
November 3, 2011 

 

Kenneth Landau, Assistant Executive Officer 
11020 Sun Center Drive, Suite 200 
Rancho Cordova, CA 95670 

 

SUBJECT: Rebuttal of Comments on Cease and Desist Order NO. R5-2011-xxxx  Requiring the 
City of Colfax Wastewater Treatment Plant Placer County to Cease and Desist from Discharging 
Contrary to Requirements. 

 

Dear Mr. Landau, 

The City of Colfax (City) has reviewed comments submitted on the draft Cease and Desist Order 
(CDO) and Administrative Civil Liability (ACL) posted by the Central Valley Regional Water 
Quality Control Board (Central Valley Water Board) regarding the City’s wastewater treatment 
plant (WWTP).  The City is supplying rebuttal to the CDO and ACL comments submitted by 
Edwards Family Farm, Friends of the North Fork, and Save the American River Association.   

The general issues raised in the Edwards Family Farm comments include:  the CDO does not 
order compliance with the permit nor consider compliance history, the ultimate capacity of the 
wastewater treatment plant is incorrect, serious problems with the dewatering and increases to 
overall treatment capacity, Pond 3 liner design problems, unreasonable rain delay provisions, 
allowance for the City to avoid necessary infiltration and inflow (I&I) work, and the CDO would 
allow unrestricted connections.  The City disagrees with each of the issues raised by the Edwards 
Family Farm as discussed below. 

I. The City Is Committed to Compliance, and Has Demonstrated Significant Progress 
Since 2009. 

In early 2009, the City made a calculated decision to perform wholesale personnel changes in 
nearly every aspect of City management.  The City Manager, City Engineer, City Attorney, and 
the Waste Water Treatment Plant (“WWTP”) operators were replaced, in favor of personnel who 
would be entirely committed to ensuring compliance with the City’s NPDES Permit, Cease and 
Desist Order, and the Settlement Agreement entered into with Allen and Nancy Edwards and the 
Environmental Law Foundation.  In early 2010, the City replaced their contract wastewater 
engineers, with Larry Walker Associates now acting in this role.  The City’s team has 
demonstrated significant progress over the past three years, as described below, with the only 
remaining issue the dewatering and lining of Pond No. 3.  The City is aggressively pursuing this 
project, a project repeatedly demanded by the Edwards, and adoption of the Tentative Cease and 
Desist Order is a crucial step towards completing this final step.  The Edwards, and their 
colleagues at Save the American River Association (“SARA”) and Friends of the North Fork, 
clearly want the Regional Water Board to focus on the distant past, rather than acknowledge the 
impressive strides by the City, in a bewildering effort to artificially continue the adversarial 
relationship between the parties.  The City hopes the Regional Water Board will not be deceived.     
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Due to the perseverance and commitment of City staff, engineers, and operators, the City 
continues to make great strides in the operation and maintenance of its wastewater collection and 
treatment infrastructure, including, but not limited to: 

• Successful optimization and operation of the City’s WWTP by new operators, Water 
Pollution Control Services (“WPCS”).  WPCS has been instrumental in formulating and 
implementing a variety of modifications to operations and maintenance that have 
substantially improved WWTP performance.  

• Successful inspection of the City’s WWTP by USEPA in November 2010. The final 
inspection report, along with Regional Water Board staff analysis, was issued on 
April 25, 2011.  Importantly, the inspector found no violations of the City’s NPDES 
Permit, confirming the dedication of City staff, engineers, and operators to properly 
operating and maintaining the WWTP infrastructure.     

• Completion of a comprehensive collection system repair, replacement, and rehabilitation 
project in 2011 as required by Cease and Desist Order No. R5-2010-0001 (“2010 CDO”).  
The City completed smoke testing, Closed Circuit Television (“CCTV”) inspections, 
repaired, replaced, or rehabilitated 7,475 linear feet of collection system, rehabilitated 
11 sewer manholes, and upgraded four pump stations.     

• Ongoing repair, replacement, and rehabilitation of an additional 10,182 linear feet of 
collection system, and rehabilitation of approximately 100 manholes.  This work is 
expected to be complete in 2012. 

• Successful completion of sampling for Water Effects Ratio (“WER”) study for copper in 
September 2011, as required by the 2010 CDO.  A completed WER study will be 
submitted to the Regional Water Board in March 2012. 

• Successfully handled the Pond 3 emergency discharge in March –April 2011 resulting 
from heavy rains, implementing a temporary treatment system that minimized any water 
quality impacts of the discharge to receiving waters (see Tentative Cease and Desist 
Order at Findings 24-30, noting that all constituents except pH were compliant with the 
City’s NPDES Permit limitations).  While the City is diligently pursuing additional 
infrastructure optimization and modification to avoid this circumstance from occurring 
again, the City is proud of how it handled the unfortunate situation, demonstrating the 
City’s commitment to protection of water quality. 

• Launched investigation into accuracy of Western Regional Climate Center (WRCC) and 
National Oceanic and Atmospheric Administration (“NOAA”) rain gauges used by the 
City in past water balance evaluations of WWTP and Pond 3.  The City confirmed that 
the WRCC and NOAA “CFX” sites located close to Interstate 80 in Colfax were not 
accurately reporting the significant rainfall in and around the WWTP and Pond 3 due to 
significant blockage from trees/cover, which detrimentally affected previous efforts by 
the City to predict and control flows into Pond 3.  The NOAA “CFC” began operation in 
November 2005 being operated November through April and located at the WWTP 
adjacent to the dam at Pond 3.  Starting in 2010 the CFC site is now operated year round, 
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and provides the basis for current efforts, and will result in more reliable assumptions and 
operations.   

• Preparation and submission of a Wastewater Treatment Plant Storage Pond Water 
Balance (May 31, 2011) and Wastewater Treatment Plant Feasibility Analysis For 
Alternative Measures to Dewater Pond 3 and Meet Freeboard Requirements (June 22, 
2011) to evaluate all measures needed to ensure Pond3 can be timely dewatered and 
lined, and that all future flows will be stored and treated in accordance with the City’s 
NPDES Permit (using the “CFC” rain gauge site).  While the initial plan for dewatering 
Pond 3 was negatively affected by the above-average rain during the 2010-2011 wet 
season, the City remains steadfast in its commitment to dewater and line Pond 3.   

• Secured grant and loan funding of approximately $6.6 million dollars from USEPA, 
USDA, and the Clean Water Act State Revolving Fund (“SRF”) in September 2011 for 
the ongoing repair, replacement, and rehabilitation of the City’s collection system and for 
the Pond 3 dewatering and liner project, notwithstanding significant efforts by the 
Edwards, SARA, and Friends of the North Fork to derail its issuance.1 

• Refinanced the City’s existing SRF debt of $7.7 million dollars in September 2011, to 
reduce the interest rate and make payments less crippling on the City.   

The City hardly resembles the entity portrayed by the Edwards, SARA, and Friends of the North 
Fork.  The City hopes the Regional Water Board will see past the exaggerated rhetoric, in favor 
of issuing the Tentative Cease and Desist Order and Tentative ACL, which will allow the City to 
continue progressing forward with the Pond 3 dewatering efforts and liner project.   

II. The Edwards’ Objection to the Pond 3 Liner Project and Tentative CDO Is 
Contrary to Their Repeated Position in Federal Court 

The City is involved in ongoing litigation with Allen and Nancy Edwards on issues related to the 
City’s wastewater collection, treatment, and discharge, including the continued use and lining of 
Pond 3. (See ELF and Edwards v. City of Colfax, U.S. District Court, Eastern District, Case No.: 
2:07-CV-02153-GEB-EFB)  As a result of months long, intensive negotiations with federal 
Magistrate Brennan during the Summer and Fall of 2010, the City and the Edwards reached a 
negotiated settlement regarding a variety of WWTP issues, resulting in a November 2010 federal 
court order requiring the City to, among other things, dewater and install a liner in Pond 3 by 
November 30, 2012.  (See November 2, 2010 Order Re Compliance with Settlement Agreement 
(“Order”))  The Pond 3 liner was specifically and repeatedly demanded by the Edwards in 
federal court, and the City agreed to implement the project so as to achieve some semblance of 
peace with the Edwards, and to concurrently comply with the 2010 CDO requirement to address 
potential seepage discharges from Pond 3.  Given that the Pond 3 liner project and associated 
activities are being completed, in part, due to the insistence by Mr. and Mrs. Edwards, the City 

                                                 
1 The City is a small, disadvantaged community, with disproportionately high sewer rates of approximately $105.40 
per month, due to the limited population.  Funding significant infrastructure improvements can prove difficult.  After 
several years of intensive work by the City Manager, the City secured funding for the remaining infrastructure 
projects.   
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remains puzzled and extremely frustrated by the Edwards’ new assault on the project, and has to 
assume the Edwards simply want the City to fail.  The City previously engaged in detailed 
discussions with the Edwards regarding the infeasibility of their now-desired Bunch Creek 
pipeline; however, the Edwards simply do not want to accept the factual and regulatory realities 
that make this project unworkable.   

The parties understood at the time the Order was negotiated and adopted that the schedule for 
dewatering and lining Pond 3 was condensed, rainfall dependent, and required cooperation by 
Regional Water Board staff, the City, and the Edwards to complete all necessary tasks in a timely 
manner.  The City was, and continues to be, committed to taking all necessary actions to 
complete dewatering and to line Pond 3, as continually demanded by Mr. and Mrs. Edwards in 
federal court.  Interference and obstructionist tactics by Mr. and Mrs. Edwards, and now their 
colleagues at SARA and Friends of the North Fork, will unnecessarily complicate the City’s 
efforts, divert resources and time from focusing on compliance related tasks, and may ultimately 
result in undue delay with respect to compliance with the Order and the 2010 CDO, through no 
fault of the City.  So as to avoid this untenable outcome, the City requests the Regional Water 
Board adopt the Tentative Cease and Desist Order, authorizing the City to undertake actions to 
expedite dewatering of Pond No. 3, which will facilitate timely installation of the liner.   

The City also further notes that it has, to date, met every obligation set forth in the 
November 2010 federal court order, and the only outstanding issue is the timely dewatering and 
lining of Pond No. 3.  Specifically, the Order requires: 

• Installation of effluent flow meter (see Order at ¶15). 
o Completed November 8, 2010. 

• Complete and submit WER study to Regional Water Board by March 31, 2012 (see 
Order at ¶¶5-6). 

o Completed technical work for WER study in August – September 2011.  WER 
study will be timely submitted to Regional Water Board. 

• Conduct additional sampling of Persistent Chlorinated Hydrocarbon Pesticides (see Order 
at ¶¶7-9). 

o Completed sampling in September and October 2010.  Confirmed via mass 
spectrometry that “detected, not quantified” results were in fact  non-detect.  No 
further sampling required.    

• Provide the Edwards each month data from continuous flow, total residual chlorine, UV 
intensity, and turbidity meters in 15 minute intervals (see Order at ¶18). 

o The City provides this data every month. 
• Complete comprehensive collection system repair, replacement, and rehabilitation project 

by February 14, 2011 (see Order at ¶10). 
o Completed April 2011.  Due to weather delays in November and December 2010, 

and again in February and March 2011, McGuire Hester requested extensions 
and the City worked to ensure the shortest timeframe possible for completion.   

• Remove all obstructions from sewer segments rated “CI” under the parties’ settlement 
agreement sufficient to allow a CCTV camera to pass through, and complete condition 
assessment of those lines, by February 14, 2011 (see Order at ¶11). 

o Completed April 2011.  Due to weather delays in November and December 2010, 
and again in February and March 2011, McGuire Hester requested extensions 
and the City worked to ensure the shortest timeframe possible for completion.   
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• Complete additional repair/replacement of sewer segments still rated CI after revised 
condition assessment by December 31, 2011 unless an extension is granted by the District 
Court to this deadline (see Order at ¶12).   

o Work underway. 
• Complete Pond No. 3 liner project complete by November 30, 2012 (see Order at ¶¶19-

23). 
o Pending, subject to adoption of Tentative Cease and Desist Order.  Financing for 

the project has already been secured, well before March 31, 2012 deadline set 
forth in the Order (see Order at ¶24). 

III. The Regional Water Board Should Reject the Edwards’ Request for a Moratorium 
on Additional Sewage Hookups. 

In federal District Court, the Edwards have repeatedly asked the Magistrate to issue a 
moratorium on additional sewer hookups in the same manner that the Edwards are requesting 
here.  Magistrate Brennan has declined the Edwards’ request each time.  In a good faith effort to 
compromise, the City agreed to add the Edwards to the Interested Parties list for any CEQA 
process related to any project involving hookups to the City’s WWTP, so the Edwards would be 
apprised of any changes to influent flows at the WWTP. (See November 2010 Order at ¶13).  
Notably, given the housing market and local economy, new hookups to the City’s WWTP have 
been few and far between, so this issue has become somewhat moot.  Further, the City agreed to 
notify the Edwards within ten (10) days of receipt of any application for building permits related 
to the Colfax Pines residential development project, a previously planned subdivision that has 
been substantially delayed due to similar effects of the housing market and local economy.  (See 
November 2010 Order at ¶14) 

Title 23, Cal. Code of Regulations sections 2244 through 2245 specify the appropriate 
parameters for issuing connection bans to community sewer systems.  Importantly, Section 
2244(b) states that a prohibition on additional discharges into a community sewer system can be 
included in a cease and desist order only if the addition in volume, type, or concentration of 
waste entering the sewer system would cause an increase in violation of waste discharge 
requirements or increase the likelihood of violation of requirements.  In this case, neither is true.  
The August 2011 water balance analysis demonstrates an existing lack of capacity in Pond 3 to 
handle a 100-year, 365-day precipitation event when using the newly identified “CFC” rain 
gauge site, and an infrequent additional sewer hookup will not affect or increase the likelihood of 
this determination, nor will it substantially modify the cure identified in the Tentative Cease and 
Desist Order.  Further, pursuant to Section 2244(d), connection bans cannot be used as a punitive 
measure for past failure to comply.  Regional Water Boards have been reluctant to issue 
connection bans in the past, and we request the Regional Water Board reject the suggestion in 
this case.    

IV. Additional CEQA Analysis May Not be Necessary as Analyses Already Conducted 
Include Consideration of Flows up to 1 MGD 

The October 1, 2004 EIR evaluated the WWTP's ability to treat flows up to 1,000,000 gallons 
per day.  See, e.g., EIR at page 3-13; CEQA Addendum at pages 2, 5, and 6 
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V. The CDO Recognizes the Capacity of the WWTP is dependent on Controlling the 
Seepage into the Pond and Influent Flow Reductions from Infiltration and Inflow 
Work. 

The City recognizes the WWTP capacity of 0.5 MGD is not adequate for the current pond 
storage.  The City, through investigation of the available data that the historic precipitation 
gauges were shaded by trees and typically under record the true amount of rain.  In the 
Wastewater Treatment Plant Storage Pond Water Balance, Revised Final (August 2011), there 
are in fact two predictive models presented.  One model assumes all current inflows to the pond 
are present in the future and the other assumes the seepage is cut off.  The two models effectively 
bookend the required WWTP treatment capacity to provide 2 foot free board under the 100-year 
precipitation condition with current levels of I&I. 

The City is lining Pond 3 as a means to comply with Permit Discharge Prohibition III.A and 
prevent any leakage that is not currently captured.  In the process of developing the August 2011 
water balance, the calculated change in pond volume was compared to the measured change in 
pond volume.  A plot of the difference between the measured monthly change in pond volume 
compared to the water balance calculated change in the monthly pond volume is presented as 
Figure 1 (Figure 13 in the August 2011 water balance report).  As stated in the water balance 
report, there is an average of 0.25 MG per month (less than 0.01 MGD) loss from the reservoirs.  
Additionally, there is generally a ±3 MG difference between measured and calculated monthly 
change in storage volume, corresponding to ±4% of the available storage volume.  Additionally, 
there are no apparent substantial systematic errors, especially in the July thorough September 
time period where conditions are driest.  If there were significant levels of water seeping out of 
the ponds the pattern would be evident on Figure 1. 

The Edwards Family Farm contends that the seepage into the pond is more significant than 
thought by the City because of the postulated high levels of seepage from the pond.  However, 
the City intends to line the pond, blocking seepage from entering the pond; the channel parallel 
to Pond 3 has been relined and geologic investigations are planned to determine if there is 
seepage under the channel into the pond.  The Edwards contend there may be an additional 3 MG 
per year of water to treat, but that would equate to an additional 0.008 MGD, which is within the 
error of the analysis.  The Edwards point out that for June and July 2008 the water balance is 
“short” approximately 1.5 MG per month, however the June and July 2009 are calculated to have 
an extra 0.8 and 1.8 MG, respectively.  The differences in monthly totals are within the error of 
the model. 
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Figure 1:  Difference Between Measured and Calculated Change in Storage per Calendar Month. 

For the protection of the liner, pressure relief valves may be installed in the Pond 3 liner.  These 
valves would only open when there is higher pressure under the liner than over.  During the wet 
season, there will likely be water stored in Pond 3 which will provide downward pressure on the 
liner, so that the pressure relief valves would remain closed.  At a water height of 10 feet, there is 
under 1.5 MG of water in the pond.  At very small levels of storage in Pond 3, significant 
downward pressure is exerted on the liner.   

In the Edwards Family Farm comments, the statement is made that the City has indicated that 
Pond 3 has a smaller volume than assumed referencing a letter from Bruce Kranz to Spencer 
Joplin.  The letter, dated May 4, 2011, simply conveys that the level of the pond was incorrectly 
measured over the period March 16, 2011 through March 21, 2011.  The pond level had 
increased beyond the usual reference point.  On March 22, 2011 the correct reference point was 
identified and used thereafter.  The letter conveyed the correction to the Central Valley Water 
Board. 

The City has been performing aggressive I&I work within the collection system.  As part of the 
line clearing process, the WWTP has become upset from time to time, limiting the ability to 
operate at full capacity.  Additionally, to effectively dewater the storage ponds in the warmer 
weather months, algae removal is a necessary process to maintain the low effluent turbidity 
levels required for effective disinfection and permit compliance.  Power failures have disrupted 
the algae removal process leading to plant upset.  Modifications to the WWTP have been 
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performed to ensure power disruptions do not lead to future disruption of the algae removal 
process.  The WWTP flows were curtailed during the water effect ratio (WER) sampling.   

As part of the SRF funded I&I work, the City will be performing extensive flow monitoring 
within the collection system.  The monitoring is designed to not only capture flow changes in 
response to the I&I work performed to date, but to determine the locations that would most 
benefit from additional targeted rehabilitation.  At the point where the August 2011 water 
balance was conducted, the reductions in I&I flows were not quantified sufficiently well to 
include in the analysis.  As a conservative measure, the assumption was made in the analysis that 
the current levels of I&I would remain in the future.  Reduction in I&I flows will reduce the 
ultimate WWTP capacity necessary to maintain the 2 foot freeboard requirement for the storage 
ponds. 

VI. The CDO Provides the City with the Ability to Dewater the Pond in a Timely 
Manner and Allows Assessment of the Required Capacity 

Discussion of Alternative 1 is best suited to the future operation of the WWTP at a consistently 
high flowrate.  The actions outlined in Alternative 1 are directly pointed toward achieving 
consistent, high level treatment through the WWTP.   

The WWTP discharge to the receiving water is of high quality.  When the turbidity of the 
effluent increases toward the daily average value of 2 NTU, the effluent is diverted.  Since 
WPCS modified to the operation of the plant by adding alkalinity to the influent, ammonia levels 
in the discharged effluent are typically below 0.5 mg/L as N.  Operators at the plant consistently 
report no odors in the effluent.  On October 24, 2011, the City conducted sampling for bacteria 
levels at several sites.  Figure 2 is a schematic of the area around the City of Colfax WWTP, 
including the locations sampled on October 24, 2011.  The samples included the WWTP 
effluent, dam seepage, Smuther’s Ravine Creek above the WWTP confluence, and Bunch Creek 
upstream from the confluence with Smuther’s Ravine Creek.  The analytical results of the 
sampling are listed in Table 1.  The two samples with the highest levels of bacteria are the Old 
R1 site on Smuther’s Ravine Creek upstream of the WWTP effluent influence and Bunch Creek 
upstream from the Smuther’s Ravine Creek confluence.  The Smuther’s Ravine Creek watershed 
contains more inputs than solely the WWTP discharge.  During the October 24, 2011 sampling, 
there was no recent precipitation, conditions are thought to be reflective of dry conditions.   

 



C
it

y 
of

 C
ol

fa
x 

20
11

 A
C

L
 a

nd
 C

D
O

 R
eb

ut
ta

l C
om

m
en

ts
 

9 
N

ov
em

be
r 

3,
 2

01
1  

Fi
gu

re
 2

:  
B

ac
te

ria
 S

am
pl

e 
Lo

ca
tio

n 
Sc

he
m

at
ic

. 
 

W
W

TP
 

Sm
ut

he
r’s

 R
av

in
e 

B
un

ch
 C

re
ek

 

C
ity

 o
f C

ol
fa

x 
E

F
F

-0
01

 

P
oi

nt
 o

f 
D

is
ch

ar
ge

 

R
-0

02
D

 

C
2 

R
-0

01
U

 

O
ld

 R
1 

B
un

ch
 C

re
ek

 N
ea

r 
99

5 
Y

an
ke

e 
Ji

m
s 

R
oa

d 

P
on

d 
3 

D
am

 S
ee

pa
ge

 



City of Colfax 2011 ACL and CDO Rebuttal Comments 10 November 3, 2011 

Table 1:  Bacterial Levels Measured October 24, 2011.  Sample Locations Displayed on Figure 2. 

Concentration (MPN/100 mL) 

Location Total Coliform Fecal Coliform E. Coli 

Left Groin (Dam Seepage) 4 <2 <2 

Dam Toe (Dam Seepage) 17 <2 <2 

Right Groin (Dam Seepage) 2 <2 <2 

C2 17 7 7 

EFF-001 (WWTP Effluent) 2 <2 <2 

Point of Discharge 23 <2 <2 

Old R1 >1600 7 7 

Bunch Creek (near 995 Yankee Jims Road) 1600 90 90 

 

The proposed stress test has been modified to include longer stabilization periods for the WWTP 
based on the sludge retention time (SRT). The proposed stress test protocol is attached as 
attachment 1.  The stress test will extend into the critical cold weather period to determine the 
WWTP performance in the winter. Central to the stress test is an initial period of stable 
operation.   

The attached letters from Steve Calderwood to Wendy Wyels directly address the flow 
diversions in September and October 2011, attachments 2 and 3, respectively.  The addition of 
alkalinity control for the biological process has greatly stabilized the turbidity in the treated 
effluent.  The alkalinity adjustment allows the proper biological activity and healthy floc to form, 
stabilizing the settling in the secondary clarifiers.  With proper settling of the mixed liquor, the 
filters are able to produce effluent of consistently low turbidity.  

Implementation of Alternative 3, enhanced evaporation, may not cause the same odor issues as 
the land disposal system previously employed by the City.  In the early 2000s the influent from 
the City of Colfax was fed through the aerated lagoons into Pond 3.  The water from Pond 3 was 
land applied for disposal.  Now that the City has installed and operates the tertiary WWTP, the 
situation is radically different.  In dry weather conditions the influent from the City is fed to the 
WWTP.  In cases where the effluent turbidity does not meet standards the effluent is diverted to 
the storage ponds, but has undergone a high level of treatment.  In wet weather conditions, where 
I&I flows are high, the influent from the City in excess of the WWTP capacity is diverted to the 
storage ponds.  The high I&I flows are relatively dilute (the current average dry weather flow is 
0.16 MGD and the winter influent flows can exceed 2.0 MGD).  Additionally, approximately one 
third of the water in the ponds is direct precipitation.  The result is that the water in Pond 3 is 
typically dilute and of substantially different character than the water that was stored in the early 
2000s.  For enhanced evaporation, water would not be sprayed on the surrounding hillsides.  
Rather the spray would be confined within the bounds of Pond 3.  As the enhanced evaporation 
is a method to assist dewatering, instead of the previous land disposal of wastewater, the amount 
of spray can be tailored to match the environmental conditions.  With that said, the City is aware 
odors may be an issue with implementing enhanced evaporation and identified odor concerns in 
the proposal of the alternative to the Central Valley Water Board in the Wastewater Treatment 
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Plant Feasibility Analysis For Alternative Measures to Dewater Pond 3 and Meet Freeboard 
Requirements (June 22, 2011). 

Implementation of Alternative 5 is a valid option.  Note the City would not use the retired 
chlorine contact system, but instead would install a UV disinfection unit at the base of the dam to 
provide final treatment of the seepage before discharge to the receiving water at the same 
location at the discharge of the WWTP.  The City agrees with the Edwards Family Farm that the 
retired chlorine contact basin and associated sand filters are an impracticable choice for 
implementing the Alternative 5.  As discussed above the water in Pond 3 is generally effluent 
from the WWTP that did not meet the turbidity standards or excess wet weather flows dominated 
by I&I.  A seepage sample was obtained from the wet well on October 26, 2011 and BOD5 was 
non-detected at a level of 3 mg/L and TSS was J-flagged at 3 mg/L.  The turbidity was measured 
on October 21, 22, and 24, 2011 at 0.91, 0.85, and 0.62 NTU, respectively.  These samples point 
toward the highly dilute nature of the water stored in Pond 3 that is effectively filtered as the 
water seeps through the dam face.  During the emergency discharge in March and April of 2011, 
the Pond 3 water was drawn off the surface of the pond, and initially chlorinated and 
dechlorinated through the chlorine contact chamber and in April the disinfected water was run 
through the sand filters.  During the emergency discharge period, the discharge was sampled on 
the frequency and for the constituents as specified in the permit for the WWTP effluent.  With 
the exception of pH, the treated pond water consistently met the WWTP effluent limitations.  
These results indicate the seepage through the dam face is equivalent to tertiary treatment, 
leaving only disinfection (and possibly pH adjustment) as the final treatment process.  The 
operation of the WWTP and the manner in which the storage ponds are used, leads to the water 
in Pond 3 substantially better quality than was present in the early 2000s.  The City would 
contend the disinfected seepage would meet the WWTP effluent limitations. 

The implementation of Alternative 5 would be in place as needed to dewater the pond for lining.  
Currently, the pond liner is designed (see attachment 4) and the City has secured funding for the 
project.  The last remaining hurtle is to dewater the pond.  The CDO provides the necessary 
assistance to the City to get Pond 3 dewatered for the lining to take place.  Once the pond is 
lined, there would no further need to treat the seepage, as any natural groundwater would not 
require capture and treatment.   

VII. The Pond 3 Liner Follows Standard Design Practices 

To address the under the liner seepage, a liner subdrain system will be included in the design.  
Pressure relief valves will be included as an extra measure of protection against lifting of the 
liner.  The pressure relief valves will not allow uncontrolled seepage into the pond, only prevent 
lifting of the liner.  The weight of the water in the pond will provide downward pressure on the 
liner, preventing lift and the relief valves will remain closed.  As described in the attached 
geotechnical analysis of the pond area (attachment 5), seepage was encountered 2 feet below the 
surface in one test pit.  There were no other pits with evidence of seepage.  Under dry conditions 
there would be likely no seepage into the pond through the pressure relief valves as the seepage 
would be below grade. 

As is detailed in the City’s August 2011 water balance, the seepage is likely due to the condition 
of the channel parallel to Pond 3 or the seepage under the channel.  The City has relined the 
channel.  The CDO requires the City to implement the geotechnical investigation identified in 
the City’s June 22, 2011 dewatering feasibility analysis to determine if seepage under the 
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channel is significant, and take action as appropriate to rectify the seepage.  The City identified 
the additional seepage and is addressing the issue. 

To minimize animal damage to the liner, HDR and City research has verified that an 8-foot high 
chain link fence will be adequate to prevent deer intrusion which is the highest risk for liner 
damage.  The design currently includes a 2–foot thick ‘ballast’ layer over the liner to counteract 
wind life and associated stresses.  The ballast layer will prevent liner uplift from wind.  The 
manufacturer’s warranty for the specified 60-mil HDPE liner is 20 years for an exposed 
installation.  The attached technical paper estimates the life of the liner at 36 years with direct 
sunlight exposure.  HDR has installed this type of liner in similar applications on a number of 
successful projects.  The liner project for Pond 3 is a typical installation similar to many such 
applications 

VIII. The CDO Captures the Appropriate Schedule Adjustments due to Rainfall 

The use of the rain gauges is not accurately portrayed in the Edwards Family Farm comments.  
The WRCC precipitation gauge, located near Interstate 80, was used as a basis for the water 
balance considered in the 2010 settlement proceedings.  The precipitation levels from the WRCC 
gauge were compared to the measured influent flow to the WWTP to determine a relationship 
between rainfall and I&I flows.  Additionally, the precipitation directly falling on ponds adds to 
the storage requirements.  The wastewater base flow is determined by the dry weather measured 
flowrate.  At the time of the 2010 settlement proceedings, the additional seepage had not been 
discovered by the City.  Using the water balance based on the WRCC gauge levels of 
precipitation that would cause dewatering to be delayed were determined as listed in Table 2.  It 
is now known that the WRCC under records the true precipitation levels.  However, the 
relationship between WRCC gauge results and measured I&I flows in the appropriate influent 
flowrate for the precipitations listed in Table 2, and the water balance correctly calculates 
subsequent storage requirements.  In other words, when the water balance used in the 2010 
settlement proceedings is fed a given level of precipitation falling on the City of Colfax, the 
calculated required pond storage and time to dewatering are reflective of the of what will 
actually happen.  

Table 2:  Dewatering Schedule for Possible Precipitation Levels Based 
on WRCC Precipitation Gauge. 

Precipitation (inches) 
2010-11/2011-12 

Return Period 
2010-11/2011-12 

Dewater Pond 3 with 
ADWF of 0.465 mgd 

46.3/46.3 2 yr/2 yr July 2011 

59.3/59.3 5 yr/5 yr August 2011 

59.3/66.6 5 yr/10 yr August 2011(1) 

59.3/74.9 5 yr/25 yr August 2011(2) 

66.6/59.3 10 yr/5 yr September 2011 

74.9/59.3 25 yr/5 yr July 2012 

74.9/66.6 25 yr/10 yr October 2012 

80.5/59.3 50 yr/5 yr August 2012 

86.2/59.3 100 yr/5 yr October 2012 

(1) Pond would be dewatered in August 2012. 
(2) Pond would not be fully dewatered in 2012. 
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With the revelation that the WRCC and NOAA CFX gauges near Interstate 80 are shaded by 
trees and under record the actual precipitation, the City reevaluated the water balance.  In the 
August 2011 water balance, the NOAA CFC gauge located at the WWTP is used to determine a 
new relationship between the precipitation and the measured I&I.  For comparable periods of 
time, the relationship using the CFC gauge will generally require more precipitation to generate 
the levels of modeled I&I than the relationship developed using the WRCC gage.  The difference 
in relationships is simply due to the fact that the measured I&I is the same in both cases.  
However, the data for the CFC gauge has undergone quality checks by NOAA, has fewer 
missing days than the WRCC dataset, and covers a longer period of record, it is not a 
straightforward comparison.  What remains true is that the precipitation levels in Table 2 are the 
minimum precipitation levels that will make it difficult to dewater Pond 3 in 2012 with sufficient 
time to install the liner. 

The I&I flow is only a component of the water balance.  The other component that is rain 
dependent is the direct rainfall over the WWTP.  In both water balances, the direct rainfall is 
handled in similar fashion, direct precipitation is added to the required storage.   

The only real effect of using a new gauge is in the calculation of annual precipitation 
corresponding to return periods.   

The precipitation data for the CFC site for water year 2011 are presented in Table 3.  The water 
balances indicate the dewatering of Pond 3 in 2012 will be difficult when Water Year 2011 had 
over 74 inches of rain. 

Table 3:  Water Year Precipitation Measured at Station CFC. 

Month Precipitation (inches) 

October 2010 7.90 

November 2010 8.86 

December 2010 18.14 

January 2011 3.19 

February 2011 7.53 

March 2011 20.27 

April 2011 1.77 

May 2011 3.92 

June 2011 2.66 

July 2011 0 

August 2011 0 

September 2011 0 

Water Year Total 74.24 

 

IX. The City is Committed to Substantial Infiltration and Inflow Work 

Approximately half of the funds recently secured by the City are devoted to I&I work.  As 
described above and in Finding 11 of the CDO, the City has plans to rehabilitate over 10,000 feet 
of sewer line and 100 man holes as well as flow monitoring and smoke testing.  As these efforts 
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are completed, if the I&I is still excessive, the City may evaluate the benefit of additional I&I 
work in the collection system compared to the additional levels of WWTP capacity. 

X. The CDO Does Not Allow Unrestricted New Connections 

The City is keenly aware that the effluent flowrates are determined to maintain the 2 feet of 
freeboard in Pond 3.  The number of connections cannot be quadrupled, increasing the base flow 
of wastewater to the WWTP 4-fold, and still maintain the 2 feet of freeboard.   

XI. The CDO Does Not Need to Require a Pretreatment Program 

The City is not required to have a pretreatment program.  The City Ordinance Section 13 clearly 
outlines the process for determining the equivalent dwelling units (EDUs) for new connections, 
including an evaluation of the type of connection.  

XII. The Phase 2 Stormwater Program Does not Include the City of Colfax 

The NPDES permit for the WWTP does not have any bearing on the inclusion of the City in the 
Phase 2 Stormwater program. 

XIII. The Dam Creating Pond 3 is Safe 

The Pond 3, 75-foot dam was constructed in 19782 with the construction of the original 
wastewater treatment plant.  The Department of Water Resources, Division of Safety of Dams 
(DSOD), inspected and permitted the dam through permit #2202-0.  Over the past forty years, 
the dam has been subject to annual inspections by the DSOD.  Dam safety instrumentation 
includes two peizometers, four survey monuments, one seepage weir and a seepage collection 
pipe.  The last five inspections conducted by DSOD have concluded that, “From the known 
information and visual inspection, the dam, reservoir, and all appurtenances are judged safe for 
continued use.” 3  (2010 report as attachment 7)  With the above information refuting Friends of 
the North Fork’s(FONF) observation, the City could not find documentation supporting the 
statement of an “unsafe” dam. 
 

FONF provided no supporting documentation that “the dam and other reservoir slopes are 
inadequate for the purpose of placing a liner.”  The WWTP Pond 3 Liner Project was designed 
by a Professional Engineer.  In regard to any safety concerns of the liner installation within the 
reservoir, the DSOD in a letter dated, February 26, 2008, to the City of Colfax notified the City 
that an “alteration application” was not required for the project.  DSOD only requires notification 
of construction so they may observe the work.  (Attachment 8) 

XIV. The Edwards list of alleged violations in their ACL comments have been largely 
reviewed in federal District Court 

Most of the listed alleged violations were already raised at the District Court level, and that per 
the Nov. 2010 Order, the judge stayed any and all stipulated penalties pertaining to these.  No 
further action is warranted or necessary. 

                                                 
2 Dams Within the Jurisdiction of the State of California, DSOD, Retrieved October 26, 2011, 
http://www.water.ca.gov/damsafety/damlisting/index.cfm 
3 Inspection of Dam and Reservoir in Certified Status, State of California-California Natural Resource Agency-
Department of Water Resources-Division of Safety of Dams, Report dates 2004, 2006, 2007, 2009 & 2010. 
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Unless Plaintiffs can demonstrate that the increased TDS/EC levels measured in groundwater 
down-gradient from the plant are exceeding the increase typically caused by the percolation 
discharge of domestic wastewater, violate a water quality objective, adversely impact beneficial 
uses, or cause pollution or nuisance, the data cited cannot be considered in violation of the 
TDS/EC groundwater limitation in the City’s NPDES permit specified for these constituents and, 
therefore, no violation needed to be reported as alleged.  Alleged violations of the groundwater 
receiving water limitations for Dissolved Oxygen (DO), Total Kjeldahl Nitrogen (TKN), 
coliform and ammonia.  The Fact Sheet for the City’s NPDES permit states in section IV.D.4.b 
that “percolation from the ponds may result in an increase in the concentration of [wastewater 
constituents] in groundwater.  The increase in the concentration of these constituents in 
groundwater must be consistent with Resolution 68-16.” 

The Edwards have alleged that the City is violating the receiving water limitations contained in 
the City’s NPDES permit.  Each of the alleged receiving water limitations relates to fecal 
coliform, which is ubiquitous in the environment.  Many other sources of fecal coliform exist in 
the area where the City’s R-002 sampling location lies, including wildlife and other warm 
blooded animals (e.g., pets, livestock, rodents).  The City’s NPDES permit requires that “the 
discharge not cause the following in the receiving water:  “Fecal Coliform.  The fecal coliform 
concentration, based on a minimum of not less than five samples for any 30-day period, to 
exceed a geometric mean of 200 MPN/100 mL, nor more than 10 percent of the total number of 
fecal coliform samples taken during any 30-day period to exceed 400 MPN/mL.”  For a violation 
to occur, the discharge must be demonstrated to be the cause of the downstream exceedance. 

Except for the instances in October of 2009, when the WWTP was experiencing high levels of 
fecal coliform in its discharge, the WWTP cannot be shown to be the cause of the fecal coliform 
exceedances in the receiving waters alleged by the Plaintiffs because the effluent from the 
WWTP was 2 MPN/100 ML or less (<2).  Even in October 2009, there does not seem to be a 
direct correlation between discharge levels and receiving water samples.  For example, on 
10/6/2009, the fecal coliform in the discharge was <2 MPN/100 ML and the receiving water 
samples on the same date registered at 500 MPN/100 ML.  Similarly, on October 16, 2009, the 
fecal coliform in the discharge was 2 MPN/100 ML and the receiving water samples on the same 
date registered at >1600 MPN/100 ML. 

The City contends that if the groundwater well specified in the permit monitoring and reporting 
program is dry, the City should report “Well Dry” and not submit data for any other well. 
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The City of Colfax would like to again thank the Central Valley Regional Water Quality Control 
Board in addressing the issues facing the City in terms of compliance with the Permit.  The City 
goal is to implement prioritized actions that produce the best results.  In working together to 
create solutions, the City is confident the proper actions will be performed to protect the 
environment and meet the Permit requirements.  If you have any questions or concerns regarding 
these comments, please contact me at (530) 753-6400. 

 

Sincerely, 

 

 

Mitchell Mysliwiec 

City of Colfax City Engineer 
Larry Walker Associates 
 
Cc: 
David Coupe, Senior Staff Council 
Wendy Wyles, Environmental Program Manager 
Allen and Nancy Edwards 
Michael Garabedian, Friends of the North Fork 
Save the American River Association, info@SARAriverwatch.org 
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Wendy Wyles                                                                               10/21/2011
Central Valley Regional Water Quality Control Board

Steve Calderwood
Water Pollution Control Services Inc.
City of Colfax WWTP Contract Operator

Re: WWTP Effluent Diversion to Oxidation/Storage Pond #2 on 9/14/2011

This letter is being prepared at your request to help document, explain and 
demonstrate corrective and preventative actions for an Effluent diversion to 
Oxidation/Storage Pond #2 at the City of Colfax WWTP on 9/14/2011 at 
approximately 1655 hrs.

On 9/14/2011 an Effluent diversion was automatically trigger at the Colfax 
WWTP by the on line turbidity meter due to a “high turbidity” alarm.  In the 
days, and hours, preceding this event there were numerous power 
interruptions (one power failure creates several interruptions due to power 
switching and generator loading/unloading).  When these events occur the 
pumps and equipment at the Contact Basin used for algae removal shut off 
and need to be restarted manually.  This equipment helps remove the algae 
from pond waters being returned to the Influent of the WWTP.  Once this 
equipment shuts down, the pond return pump keeps running sending algae 
laden water into the WWTP.  If this happens once, or occasionally, it does 
not have a huge effect on the WWTP.  When it occurs repeatedly, too many 
algae cells get returned to the WWTP, and as we know from experience, the 
biological / sedimentation treatment system does not perform well with a lot 
of algae cells.  This condition normally creates a high turbidity situation 
because the algae tend to stay suspended in the water column and the 
chlorophyll creates a color problem sometimes detected as turbidity.

Once these algae were mixed into the mixed liquor there was little to do than 
to waste sludge from the system, maintain an acceptable mixed liquor 
concentration and examine and monitor the process for recovery.  It was 
actually through microscopic examination that the operators discovered an 
abundance of algae cells in the sludge and a slight green hew in the water 
color.  On September 29, 2011 the Effluent turbidity started to drop with in 
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acceptable limits and on 9/30/2011 at approximately 0655 the Effluent 
diversion valve was closed and the Effluent sent to Smuthers Ravine.

It was a logical assumption that these algae cells entered the plant from the 
power loss events preceding the diversion because there is no other source of 
algae than to pump it in from the pond waters.  An evaluation of the plant 
electrical system by a WPCS Operator, whose previous profession was 
Industrial Electrician, revealed that some float and wiring changes could be 
made so the algae removal equipment would restart automatically after 
power interruptions.  The required electrical changes are currently scheduled 
to be complete the end of the week of 10/16/2011.

If you have any questions or concerns regarding this report I can be reached 
at (530) 613-6588.

Respectfully,

Steve Calderwood
WPCS Inc. 
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Wendy Wyles                                                                                                 10/24/2011
Central Valley Regional Water Quality Control Board

Steve Calderwood
Water Pollution Control Services Inc.
City of Colfax WWTP Contract Operator

Re: WWTP Effluent Diversions to Oxidation/Storage Pond #2 in October 2011

On October 1, 2011 the City of Colfax WWTP Effluent was automatically diverted to 
Oxidation/Storage Pond #2 at approximately 1201 hours due to an approaching “high 
turbidity 24 hour average”.  Effluent flow was restored to the receiving waters at 0608 
hours on October 4th after allowing the plant to stabilize and operate a full 24 hours at an 
acceptable turbidity level.

  The specific cause for the rising Effluent turbidity is largely unknown but the Contract 
Lab notified WPCS on October 12th that the Influent BOD on October 1st was 727 mg/l 
and on October 5th was 554 mg/l.  These Influent BOD values indicate a waste almost 
four (4) and three (3) times that of normal Influent BOD loadings.  It is assumed at this 
point that the City’s WWTP is receiving some sort of shock loadings from its Collection 
System.  The City’s Director of Public Works visited one known Industrial Discharger on 
10/12/11 that may have the potential to discharge a load of this magnitude and the visit 
ended with minimal assistance in the matter.  WPCS has also entered into discussions 
with the Public Works Director, the Contract Lab and LWA regarding potential sampling 
of the discharge from this industry.  No site-specific sampling has occurred at this time 
due to several factors that need to be resolved.  Discussions concerning sampling location 
for a good representative sample, timing of such sampling to be non-suspicious and non-
suspected in order that a good representative and meaning full sample is collected and 
obtaining the proper sampler, equipment and sample type to get an indicative and 
representative sample.  WPCS has also forwarded the Influent sample BOD data results 
to the Public Works Director to see if any sewer line cleaning events were taking place 
during these sample times.  There has been no correlation indicated at this time 
concerning sewer line cleaning and Influent sample BOD’s.

On October 6, 2011 at 0800 hours Steve Calderwood received a call from the Operator 
on duty that the turbidity was increasing steadily, and rapidly, and was concerned of a 
potential violation.  The Operator was instructed to manually open the diversion valve 
(0810) to Oxidation/Storage Pond #2 until an evaluation of the plant could be made to 
ensure that all systems were working correctly.  Also, the Edwards were given a courtesy 
call for the plant diversion at this time.  A plant evaluation revealed that the only 
condition that existed was work being performed on the Magnesium Hydroxide (MgOH) 
feed system which over feed some MgOH causing a slightly elevated pH and alkalinity 
readings but unlikely caused the increasing turbidity.  By 1445 hours on October 6th the 
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Effluent turbidity levels were on a decreasing trend and the WWTP Effluent discharge 
was resumed to the receiving waters.

  Test results received on 10/12/2011 showed a high Influent BOD for October 5th.  
Please refer to comments above regarding high Influent BOD’s.

On October 11, 2011 the WWTP Effluent was diverted to Oxidation/Storage Pond #2 
from approximately 1300-1330 hours for maintenance on the Effluent discharge pipe.

If you have any concerns or question regarding this report please do not hesitate to 
contact me at (530) 613-6588.

Respectfully,

Steve Calderwood
WPCS Inc. President   
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Geomembrane Lifetime Prediction:  Unexposed and Exposed Conditions 
 

1.0  Introduction 

 Without any hesitation the most frequently asked question we have had over the past 

thirty years’ is “how long will a particular geomembrane last”.*  The two-part answer to the 

question, largely depends on whether the geomembrane is covered in a timely manner or left 

exposed to the site-specific environment.  Before starting, however, recognize that the answer to 

either covered or exposed geomembrane lifetime prediction is neither easy, nor quick, to obtain.  

Further complicating the answer is the fact that all geomembranes are formulated materials 

consisting of (at the minimum), (i) the resin from which the name derives, (ii) carbon black or 

colorants, (iii) short-term processing stabilizers, and (iv) long-term antioxidants.  If the 

formulation changes (particularly the additives), the predicted lifetime will also change.  See 

Table 1 for the most common types of geomembranes and their approximate formulations. 

 
Table 1 - Types of commonly used geomembranes and their approximate formulations  

(based on weight percentage) 
 

Type Resin Plasticizer Fillers Carbon Black Additives 
HDPE 95-98 0 0 2-3 0.25-1 
LLDPE 94-96 0 0 2-3 0.25-3 
fPP 85-98 0 0-13 2-4 0.25-2 
PVC 50-70 25-35 0-10 2-5 2-5 
CSPE 40-60 0 40-50 5-10 5-15 
EPDM 25-30 0 20-40 20-40 1-5 
HDPE  = high density polyethylene PVC = polyvinyl chloride (plasticized) 
LLDPE = linear low density polyethylene CSPE = chlorsulfonated polyethylene 
fPP = flexible polypropylene EPDM = ethylene propylene diene terpolymer 

                                                 
* More recently, the same question has arisen but focused on geotextiles, geogrids, geopipe, turf reinforcement mats, 
fibers of GCLs, etc.  This White Paper, however, is focused completely on geomembranes due to the tremendous 
time and expense of providing such information for all types of geosynthetics. 
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 The possible variations being obvious, one must also address the degradation 

mechanisms which might occur.  They are as follows accompanied by some generalized 

commentary. 

 Ultraviolet Light - This occurs only when the geosynthetic is exposed; it will be the focus 

of the second part of this communication. 

 Oxidation - This occurs in all polymers and is the major mechanism in polyolefins 

(polyethylene and polypropylene) under all conditions. 

 Ozone - This occurs in all polymers that are exposed to the environment.  The site-

specific environment is critical in this regard. 

 Hydrolysis - This is the primary mechanism in polyesters and polyamides. 

 Chemical - Can occur in all polymers and can vary from water (least aggressive) to 

organic solvents (most aggressive). 

 Radioactivity - This is not a factor unless the geomembrane is exposed to radioactive 

materials of sufficiently high intensity to cause chain scission, e.g., high level radioactive 

waste materials. 

 Biological - This is generally not a factor unless biologically sensitive additives (such as 

low molecular weight plasticizers) are included in the formulation. 

 Stress State – This is a complicating factor which is site-specific and should be 

appropriately modeled in the incubation process but, for long-term testing, is very 

difficult and expensive to acheive. 

 Temperature - Clearly, the higher the temperature the more rapid the degradation of all of 

the above mechanisms; temperature is critical to lifetime and furthermore is the key to 
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time-temperature-superposition which is the basis of the laboratory incubation methods 

which will be followed. 

 

2.0  Lifetime Prediction:  Unexposed Conditions 

Lifetime prediction studies at GRI began at Drexel University under U. S. EPA contract 

from 1991 to 1997 and was continued under GSI consortium funding until ca. 2002.  Focus to 

date has been on HDPE geomembranes placed beneath solid waste landfills due to its common 

use in this particular challenging application.  Incubation of the coupons has been in landfill 

simulation cells (see Figure 1) maintained at 85, 75, 65 and 55C.  The specific conditions within 

these cells are oxidation beneath, chemical (water) from above, and the equivalent of 50 m of 

solid waste mobilizing compressive stress.  Results have been forthcoming over the years insofar 

as three distinct lifetime stages; see Figure 2. 

Stage A - Antioxidant Depletion Time 

Stage B - Induction Time to the Onset of Degradation 

Stage C - Time to Reach 50% Degradation (i.e., the Halflife) 

2.1  Stage A - Antioxidant Depletion Time 

 The dual purposes of antioxidants are to (i) prevent polymer degradation during 

processing, and (ii) prevent oxidation reactions from taking place during Stage A of service life, 

respectively.  Obviously, there can only be a given amount of antioxidants in any formulation.  

Once the antioxidants are depleted, additional oxygen diffusing into the geomembrane will begin 

to attack the polymer chains, leading to subsequent stages as shown in Figure 2.  The duration of 

the antioxidant depletion stage depends on both the type and amount of the various antioxidants, 

i.e., the precise formulation. 
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Figure 1.  Incubation schematic and photograph of multiple cells maintained at various 
constant temperatures. 
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Figure 2.  Three individual stages in the aging of most geomembranes. 

 

 The depletion of antioxidants is the consequence of two processes:  (i) chemical reactions 

with the oxygen diffusing into the geomembrane, and (ii) physical loss of antioxidants from the 

geomembrane.  The chemical process involves two main functions; the scavenging of free 

radicals converting them into stable molecules, and the reaction with unstable hydroperoxide 

(ROOH) forming a more stable substance.  Regarding physical loss, the process involves the 

distribution of antioxidants in the geomembrane and their volatility and extractability to the site-

specific environment.  

 Hence, the rate of depletion of antioxidants is related to the type and amount of 

antioxidants, the service temperature, and the nature of the site-specific environment.  See Hsuan 

and Koerner (1998) for additional details. 

2.2  Stage B - Induction Time to Onset of Degradation 

 In a pure polyolefin resin, i.e., one without carbon black and antioxidants, oxidation 

occurs extremely slowly at the beginning, often at an immeasurable rate.  Eventually, oxidation 

occurs more rapidly.  The reaction eventually decelerates and once again becomes very slow.  
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This progression is illustrated by the S-shaped curve of Figure 3(a).  The initial portion of the 

curve (before measurable degradation takes place) is called the induction period (or induction 

time) of the polymer.  In the induction period, the polymer reacts with oxygen forming 

hydroperoxide (ROOH), as indicated in Equations (1)-(3).  However, the amount of ROOH in 

this stage is very small and the hydroperoxide does not further decompose into other free radicals 

which inhibits the onset of the acceleration stage. 

 In a stabilized polymer such as one with antioxidants, the accelerated oxidation stage 

takes an even longer time to be reached.  The antioxidants create an additional depletion time 

stage prior to the onset of the induction time, as shown in Figure 3(b). 

 

Induction 
period

Acceleration 
period

Deceleration 
period

(a)

 

(a) Pure unstabilized polyethylene 

 

Aging Time

Antioxidant
depletion time

Acceleration 
period

Deceleration 
period

(b)

Induction 
period

 

(b) Stabilized polyethylene 

 
Figure 3.  Curves illustrating various stages of oxidation. 
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 RH  R  + H   (1)  

(aided by energy or catalyst residues in the polymer) 

 R  + O2  ROO  (2) 

 ROO  + RH  ROOH + R  (3) 

In the above, RH represents the polyethylene polymer chains; and the symbol “” represents free 

radicals, which are highly reactive molecules.   

2.3 Stage C - Time to Reach 50% Degradation (Halflife) 

 As oxidation continues, additional ROOH molecules are being formed.  Once the 

concentration of ROOH reaches a critical level, decomposition of ROOH begins, leading to a 

substantial increase in the amount of free radicals, as indicated in Equations (4) to (6).  The 

additional free radicals rapidly attack other polymer chains, resulting in an accelerated chain 

reaction, signifying the end of the induction period, Rapopport and Zaikov (1986).  This 

indicates that the concentration of ROOH has a critical control on the duration of the induction 

period. 

 ROOH  RO  OH  (aided by energy) (4) 

 RO  + RH  ROH + R  (5) 

 OH  + RH  H2O + R     (6) 

A series of oxidation reactions produces a substantial amount of free radical polymer chains 

(R), called alkyl radicals, which can proceed to further reactions leading to either cross-linking 

or chain scission in the polymer.  As the degradation of polymer continues, the physical and 

mechanical properties of the polymer start to change.  The most noticeable change in physical 

properties is the melt index, since it relates to the molecular weight of the polymer.  As for 

mechanical properties, both tensile break stress (strength) and break strain (elongation) decrease.  
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Ultimately, the degradation becomes so severe that all tensile properties start to change (tear, 

puncture, burst, etc.) and the engineering performance is jeopardized.  This signifies the end of 

the so-called “service life” of the geomembrane. 

 Although quite arbitrary, the limit of service life of polymeric materials is often selected 

as a 50% reduction in a specific design property.  This is commonly referred to as the halflife 

time, or simply the “halflife”.  It should be noted that even at halflife, the material still exists and 

can function, albeit at a decreased performance level with a factor-of-safety lower than the initial 

design value. 

2.4  Summary of Lifetime Research-to-Date 

 Stage A, that of antioxidant depletion for HDPE geomembranes as required in the GRI-

GM13 Specification, has been well established by our own research and corroborated by others, 

e.g., Sangram and Rowe (2004).  The GRI data for standard and high pressure Oxidative 

Induction Time (OIT) is given in Table 2.  The values are quite close to one another.  Also, as 

expected, the lifetime is strongly dependent on the service temperature; with the higher the 

temperature the shorter the lifetime. 

 
Table 2 - Lifetime prediction of HDPE (nonexposed) at various field temperatures 

 
In Service 

Temperature 
(°C) 

Stage “A” (years) Stage “B” 
 

(years) 

Stage “C”  
 

(years) 

Total 
Prediction* 

(years) 
Standard 

OIT 
High Press. 

OIT 
Average 

OIT 
20 
25 
30 
35 
40 

200 
135 
95 
65 
45 

215 
144 
98 
67 
47 

208 
140 
97 
66 
46 

30 
25 
20 
15 
10 

208 
100 
49 
25 
13 

446 
265 
166 
106 
69 

*Total = Stage A (average) + Stage B + Stage C 
 
 Stage “B”, that of induction time, has been obtained by comparing 30-year old 

polyethylene water and milk containers (containing no long-term antioxidants) with currently 
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produced containers.  The data shows that degradation is just beginning to occur as evidenced by 

slight changes in break strength and elongation, but not in yield strength and elongation.  The 

lifetime for this stage is also given in Table 2. 

 Stage “C”, the time for 50% change of mechanical properties is given in Table 2 as well.  

The data depends on the activation energy, or slope of the Arrhenius curve, which is very 

sensitive to material and experimental techniques.  The data is from Gedde, et al. (1994) which is 

typical of the HDPE resin used for gas pipelines and is similar to Martin and Gardner (1983). 

 Summarizing Stages A, B, and C, it is seen in Table 2 that the halflife of covered HDPE 

geomembranes (formulated according to the current GRI-GM13 Specification) is estimated to be 

449-years at 20°C.  This, of course, brings into question the actual temperature for a covered 

geomembrane such as beneath a solid waste landfill.  Figure 4 presents multiple thermocouple 

monitoring data of a municipal waste landfill liner in Pennsylvania for over 10-years, Koerner 

and Koerner (2005).  Note that for 6-years the temperature was approximately 20°C.  At that 

time and for the subsequent 4-years the temperature increased to approximately 30°C.  Thus, the 

halflife of this geomembrane is predicted to be from 166 to 446 years within this temperature 

range.  The site is still being monitored, see Koerner and Koerner (2005). 
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Figure 4.  Long-term monitoring of an HDPE liner beneath a municipal solid waste landfill in 

Pennsylvania. 
 

2.5  Lifetime of Other Covered Geomembranes 

 By virtue of its widespread use as liners for solid waste landfills, HDPE is by far the 

widest studied type of geomembrane.  Note that in most countries (other than the U.S.), HDPE is 

the required geomembrane type for solid waste containment.  Some commentary on other-than 

HDPE geomembranes (recall Table 1) follows: 

2.5.1 Linear Low Density Polyethylene (LLDPE) geomembranes 

 The nature of the LLDPE resin and its formulation is very similar to HDPE.  The 

fundamental difference is that LLDPE is a lower density, hence lower crystallinity, than HDPE; 

e.g., 10% versus 50%.  This has the effect of allowing oxygen to diffuse into the polymer 

structure quicker, and likely decreases Stages A and C.  How much is uncertain since no data is 

available, but it is felt that the lifetime of LLDPE will be somewhat reduced with respect to 

HDPE. 
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2.5.2  Plasticizer migration in PVC geomembranes 

Since PVC geomembranes necessarily have plasticizers in their formulations so as to 

provide flexibility, the migration behavior must be addressed for this material.  In PVC the 

plasticizer bonds to the resin and the strength of this bonding versus liquid-to-resin bonding is 

significant.  One of the key parameters of a stable long-lasting plasticizer is its molecular weight.  

The higher the molecular weight of the plasticizer in a PVC formulation, the more durable will 

be the material.  Conversely, low molecular weight plasticizers have resulted in field failures 

even under covered conditions.  See Miller, et al. (1991), Hammon, et al. (1993), and Giroud and 

Tisinger (1994) for more detail in this regard.  At present there is a considerable difference (and 

cost) between PVC geomembranes made in North America versus Europe.  This will be apparent 

in the exposed study of durability in the second part of this White Paper. 

2.5.3  Crosslinking in EPDM and CSPE geomembrnaes 

The EPDM geomembranes mentioned in Table 1 are crosslinked thermoset materials.  

The oxidation degradation of EPDM takes place in either ethylene or propylene fraction of the 

co-polymer via free radical reactions, as expressed in Figure 5, which are described similarly by 

Equations (4) to (6). 

EPDM ROOH OH + RO

+ EPDM

R + ROH + H2OROO
O2

+ EPDM

EPDM ROOH OH + RO

+ EPDM

R + ROH + H2OROO
O2

+ EPDM

 

Figure 5.  Oxidative degradation of crosslinked EPDM geomembranes, (Wang and Qu, 2003). 

For CSPE geomembranes, the degradation mechanism is dehydrochlorination by losing chlorine 

and generating carbon-carbon double bonds in the main polymer chain, as shown in Figure 6.  
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The carbon-carbon double bonds become the preferred sites for further thermodegradation or 

cross-linking in the polymer, leading to eventual brittleness of the geomembrane. 

CH2  CH2  CH2  CH  CH2  CH[( )x
Cl

] y[ ]n

SO2Cl

CH2  CH2  CH = CH  CH2  CH[( )x ]y[ ]n
SO2Cl

+ HCl

hCH2  CH2  CH2  CH  CH2  CH[( )x
Cl

] y[ ]n

SO2Cl

CH2  CH2  CH2  CH  CH2  CH[( )x
Cl

] y[ ]n

SO2Cl

CH2  CH2  CH = CH  CH2  CH[( )x ]y[ ]n
SO2Cl

+ HCl

h

 

Figure 6. Dechlorination degradation of crosslinked CSPE geomembranes (Chailan, et al., 1995). 

Neither EPDM nor CSPE has had a focused laboratory study of the type described for HDPE 

reported in the open literature.  Most of lifetime data for these geomembranes is antidotal by 

virtue of actual field performance.  Under covered conditions, as being considered in this section, 

there have been no reported failures by either of these thermoset polymers to our knowledge. 

 

3.0  Lifetime Prediction:  Exposed Conditions 

 Lifetime prediction of exposed geomembranes have taken two very different pathways; 

(i) prediction from anecdotal feedback and field performance, and (ii) from laboratory 

weathering device predictions. 

3.1  Field Performance 

There is a large body of anecdotal information available on field feedback of exposed 

geomembranes.  It comes form two quite different sources, i.e., dams in Europe and flat roofs in 

the USA. 

 Regarding exposed geomembranes in dams in Europe, the original trials were using 2.0 

mm thick polyisobutylene bonded directly to the face of the dam.  There were numerous 

problems encountered as described by Scuero (1990).  Similar experiences followed using PVC 
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geomembranes.  In 1980, a geocomposite was first used at Lago Nero which had a 200 g/m2 

nonwoven geotextile bonded to the PVC geomembrane.  This proved quite successful and led to 

the now-accepted strategy of requiring drainage behind the geomembrane.  In addition to thick 

nonwoven geotextiles, geonets, and geonet composites have been successful.  Currently over 50 

concrete and masonry dams have been rehabilitated in this manner and are proving successful for 

over 30-years of service life.  The particular type of PVC plasticized geomembranes used for 

these dams is proving to be quite durable.  Tests by the dam owners on residual properties show 

only nominal changes in properties, Cazzuffi (1998).  As indicated in Miller, et al. (1991) and 

Hammond, et al. (1993), however, different PVC materials and formulations result in very 

different behavior; the choice of plasticizer and the material’s thickness both being of paramount 

importance.  An excellent overview of field performance is recently available in which 250 dams 

which have been waterproofed by geomembranes is available from ICOLD (2010). 

 Regarding exposed geomembranes in flat roofs, past practice in the USA is almost all 

with EPDM and CSPE and, more recently, with fPP.  Manufacturers of these geomembranes 

regularly warranty their products for 20-years and such warrants appear to be justified.  EPDM 

and CSPE, being thermoset or elastomeric polymers, can be used in dams without the necessity 

of having seams by using vertical attachments spaced at 2 to 4 m centers, see Scuero and 

Vaschetti (1996).  Conversely, fPP can be seamed by a number of thermal fusion methods.  All 

of these geomembrane types have good conformability to rough substrates as is typical of 

concrete and masonry dam rehabilitation.  It appears as though experiences (both positive and 

negative) with geomembranes in flat roofs should be transferred to all types of waterproofing in 

civil engineering applications. 
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3.2  Laboratory Weatherometer Predictions 

 For an accelerated simulation of direct ultraviolet light, high temperature, and moisture 

using a laboratory weatherometer one usually considers a worst-case situation which is the solar 

maximum condition.  This condition consists of global, noon sunlight, on the summer solstice, at 

normal incidence.  It should be recognized that the UV-A range is the target spectrum for a 

laboratory device to simulate the naturally occurring phenomenon, see Hsuan and Koerner 

(1993), and Suits and Hsuan (2001). 

 The Xenon Arc weathering device (ASTM D4355) was introduced in Germany in 1954.  

There are two important features; the type of filters and the irradiance settings.  Using a quartz 

inner and borosilicate outer filter (quartz/boro) results in excessive low frequency wavelength 

degradation.  The more common borosilicate inner and outer filters (boro/boro) shows a good 

correlation with solar maximum conditions, although there is an excess of energy below 300 nm 

wavelength.  Irradiance settings are important adjustments in shifting the response although they 

do not eliminate the portion of the spectrum below 300 nm frequency.  Nevertheless, the Xenon 

Arc device is commonly used method for exposed lifetime prediction of all types of 

geosynthetics. 

 UV Fluorescent devices (ASTM D7238) are an alternative type of accelerated laboratory 

test device which became available in the early 1970’s.  They reproduce the ultraviolet portion of 

the sunlight spectrum but not the full spectrum as in Xenon Arc weatherometers.  Earlier FS-40 

and UVB-313 lamps give reasonable short wavelength output in comparison to solar maximum.  

The UVA-340 lamp was introduced in 1987 and its response is seen to reproduce ultraviolet light 

quite well.  This device (as well as other types of weatherometers) can handle elevated 

temperature and programmed moisture on the test specimens. 
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 Research at the Geosynthetic Institute (GSI) has actively pursued both Xenon and UV 

Fluorescent devices on a wide range of geomembranes.  Table 3 gives the geomembranes that 

were incubated and the number of hours of exposure as of 12 July 2005. 

 
Table 5 - Details of the GSI laboratory exposed weatherometer study on various types of  

geomembranes 
 

Geomembrane 
Type 

Thickness 
(mm) 

UV Fluorescent 
Exposure* 

Xenon 
Exposure*

Comment 

1. HDPE (GM13) 
2. LLDPE (GM17) 
3. PVC (No. Amer.) 
4. PVC (Europe) 
5. fPP (BuRec) 
6. fPP-R (Texas) 
7. fPP (No. Amer.) 

1.50 
1.00 
0.75 
2.50 
1.00 
0.91 
1.00 

8000 hrs. 
8000 
8000 
7500 
2745** 
100 
7500 

6600 hrs. 
6600  
6600 
6600 
4416** 
100 
6600 

Basis of GRI-GM13 Spec 
Basis of GRI-GM-17 Spec 
Low Mol. Wt. Plasticizer 
High Mol. Wt.  Plasticizer 
Field Failure at 26 mos. 
Field Failure at 8 years 
Expected Good Performance 

*As of 12 July 2005 exposure is ongoing  
**Light time to reach halflife of break and elongation 

3.3  Laboratory Weatherometer Acceleration Factors 

 The key to validation of any laboratory study is to correlate results to actual field 

performance.  For the nonexposed geomembranes of Section 2 such correlations will take 

hundreds of years for properly formulated products.  For the exposed geomembranes of Section 

3, however, the lifetimes are significantly shorter and such correlations are possible.  In 

particular, Geomembrane #5 (flexible polypropylene) of Table 3 was an admittedly poor 

geomembrane formulation which failed in 26 months of exposure at El Paso, Texas, USA.  The 

reporting of this failure is available in the literature, Comer, et al. (1998).  Note that for both UV 

Fluorescent and Xenon Arc laboratory incubation of this material, failure (halflife to 50% 

reduction in strength and elongation) occurred at 2745 and 4416 hours, respectively.  The 

comparative analysis of laboratory and field for this case history allows for the obtaining of 

acceleration factors for the two incubation devices. 
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 3.3.1 Comparison between field and UV Fluorescent weathering 

 The light source used in the UV fluorescent weathering device is UVA with wavelengths 

from 295-400 nm.  In addition, the intensity of the radiation is controlled by the Solar Eye 

irradiance control system.  The UV energy output throughout the test is 68.25 W/m2.  

The time of exposure to reach 50% elongation at break was as follows: 

  = 2745 hr. of light 
   = 9,882,000 seconds 

Total energy in MJ/m2  = 68.25 W/m2  9,882,000 
                                      = 674.4 MJ/m2 

The field site was located at El Paso, Texas.  The UVA radiation energy (295-400 nm) at this site 

is estimated based on data collected by the South Florida Testing Lab in Arizona (which is a 

similar atmospheric location).  For 26 months of exposure, the accumulated UV radiation energy 

is 724 MJ/m2 which is very close to that generated from the UV fluorescent weatherometer.  

Therefore, direct comparison of the exposure time between field and UV fluorescent is 

acceptable.    

Field time vs. Fluorescent UV light time:  Thus, the acceleration factor is 6.8. 
= 26 Months  = 3.8 Months   
 
 3.3.2 Comparison between field and Xenon Arc weathering 

 The light source of the Xenon Arc weathering device simulates almost the entire sunlight 

spectrum from 250 to 800 nm.  Depending of the age of the light source and filter, the solar 

energy ranges from 340.2 to 695.4 W/m2, with the average value being 517.8 W/m2. 

The time of exposure to reach 50% elongation at break 

  = 4416 hr. of light 
  = 15,897,600 seconds 

Total energy in MJ/m2  = 517.8 W/m2  15,897,600 
                                      = 8232 MJ/m2 
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The solar energy in the field is again estimated based on data collected by the South Florida 

Testing Lab in Arizona.  For 26 months of exposure, the accumulated solar energy (295-800 nm) 

is 15,800 MJ/m2, which is much higher than that from the UV Fluorescent device.  Therefore, 

direct comparison of halflives obtained from the field and Xenon Arc device is not anticipated to 

be very accurate.  However, for illustration purposes the acceleration factor based on Xenon Arc 

device would be as follows:   

Field vs. Xenon Arc    : Thus, the acceleration factor is 4.3. 
= 26 Months  = 6.1 Months  

 The resulting conclusion of this comparison of weathering devices is that the UV 

Fluorescent device is certainly reasonable to use for long-term incubations.  When considering 

the low cost of the device, its low maintenance, its inexpensive bulbs, and ease of repair it (the 

UV Fluorescent device) will be used exclusively by GSI for long-term incubation studies. 

 3.3.3  Update of exposed lifetime predictions 

 There are presently (2011) four field failures of flexible polypropylene geomembranes and 

using unexposed archived samples from these sites their responses in laboratory UV Fluorescent 

devices per ASTM D7328 at 70°C are shown in Figure 5.  From this information we deduce that 

the average correlation factor is approximately 1200 light hours ~ one-year in a hot climate.  

This value will be used accordingly for other geomembranes. 
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 Exposure of a number of different types of geomembranes in laboratory UV Fluorescent 

devices per ASTM D7238 at 70°C has been ongoing for the six years (between 2005 and 2011) 

since this White Paper was first released.  Included are the following geomembranes: 

 Two black 1.0 mm (4.0 mil) unreinforced flexible polypropylene geomembranes 

formulated per GRI-GM18 Specification; see Figure 6a. 

 Two black unreinforced polyethylene geomembranes, one 1.5 mm (60 mil) high density 

per GRI-GM13 Specification and the other 1.0 mm (40 mil) linear low density per GRI-

GM17 Specification; see Figure 6b. 

 One 1.0 (40 mil) black ethylene polypropylene diene terpolymer geomembrane per GRI-

GM21 Specification; see Figure 6c. 

 Two polyvinyl chloride geomembranes, one black 1.0 mm (40 mil) formulated in North 

America and the other grey 1.5 mm (60 mil) formulated in Europe; see Figure 6d. 
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Figure 6a. Flexible polyethylene (fPP) geomembrane behavior.
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Figure 6b.  Polyethylene (HDPE and LLDPE) geomembrane behavior. 
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Figure 6c.  Ethylene polypropylene diene terpolymer (EPDM) geomembrane. 
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Figure 6d.  Polyvinyl chloride (PVC) geomembranes. 
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From the response curves of the various geomembranes shown in Figure 6a-d, the 50% reduction 

value in strength or elongation (usually elongation) was taken as being the “halflife”.  This value 

is customarily used by the polymer industry as being the materials lifetime prediction value.  We 

have done likewise to develop Table 6 which is our predicted values for the designated exposed 

geomembrane lifetimes to date. 

Table 6 – Exposed lifetime prediction results of selected geomembranes to date 

Type Specification Prediction Lifetime in a Dry and Arid Climate 

HDPE GRI-GM13 > 36 years (ongoing) 

LLDPE GRI-GM17 ~ 36 years (halflife) 

EPDM GRI-GM21 > 27 years (ongoing) 

fPP-2 GRI-GM18 ~ 30 years (halflife) 

fPP-3 GRI-GM18 > 27 years (ongoing) 

PVC-N.A. (see FGI) ~ 18 years (halflife) 

PVC-Eur. proprietary > 32 years (ongoing) 

 

4.0  Conclusions and Recommendations 

 This White Paper is bifurcated into two very different parts; covered (or buried) lifetime 

prediction of HDPE geomembranes and exposed (to the atmosphere) lifetime prediction of a 

number of geomembrane types.  In the covered geomembrane study we chose the geomembrane 

type which has had the majority of usage, that being HDPE as typically used in waste 

containment applications.  Invariably whether used in landfill liner or cover applications the 

geomembrane is covered.  After ten-years of research Table 2 (repeated here) was developed 

which is the conclusion of the covered geomembrane research program.  Here it is seen that 

HDPE decreases its predicted lifetime (as measured by its halflife) from 446-years at 20C, to 

69-years at 40C.  Other geomembrane types (LLDPE, fPP, EPDM and PVC) have had 
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essentially no focused effort on their covered lifetime prediction of the type described herein.  

That said, all are candidates for additional research in this regard. 

Table 2 - Lifetime prediction of HDPE (nonexposed) at various field temperatures 
 

In Service 
Temperature 

(°C) 

Stage “A” (years) Stage “B” 
 

(years) 

Stage “C”  
 

(years) 

Total 
Prediction* 

(years) 
Standard 

OIT 
High Press. 

OIT 
Average 

OIT 
20 
25 
30 
35 
40 

200 
135 
95 
65 
45 

215 
144 
98 
67 
47 

208 
140 
97 
66 
46 

30 
25 
20 
15 
10 

208 
100 
49 
25 
13 

446 
265 
166 
106 
69 

*Total = Stage A (average) + Stage B + Stage C 
 

 Exposed geomembrane lifetime was addressed from the perspective of field performance 

which is very unequivocal.  Experience in Europe, mainly with relatively thick PVC containing 

high molecular weight plasticizers, has given 25-years of service and the geomembranes are still 

in use.  Experience in the USA with exposed geomembranes on flat roofs, mainly with EPDM 

and CSPE, has given 20+-years of service.  The newest geomembrane type in such applications is 

fPP which currently carries similar warranties.     

 Rather than using the intricate laboratory setups of Figure 1 which are necessary for 

covered geomembranes, exposed geomembrane lifetime can be addressed by using accelerating 

laboratory weathering devices.  Here it was shown that the UV fluorescent device (per ASTM 

D7238 settings) versus the Xenon Arc device (per ASTM D 4355) is equally if not slightly more 

intense in its degradation capabilities.  As a result, all further incubation has been using the UV 

fluorescent devices per D7238 at 70°C. 

 Archived flexible polypropylene geomembranes at four field failure sites resulted in a 

correlation factor of 1200 light hours equaling one-year performance in a hot climate.  Using this 
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value on the incubation behavior of seven commonly used geomembranes has resulted in the 

following conclusions (recall Figure 6 and Table 6); 

 HDPE geomembranes (per GRI-GM13) are predicted to have lifetimes greater than 36-

years; testing is ongoing. 

 LLDPE geomembranes (per GRI-GM17) are predicted to have lifetimes of approximately 

36-years. 

 EPDM geomembranes (per GRI-GM21) are predicted to have lifetimes of greater than 

27-years; testing is ongoing. 

 fPP geomembranes (per GRI-GM18) are predicted to have lifetimes of approximately 30-

years. 

 PVC geomembranes are very dependent on their plascitizer types and amounts, and 

probably thicknesses as well.  The North American formulation has a lifetime of 

approximately 18-years, while the European formulation is still ongoing after 32-years. 

Regarding continued and future recommendations with respect to lifetime prediction, GSI is 

currently providing the following: 

(i) Continuing the exposed lifetime incubations of HDPE, EPDM and PVC (European) 

geomembranes at 70°C. 

(ii) Beginning the exposed lifetime incubations of HDPE, LLDPE, fPP, EPDM and both 

PVC’s at 60°C and 80°C incubations. 

(iii)With data from these three incubation temperatures (60, 70 and 80°C), time-temperature-

superposition plots followed by Arrhenius modeling will eventually provide information 

such as Table 2 for covered geomembranes.  This is our ultimate goal. 
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(iv) Parallel lifetime studies are ongoing at GSI for four types of geogrids and three types of 

turf reinforcement mats at 60, 70 and 80°C. 

(v) GSI does not plan to duplicate the covered geomembrane study to other than the HDPE 

provided herein.  In this regard, the time and expense that would be necessary is 

prohibitive. 

(vi) The above said, GSI is always interested in field lifetime behavior of geomembranes (and 

other geosynthetics as well) whether covered or exposed. 
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hrrrrt - LSTATE OF CALIFORNIA
CALIFORNIA MTURAL RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES
D]VISION OF SAFETY OF DAN'S

INSPECTION OF DAM AND RESERVOIR IN CERTIFIED STA

Name of Dam Wastewater Storage DamNo. 2022-0 County
Type of Dam Earth
Water is

Unlined Channel
5.0 below

I walked the crest, groins and downstream toe of the dam, and observed the downstream face and
visible portions of the upstream face. The crest road appeared to be straight, level and in excellent
condition. Both abutments had solid contact and appeared to be in good condition. The upstream
and downstream faces were both covered in low-growing well-maintained native vegetation, and
appeared to be stable and in good condition. Vegetation controlon the dam was eicellent. There
were no signs of rodent activity anywhere on the dam,

The spillway approach, control section and downstream channelwere clear and unobstructed.
There were no signs of cracking or spalling on any of the concrete surfaces.

The outlet is equipped with a 15" upstream slide gate and a 16" downstream gate valve. The valve
wheels, stems and all visible appurtenances appeared to be well-maintained ind in good operating
condition. The owner reported that the valve is operated frequently, and was last cy-led in summelr
of 2009. The entire sy.stem was last cycled in DSOD's presence during the maintenance inspection
on 111112008. No problems were reported.

The downstream face and groins of the dam were dry. There are two seepage measurement
devices at the toe of the dam, The first device, an electronic flow meter, collects accumutated
yater from the left groin area, and reads it through an underground pipe with an inline flow meter.
The seepage flow on this date was -63 gpm. The second device, a 90 degree v-notch weir in the
right groin, was dry. These conditions are consistent with those observed in prior years.

r lInstrumentation for this dam consists of two piezometers, four survey monuments, one seepage l, lto

Inspected by n. c. nounotree AB,):.' .,Yes x No_ Dateoflnspection Wr-/ro
1t7t2010

Type of Spillway
spillway crest and 9.0

Weather Conditions Clear and cool, 65 degrees F.
contracts Made Mark Fischer M City of Colfax.
Reason for Inspection Annual Maintenance

fen
The next annual instrumentation submitlal fro* tlre owneiE Oue l-n spring of 2010.
All settlement monuments on the dam should be located and identified cleady in plan view with the next
instrumentation submittal.

To avoid continued data scatter, a rnore accurate method of surveying needs to be employed for future
settlement surveys.

Gonclusions
From the known information and visual inspection, the dam, reservoir, and all appurtenances are judged safe
for continued use.
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INSPECTION OF DAM AND RESERVOIR IN CERTIFIED STATUS

Name of Dam Wastewater Storage Dam No. 2OZ2_O

Date of lnspection 11t3t2009

weir and a seepage collection pipe. The m
DSOD on January 31, 2009, and includes data through November 19, 2OOg. Following is my
review and analysis of that data.

Per our records, the tip of piezometer P-1 is located in the core of the dam. Readings taken from
this piezometer show that it mimics the changes in reservoir level, as expected. per our records,
the tip of piezometer P-2 is located in the outer shell. Readings taken from this piezometer show
that it remains nearly constant and near dry, indicating a freedraining shell zone.
It has be^_en notgd by the client's consultant that the survey data reported for 2007 was obtained
using different instruments than those historically used for obtaining survey data, and should not
therefore be cbnsidered representative with the data from other ye-rs. Removing data reported for
2007, the maximum settlement between 2003 and 2008 was 0.099'at monumeni#+. There is a lot
of data scatter between 2003 and 2008 which appears to be the result of inaccurate surveying, A
more accurate method of surveying needs to be employed in the future. All settlement monuments
on the dam should be located and identified clearly in plan view with the next instrumentation
submittal.

According to the owner, the seepage weir in the right groin only runs when it is raining, and
otherwise remains dry. Since June 2006, allseepage is collected via underground pipe and
measured by the in-line flow meter. In 2008, seepage ranged from 31 to 88 gpm, and mirrored the
reservoir elevation almost exactly, as expected. There are no indications of ahy seepage related
dam safety issues.

I noted no irregularities or anomalies in the data indicating any specific dam safety issues or
concerns. The current instrumentation network is deemed adequate
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Name of Dam Wastewater Storage _ Dam No. 2022-0

Date of lnspection f rcn009

Crest of Dam viewed from Left Abutment

Downstream Face of Dam viewed from Toe
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Typical Dampness and lron Oxide Deposits in Left Groin
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90'V-notch Weir in Right Groin
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Date of Inspection 11t3t2009

Spillway Control and Downstream Channel
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