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Executive Summary 

 

The objective of this study was to develop and apply a methodology for prioritizing the 

lining of irrigation water delivery canals in the Gulf Coast Irrigation Division (GCID) of the 

Lower Colorado River Authority.  To do this, the Texas AgriLife Extension Service applied a 

structured methodology, the Rapid Intervention Program (RIP) which is composed of a 

series of survey forms and rating forms.  The RIP was modified as needed during the study 

to meet the conditions of the Texas Gulf Coast, and implemented in close cooperation with 

GCID personnel.    

 

We identified 29 canal segments (with a combined total length of 27.4 miles) as having 

significant seepage losses and leakage problems.  The severity of seepage problems are 

classified as “High” or “Moderate” in most of the segments.  The report contains maps and 

tables identifying these segments.  Actual water seepage was observed at several locations 

during the field site visits.  There are also many holes in the canal walls and bottom caused 

by animals which contribute to leakage problems.  Other problems causing water loss 

include vegetation, pipeline crossings and canal structural problems. 

 

GIS soil analysis indicate that, due to a clay layer located at a depth of about 30 inches, 

seepage losses in most of GCID are through the sides and not the bottoms of canals.  

However, the canals in the North-East Section (Lower Pierce Lock and Dykes Lock) extend 

pass this clay layer; thus, seepage losses through the bottom of canals are plausible.  About 

14.5 miles of canals in the lower North-East Section are constructed in sandy soils.   

 

Non-seepage/leakage related problems also exist.  It is difficult to deliver water to about 

7,000 acres of irrigated land due to land elevation problems, siltation at the farm turnout, 

and ruts made in canal embankments by cattle.  Damage caused by cattle is widespread in 

the South West and South East Sections. 

 

Canal segments identified are also ranked by priority for further analysis using a 3-point 

rating scale, with 1 having the highest priority.  We found that 9 segments have the highest 

priority (a total of 10 miles), and another 15 segments (a total of 14 miles) have priority 2 

or 3.  However, quantification of water savings from the lining these canals could not be 

accomplished due to the lack of water during the study period. 

 

  



 
 

Based on the conditions we observed, the lining materials we would recommend are: 

 

 composite (synthetic overlaid with a protective concrete layer) 

 PVC 

 reinforced “rubber”   
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I. Introduction 

Earthen (unlined) canal segments and channels often have high and excessive seepage 

losses.  Leigh and Fipps (2009) reported that in 41 seepage tests conducted in Texas 

irrigation districts, the water seepage/loss rates measured ranged from 1.63 - 1690 ac-

ft/mi/yr.  However, lining is expensive and not all unlined canal segment have excessive 

rates. Conducting seepage loss tests is troublesome, time consuming, requires special 

equipment and interferes with normal water delivery operations. Thus, a system to screen 

and prioritize canal segments for more detailed testing is needed. 

Over the past 12 years, Dr. Guy Fipps and associates have conducted an extensive study of 

water distribution systems of irrigation canals and pipelines (see http://idea.tamu.edu) and 

have developed a series of analysis tools and surveys to provide a structured and systematic 

approach for analyzing irrigation water distribution networks.  These include the: 

1. Canal Condition Evaluation Tool - evaluates the overall condition of canals and 

identifies the existence of specific indicators of high seepage losses, leaks and 

structural problems through a visual inspection process (Leigh and Fipps, 2008a). 

Huang and Fipps (2008) further developed and verified the effectiveness of these 

visual indicators as part of the application of thermal imaging technology to canal 

networks. 

2. Water Supply (Head) Conditions Tool - determines the extent of the areas affected 

from "less than optimal" water supply, along with the associated canal and pipeline 

segments, and to define the major causes of the problems identified (Leigh and 

Fipps, 2008b). 

3. Canal Lining Condition Rating Tool - tracks the long-term effectiveness and durability 

of synthetic canal lining materials and documents damage caused by such factors as 

ultraviolet radiation (sunlight), animal traffic, intentional and unintentional 

vandalism, and normal irrigation district operational and maintenance activities. 

(Karimov et al. 2009, Bonaiti et al. 2011). 

Bonaiti and Fipps (2012) combined these tools into the Rapid Intervention Program (RIP) 

which is designed to be a quick and cost-effective program to examine problems in 

distribution networks, including seepages losses. In this project, we further developed the 

RIP with an emphasis on the prioritization of canals for lining.    

 

  

http://idea.tamu.edu/
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II. Objectives of Study 

The overall objective of this project was to develop and apply a methodology for prioritizing 

the lining of irrigation water delivery canals.  Specific objectives consisted of the following 

elements: 

 

1. In cooperation with LCRA staff, apply the RIP to the Gulf Coast Irrigation Division and 

modify as needed for coastal Texas conditions with an emphasis on the 

identification and quantification of seepage loss rates. 

2. Evaluate the revised methodology by conducting field reconnaissance and more 

detailed study of selected canal segments. 

3. Update and verify the revised methodology based upon field reconnaissance and GIS 

analysis. 

4. Demonstrate the revised methodology by applying it to a portion of one or more 

irrigation divisions with data previously collected. 

 

III. Materials and Methods 

GIS-based maps and datasets previously developed by LCRA and consultants were used as a 

starting point for the RIP analysis.  These databases were significantly updated and 

expanded during this study (Table 1, Table A-1).    All modifications are in shape files format, 

and changes are all documented in the metadata.  We also incorporated hard copy maps on 

land use and canal use frequency into the GIS by scanning and geo-referencing.   

The soil GIS analysis was carried out using USDA SURGO soil map coverage, which uses 

1:12,000 or 1:24,000 orthophotos as a source maps (USDA NRSC Web Soil Survey 

http://websoilsurvey.nrcs.usda.gov/). 

In cooperation with LCRA staff, the following RIP survey forms were completed and 

modified to meet the needs and conditions of the Gulf Coast Irrigation Division: 

 

1. The General Survey - information on general maintenance, operation, and suspected 

seepage issues (Appendix A1).   

2. The Head Survey and Seepage Surveys - head problems are defined as “insufficient 

volume and/or water pressure to meet water requirements at the field outlet 

(Appendixes A2 and A3). 

  

http://websoilsurvey.nrcs.usda.gov/


3 
 

3. Field Seepage Survey Form - surveys conducted by different persons can lead to 

misunderstanding of questions, incompleteness of information, and inconsistency 

among responses.  Therefore, site visits were conducted to verify collected data 

(Appendix A4).   

 

A 3-point ranking scale is used in this study as an indication of the seriousness of expected 

seepage losses based on the following factors:   

 

 Canal use frequency 

 Severity and cause of seepage 

 Visual indicators of seepage 

 Soil maps analysis 

 

- 1 = Highest priority, when at least two factors have maximum rating (ex. daily 

frequency, high seepage severity, serious visual problems) 

- 2 = Priority level 2, when at least one of the factors have maximum rating, and canal 

is used at least yearly 

- 3 = Priority level 3, all other identified seepage locations where seepage is likely 

occurring 
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Table 1. GIS-based maps and databases assembled and created during this study.   
 

TYPE DESCRIPTION SHAPE FILE (*.shp) SOURCE AND ATTRIBUTES 

P
o

ly
go

n
 

Detailed soil map 
Matagorda 

soilMatagorda SURGO for Matagorda County 

Detailed soil map 
Wharton 

soilWharton SURGO for Wharton County 

General soil map gsmsoilmu_a_tx_select STATSGO general soil for all Texas 

Head survey areas  head_Survey New 

Sections fields_ca 
LCRA_AGCON.mdb\Fields\design_fields – all columns + 
new columns “Name” and “Section”, to identify irrigation 
coordinator and section name respectively 

Landuse 2009-
2011 

historical_Fields_mod 
LCRA_AGCON.mdb\Fields\Historical_Fields + digitized hard 
copies of maps 

P
o

ly
lin

e 

Canals in fine 
sandy loam soil (0-
20 inches) 

finesandyloam(0-20) New 

Major Rivers Major_rivers TNRIS (20120910): MajorRivers_dd83.shp 

Canal information 
(surveys, field 
visits, hard copy 
maps) 

segments_mod 

LCRA_AGCON.mdb\CANALS\Segments (only Gulf Coast 
area) + corrected features + new columns “Cow", 
"Dredge", "Head_ID", "Seep_ID*", "Seepage", "Notes", 
"Use2013", "Owner", “canaluse”, “indepth”, “prior13Jun”, 
Seep_ID”, to identify respectively cow damage, dredging, 
Head Survey ID, Seepage Survey ID, Seepage location, 
notes, expected 2013 use, owner, use frequency, rating for 
detailed analysis, simplified rating for detailed analysis 
reported on June 13 2013, owner, simplified seepage ID  

LCRA 2005 
ponding test 

ponding_2005 
LCRA_AGCON.mdb\canals + report appendix B + new 
column “seep_05_ID” to join with tabular data 

LCRA 2006 
seepage test 

seepage_2006  
LCRA Canal segments.shp + 2006 flow measurement report 
+ new column “Seep2006ID” for IDs used in report  

Roads GC roads_mod LCRA_AGCON.mdb\Roads, only GC 

Main roads GC road 
TNRIS (20120910): 
TxDOT_Roadway_Q3.gdb\TXDOT_RDWY_LN, only GC 

Routes taken to 
seepage locations 

Driving New 

P
o

in
t 

Pump Stations pump_stations_mod 
LCRA_AGCON.mdb\Pump_stations + received information, 
only GC + new column “ShortName” 

Check structures check_structures_mod 
LCRA_AGCON.mdb\CANALS\Check_structures + received 
information, only GC 

Not Ag turnouts turnout_NoAg 
LCRA_AGCON.mdb\LCRA_AGCON.mdb\Turnouts_Metered, 
only 2 turnouts as indicated by LCRA personnel + new 
column “Notes” 

Spill spill 
LCRA_AGCON.mdb\ Spill + corrections as suggested by 
LCRA personnel 

Groundwater 
wells location and 
average depth 

GWDB_well_location_ 
LCRA_fields_1mile 

Texas Water Development Board, Groundwater Database 
(GWDB_well_location.shp), November 2012 + intersect  
with LCRA_AGCON.mdb\design_fields + 1 mile radius 
search 

Pictures pictures New  
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IV. Description and Maps of the Gulf Coast Irrigation Division 

A map of the study area is shown in Figure 1.  The Gulf Coast Irrigation Division (GCID) 

distribution network was built in the 1920’s, and became part of LCRA in the 1960’s.  The 

division is divided into four sections: North West, South West, North East, and South East., 

Two water coordinators (formerly referred to as a “water boss”) manage two sections on 

each side of the river. 

Figure 2 shows the locations of water turnouts on the distribution network. Flow is 

measured manually at farm turnouts once a day by water coordinators using a Global Flow 

Probe (velocity meter) and previously determined relationships.   

Canals cross-section dimensions are not available. Most canals are of standard construction 

where the canal is dug into the earth and spoil used for bank construction.  Three canal 

segments are completely above ground (2.6 miles), and one completely below ground (1 

mile), out of a total 335 miles of canals.   

The 2011 land use map is shown in Figure 3 which is based upon LCRA records.    Figure 4 

shows typical canal use frequency.   GCID personnel reported that the total amount of land 

cultivated is about 50% of what was irrigated 30 years ago.  However, there has been no 

redesign of the distribution network.  As a result, the GCID is very fragmented which 

increases water losses and the challenges of management.   
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Figure 1. LCRA Gulf Cost Irrigation Division 
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Figure 2. Distribution network, structures and other features  
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Figure 3.  2011 Land use in Gulf Cost Irrigation Division 
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Figure 4.  Typical canal use frequency 
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V. Soils Analysis 

 

About 310 miles of the distribution network is in the flood plain with clayey and loamy 

soils, and about 33 miles are on the coastal lowlands with dominantly clayey soils.  More 

detailed analysis shows that the upper layers of soils (in which the canals are constructed) 

contain sandy clay loam, fine sandy loam, and clay soils (Fig. 5 and 6), and that: 

   

 Varying soil types extend to a depth of about 25 inches 

 14.6 miles of canals are in sandy soils (fine sandy loam texture from 0 to 20 inches 

of depth) (Fig. 7) 

 From 25 to 36 inches, soils are clay or clay loam  

 Below 3 feet, the predominant texture is sandy clay loam. 

Soil GIS analysis results can be summarized as follow: 

a)  Canals are constructed in sandy soils in the lower North-East Section (locations 

4.8 and 4.10) 

b)  A clay layer is located at a depth of about 30 inches; thus, most seepage losses 

are likely through the sides and not the bottoms of canals, and 

c)  The main canal in the upper North-East Section extends pass this clay layer; thus, 

deep seepage losses are plausible (locations 3.1 and 3.2). 
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Figure 5. Detailed soil map, distribution network, and seepage locations (surface layer) 
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Figure 6. Detailed soil map, distribution network, and seepage locations (clayey layer) 
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Figure 7. Distribution network laying on sandy soil (fine sandy loam, 0-20 inches of depth) 
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VI. Head Problems 

Two peak periods for water use were identified, March-May, and July-August, but 

differences between peak and non-peak periods were found only in the upper North East 

Section.  Head problems are not concentrated in specific areas, and are classified as 

“Severe” in the lower South West Section.   

The causes of head problems are related to structural condition, such as insufficient canal 

size or capacity, and canal elevation; and to management, such as fluctuating water levels. 

A total area of 7,058 acres of irrigated land in GCID was identified as having head problems, 

i.e. insufficient flow at the turnout to allow for adequate flow to farm lands and/or to allow 

for efficient irrigation.   

 

 Segments in which it is the most difficult to maintain a stable water level were 

found in the lower South West Section.  

 Canals with free board problems are located in the East Sections.   

 Land elevation problems at the farm turnout are widespread throughout the 

Division turnout.   

 The frequency of head problems is rated as “Always” or “Often” in most locations 

(Fig. 8). 

 

Land elevation problems have several causes.   GCID personnel report that a major factor is 

sedimentation around the turnout structure.  Figure 9 shows locations where cattle 

frequently walk into the canals for drinking purposes.  Ruts and other damage caused by 

cattle is widespread.  Such damage results in water overflow in some canals.   
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Figure 8.  Frequency of Head problems  
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Figure 9.  Canal segments damage by cattle 
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VII. Seepage Analysis 

 

We identified 29 canal segments (totaling 27.4 miles) where seepage is likely occurring.  

The longest single segment is 2.5 miles long (4S10).   Severity of seepage losses in all but 4 

segments is rated as “High” or “Moderate” (Fig. 10). 

The causes of seepage vary and includes soil type (sands), canal structural problems, holes 

in the canal bank caused by vegetation and roots, and damage caused by animals.  A 

variety of animals (alligators, nutrias, armadillos, and crayfish) create holes and barrows in 

canal sides, bottoms and embankments.  Seepage losses and/or leaks were also identified 

at pipeline crossings.   Seepage problems tend to also occur between control structures, 

where canal depth is greater than at the gate structures.   

Figure 11 shows the results of the Field Seepage Survey.  Visual indicators of seepage for 

each segment are identified using a 4-point scale, with 4 having more visual indicators of 

seepage losses.  Multiple visual indicators of seepage were evident in most segments 

(totaling about 23 miles).   

Figure 12 and 13 show photographs of some of these visual indicators of seepage losses.  

Non-visual forms of seepage, such as deep percolation, could not be rated due to the lack 

of water in the canals required for flow measurement and seepage loss tests.   

 

VIII. Ranking of Canals Based On Expected Seepage Loss Rates  

Tables 2-4 and Figure 14 give the grouping of canals by priority for detailed seepage lost 

analysis: 

1)  Seven (7) segments have priority level 1 (highest), for a total of 10 miles,  

2)  Five (5) segments have priority level 2, for a total of 4.2 miles, and 

3)  Ten (10) segments have priority level 3, for a total of 9 miles. 

 

Five (5) segments, for a total of 4.1 miles, have been classified as likely having non-seepage 

losses.  Losses in these segments are mostly due to capacity and overflow problems (Table 

3).   
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Figure 10.  Severity of seepage problems 
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Figure 11. Visual indicators of seepage, from field seepage survey 
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Figure 12. Seepage observed in canal embankment due to pocket gophers (4S7, top),  

and a crayfish burrow (4S5, bottom).  Arrows identify the point of seepage 
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Figure 13. Seepage observed in canal embankment due to crayfish burrows (1S4, top),  
and pipe crossing (4S5, bottom).  Arrows identify the point of seepage/leaks. 
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Table 2. Canal segments which are likely to have significant seepage and other types of 
water losses  

Sub District ID Miles Name Frequency of Use 

Gc West 1.1 0.75 A.P. Bridge Daily 

Gc West 1.2 0.91 Furber Daily 

Gc West 1.3 0.48 Furber Every year 

Gc West 1.4 0.65 Ashby Lock Every Year 

Gc West 2.1 0.42 Ashby Lock Daily 

Gc West 2.2 0.30 Miller Lateral Every Year 

Gc West 2.3 0.72 Slough Ranch Lateral Every Year 

Gc West 2.4 0.47 Possum Lock Every Year 

Gc West 2.5 0.78 Oyster Lake Every Year 

Gc West 2.6 1.77 Oyster Lake Every Year 

Gc West 2.7 0.89 Oyster Lake Every Year 

Gc West 2.8 0.83 Oyster Lake Every Year 

Gc East 3.1 0.59 Lower Pierce Lock Every Year 

Gc East 3.2 1.96 Dykes Lock Every Year 

Gc East 4.3 0.55 Skelly Lateral Every Year 

Gc East 4.4 0.94 Skelly Lateral Every Year 

Gc East 4.5 0.89 Railroad Lateral Every Year 

Gc East 4.7 1.33 Combes Lateral Every Year 

Gc East 4.8 1.60 Mailbox Lateral Every Year 

Gc East 4.9 1.15 Outlaw Road Lateral Every Three Years 

Gc East 4.10 2.54 Tail End Lock Every Year 

Gc East 4.11 1.03 Tee Lateral Every Four Years 

Gc East 5.H 1.11 West Lateral Every Two Years 

Gc East 5.K 0.64 Matagorda Lateral Every Year 

 
Table 3. Canal segments that likely have non-seepage water losses (such as due to capacity 
and overflow) 

Sub District ID Miles Name Frequency of Use 

GC East 4.6 0.78 Private - Johnnie Hahn Lateral Every Two Years 

GC East 4.12 0.67 Chalmers Lateral Every Year 

GC East 5.A 0.83 Simon Lateral Every Year 

GC East 5.C 0.86 Celanese Canal Every Year 

GC East 5.D 0.96 Celanese Canal Every Three Years 
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Table 4. Canals ranked in order of priority for further analysis and seepage lost test  

ID Name 

Highest priority 

1.1 A.P. Bridge 

1.4 Ashby Lock 

3.1 Lower Pierce Lock 

4.3 Skelly Lateral 

4.5 Railroad Lateral 

4.7 Combes Lateral 

4.8 Mailbox Lateral 

4.9 Outlaw Road Lateral 

4.10 Tail End Lock 

Priority level 2 

1.2 Furber 

1.3 Furber 

2.1 Ashby Lock 

2.4 Possum Lock 

3.2 Dykes Lock 

Priority level 3 

2.2 Miller Lateral 

2.3 Slough Ranch Lateral 

2.5 Oyster Lake 

2.6 Oyster Lake 

2.7 Oyster Lake 

2.8 Oyster Lake 

4.4 Skelly Lateral 

4.11 Tee Lateral 

5.H West Lateral 

5.K Matagorda Lateral 
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Figure 14. Rating of canal segments based on highest priority for detailed analysis.  Also 

shown are segments that likely have non-seepage water losses (such as due to overflow)  
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IX. Conclusions and Recommendations 

We identified 27.4 miles of canals that are likely to have significant seepage losses and/or 

leaks.  These canals are also ranked by priority for further analysis.   We also identified non-

seepage conditions and problems.  Head problems resulting in insufficient flow were  found 

that affects about 7,000 acres of irrigated land.  Cattle damage is widespread in the South 

West and South East Sections of the Division. We were unable to quantify the expected 

seepage losses due to the lack of water in the canal system in 2013.  However, we expect 

that the losses are significant.    

Based on the frequency of canal use and the high degree of animal damage, we would 

recommend the following lining materials/systems: 

1. Composite (synthetic overlaid with a protective concrete layer)  -  one or multiple 

layers of a synthetic geocomposite (polyester or PVC) are overlaid with a shotcrete 

protective barrier 2-3 inches thick.  Based on the type of geocomposite, the 

protective might include a wire mesh to improve adherence (Fig 15). 

2. PVC  -  a polyvinylchloride alloy, such as a PVC blend reinforced with a polyester 

scrim, 40 mil thick (Fig. 16). 

3. Reinforced “rubber” - a reinforced geomembrane, 45-60 mil thick.  Examples of 

geomembrane are TPO Geomembrane (flexible thermoplastic polyolefin 

membrane), reinforced EPDM (ethylene propylene diene monomer), or reinforced 

fPP (polypropylene/rubber-based geomembrane) (Fig. 17). 

However, further analysis is needed before finalizing such recommendations on a segment-

by-segment basis.   
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Figure 15. Polyester with protective barrier (new installation) 

 

 
Figure 16. PVC Alloy (15 years of age) 

 

 
Figure 17. Green TPO-R (3 years of age)  
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