 13,500 10,200 11,200 10,200 11,200
Evangeline 26,50 43,600 54,500 53,300 44,500
Jasper 24,000 25,900 38,000 40,300 44,300
Total \ 64,000 79,700 103,800 103,800 100,000
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There were generally four objectivesth the scenarios. The objective of Run A MOD
was tohave the LVGU pumping held constant at prcent of theTotal Qualifying Demand
(TQD) or at 56,140 adt/yr for the planning periodf 2017- 207Q Another part of the objective
was to let the SVGU@umping increase at a rate of 2.1 percent per year as included in the 2017
TexasStateWater Plarand the exempt poping at 2.4 percent per year that is equal to the rate of
growth in exempt well permits issued by the District over the past fevg,wehich resulted iran

overall pumping that reached 79,7806fdgr by 2070.

The objective of Run B KD was to take the difference between the TQD in 2009 and 70
percent of the TQDgr 24,060 adt/yr and return that to the LVGUSs that had experienced the 30
percent reduction in allowable pumpinghe gradual return of the 24,060fayr began in 2020.

The objective of Run C was to allow the same amount of pumping as in Run B MOD, but
to have the 30 percent of the TQD distributed in areas outsidedthgrowth corridor tanore
rural areas thaareprojected to experiencggnificantgrowth in populatia and thus, an increase
in water demand in the upcoming decad#astrations providing estimates of areas of population
increases and allocation of pumping toph@ectedareas of urban expansion are shown on Figures
7 and 8, respectively. The projeted areas of urban development or population growth were
developed as part of the 2013 regional Groundwater Update Plan kyathisGalveston
Subsidence DistricHGSD) and subsequently used in the 2017 T&daseWater Plan.
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The objective of Run D was to represent pumping in the saratdos as Run B MOD,
but redistribute the pumping between the Evangeline and Jasper aquifers so that there was a
reduction in pumping in the Evangeline Aquifer and in increase in pumping in the Jasper
Aquifer compared t&®kun C. This change in pumping altation between the two aquifers was
made to better reflect the proportional distribution in pumping for the historical ériid 0
through 2016

As part of the District Groundwater Reduction Pldnere was a schedule for initiating
the use of surfacwaterfor public supplybeginning in 201&ndthatis referred to as the 2016
surface water conversiorAs the use of surface water occurred in 20%8e was a reduction

in the amount of groundwater usage.

Refined Description of Scenarios

The following providessome details of thenethodologyusedfor developing the
groundwater pumping distributiotemporally,areallyandvertically between the aquiferfsr
the four scenariosA summary of Runs MOD, B MOD, C and D includes the following.

Run A MOD

1. Perform a simulation using the calibrated HAGM with tipelated2010through2016
pumping for the District

2. After 2016 for LVGUs, assume pumping is equivalent to their permitted pumping,
which is equivalent ta total 0f56,140 a€ft/yr. The difference btween 56,140 aft/yr
and the LVGU 2016 pumping 6,155 aeft/yr and it wadistributed among the LVGUs
that previouslyrelinquished pumping to reach a permitted amount of 56,140yac
The distribution of pumping between the Chicot, Evangeline asioel aquifers would
be equivalent to the pumping percentégeeach aquifethat existedn 2015prior to
the 2016surface wateconversion.

3. Exempt pumping, which started at 6,0006f#gr beginning in 2010, would be increased
at a rate of 2.4 perceper year until reaching 8,000-&¢yr in 2028 and then held
constant through 2070. Itis estimated that in future decades more of the population will
be served by LVGUs and SVGUs and thus the amount of exempt pumping was capped
at 8,000 adt/yr. The 24 percent is the rate of increase in the number of exempt well
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permits issued in a year by the Distdatring the past few year§ he maximunexempt
pumping is reached in 2028 and is held at this viddraigh 2070

SVGU pumping in 2017 would be a prodwt the average of SVGU yearly pumping

for 2010 through 2016 (3,223-&¢dyr) plus the permitted SVGU pumping of 7,258 ac

ft/yr. The total 10,481 aft is divided by twoand5,240 aeft/yr is thestarting SVGU
pumpingamountin 2017. The SVGU pumping wid increase at a rate of 2.1 percent
from 2017 through 2070. The estimate of 2.1 percent per year is based on the growth
in water demand projected in the 2017 Texas Water Plaildatgomery County.

Total withdrawal of groundwater e Districtwould reach 79,00 acft/yr by 2070.

Run B MOD

1.

Utilize the samehistorical pumping in the modelip to 2017as in Run A with the
following additions.

The difference between the TQD (80,206ft4gr) for LVGUs and the permitted amount

of pumping (56,140 aft/yr) for the LVGUs in Run A is about 24,060-&yr. The
24,060 a€t/yr of pumpingwasredistributed to the LVGUs that reduced pumping to
meet conversion requirements from TQD to the lower permitted amounts. The pumping
redistribution to LVGUs staed in 2020 with the addition of the pumping ramped up
linearly to 24,060 adt/yr by 203, which isat a rateof pumping increaskessthan the
projectedncrease in water demand in Montgomery County during that period based on
the 201 7TexasState Water PlanWhen the additional pumping amount reaches 24,060
acft/yr it will be held constant in the simulation through 2070.

The SVGU aneéexemptpumpingwasthe same as in Run A.

With this pumping methodology, total withdrawal of groundwater in Montgomery

County would reach about 1@)0 acft/yr by 2070.

Run C
1.
2.

The simulation \asthe same as RuB MOD with one addition.
The 24,060 adt/yr of pumping that was distributed to existing LVGUs for Rub8D
was redistributed to areas @frojectedfuture urbanizaon in the county outside the

current areas of high watase The areas of new urbanization are estimated to occur,
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based on statendregional water planning projections, in the southeast, southwest and
northern parts athe District The pumping rediributionwasstaredin 2020 with the
addition of the pumping ramped up linearly to 24,06®/c by 2032.

3. The 24,060 adt/yr wasdistributed between the Chicot, Evangeline and Jasper aquifers
in percentages equivalent to those that existed pritvetotroduction of surface water

or believed appropriate for the areas of pumping.
Total estimated pumping in this simulation will reach about8@Bacft/yr by 2070.

Run D

1. Same pumping as Run B Maaitil 202Q

2. Pumpingfrom theChicotAquifer is thesame as Run B Mod through 2070

3. Using the pumping scenario of Run B Mod, the pumping of all wells in the Evangeline
Aquifer was reduced by 1@ercentstarting in 2020compared to their amount of
pumpingin 2019 The 19 percenteduction wasipplied to theyearly pumping in Run
B MOD for 2020through 2070.

4. Using the pumping scenario of Run B Mod, the pumping of all wells in the Jasper
Aquifer was increased by l1@ercentstartingin 2020 compared to their amounts of
pumpingin 2019 The addition wasappliedto the yearly pumping in Run B MOD
through 2070.

Total estimated pumping in this simulation will reach about 100,080yady 2070.

Graphs of pumpingrom 1970 to 2070 for the Chicot, Evangeline and Jasper aquifers
for Run A MOD, Run B MOD, Run C aRun D areprovided on Figure$, 10, 11 and 2.
The yearly variations in pumping are evident on the graphsropgh 2016. Following 2016,
the estimates of future pumping vary depending on the assumptions included in the four

scenarios.
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Figure 9. LSGCD Pumping Included in Run A MOD
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Figure 10. LSGCD PumpingIncluded in Run B MOD
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Figure 11. LSGCD Pumpinglincluded in Run C
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Figure 12. LSGCD Pumping Included in Run D
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RESULTS OF PUMPING SCENARIOS

As stated previously, modeling scenarios Run A MOD, Run B MOD, Run C and Run
D were performed and results provided to the Findings and Review Committee for their review.
Amounts of pumping for the fowscenarios plus GMA 14 Run 2 are providedrable 3 for
milestone years 2016, 2030 and 207he following are the results from the four modeling
scenarios, along with i nf oYGWgermittolders,wbiagnist h e

discussedn more detailater in ths report.
Results of Runs A MODand B MOD and Run C

Chicot Aquifer Results

The artesian heatkclines resulting from Runs A MOBB MOD, and Run C are shown
for the Chicot Aquifer on Figres 13 and 14 Theartesian head declimesults show for the
period from 2010 to 2070 that the magnituwdehe head declintor Run A MOD is abou60
feetin the very south part of tHeistrict in an essentially urbanized araad decreasds less
than 20 feet in the north part tiie District. For Run B MODthe pumping from the Chicot

Aquifer increase some compared to Run A MOD and that causes an increase in the size of the

area of the artesian head decline of 40 féair Run C pumping from the Cleot Aquifer is
essentially the same as in Run A MOD, thhet area of 40 feet of artesian head decline is greater
than the area for Run A MOD because of the expanded distribution of pumping from the Chicot
Aquifer and increase in pumping from the Evangelikquifer. With the Evangeline Aquifer
occurring just below the Chicot Aquifer, increasepumping from the Evangeline Aquifer can

affect the artesian head declines that occur in the Chicot Aquifer.
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Evangeline Aquifer Results

Estimates of artesian headanges calculat€dr the Evangeline Agter are showron
Figures 15 and 16for Runs A MOD, B MOD and C. The results show that in the very south
part of Montgomery County for all of the simulations there is an increase in the artesian head
indicated by the negativeontournumbers Thisresults fromareducton in pumping from the
Evangeline Aquifer thas estimated toccur in the north part of Harris Courttye to scheduled
conversions to surface water required byH@&SD, in turn causing a rise ithe artesian head
in the south part of Montgomery Count¥his is apparent by the artesian head rises of 100 feet
that are shown in the very north part of Harris County. The model simulation does show some
artesian head decline of 50 feet, but less than 100 feet in the north part of Montgomery County
in proximity to and north of the City of Conrder Runs A MOD, B MOD and C
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Jasper Aquifer

Calculations of artesian head changes for the Jasper Aquifer are preseRigdres
17 and 18 Thesimulatedresultsshow artesian head declines between 2010 and 2070 of less
than 50 feet in the souttentral part of the District Those head declines increase in the east
and west parts of the county as a result of pumping in the county and pumping from the Jasper
Aquifer from other counties surrounding Montgomery County to the east and west. For Run B
MOD, there is a substantiadcrease in pumpin@6.7 percent) in the Jasper Aquifer by 2070
from 25,900 adt/yr for Run A MOD to 38,000 aft/yr for Run B MOD. With that increase in
pumping, as shown by the dashed green contour lines, there are estimates of artesian head
declineof 150 to 200 feet over a substantial part of the District. For Run C when the increase
in pumping is distributed to areas outside H4& Igrowth corridor, the amount of the artesian
headdeclineestimates increade up to 300 feet between 2010 and 20vthe very southeast
part of Montgomery County. Calculations of future artesian head declines in the District are,
to varying degrees, affected by projected future pumping from the Jasper Aquifer in San Jacinto

County.
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COMPARISON OF AVAILABLE DRAWDOWN

In order to better understand the practical applicationsesidilts from the various
pumping scenarios modeledith a focus on the amount of currently available drawdown in
existing wells the District developed and distributed a survey toohkll permitted Large
Volume Groundwater Users (LVGUSs) in order to collenformation determined to be
important to tis study. For a complete listing of questions included in shevey, see
guestionnaire ilttachmentC. Thesurvey was distributed to all 198 LVGU permit owners and
ultimately 85 LVGUs provided responses lfeit partial or completed) for 252 individual
permitted wells. Thus, th&irvey presents information from 42.4 percent of the LVGUs in the
District.

Upon receipt of the survey responses, the rawwlatacompiled into a comprehensive
dataset and then pregsed to correct certain fields in thevey responses, with the primary
changes made to natandardized latitude/longitude identifiers for individual weln June
27, 2017, the Findings and Review Committee met to receive and review initial siswky re
and to provide guidance on any additional analyses needed including level of quality assurance
necessary prior to completion of the Survey RepodHis guidance included the identification
of additional quality assurance needed with respect to mesposubmitted for targeted data
fields including aquifers in which the well is completed and depth remaining that individual
pumps can be lowered in well$he Findings and Review Committee requested that additional
analysis be performed to better undi@nsl the potential impacts of lowering water levels in

wells on existing wells including current pumping levels

In total, responses (both partial and complete) were received for 6 wells completed in
the Catahoula Formation, 14 wells completed in thie@Aquifer, 138 wells completed in the
Evangeline Aquifer, 89 wells completed in the Jasper Aquifer, and 5 wells dually completed in
the Chicot and Evangeline aquifeisr a total of 252 wells A copy of the survey results, with
evaluation of the suryedata by MullicarandAssociates, is provided in Appendix

The primary focus of the survenalysiswas to quantifythe difference between the
existing static water level and the currenimp setting and between the current pump setting

and the topof the blank liner above the screen. An objective of the suimegart,was to
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provide data regarding whether the estimates of artesian head decline would impair the ability
of the pumps in the wells from providing waterarthe current well pumping tes. Figures

for each of the three aquifers, Chicot, Evangeline, and Jasper, show the results of this survey:
1) vertical difference between the static water level and the current pump setting for each well

and 2) vertical difference between the curramhp setting and the top of the well liner/screen

for each well. Results for the Catahoula Formation were presented to the Findings and Review

Committee, but are not included here du¢ghwscope ofthe modeling effortwith the HAGM

that was developed ftine Chicot, Evangeline and Jasper aquifers.

Chicot Aquifer

The data orFigures 13 and ¥ show that except for one well located just east of
Shenandoah that the survey respondents reported that the amounts of artesian head decline
estimated to occur witthe threescenariosvould not impair their wells from providing water
assuming that in some instances the pumps would be lowered below their current aettings

potentially a pump would be replaced
Evangeline Aquifer

The survey also included datdleoted for wells screening the Evangeline Aquifer. For
the surveydata vereprovided for 78 wellsand the locations of the wells are shown on Figures
15and B. The results of the survey shamat for the respondents that estimated amounts of
artesiarhead decline that would occur with the thseenarioshould not result in impairnme
to the wells providing water, except in one area. That area is in the southwest part of the District
south of Magnolia where possibly the 50 feet of artesian headheéeduld cause a reduction
in the pumping rates of a few well$he lowering of pumps at some time in the future in some
wells could be required to maintain pumping rates and thislheadyoccurred in the past
decades as groundwater pumping increaséid District.

Jasper Aquifer

Results of the surveyn terms of depth between the static water lewelthe current

pump setting and the distance between the current pump setting and the top of toetheer
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Jasper Aquifer are shown on Figur@sahd B, respectively. Survey data were reported for 68
wells. The data show that in general, the wells either have distance between the static water
level and the pump setting or if combined with the distance between the current pump setting
and top ofthe liner that the wellfaveadequate available drawdown so that tehguld be
capable of continuing to provide wateraatneartheir current pumping ratesith, if needed,
pumping equipment upgrade§he upgrades could inclugaimplowering and repleement

and increasing motor horsepower could be required to maintain pumping raéeare@where
pumping rates of wells may not be maintaimeah proximity to Lake Conroe where the depth

of the aquifer is not as deep as in the area to the southumditl available drawdownless.

Runs B MOD ad C projectsabout 150 to 200 feebf static watedevel declinein the Lake

Conroe areand thattould lead to some reduction in the pumping rate of wells.
Results of Run D Simulation

Artesian head decline results calculated for the pumpg@naridncluded in Run D are
shown on FiguresQthrough25. As stated previously, Run D is very similar to Run B MOD,
but the pumping from the Evangeline Aquifer is 19 percent less than in Run B MOlband
the Jasper Aquifewas 16 percent greater than in Run B MOD and those percentage adjustments
in pumping areéncrementallyincluded from 2020 through 2070.

Chicot Aquifer Head Changes

The results of the simulation show that for the Chicot Aquiferathesian head decline
could be about 60 feéh the very soutérn part ofthe Districtand that in other parts of the
District the artesian head decline can be in the range of about 40 feebtbead decline.
Pumping from the Chicot Aquifer, as dissed earlier, principally occurs in the central to
soutternpars of theDistrict where the aquifer is deep enough to support domestic, stock and a
few wells that provide water fandustry and public supply. The upper edge of the outcrop of

the Chicot Agifer is shown on Figures/land B.
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Figure 21. Run D Artesian Head Change in Evangeline Aquifer for 2012070
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