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Dear Mr. Urrutia

Watershed Geosynthetics, Inc. (Watershed) has patented an aternative landfill closure system
termed, ClosureTurf®. ClosureTurf® consists of high-density polyethylene (HDPE) grass blades
tufted through a polypropylene (PP) geotextile backing which overlies Super Gripnet®, an HDPE or
linear low-density polyethylene (LLDPE) geomembrane manufactured by AGRU America Inc. The
addition of alayer of sand ballast during installation completes the system. The sand ballast provides
cover for the lower portion of the HDPE grass blades, the PP geotextile backing, and the Super
Gripnet® (Figure 1). The ClosureTurf® system, therefore, is a “hybrid” closure system in the sense
that it is neither a traditional soil cover or an exposed geomembrane. ClosureTurf® has been used to
close a number of landfills throughout the United States. A select list of sites where it has been used
is shown in Table 1. Applications extend to other facilities as well, such as capping of coa ash
ponds.

Watershed has requested that Geosyntec Consultants, Inc. (Geosyntec) provide an assessment of the
longevity of the ClosureTurf® system with regard to UV degradation. Since ClosureTurf® has
elements (i.e., the HDPE grass blades) that are permanently exposed to UV radiation, this assessment
will be particularly focused on the exposed portion of the system. However, the UV longevity of the
PP geotextile backing and HDPE geomembrane will also be addressed by reference.

Geosyntec’s approach to this assessment has been to conduct a literature review of pertinent
documents available (journal papers, white papers, presentations, etc.), distill the results of the
review, and perform limited analysis. This report concludes with a summary of the review and
analysis along with brief discussion for recommendations.
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EXECUTIVE SUMMARY

The UV longevity assessment of the ClosureTurf® system (Figure 1) began with a literature
review. In general, relatively little published information was discovered regarding exposed
HDPE grass blade degradation. The information that is available consists of retained tensile
strength test results of HDPE grass blades after exposure (1, 5, 7 and 10 years) at a field test
facility in New River, Arizona (Watershed, 2014). Extrapolation of this data by Watershed
(2014) resulted in a prediction of 65% retained tensile strength after 100 years of service. In
addition, Richgels et al (2015) published half-life (i.e., 50% retained tensile strength) predictions
of exposed HDPE grass blades using a laboratory data release from the Geosynthetics Institute
(GSI) on HDPE geomembrane strips exposed to UV lamp irradiation. Richgels et al (2015)
obtains an upper bound and lower bound half-life predictions of 247 years and 176 years,
respectively. Extrapolation of the field data from New River, Arizona yielded a half-life of 216
years.

Geosyntec checked the calculations shown in Richgels et al (2015) and obtained 277 years and
214 years for the upper and lower bound estimates of HDPE grass blade half-life. Differencesin
the results between Geosyntec and Richgels et al (2015) are attributed to rounding. Geosyntec
attempted to repeat these calculations for actual performance requirements (i.e., 12.5% of
original tensile strength) of the HDPE grass blades rather than a randomly assigned half-life,
however the predictions resulted in service lives that were too lengthy to be reasonable. The most
likely explanation is that the laboratory data has not degraded enough to allow for service life
predictions using 12.5% retained tensile strength. Future data releases from GSI will aid in
providing more accurate predictions below the half-life.

Based on Richgels et al (2015) predictions, as well as the prediction given in Watershed (2014) it
appears that the half-life of the HDPE grass blades exposed to Arizona-like conditions is on the
order of 100 years. These results are promising; however additional field test data is needed to
improve the half-life predictions, particularly since half-life predictions for exposed HDPE
geomembrane are also approximately 100 years (Koerner et al, 2015). Understanding the
differences in weathering between HDPE grass blades in a synthetic turf and an HDPE
geomembrane will provide additional insight into the similar half-life predictions of the two
geosynthetics. Finally, the service life of the HDPE grass blades in the ClosureTurf® system
should ideally be based on its performance requirements rather than a half-life which will result
in alonger service life prediction.
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In addition to the HDPE grass blades, there are two unexposed elements of the ClosureTurf®
system: (i) the PP geotextile backing for turf component; and (ii) the Super Gripnet® which
consist of a HDPE geomembrane (see Figure 1).

Watershed has incorporated UV degradation inhibitors into the PP geotextile backing which,
according to Watershed has lead to an improvement in UV resistance by a factor of 14 over the
origina prediction of 65% retained tensile strength after 100 years (Watershed, 2014). Koerner
(2011) has estimated that covered HDPE geomembrane will have a half-life of 446 years at 20
degrees Celsius and 265 years at 25 degrees Celsius.

Therefore, the most critical component of the ClosureTurf® appears to be the exposed HDPE
grass blades when it comes to UV degradation. However, degradation of the HDPE grass blades
to unserviceable levels can be remediated by replacement of the turf component of the
ClosureTurf® system.

BACKGROUND AND LITERATURE REVIEW SUMMARY

In total, Geosyntec has reviewed approximately 40 technical documents to date. The database is a
combination of documents provided to Geosyntec by Watershed as well as documents collected by
Geosyntec. A complete reference list of the documents in the database can be made available upon
request.

In general, relatively little information was found on the topic of exposed HDPE grass blades with
respect to degradation due to UV radiation. The documents that were obtained and reviewed are
listed below.

1. Field test data provided by Watershed from the New River, Arizona testing facility on the
HDPE grass blades (Watershed, 2014).

2. Testing results (Atlas-MTS) discussing the UV longevity of polyethylene and polypropylene
grass used for outdoor European athletic facilities.

3. Technical paper by Richgels, et al. (2015a) published in the conference proceedings for
Geosynthetics 2015 in Portland, Oregon.

4. Presentation by Richgels., C. at the Geosynthetics Conference for 2015 in Portland, Oregon
(Richgels, 2015b).
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5. Presentation by Diguilio, D. at the Northern New England SWANA Conference on 25
September 2013 (Diguilio, 2013).

The following documents on the topic of HDPE Geomembrane degradation due to UV exposure
were reviewed and found to contain useful information regarding this assessment.

1. Geosynthetic Research Ingtitute (GRI) White Paper #6 (Koerner et al., 2011). This white
paper contained degradation data (% retained strength and elongation) on laboratory aged
samples of 1.5 mm HDPE geomembrane. Aging was completed using a UV Fluorescent
device per ASTM D7238 at 70 degrees Celsius (°C).

2. Geosynthetic Institute (GSI) webinar presentation by Koerner et al., (2015). This presentation
contained a dide that compared predicted (laboratory vs. field) half-life of geomembranes of
various resins, including HDPE, as well as a suggestion for estimating lower bound half-life.

3. Journal paper authored by Rowe et al. (2010) published in the Journa of Geotechnical and
Geoenvironmental Engineering.

DISCUSSION OF DOCUMENTSAND DATA

The data from the New River, AZ testing facility on the artificial grass component of ClosureTurf®
(Watershed, 2014) appears to be the only data set of its kind in our compiled database. The data
consists of tensile property testing from field samples exposed to the Arizona environment at
approximate exposure periods of 1, 5, 7 and 10 years. At each of the four exposure periods, 20
samples were tested for a total of 80 tests. The average values for tensile strength retained at each
corresponding time period is 97%, 90%, 84% and 83%, respectively (Figure 2).

One additional data point was found in the AtlassMTS document. That data point indicated that
approximately 90% of tensile strength of polyethylene grass would be available after 20 years of
field exposure assuming average European climatic conditions (temperature, irradiance, etc.).
However, the average European irradiance is approximately one-half to one-third that of Arizona
(Figure 3) notwithstanding temperature effects. Therefore, the AtlasMTS data point will be
consistent with the data from the New River, AZ facility in the 7 to 10 year time frame once adjusted
for the relative levels of exposure and temperature between Europe and Arizona. As such, this data
point will not extend the exposure duration covered by the New River, AZ data.

The paper and corresponding presentation by Richgels (2015a, 2015b) utilized the laboratory data

released from the GSI on UV degradation of HDPE samples to make upper and lower bound
estimates of the field half-life of the HDPE grass blades. The upper bound method utilizes Arrhenius
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modeling of lab data to project exposure times at half-life to site temperatures combined with ratios
of UV irradiance between the laboratory lamp and monthly average irradiance at New River, AZ to
develop half-life loss per month. A similar procedure using a linear extrapolation (rather than
Arrhenius) was demonstrated for a lower bound estimate. The Watershed (2014) field data set was
plotted in between the upper and lower bound estimates. This method is further discussed in the
section below titled, “HDPE Grass Blade Service Life Calculations’.

Koerner et al. (2011) discusses the UV longevity of both exposed and unexposed geomembranes
made from various resins, including HDPE based on GSI's laboratory testing program. This
document is particularly useful in regard to the ClosureTurf® elements that are considered non-
exposed (i.e., the PP geotextile backing for the turf component and the underlying HDPE
geomembrane).

The presentation by Koerner et al. (2015) includes estimates of half-life of exposed HDPE
geomembranes as well as a recommendation for linear data extrapolation as a lower bound limit that
was implemented by Richgels (2015b).

PERFORMANCE REQUIREMENTS

The definition of service life of an HDPE (or other resin) geosynthetic (grass blades and
geotextiles’'geomembranes) typically invokes the half-life criteria. However, the half-life criteria is
arbitrary and while useful as a genera indicator for comparison it does not directly relate to any
aspect of field performance for ClosureTurf® or any other geosynthetic. Therefore it is more
appropriate to define the service lifein terms of field requirements placed on the material.

HDPE Grass Blades

For the case of the HDPE grass blades on the ClosureTurf® system, tensile strength requirements fall
in the range of 2.5 to 3.5 Ibs, based on applied loads of pullout forces from equipment operation and
water runoff forces (Diguilo, 2013). The ClosureTurf® HDPE grass blades are manufactured with 20
Ibs. of tensile strength immediately following the process (Diguilo, 2013). Therefore, without
considering a factor of safety, the required tensile strength of the HDPE grass blade is equal to
approximately 12.5% to 17.5% of original strength capacity.
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PP Geotextile Backing and HDPE Geomembrane

Performance requirements for the PP geotextile backing and HDPE geomembrane depend on more
site-specific parameters (e.g., steepness of slopes, seismicity, etc.) than the HDPE grass blades.
Therefore until a parametric study is completed which will define the performance requirements over
arange of expected conditions, the half-life will have to be used as a benchmark for degradation of
the PP geotextile and HDPE geomembrane.

HDPE GRASSBLADE SERVICE LIFE CALCULATIONS

In order to develop a prediction for the longevity of the HDPE grass blades with respect to UV
degradation, Geosyntec implemented the method found in Richgels (2015a, 2015b) for two levels of
retained tensile strength. The first level is the 50% of tensile strength, or half-life, criterion that is
commonly used as a benchmark for geosynthetic service life. Geosyntec performed this calculation
to compare our results with the results presented by Richgels (2015a, 2015b). Once the half-life
estimates were calculated, Geosyntec attempted to repeat the calculations using a retained tensile
strength of 12.5% of an HPDE grass blade.

Half-Life Estimation (50% of Retained Strength)

The assessment utilized by Richgels (2015a, 2015b) begins with a laboratory data release from GSI
(Figure 4). The data includes retained tensile strength of HDPE samples that have been incubated
under a UV lamp at elevated temperatures, which accelerates the UV weathering process in
accordance with ASTM D7238.

As mentioned, the GSI data includes samples tested at three elevated temperatures. (i) 80 degrees
Celsius (°C); (ii) 70°C; and (iii) 60°C. The testing program appears to have originally included only
the 70°C data, with the 80 °C and 60°C testing added at a later date (therefore, weathering is not as
advanced). The 70°C data set has reached approximately 66%, while the 80°C and 60°C data sets
have reached approximately 78% and 86%, respectively. Nonetheless, logarithmic extrapolations to
50% retained strength were performed for each data set. The amount of exposure time (on a log
scale) corresponding to the 50% retained strength plotted vs. the inverse of the corresponding
temperature (80°C, 70°C and 60°C) is shown in Figure 5. Figure 5 allows for extrapolation to find the
laboratory exposure time required to achieve 50% retained strength at temperatures lower than the
test temperatures (i.e., actual field temperatures).

Once the curve is defined relating any temperature to a level of laboratory lamp exposure, the
remaining task is to develop a relationship between laboratory exposure and field exposure for a
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particular site. In this case, the testing site in New River, AZ where Watershed has performed tests
on HDPE grass blades, was sel ected.

Richgels (20153, 2015b) presents monthly averages at the site for: (i) peak turf temperature; and (ii)
irradiance as a fraction of the laboratory lamp irradiance. Using these two values for a given month
combined with the Arrhenius model, an estimate of half-life loss per month is obtained. Summation
of the half-life lost per month over a year yields the annual half-life loss. The inverse of the annual
half-life loss is the predicted half-life in years. Using this method, Richgels obtains a half-life of
approximately 247 years, while Geosyntec obtained a haf-life of 277 years using the same data
(Table 2). The differenceis attributable to rounding errorsin the logarithmic projections.

Following the suggestion of Koerner et al. (2015), Richgels (2015b) treated the results of the half-life
mentioned above as an upper bound estimate. For the lower bound estimate, Koerner et al. (2015)
suggests performing a linear extrapolation of the laboratory data to lower field temperatures, rather
than using the Arrhenius model.

With the linear extrapolation, the ratio of monthly irradiance to laboratory lamp irradiance is scaled
linearly to calculate the number of months required to reach half-life at 80C, 70C and 60C. Linear
extrapolations per month are made from the elevated temperatures to the corresponding peak turf
temperature in that month. The resulting half-life loss per month is summed to obtained half-life loss
per year. The inverse of that result is the half-life in years. Richgels (2015b) calculates a half-life of
176 years using this linear model. Geosyntec’s calculation using the same data resulted in a half-life
of 214 years (Table 3 and Figure 6). The difference in the calculations is approximately the same as
with the calculation using the Arrhenius (logarithmic) model.

Figure 7 shows the calculated upper (Arrhenius - logarithmic) and lower (linear) bound curves
calculated by Richgels (2015b) along with the field data on the HDPE grass blades provided by
Watershed (2014). As shown in Figure 7, the trend line fit to the field data falls in between the upper
and lower bound curves produced by Richgels (2015b). Note that the first point from the field data at
approximately 1 year is omitted from the trend line. This is because the first data point is assumed to
be within the anti-oxidant phase of degradation rather than the polymer oxidation stage as suggested
by Rowe et al. (2010). Additional discussion regarding the stages of degradation for polyolefin
materials can be found in CUR 243 (2012).

Service Life Estimation Based on Performance Requirements (12.5% of Retained Strength)

Geosyntec repeated the calculations discussed above for the estimation of half-life, but extrapolated
the GSI laboratory data down to 12.5% rather than 50% at 80C, 70C and 60C. Upper bound
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(Arrhenius — logarithmic) and lower bound (linear) estimates were 2,500 years and 2,043 years,
respectively.

These estimates of service life are simply too large to be reasonable. A likely explanation is that the
samples tested at 80C, 70C and 60C have not degraded enough to produce accurate predictions at
12.5% retained strength. As previously mentioned, the data for 80C has reached 78% retained
strength; the data for 70C has reached 66% retained strength; and the data for 60C has reached 86%
retained strength. Therefore, the extrapolation for each of these data sets to 50% retained strength
will be much more accurate than extrapolations to 12.5%. In addition, small uncertainties in log-
based extrapolations will greatly influence results.

For these reasons, it is not practical or useful at this time to quantitatively assess service lifein terms
of actual performance requirements when those requirements are substantially below the half-life.
There is some value, however in a qualitative use of performance requirements in comparisons with
half-life estimates (i.e., to establish the factor of safety remaining at 50% degradation).

SUMMARY AND CONCLUSIONS

Geosyntec’s literature review of approximately 40 documents yielded few sources of UV degradation
data for exposed HDPE grass blades. Relevant data that was found included the field test data from
the New River, AZ testing facility provided by Watershed (2014) and one data point from Atlas-
MTS. The AtlasMTS data point indicated that HDPE grass blades in average European climatic
conditions would retain approximately 90% of its original strength after 20 years of field exposure.
Taking into account the differences in temperature and UV irradiance between New River, AZ and
European averages, the data point is consistent with the New River, AZ test datain the 7 to 10 year
range.

Following the method presented in Richgels (2015a, 2015b) for HDPE grass blades, Geosyntec
calculated an upper bound half-life of 277 years compared with Richgels 247 years using the
Arrhenius (semi-log) extrapolations to site temperatures and ratio of laboratory lamp to field
irradiance. Geosyntec calculated a lower bound half-life based on linear temperature extrapolations,
as suggested by Koerner et al. (2015), of 214 years compared with 176 years obtained by Richgels
(2015b). The differences between Geosyntec and Richgels calculations were attributed to rounding.
As shown in Figure 7, the field data from New River, AZ suggests a half-life of 216 years when
considering only the last three data points (i.e., polymer oxidation stage).
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Another prediction of HDPE grass blade degradation is included in Watershed (2014) using the same
(New River, AZ) field data. That prediction of retained tensile strength at 100 years of service lifeis
65%.

Therefore, it appears that the half-life of the HDPE grass blades will be on the order of 100 years
based on the existing field data set and extrapolation methods found in the literature and presented
herein. The results are promising; however additional field test data is needed to improve the half-life
prediction, particularly since the half-life predictions for exposed HDPE geomembranes are also
approximately 100 years (Koerner, 2015). Half-life predictions presented herein will also need to be
revisited when additional labratory datais released from the GSI testing program.

Geosyntec attempted to calculate the service life of the HDPE grass blades using 12.5% of retained
strength, rather than an arbitrarily assigned half-life. However, the calculation resulted in
unreasonably long service life. Thisresult islikely due to uncertainties in extrapolating the laboratory
data released from GSI down to the 12.5% retained strength level. The data release has degraded to
78%, 66% and 86% for the 80 °C, 70 °C, and 60 °C test temperatures. Therefore, extrapolations to
50% may be warranted while extrapolations to 12.5% may not be until additional lab data is
available. That being said, it should be recognized that half-life, or 50% of retained strength, has a
factor of safety of 2.8 to 4.0 when considering the tensile capacity performance requirements of
HDPE grass blades.

With regard to the unexposed elements of the ClosureTurf® system, Watershed (2014) indicates that
the retained tensile strength of the PP geotextile backing prior to the addition of UV inhibitorsis 65%
after 100 years. This estimate is based on exhumed samples of the geotextile from the LaSalle-Grant
Landfill in Louisiana. According to Watershed (2014), the addition of proprietary UV inhibitors to
the PP geotextile backing has led to an improvement in UV resistance by a factor of 14. The final
geosynthetic in the ClosureTurf® system is the covered HDPE geomembrane. Koerner (2011)
estimates that the half-life of a covered HDPE geomembrane is 446 years at 20C, and 265 years at
25C. Furthermore, the degradation of the unexposed elements of the ClosureTurf® system invoke the
half-life criteria. As discussed with regard the exposed HPDE grass blades, actual performance
requirements should ideally be used to determine system longevity. However, the existing testing
programs need to be allowed to degrade further before projections to lower values are made.

It is worth reiterating that applications of ClosureTurf® in areas of the United States where the UV
irradiance and the temperatures are lower will result in longer half-life predictions than discussed
above. In some cases (e.g., the Northeastern States), the differences will likely be quite large when
compared with Arizona.
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Finally, once UV degradation of the most susceptible component of ClosureTurf® (i.e., the exposed
HDPE grass blades) does result in atensile break, replacement of the HDPE grass and PP geotextile
backing can be performed.

CLOSING

Geosyntec appreciates the opportunity to assist Watershed in the development of its ClosureTurf®
products. Questions and comments may be directed to either of the undersigned at 678-202-9500.

Sincerely, _
Wi 7o i i
LN~ g
/ /7
Will Tanner, P.E. Ming Zhu, Ph.D., P.E.
Project Engineer Senior Engineer

Attachments; References
Tables
Figures

Copiesto: Bill Gaffigan (Geosyntec)
Mike Ayers (Watershed)
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TABLES



Table 1. Selected Siteswher e Closur eTurf® has been Installed.

Select ClosureTurf® Installations

Installation Type Acres State Y ear
Progressive - Weatherford Public-MSW | 85 Texas 2010
Progressive - Timberland Public - MSW 4 Louisiana 2011
Crazy Horse (Salinas SWA —Monterey) | City —MSW 65 Cdifornia 2012
Saufley Landfill (Escambia) Public—-C&D | 225 Florida 2012
Georgia Pacific Independent 70 Georgia 2013

Berkeley County Landfill City - MSW 12 | South Carolina | 2013
Lanchester Landfill (Chester) City - MSW 7 Pennsylvania | 2013
Tangipahoa Parish City —MSW 22 Louisiana 2013
Sandtown — (Berkeley County) City —-MSW 4 Delaware 2013
Si-County Landfill EPA — Region 6 5 Texas 2014

Holcim Cement Landfill (Kiln Dust) Independent 46 New York 2015




Table 2. HDPE Grass Blade Upper Bound Half-Life Calculations (Geosyntec)

LLaJXp Peak Tl,zlrf Peak Peak Turf Reaction Lab_ H4alf- Field ] Field ] Half Life
Month ond Temp® Turf Temp Rate® Life Equivalent® | Equivalent® | Loss per
(hr/day) (©) Temp (K) (VK) (lamp hrs) (days) (months) Month
January 4.00 27.99 301.14 0.0033 -15.67 6385286 1596322 51494 1.94196E-05
February 4.94 27.96 301.11 0.0033 -15.67 6401982 1296604 46307 2.15949E-05
March 6.13 33.94 307.09 0.0033 -15.11 3632197 593012 19129 5.22755E-05
April 6.94 40.58 313.73 0.0032 -14.50 1983742 285945 9531 0.000104915
May 7.25 51.21 324.36 0.0031 -13.58 792646 109330 3527 0.000283544
June 7.31 61.52 334.67 0.0030 -12.75 344593 47124 1571 0.00063662
July 6.94 66.82 339.97 0.0029 -12.34 228887 32993 1064 0.000939599
August 7.00 64.80 337.95 0.0030 -12.50 267230 38176 1273 0.000785841
September 6.94 59.43 332.58 0.0030 -12.91 406208 58553 1889 0.000529439
October 5.88 47.74 320.89 0.0031 -13.88 1062504 180852 5834 0.000171411
November 4.56 36.38 309.53 0.0032 -14.88 2899472 635501 21183 4.72069E-05
December 3.69 24.68 297.83 0.0034 -15.99 8826208 2393548 77211 1.29515E-05
Lab 20 vieary Hal | 0.003604818
Half-life® 27741
(years)
Notes:

(1) UV Lamp On (hours per day) is given in Richgels (2015a, 2015b).

(2) Peak Turf Tempsfor New River, AZ given in Richgels (20153, 2015b).

(3) Reaction Rateis calculated from the regression curve shown in Figure 4 for the upper bound (logarithmic) case.
(4) Lab haf-lifein hoursisequal to 1/e*(Reaction Rate).

(5) Field equivalent (days) is calculated by dividing the lab half-life in hours by the UV lamp on hours per day.

(6) Field equivalent in daysis converted to months using the given days in that particular month.

(7) Haf-lifeloss per month isthe inverse of the corresponding field equivalent in months.

(8) Theyearly haf-lifelossisthe sum of each individual months half-life loss.

(9) Thehaf-lifeinyearsistheinverse of the yearly half-life loss.



Table 3. HDPE Grass Blade L ower Bound Half-Life Calculations (Geosyntec)

Peak Turf | Half-life Months
Month UV Lamp On™ | M Onth(sz)@ 80 M Onth(sz’)@ o Onthg)@ %0 Temp® (from Half-life L oss per month
(hour s/day) C C C .
(C) Regression)
January 4.00 692 1507 3078 27.99 6948 0.000143933
February 4.94 620 1352 2761 27.96 6256 0.000159849
March 6.13 452 984 2010 33.94 4059 0.00024637
April 6.94 412 898 1834 40.58 3213 0.000311281
May 7.25 382 832 1698 51.21 2248 0.000444747
June 7.31 391 852 1740 61.52 1580 0.000633027
July 6.94 399 869 1775 66.82 1237 0.00080834
August 7.00 395 861 1759 64.80 1371 0.000729293
September 6.94 412 898 1834 59.43 1826 0.000547629
October 5.88 471 1026 2095 47.74 3070 0.000325779
November 4.56 627 1365 2788 36.38 5321 0.000187929
December 3.69 750 1635 3339 24.68 7945 0.000125871
Lab 20 Yearly Half-life 0.00466405
L oss
Half-life (years) 21441
Notes:

(1) UV Lamp On (hours per day) is given in Richgels (2015a, 2015h).

(2) The months required at each temperature is calculated using the regressions from Figure 4 for each temperature, projected down to half-
life, then dividing the lamp-hours at half-life by the UV lamp on hours per day for a given month. Once this calculation is done for 80, 70
and 60 C, alinear regression (as shown in Figure 5) is used to obtain the half-life months at the corresponding peak turf temp.

(3) Peak turf temperatures given in Richgels (2015a, 2015b).
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Retained Tensile Strength VS. Weathering Time
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Field Test Data (Watershed, 2014)

New River, AZ Atlas Testing Facility
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The first data point at Weathering Time of 1.3 yearsis considered to be within the G ( o
initial stage of UV degradation (i.e., anti-oxidant depletion), rather than polymer GOSY_I’IIBC
oxidation which is represented by the final three data points. consultants

Each data point represents the average result of 20 tensile break tests. |
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Yearly mean of daily irradiation in UV (280-400 nm) on horizontal plane (J/cm?)
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Arrhenius Plot of GSI Lab Data
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Note: Richgels (2015b) mentions that the use of peak turf temperature is conservative since it

only occurs for approximately one hour per day.
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Lab to Field - Linear Correlation
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Note: Geosyntec calculated an upper bound half-life of 277 years

Halflife Projections and Field Data

Regression for Field Data
y =-10.32In(x) + 105.48

247 Years

10 100 \

Time (Years) 216 Years

® New River, AZ Data —— Upper (Logarithmic) and Lower (Linear) Bounds

Halflife Projections (Richgels, 2015a, 2015b)

Upper and Lower Bound Estimates
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and alower bound half-life of 214 years using the same data and GeOSWteCD Figure
method. Difference between Geosyntec and Richgels calculations consultants 7

are attributed to rounding.
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