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WASTEWATER MANAGEMENT PLAN

1.0 Project Description

The project site, approximately 26.2 acres, is an existing developed site located in the northeast
section of the City of Durham. The project is located in the Neuse River Basin. The nearest body of
water to the project site and the ultimate receiving water for this project site is Ellerbe Creek.

Ellerbe Creek is approximately 0.25 miles away from the project site. (See Figure 1). The project
site is accessed from a service road located northwest of the intersection of Glenn Road and E. Club
Boulevard. The project site is an existing yard waste facility. The scope of this project is to re-
develop the site by establishing defined composting and curing areas for processing the yard waste
into compost for retail distribution. DWQ has classified the stormwater runoff generated from the
vard waste compost as wastewater; see Appendix E for the wastewater analysis provided by DWQ
from a similar yard waste compost site. Wastewater pond will be constructed to retain the
stormwater runoff of the 100-yr 24-hr storm event. There is no discharge from the pond. An
Industrial Pump and Haul permission adhering to the criteria stated in regulation number 15A NCAC
02T.1000 is being requested to allow transport of the wastewater to the City of Durham WWTP
located on site.

Approximately 4.1 acres of the northwest corner of the site is locaied in the 100-year floodplain of
Ellerbe Creek as shown on the FIRM # 0843 370086J). The 100-year floodplain elevation at
sections 287 & 297 are 288.4 & 288.9 respectively. Ellerbe Creek is classified as a Class C, NSW,
and WS-IV water body. (See Appendix A). The remainder of the site is above the floodplain
elevation.

The site is presently open-graded with the land covered by 12" of compost in the processing areas
and a brush-weed-grass mixture for the remainder of the site. Essentially all surface runoff
originates within project area with approximately 3.79 acres of off-site runoff from high ground
east of the project site. (See Aerial Photo shown in figure 2). There are no existing perennial,
intermittent or ephemeral streams within the project site.

The project site is located in the uplands of the Piedmont Region of North Carolina. The native soil
in this area is White Store-Creedmoor as shown on the soil survey map for Durham County, North
Carolina. The White Store-Creedmoor soils have fine sandy loam particles which makes them
moderately well drained with a very firm clay layer underneath. White Store soils belong to the
hydrologic soil Group D. Since over 85% of the site is above the 100-year floodplain, the site does
not have a high water table and the site does not stay inundated. Therefore the site was categorized
in the hydrologic soil group C. with moderate slopes of 6.5 to 10 percent. The existing compost
has a very high absorption rate and therefore will be categorized the same as the brush-weed-grass
mixture listed in Table 2-2¢ of TR-55. (Appendix B). Approximately (.85 acres along the eastern
border of the site is bedrock, with a high runoft rate.
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2.0 Proposed Development

The project involves the grading of one (1) new windrow areas, a new grinding area, the re-grading
of a screening area and the re-grading of one (1) product storing area. The existing road will be
widened from 15’ to 25° and a stretch of new road will be constructed where there is no road
presently. Approximately 11.02 acres (42%) of the total site area of 26.2 acres will be disturbed as
part of the proposed development. The project will result in an impervious area of 2.0 acres
(7.8%), which includes the gravel roads of 1.2 acres and a gravel waste receipt area of
approximately 0.8 acres. NCDENR Solid Waste Management Section has established a 1.95 acre
section of the site that cannot be developed.

A gravel access road will be constructed along the perimeter of the site and will act as a dam along
the western edge adjacent to the floodplain. No major changes to the existing drainage pattern are
proposed by this development. No major grading is proposed for this site. The composting
processing requires the establishment of windrow areas and storage areas. The maximum grade for
these areas is 6%. The majority of the site is already at 6.5% slope, with a small portion of the site
along the northeast edge sloped at 10%. .

3.0  Hydraulic Analysis Procedures

The wastewater pond is proposed along the western edge of the site, to collect all the wastewater
generated by the composting process on site. The pond volume was designed using the urban
hydrology and detention pond modeling software Hydraflow. The pond is sized to capture the 100-
year peak discharge and store the 100-year 24-hour storm event. An emergency spillway has been
designed to allow safe passage of an extreme storm event.

The precipitation data was taken from the NOAA’s National Weather Service Atlas 14 for Durham,
North Carolina, (Appendix C). The 24-hour precipitation depths were used in the NRCS Runoff
Curve Number Method 1o create the Runoff Hydrographs. The CN value of 65 was derived from
the existing land cover condition described in section 1.0 paragraph 4 of this report. This value will
be used for both the pre and post development conditions. The yard waste compost is very
absorptive and behaves similar to the brush-weed-grass mixture originally covering the site. A CN
value of 98 has been assigned to the areas developed into roads and the product receiving area.

The runoff from the project site including the gravel roads will be directed (o two custom sediment
basins during construction, which will be converted to the full build out of the wastewater pond
once construction is complete and the site is stable. All surface runoff will either sheet flow into
the pond or be collected in constructed channels and directed to the pond. Drainage Area *A’ is
considered clean water and will run to roadside ditches and diverted around the project area. see the
drainage area plan sheet in Appendix D.
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The routing method used for the design of the wastewater pond was the “Discharge In equals
Discharge Out”. This method is based on the continuity equation. Tt processes the average inflow,
interpolates between elevations to compute values of storage during a 0.05hour time increment to
yield an average outflow. The pond will retain all runoff from the site and the stormwater
(wastewater) will be transported to the WWTP via Pump and Haul tanker truck on a routine
schedule. The peak inflow, peak outflow, maximum water surface elevations and storage volumes
for the pond are summarized in Appendix D.

4.0  Wastewater Pond Design

Based on the calculated runoff, the new impervious roadway and waste receipt areas have increased
the 25-year post-development discharge by 38% on average. However, the stormwaler runoff rate
will be controlled by the proposed wastewater pond located along the western edge of the site. The
pond will retain the runoff up to and including the 100-year storm and the water used for irrigation
of the compost within the facility. See Appendix D for a complete set of computations for the
wastewater pond.

The embankment of the pond will be built-up to an elevation of 304’. The embankment of the
Pond #1 is 15’ above the 100-year floodplain elevation of 289°. The emergency spillway of Pond
#1 will be set ai 303° which is 0.18" above the 100-yr water surface elevation in the pond. The

~pond requites a geosynthetic liner at the bottom and along the sides up to the emergency spillway
elevation to prohibit seepage out of the pond.

All applicable Neuse River Buffer Rules were accommodated. There is no net increase in the 1-
year 24-hour post peak discharge. There are no oils or chemical (fertilizer) pollutants associated
with the runoff from the vard waste composting facility. There are no concentrated discharges into
the buffer zones of Ellerbe Creek. Ellerbe Creek is more than 0.25 miles away. The runoff from
the impervious surfaces is being retained in the wastewater pond.

5.0 Pond Maintenance Plan

The specifications for (he pond liner are shown in Appendix F. The pond will require regular
maintenance. The two primary mainienance activities involve removing accumulated sediment
from the botiom of the pond to maintain the designed storage volume. Direct access is provided to
the pond from the newly graded roads.
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Soil Map—Durham County, North Carolina DURHAM YARD WASTE FACILITY

Map Unit Legend

Durham County, North Carolina (NC063)

Map Unit Symbaol Map Unit Name { Acres In AOL Percent of ACI

Ala Altavista silt loam, ( o 2 parcent 53 2.7%
siopes

Ch - Chewacla and Wehadkes soils 138 7 0%:

GrC Cresdmoor sandy lcam, 6 ta 10 448 2.3%
percant slopes

Gu Gull|ed Iand clayey matenals 98 5 O%

I8 Iredel |oam, 2 to 6 percent 0.8 0.3%
slopes

IrG Iradelt Ioam S to 10 percen{ 6.5 3.3%
slopes

MFC Mayodan sandy loam & io 10 0.5 0.2%
percent slopes

Ro Roannke snlt loam 34 9 17.8%

Wh Wahee loam alkaline subsoal 17 4 8.9%
vananl (Hornsboro)

WsB Whlte Slore sandy foam, 2 to 6 30 G 15.3%
percenl slopes

WsC White Store sandy Ioam G lo 10 41.5 21.1%
percent slopes

WsE Whlte Store sandy |oam 10 to 31 7 16.1%
25 percent SIDpES

Totals for Area of Interest (AOI 1966 100.0%

USDA  Natural Resources Web Soil Survey 2.0 10/16/2007

Conservatlon Service National Cooperative Soll Survey Page 3 of 3
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Wastewater Management Plan Durhcm Yard Waste Composting Facility
Durbham, N.C.

APPENDIX C
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POINT PRECIPITATION
FREQUENCY ESTIMATES
FROM NOAA ATLAS 14
North Carolina 36.0425 N 78,9625 W 498 feet

from "Pracipitation-Frequency Atias of the Uniwed Stutes” NOAA Atas 14, Vohae 2. Version 3
G.M. Boonin, D. Martin, B, Lin, T. Parzybok, M. Yekiw, and D, Rikey
NOAA, Narional Weather Service, Siiver Spring, Maryland. 2004
Extracted: Toe Oct 23 2007
. —— - . - £ i O Y S
[ Confidence Limits “ Seasonality | Location Maps ]{ Other Info:_J GIS qata _;'. Maps R delp  Uwis d 5 Map

Precipitation Frequency Estimates (inches) |!'

ARI*|[ 5 [10][ 15[ 30] 60 l{120(] 3 || 6 [[ 121 24 || 48 4 7 16 | 20 || 30 ff 45 | 60
(years)|| min || min || min{ min ;| min || mi hr |} hr || hr {| br }| day | day || day {| day || day || day || day

min|{ hr
L |041[0.65]0.8 L] L.11][1.38][166]177][2.13]2-52)fz.93 |[3.44 ][3.85 Jl.40 J[5.00 666 |[g29 ][i0.53]12.68]
2 |[oa7]jo.76]oos]152)[Les]fros|z.12]fzs6lp02]B 54 s Jlas8 5.4 [5.94 |[7.85 Jfo.75 12 33]f12.771
5 |0.54]0.87|[1.10][56l2.01|243]60][3.13]73]leat |51 Jf5.63 Jleas |[7.12 Jio.27 it 3a]fia11ji6.64]
10 Jjo.60][0.96]122][1.77][2.30][2:82][3.03][3.66][4.38][5.09 |[5.85 jl6.43 |[7.22 18.05 ili0.40) 1253155 1][18.09]
25 |o.66]11.06][134|[1.99][2.65]328]B.55)[432]f5.22]l6.00 l6.83 ][7.52 ]840 230 l11.96][ 14 14][17.34][19.94]
[s0 Jo71jfr.iz]L43ff2.15]2.92 [3.66][3.99][4.88][5.95)f6.72 |[7.60 |[8.38 |[o.33 |[10.28][13.18]|15 35] 18.75]|21.34|
[100 J[o.75][1.19][r50]2-30]3.17}ja.02][s.42][5.24][6.69][7.44 {f838 ])9.25 [10.28][11.28][19.41][16.61][20:13][22.69]
200 |[0.78][1.24[1.56] 2433 41][438]ja-86][6.02][7.48][819 Jo.16 J[10.14][11.24][12:29][15 68[17.84)[21 51][24.00
500 ][0.51][1.29][1.62][2.58][3.70][4.85 |[5.43][6.80}[855][o-2 1 ][10.22)[11.35][12 5613 66][1741][19.48][23.54][25.69

[1000 Jjo:s4][1.33][1.67]2:70][3.94][5.25][5.94][7.48]o 5 1][10.01][11.05][12.30 [13.60][12.73][18.75][20.75][24.74{}26.95]

f *These precipitaton frequency estimates are based on a parfial duralion series. AR is the Average Recutrence Inienval.
r Text version of table Plaase nafer to the documentation for more information. NOTE: Farmailing forces estmates near 2200 [0 &Ppear & 26r0.

hitp://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl Mype=pf&units=us&series=pd&statename=NORTH+CAROL il Adsiatean...  1U/23/2007
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POINT PRECIPITATION
FREQUENCY ESTIMATES
FROM NOAA ATLAS 14
North Carolina 36,0423 N 78.96235 W 398 feet

from "Precipitation-Frequancy Atlas of the Uniled Stawes” NOAA Adles 14 Volume 2. Vegsion 3
G.M. Bonrin, D. Marsin. B. L, T. Parzybok, M. Yekia. and [, Kiley
NOAA, Nativaal Weather Service, Silver Spring. Marylane. 2004
BExtracted: Tue Got 23 2007

[ Confidence Limits || Seasonality ]| Location Maps ii (Other Info. Jh GIU défa N‘apsr Heiu _LJu:_:‘:‘;‘?rm‘..—_,:Sj_Map :

Precipitation Intensity Estimates (in/hr) }

ARI* 10 15 30 60 120 3 6 1224 a8 4 7 10 3 260§ 38 ) 45§ 60
[(vears)| min || min | min|| hr || br || by || hr || hr || day || day || day || day ||day}idayijjday

min | min
Emlﬁﬁﬁmmlo 83 J[0-59 J[036 Jfo-21 Jfo-12 Jjo.07 Jjo.o4 1fo.03 Jo.02 Jlo.ot Jo.osfo.otfje.o
2 |5.69 Jl4.55 382 |[2.63 |[1.65 o990 [o.71 JJo43 Jfo-25 Jo.1s Jjo.o9 Jo.os Jo.03 Jjo.o2 ffo.02 fooijon et
5 /653 |5.23 240 [3.13 .01 J[L22 Jo.87 o2 Jfo.31 J[o.t8 o1t J[o.06 Jjo.o4 ]fo.03 Jfo.02 Joozle.crffo.cr}
10 |[7.25 |[5.79 |[.88 |p54 |30 L4t |[ro1 Jfo.s1 Jfo.36 Jjo.2t Jjo.12 jo.07 J[o.04 lo.03 Jio.o2 Jo.c2fjo.ofjo.0y]
25 |[7.97 |[6.35]5.37 |B.57 J2-65 J[1.64 |[1.18 Jjo.72 Jjo.43 Jjo25 Jjo.14 J[0.0 [[0.05 J[0.04 jjo.02 Jjo.0zfjo.c2jjo.01]
50|85t |l6.77 572 Jle30 |2-92 J[183 |[133 Jjo.82 J[o.49 Jjo.2s Jjo.16 ][0.09 |[o.06 J[o.04 Jo.03 Jo.o2ffo.02fjo.01;
100 |[3.96 |[7.13 |[6.00 |60 J[3.17 J2.01 J[1.47 o.o1 J[o.56 Jfo.31 Jjo.17 J[o.10 ]fo.u6 Jjo.05 {003 Jjo.02}j0.02jf0.02]
200 ][9.36 |[7.42][6.24 Jja-86 |p.a1 J219 162 .01 Jo.62 Jfo.34 J[o.19 Jo.11 Jjo.07 Jo.05 Jjo.os Jjo.oafjo.ozfio.o0

500 [0.78 |[7.73 [[6.49 |.16 .70 J[2.43 J1.81 |14 |[o.71 [[o38 Jo21 Jjo.12 [jo07 Jfo.06 Jfo.o+ Juslfo.oalfo.0z
|101m |[10.13][7.57 [[6:67 |J5.40 |[5-04 Jj2-62 |[1.98 |[1.25 Jjo.79 Jjo-a2 ][o23 ][o13 Jo.08 J[o.06 Jfo.o4 Jo.03][v.ozffo.02]
w e

] * These precipiteiion frequency estimates aie based on a parial duralion series. ARI is the Average Recurrsnce inervas,
Plaase refer to the docymentation for more information. NOTE: Formatting forces estmates near zera 10 appear as 2210.

[ Textversion of table

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout. perl 7ty pe=idf&units=us&series=pd&statename=NORTH+CARULINA&statea.. 10£23/2007
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Hydrograph Return Period Recap

Hyd. | Hydrograph | inflow Peak Outflow (cfs) gi’ Hydrograph
No. type Hyd(s) description
(orlgin) 1-¥r 2-Yr 3-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr
1 SCS Runofi | - 6.767 6.082 | - 10.23 13.73 16.28 22.26 26.35 ;| PROPOSED
A e, -'_‘_-—-—-
3 Reservoir 1 0.000 0.000 | -w=---- 6.000 0.000 0.000 0.000 0.000 | POND 1

4

Proj. file: DurhamW aste-March-2009.gpw

Friday, Mar 6 20089, 2:51 PM

Hydraflow Hydrographs by intelisclve



:Hydrograph Summary Report

N

—

—

Hyd. | Hydrograph, Peak Time Timeto | Volume Inflow Maximum Maximum Hydrograph
No. type flow interval peak hyd(s) elevation storage description
{origin) {cfs) {min} {min} {cuft} {ft) {cuft)
1 SCS Runoff 18.28 3 732 82,209 e N e PROPOSED
3 Reservoir 0.000 3 0 0 1 302.28 192,609 POND 1
E
[ DurhamWaste-March-2009.gpw Return Period: 25 Year Friday, Mar 6 2009, 2:51 PM 3

Hydraflow Hydrographs by Intelisolve



Hydrograph Plot

Hydrafiow Hydrographs by intelisolve Friday, Mar & 2008, 2:51 PM
Hyd. No. 1

PROPOSED

Hydrograph type = SCS Runoff Peak discharge = 18.28 cfs
Storm frequency = 25yrs Time interval = 3 min
Drainage area = 7.480 ac N Curve number =79

Basin Slope = 00% ———u . Hydraulic length = O ft

Tc method = TR55 Time of conc. (Tc¢) = 31.00 min
Total precip. = 5.20in Distribution = Type ll

Storm duration =24 hrs Shape factor = 484

Hydrograph Volume = 82,209 cuft

PROPOSED
Q (cfs) Hyd. No. 1 -- 25 Yr Q (cfs)
21.00 - B e - e e e e R B -, 21.00
i | *‘ : : l | } |
| | | ; ‘ | |
18.00 TR R SRR M R : : 18.00
| ‘ ‘ : :
o | | |
| | f % | | a | |
15.00 i g Sk B § EERTa A - = 1 15,00
! | H I |
|
| - | | . s |
12.00 . i et - - 12.00
.
9.00 | SRR S S B : — . 9.00
| o \
6.00 i | | : 1 e S o - 6.00
; i ! ! ; | |
3.00 3.00
, : \ i
0.00 ‘ ‘ ' | ' S~ 0.00
0 3 5 8 10 13 15 18 20 23 25
Time {(hrs)



TR55 Tc Worksheet

Hydraflow Hydrographs by Intelisolve

Hyd. No. 1
PROPOSED
Description A B (5] Totals
Sheet Flow
Manning's n-value = 0.240 0.011 0.011
Flow length (ft) = 300.0 0.0 0.0
Two-year 24-hr precip. (in) = 3.26 0.00 0.00
Land slope (%) = 2.95 0.00 0.00
Travel Time (min) = 2915 + 0.00 + 0.00 = 29.15
Shallow Concentrated Flow
Flow length (ft} = 300.00 0.00 0.00
Watercourse slope (%) = 3.47 0.00 0.00
Surface description = Unpaved Paved Paved
Average velocity (ft/s) = 3.01 0.00 0.00
Travel Time {(min) = 1.66 + 0.00 + 0.00 = 1.66
Channel Flow
X sectional flow area (sqft) = 3.00 0.00 0.00
Wetted perimeter (ft) = 1.25 0.00 0.00
Channel slope (%) = 3.47 0.00 0.00
Manning's n-value = 0.015 0.015 0.015
Velocity (ft/s) = 33.27 0.00 0.00
Flow length (ft) = 300.0 0.0 0.0
Travel Time (min) = 0.15 + 0.00 + 0.00 = 0.15

Total Travel TIme, TC .o oo ie i rerm s s s an s sr s s s s 31.00 min



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve Friday, Mar 6 2008, 2:.51 PM
Hyd. No. 3
POND 1
Hydrograph type = Reservoir Peak discharge = 0.000 cfs
Storm frequency = 25yrs Time interval = 3 min
Inflow hyd. No. =1 Max. Elevation = 302.28 ft
Reservoirname = POND 1- OPTION 1 Max. Storage = 192,609 cuft
Storage Indication method used. Wet pond routing start elevation = 301.00 #. Hydrograph Volume = 0 cuft
POND 1
Q (cfs) Hyd. No. 3 -- 25 Yr Q {cfs)
21.00 C e - R — e — e o { e A 21.00
\ : '
! i r ‘ :
| ‘ ‘ ; : |
18.00 | - R 41 SR SN ‘ S I beoe 1 18.00
| | | <‘ |
| | i ‘. : ‘ | | i
; i | i |
15.00 ‘ | EEE L e e \ - L 1500
I : i ; [
12.00 - : . - | . : ; ©12.00
| | ' B |
| | | | | |
= i ‘ | i | | |
9.00 | : | | e ; ©o= 4 8.00
" " i i ! : ‘ |
| _ | ‘ z | |
6.00 | - - - |‘- | | | : 6.00
3.00 _ : 3.00
0.00 : J ‘ ‘ ‘ ' ‘ ! " 0.00
0 15 29 44 58 73 87 102 116 131 145

Time {hrs)
—— Hyd No. 3 —— Hyd No. 1



Pond Report 6

Hydraftow Hydrographs by Intefisolve Friday, Mar 6 2008, 2:51 PM
Pond No, 1 - POND 1- OPTION 1
Pond Data

Pond storage is based on known contour areas. Average end area method used.

Stage / Storage Tabie
Stage (ft) Elevation (ft) Contour area (sqft) Iner. Storage {cuft) Total storage {cuft)

0.00 299.00 50,233 0 0

1.00 300.00 55,161 52,697 52,697

2.00 301.00 60,245 57,703 110,400

3.00 302.00 65,419 62,832 173,232

4.00 303.00 70,652 68,036 241,268

5.00 304.00 75,943 73,208 314,565
Cuivert / Orifice Structures Weir Structures

[A] [B] [C€] (D] [A] (Bl [C] D]

Rise (in) = 0.00 0.00 0.00 0.00 Crest Len (ff) = 40.00 0.00 0.00 0.00
Span (in) = 0.00 0.00 0.00 0.00 Crest El. (ft) = 303.00 0.00 0.00 0.00
No. Barrels =0 4] 0 0 Weir Coeft. = 3.33 0.00 0.00 0.00
Invert EL. (i) = 0.00 0.00 0.00 0.00 Weir Type = Rect
Length (ft) = 0.00 0.00 0.00 0.00 Multi-Stage = No No No No
Slope (%) = 0.00 0,00 0.00 0.00
N-Value = .000 .000 .000 .000
Crif. Coefi. = 0.00 0.0G 0.00 .00
Multi-Stage = n/a No Na No Exfiltration = 0.000 in/hr (Contour} Tallwater Elev. = 0.00 #

Note: Culver/Orifice outflows have been arfatyzed under inlet and outlet control.

Stage (fi) Stagel Discharge Stage (ft)
5.00 T A | I I : 5.00
| | = | ! |
; i ! ‘
400 | | ‘ | ’ 4.00
3.00 3.00
200 : | . . ' 2.00
1 : i L |
1.00 - 1 : _ . 1.00
. ] | N
000 ' ' ! S | . ©0.00

0.00 10.00  20.00 30.00 40.00 500 6000 70.00 80.00 90.00 100.00 110,00 120.00 130.00 140.00-
Discharge (cfs}

Total Q



-:Hydrograph Summary Report

. Hyd. | Hydrograph! Peak Time Timeto | Veolume Inflow Maximum Maximum Hydrograph

7| No. type flow interval | peak hyd(s) elevation storage description

— (origin) {cfs) {min) {min) {cuft) (ft) {cuft)
1 SCS Runoff | 26.35 3 732 118,382 - e[ e PROPOSED

—l 3 Reservoir 0.000 3 0 0 1 302.82 228,782 POND 1

- I AR S i - o S
DurhamWaste-March-2009.gpw Return Period: 100 Year Friday, Mar 6 2009, 2:51 PM

Hydraflow Hydrographs by Intelisolve



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve Friday, Mar 6 2009, 2:51 PM
Hyd. No. 1 7 p
PROPOSED U(/\ v Q(,,fg
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TR55 Tc Worksheet

Hydraflow Hydrographs by Intelisolve

Hyd. No. 1
PROPOSED
Description A B [0} Totals
Sheet Flow
Manning's n-value = 0.240 0.011 0.011
Fiow length (ft) = 300.0 0.0 0.0
Two-year 24-hr precip. (in) = 3.26 0.00 0.00
Land slope (%) = 2.95 0.00 0.00
Travel Time (min) = 29.15 + 0.00 + 0.00 = 29,15
Shallow Concentrated Flow
Flow length (ft) = 300.00 0.00 0.00
Watercourse slope (%) =347 & 0.00 0.00
Surface description = Unpaved Paved Paved
Average velocity (ft/s} = 3.01 0.00 0.00
Travel Time {min) =166  + 0.00 + 0.00 = 1.66
Channel Flow
X sectional flow area (saft)} = 3.00 0.00 0.00
Wetted perimeter (1) = 1.25 0.00 0.00
Channel slope (%) = 3.47 0.00 0.00
Manning's n-value = 0.015 0.015 0.015
Velocity (ft/s) = 33.27 0.00 0.00
Flow length (ft) = 300.0 0.0 0.0
Travel Time {(min) = 0.15 + 0.00 + 0.00 = 0.15

Total Travel TImMe, TC v e cer e cer e reetss st s sn s rrran an s s s r e san s 31.00 min
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Hydrograph type = Reservoir a Peak discharge = 0.000 cfs
Storm frequency = 100 yrs Time interval = 3 min
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Pond Report

11

Hydrafiow Hydrographs by intelisolve Friday, Mar 6 2009, 2:

Pond No. 1 - POND 1- QPTION 1
Pond Data

Pond storage is based on known contour areas. Average end area method used.

51 PM

Stage / Storage Table
Stage (ft) Elevation (#) Contour area (sqft}  Incr. Storage (cuft) Total storage {cuft}
0.00 298.00 50,233 0 0
1.00 300.00 55,161 52,697 52,697
2.00 301.00 80,245 57.703 110,400
3.00 302.00 85,419 62,832 173,232
4.00 303.00 70,652 68,036 241,268
5.00 304.00 75,943 73,298 314,565
Culvert / Orifice Structures Weir Structures
[A] [B] [C] [D] [A] [B] [C] [D]
Rise (in) = 0.00 0.00 0.00 0.00 Crest Len (ft) = 40.00 0.60 0.00 0.00
Span (in) = (.00 0.00 0.00 0.00 Crast El. (ft) = 303.00 0.00 0.00 0.00
No. Barrels =0 0 0 0 Weir Coeff. = 3.33 0.00 0.00 0.00
Invert El. (ft) = 0.00 0.00 0.00 0.00 Woaeir Type = Rect - -
Length (ft) = 0.00 0.00 0.00 0.00 Multi-Stage = No No No No
Slope (%) = 0.00 0.00 0.00 0.00
N-Value = .000 .000 000 .Q0C
Orif. Coeff. = 0.00 0.00 0.00 0.00
Multi-Stage = nfa No MNo No Exfiltration = 0.000 in/hr (Contour) Tailwater Elev. = 0.00 f
Note: Culvert/Orifice oulflows have been analyzed under inlet and oullel cantrol.
Stage (ft) Stage / Discharge Stage ()
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Wastewcter Management Plan Durham Yard Waste Composting Facility
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Permit Number: NC_ 3000 387

Certlficate of Coverage Number: NCG

Cbm?bﬁ"' Centeal

STORMWATER DISCHARGE OUTFALL (SDO)
MONITORING REPORT

or

SAMPLES COLLECTED DURING CALENDAR YEAR: _2003
{This moenitoring report shall he received by the Division ne later than 30 days from
the date the facility receives the sampli resulf from the laboratory.)

L

FACILITY NAME COUNTY [£a]
PERSON COLLECTING SAMPLE(S) I ald Eiba PHONE, — 5500
CERTIFIED LABORATORY(S) Me b# .
Lab # OF PERMITTEE OR DESIGNEE)
y this signature, I certify that this report is accurate
complete to the best of my knowledge.
Part A: Specific Monitoring Requirements
Outfall Date 56050 4 I
No. Sample Total Prechemical /[ Cheamcal [Tolul Gelddhl/[Midate« Ndal  Amacng | Tolel Feral
Collected Flow ka4t Devwnd | Oogten Dewand Bidraen Nosceen Nitraer | Phosphwros Celifoerm
mo/dd/yr MG gt L g IL ma ]l g 1 g JL Coluaiay [ 106ml
spo | 12[17fe3 014 22.3 B4 9 0. 24 o. 4 10. Hf, 058
sho 2 12{17/63 O 4 31d 247 58 0.25 8. 17 1.9 43, 000

Daes this facility perform Vehicle Maintenance Activities using moreithan 55 gallons of new motor ofl per month? __ves __no
(if yes, complete Part B)

Part B: Vehicle Maintenance Activity Monitoring Requirements

Outfxl Date 50050 00556 00530 00400
No. Sample Total Flow Ofl and Total pH New Motor
Collected Grease Suspended O1f Usage
Solids
mo/dd/yr MG mg/l mg/l unit gal/mo
5po ¢t 213 | o. 14 < 51 Z.45 | >55
5p0 2 2lizfed | 6.42 < b 3 7.73 2 55

Form SWU-246-051100
Pagel of 2




STORM EVENT CHARACTERISTICS: Mail Original and one copy to:

Division of Water Quality
Date J2{17]03 At Contral Files  «. -
Total Event Precipitation (inches): o AC

1617 Mai Service Center
Event Deration (hours): .0 Raleigh, North Carolina 27699-1617

(if more than one storm event was sampled)

Date
Total Event Precipitation (inches):
Event Duration (hours):

"I certify, ander penalty of law, that this document and all attachments were prepared under my direction or supervision in accordance with a
system designed to assure that qualified personnel properly gather and evalmate the information submitted. Based on my inguiry of the person
or persons who manage the system, or those persons directly responsible for gathering the information, the mformation submitted is, to the best
of my knowledge and belief, true, accurate, and complete. I am aware that there are significant penalties for submitiing false information,
inclading the possibility of fines and lmprisonment for knowing violations.”

/?//2/?
(Datdj 7_ -

Form SWU-246-051100
Page 2 of 2




Permit Number: NC__3 €00 38

Certificate of Coverage Nomber: NCG

STORMWATER DISCHARGE OUTFALL (SDO)
MONITORING REPORT

or

SAMPLES COLLECTED DURING CALENDAR YEAR: Lec2
(This monitoring report shali be received by the Division no later t han 30 days from

. the date the facility receives the sampling results from the laboratery.}
FACILITY NAME C "ﬂpO‘S-\' Cerrtra [ COUNTY e T;urg
PERSON COLLECTING SAMPLE(S) __P. d 230 - 5500
CERTIFIED LABORATORY(S) _Mectlenby Lab#__ 142 -
Lab # 'ATURE OF PERMITTEE OR DESIGNEE)
v this signature, I certify that this report is securate
complete to the best of my knowledge,
Part A: Specific Monitoring Requirements
.Collected Flow Ovapen temand | Orggen Nidveaen Wikrgen | Nitevgen | Phetphorue |
: |moiddiyr | MG ]l malle reailc “mg ik wmall. | majl -
Zho T L3 [\13[5r 18, 631 143 L A L Y XA XA
' SDo2 | wfiael [».044¢ 56.8 244 5.3 c. 59 o.le (.76

Does this facility perform Vehicle Mainienance Activities using more than 55 gallons of new motor oil per month? _Z yes __no

(if yes, complete Part B)

Part B: Vehicle Maintenance Activity Monitoring Reguirements

OQutfall - | Date: 50050 Q0556 - 00530 00400

No. - Sample | Total Flow . Ollsnd | Total . pH New Motor.
T -Collected T |:Gresase .- Suspended ' Ol Usage
SDo | [af13]ea | .03 <A 285 8.9 >
5pe & op | 0-09 <5 47 7-06__| 255

Form SWU-246-051100
Pageiofl2



STORM EVENT CHARACTERISTICS: Mail Original and one copy to:

Divigion of Water Quality
Date 12 o> . Attn; Central Files
Total Event Precipitation (inches): 0. 1 ‘i 1617 Mail Service Center...

Event Duration (hours): Ralcigh, North Carolina 27699-1617

(if more than one storm event was sampled}
Date

Total Event Precipitation {inchesy: - .
Event Duration (honrs):

v] certify, under penalty of iaw, that this document and all attachments were prepared under my direction or supervision in ac cordance with a
system designed to assure that gualified persennel properly gather and evalnate the information submitted. Based on my inquiry of the person
or persons who manage the system, or those persons directly responsible for gathering the information, the information submitte d is, to the best
of my knowledge and belief, true, accurate, and complete. 1 am aware that there are significant penalties for sabmitting false information,
including the possibility of fimes and jmprisonment for knowing violations."

/S e

(Sign crmitiee) (Date)

Form SWU-246-051100
Page 2 of 2
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NUTRIENT MOVEMENT FROM A WINDROW
OF DAIRY BEDDING/LEAF MULCH COMPOST

Rose Mary Seymour' and Michael Bourdor?

AUTHORS: 'Public Service Assistant, Biclogical and Agricultural Enginecring Department, University of Geoergia, 1 109 Experiment
St., Griffin, GA 30223 and ?Former Graduate Research Assistant, Ecology and Environmental Sciences, University of Maine

Qrono, ME 04469,

REFERENCE: Proceedingy of the 2003 Georgia Water Resources Conference, held April 23-24, 2003, at the University of Georgia.

Kathryn J. Hatcher, editor, Institute of Ecology, The University of Georgia, Athens, Georgia.

Abstract. To evaluate movement of nutrients from
compost windrows, a test bed was designed 1o capture
the tunoff from and effluent leaching (leachate) through
2 moderate size compost windrow. For six natural rain
events, discharge volume over time was measured for
leachate and ranoff from a windrow created on top of the
test bed along with rainfall intensity. Samples from
leachate and runoff were analyzed for chemical
constituents of nitrate-nitrogen, ammonium-nitrogen, total
K jetdaht nitrogen, dissolved phosphorus and pH. Nutrient
concentrations from the compost effluents varied greatly
for the six rainfall events. Nitrate-N concentration in
teachate varied from 1.8 to 120 mg/L for the rainfall
events. Nitrate-N concentrations from runoff ranged
from 0.1 to 6.7 mg/L. Phosphorus concentrations were
consistently higher in the leachate than in the runoff. The
concentration of the nutrients in the leachate for some of
the rain events were high enough to warrant concern for
the potlution potentiat of large windrows placed directly on

soils.
INTRODUCTION

There is little to no data available on the effects of
rainfall on nutrient movement from composting windrows.
Large uncovered windrows placed directly on soii
surfaces or where runoff is not controlled can be a source
of pollution from nutrients leaving the windrows in runoff
or leachate infilirating into soil during and after a rain
gvent.

Composting is a recommended practice for dairy waste
golids and for municipal leaf waste. Because the
composting organic material has a high level of nutrients,
the compost windrows may create a potential pollution
problem from runoff and water leaching below the
compost windrow into subsurface soils. For actively
composting materials in a given setting, the amount of
nutrients and mechanisms for movement of nutrients
during tain events is poorly understood. Thus, the
potential for pollution from composting windrows is
unknown.

Without a better understanding of nutrient movement
from compost windrows, improved practices to prevent
the loss of nutrients from windrows cannot be sensibly
recommended. A study was designed to measure nutrient
movement from composting windrows due to natural
rainfall. Samples of runoff and leachate were taken from
composting windrows of dairy bedding (manure, urine and

wood shavings) and municipal leaf’ waste. Chemical
constituent concentrations of the effluent samples were
measured, and the hydrology of the water movement
through and over the windrows was quantified.

BACKGROUND AND RELATED WORK

Field studies to measure movement of nutrients from
composting windrows have looked at different composting
mixtures and constituents, In a study of different
composting windrow mixtures of manure and straw, Ulen
(1993) found elevated nitrogen (N) concentrations in
lcachate and increased concentrations of other nutrients
such as phosphorus (P) and potassium (K) in runoff.
Richard and Chadsey (1990), took water samples with
suction lysimeters at various depths below municipal leaf
waste composting in windrows. Nitrate and potassium
fevels in the soils below the compost site were higher than
surrounding soils. Warman and Termeer (1996) studied
leachate from various mixtures of composting raceirack
manure, grass clippings and municipal biosolids. They
concluded that the grass clippings contain elevated
nitrates due to lawn fertilization and when the grass cell
walls rupture during decomposition, the mitrates could
quickly leach from the windrow, Elevaied macronutrient
levels were observed only for the windrows containing
grass clippings. Confrolling excess losses of nitrate and
phosphorus would require either decreasing the quantity
of grass clippings or adding more of some other substrate
with a higher C:N ratio. Eghball et al. (1997) sampled
effluent from a concrete pad that held composting dairy
manure and found the runoff from the windrows could
contribute nutrients in concentrations high enough to
pollute surface and ground waters.

METHODS

The study was sct up at a farm composting facility on
the Witter Farm in Old Town, Maine. A test bed with
dimensions of 3.3 m X 15.2 m was established for the
study. The test bed consisted of a gravel filled trench with
an impermeable barrier below the gravel and a tile drain
pipe at the bottom of the trench to capture the leachate
coming out of the compost. The impermeable barrier was
attached to PVC pipes cut in half and placed like gutters
around the perimeter of the bed to capture runoff.



Runoff and leachate flow through the pipes were
measured by ISCO flow meters. The flow meters also
signaled ISCO automated samplers to take samples during
the rainfall events according to the volume of water
passing by the flow meters. Samples were taken at 50 L
intervals during rainfall events. Samples were removed
at the end of a rainfall event. Hydrologic data and
effluent samples were collected from four different
windrows that were established consecutively on the test
bed. The number of samples varied from event to event
and ranged from two samples to eight samples taken
during an event. There were a total of six measured
events.

Each sample was analyzed for nutrient concentrations.
Chemical concentration results presented are the
averaged concentrations of all samples taken for cach
event. Samples were filtered through a 2 micron filter.
Chemical analysis of the filtrates included nitrate-N,
ammonium-N, total Kjeldahl nitrogen (TKN), total
dissolved phosphotus and pH for both the leachate and
runoff, The detection limit for the TKN was 60 mg/L.
For the nitrate-N and ammonium-N the detection limits
were 0.05 mg/L,

The windrows were built to cover the entire collection
pad with dimensions of 152m X33 mX 1.22 m. A
tractor with a bucket formed the windrows. After the
windrow was formed, a windrow turner mixed the
subsfrates further.

The dairy manure was a heterogeneous mixturc of
manure and wood shavings used as animal bedding, This
material was used in all windrows so the term ‘manure’
is used to describe the above mixture.

The yard waste was material collected from the
University of Maine Campus and five surrounding
municipalities and delivered to the composting site. This

material was comprised primarily of fallen leaves (> 95%
by volume), though there was some cut brush and other
organic residuals. To provide proper C:N ratio (35:1) and
moisture content (50 %) for composting, a volumetric
ratio of 3: 1, vard waste to manure was determined for the
composting mix.

Each windrow was on the test bed for only 28 days.
This length was chosen to focus on the initial composting
phase because this is when the most rapid organic
breakdown occurs during composting (NRAES 1992).

Temperature changes were used to determined when
the windrow needed turning and mixing. The temperature
was measured with a probe inserted into the center of the
cross section of the windrow at three locations along the
length of the windrow. The temperature was checked
twice a week, and the windrow turned it the temperature
reached or exceeded 66° C or when the temperature
declined below 32° C. If neither of these conditions were
met the windrow was turned 14 days from the last
turming. The tuming was carried out with a windrow
turner attached to the side of a tractor.

RESULTS

Table | provides summary runoff and leachate
discharge and rain data for the six events. The number of
rain events and the amount of data collected were limited
by a drought during the months the study was conducted.
However, the results provided valuable information on
some aspects of the hydrology and nutrient movement
from the composting windrows. The observed
characteristics were a unique combination for each
rainfall event. The average rainfall intensity for an cvent
ranged from 1.8 to 8.2 mm/hr. The duration of the tain
evenfs

Table 1. Summary of the rainfall, leachate and runoff data and the number of days
since the compost windrow was established until the particular rainfall event occurred

Dateand  Total Ageof Ratio of Effluent Rain in Max Ave
Pile ID Time*  Compost Cumulative Volume to Rain Windrow Rain Rain
mm Yo Yo mm/hr  mm/hr
Rain Leachate Rumoff Leachate Runoff/
fRain Rain
5/20/99-A 11:15 17 19.1 10.1 23 52.8 12.3 34.8 6.1 23
5/24/99-A 9:00 21 9.9 21 6.7 922 68.4 —- 8.1 24
6/1/99-B 10:30 2 30.8 10.5 75 341 243 416 49.8 8.2
6/8/99-B 14:15 3 18.1 79 4.5 43.6 24.7 31.7 9.1 26
7/10/99-C 3:15 i 6.0 1.0 54 16.0 89.9 30 1.8
810/99-D  22:45 4 572 26.1 19.0 45.6 332 213 264 73

Format of time iietval 13 TIOULS, MIIULES.

# Age of compost is the number of days between when the pite was first cstablished and the rainfall event occurred.



ranged from 3 hours and 15 minutes to 22 hours and 45
minutes.

On the gravel test bed, the percentage of rainfall that
permeated  the windrows was higher than the
percentage that ran off the outside of the windrow for all
but the lowest intensity event. The ratios of leachate to
rain and runoff to rain were not related to average or
maximum intensities of the rainfall. For all rain events,
more of the total rainfall became runoff or leachate than
was and held in the windrow mixture.

Unexpectedly, there were two events where the
volumes of runoff and leachate together exceeded the
votume of rainfall measured, The two rain events on
May 24 and July 10 had the lowest total precipitation and
were low intensity events, but there was more total
volume of leachate and runoff from the windrow than
the total volume of rainfall that fell on the windrow.

On May 24, 60 % of the total of the effluents was
leachate. This excess leachate was due to the
antecedent motsture conditions of the windrow, the
windrow temperature and the ambient weather
conditions just betore and during the rain event. Just 3
days previously, on May 20, there had been rain that had
left the windrow saturated. This windrow had been in
place for 21 days and was past the hottest part of the
composting process. There was little to no heat within
the windrow to drive evaporation of the excess water
from the windrow. Because it was late May and
weather was overcast between May 20 and 24, the
ambient conditions would not have created much
evaporation from the windrow either for those three
days. In this case, the runoff and leachate volumes
together were 160 % of the estimated total rainfall
volume that fell on the windrow.

The rain event on July 10 had a total of runoff and
leachate that was 6 % more than the measured volume
of rainfall for the event. While the rain gauge for
measuring the rain was within 3 m of the windrow test
bed, rain intensity is spatially highly variable. This 6+ %
discrepancy was some combination of instrument error
for the discharge measurements and error due to spatial
variability of rain intensity at the site.

Far the events where the total of leachate and runoff
volumes were less than the total rain volume, the longer
the storm duration the higher the percentage of the rain
that became leachate and runoff. The rain event
duration had more effect on the percentage of rain that
became effluents than the rain intensities which showed
no correlation with the percentage of rain that became
leachate or runoff.

Tables 2 and 3 show the nutrient concentrations for the
runoff and leachate samples, respectively. Nutrient
concentrations were much lower in the runoff samples
than the leachate samples for all events. Nitrate-N was
over the drinking water standard concentration of 10
mg/L in leachate for all events except the largest rainfall
intensity event. Nitrate-N in runoff was never over the
drinking water standard. Ammonium-nitrogen did not

have consistently higher concentrations for either runoft or
leachate samples. Phosphorus was higher in the leachate
than in the runoff for all but the longest lasting storm.

DISCUSSION

Results indicated that nitrogen can move out of
composting windrows al concenfrations that exceed
drinking water slandards under some rain conditions. The
high conecentrations of nitrate-N results from water moving
out of and through the windrow due to wetting from rain.
This leachate can infiltrate directly into soil below a
windrow or with impervious surfaces, it would become a
part of the runoff. However, proper design of the surface
area where large scale composting will take place can
minimize or prevent this problem.

An impermeable liner or compacted clay placed at or
below a composting facility surtace would prevent the
leachate from windrows from moving deeper into the soil.
The liner or clay would need to have some additional
materials such as gravel or woodchips on top to altlow for
capture and drainage of the surface so that heavy turning

Table 2. Nitrogen and phosphorus concentrations
and pH of runoff sampies from compost
windrows for six rainfall events

NH4-N NO3-N  TEN P
Date mg/L mg/L mg/l. mgl. pH
5720 2.1 0.1 <60 120 7.6
5724 6.3 0.8 <60 7.4 8.2
6/7 10.6 6.7 430 150 7.7
6/8 5.1 438 <60 1.1 7.7
7/10 1.7 1.4 181 163 8.6
810 386 18 284 278 83

Table 3. Nitrogen and phosphorus concentrations
and pH of leachate samples from compost
windrows for six rainfall events

NH4-N  NO3-N TKN P
Date mgL mg/L. mgl. mgl pH
520 1.4 34.1 83 203 8.0
524 0.6 12.0 K 207 82
6/7 284 21.0 171 206 87
6/8 343 11.0 190 260 86
710 22 120 185 170 89
810 0.3 1.8 235 190 8.1




and loading equipment could move over the surface
soon after rain events.

Hlowever, this would result in more water collected on
the surface and an increase in runoft as well as an
increase in the nutrient concentrations in the runeff. To
prevent the increase in nutrient cencentration in the
runoff, windrows can be covered with impermeable
covers. Care must be taken in doing this so that the
covers do not inhibit the flow of air into the windrows to
maintain  oxvgen levels for the composting process.
Serious odor problems could arise if the covers
prevented air movement into the windrows.

Alternatively, windrows could remain uncovered and
the runoff from the composting area could be captured.
The captured runoff could be re-applied to the windrows
when they needed moisture or it could be treated through
constructed wetlands or other natural means and allowed
to flow into nearby streams after treatment.

RECOMMENDATIONS

The study presented was limited in duration and only
dealt with one mix ratio of dairy bedding and leaf waste.
Other mixtures and composting matertals would have
different nutrient concentrations and characteristics, so
other compost substrates need to be evatuated in similar
studies.

The study only looked at the first 28 days of the
windrow composting process. NRAES (1992) states
that the maturing phase of the compost process
accompanies an increase in nitrate concentrations in the
compost. Also, Inbar et al. (1991) found increasing
concentrations of nitrates in compost occurred after the
rapid phase of the composting process. This suggests
that at later stages there would be higher nitrate
concentrations in both runoff and leachate from
windrows. This hypothesis needs to be investigated as
well as further studies on the mechanisms of nutrient
movement throughout the composting process.

Another poorly understood issue with the movement of
nutrients from open composting windrows is how the soil
microbiology below the windrows are affected.
Knowledge of soil microbiology changes that occur
under compost windrow facilities could provide insight
into the movement of nutrients in the soil and subsoil
below windrow facilities.
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Geosynthetic Research Institute

N 475 Kedron Avenue @
&ﬁ( Folsom, PA 19033-1208 USA @"@
) - TEL (610) 522-8440 @)
Drexel FAX (610) 522-8441 @-@

UNIVERSITY
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GRI Test Method GM13*

Standard Specification for

"Test Properties, Testing Frequency and Recommended Warranty for
High Density Polyethylene (HDPE) Smooth and Textured Geomembranes”

This specification was developed by the Geosynthetic Research Institute (GRI), with the
cooperation of the member organizations for general use by the public. [t is completely optional
in this regard and can be superseded by other existing or new specifications on the subject matter
in whole or in part. Neither GRI, the Geosynthetic Institute, nor any of its related institutes,
warrant or indemnifies any materials produced according to this specification cither at this time

lor in the future.

1. Scope

|.1  This specification covers high density polyethylene (HDPF) geomembranes with a
formulated sheet density of 0.940 g/ml, or higher, in the thickness range of 0.75
mm (30 mils) to 3.0 mm (120 mils). Both smooth and textured geomembrane

surfaces are included.

1.2 This specification sets forth a set of minimum, physical, mechanical and chemical
properties that must be met, or exceeded by the geomembrane being manufactured.
In a few cascs a rangg is specified. .

13 In the context of quality systems and management, this specification represents
manufacturing quality control (MQC).

Note |: Manufacturing quality control represents those actions taken by a
manufacturer to ensure that the product represents the stated
objective and properties set forth in this specification.

14 This standard specification is intended to ensure good quality and performance of
HDPE geomembranes in general applications, but is possibly not adequate for the
complete specification in a specific situation. Additional tests, or more restrictive

*This GR1 standard is developed by the Geosynthetic Research Institute through consultation and review by the
member organizations. This specification will be reviewed at least every 2-years, or on an as-required basis. In this
regard it is subject to change at any time. The most recent revision date is the effective version.
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values for test indicated. may be necessary under conditions of a particular
application.

h

This specification also presents a recommended warrant which is focused on the

geomembrane maierial itself.

(6 The recommended warrant attached to this specification does not cover installation
considerations which is independent of the manufacturing of the geomembrane.

Note 2: For information on installation techniques, users of this standard are

referred to the geosynthetics literature, which is abundant on the
subject.

Referenced Documents

2.1 ASTM Standards

D 792
D 1004
D 1238
D 1505
D 1603
D 3895
D 4218
D 4833
D 5199
D 5397
D 5596

D 5721
D 5885

D 5994

D 6693

Specific Gravity (Relative Density) and  Density of Plastics by
Displacement

Test Method for Initial Tear Resistance of Plastics Film and Sheeting
Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer
Test Method for Density of Plastics by the Density-Gradient Technique
Test Method for Carbon Black in Olefin Plastics

Test Method for Oxidative Induction Time of Potyolefins by Thermal
Analysis

Test Method for Determination of Carbon Black Content in
Polyethylene Compounds by the Muffle-Furnace Technique

Test Method for Index Puncture Resistance of Geotextiles,
Geomembranes and Related Products

Test Method for Measuring Nominal Thickness of Geotextiles and
Geomembranes

Procedure to Perform a Single Point Notched Constant Tensile Load -
(SP-NCTL) Test: Appendix

Test Method for Microscopic Evaluation of the Dispersion of Carbon
Black in Polyolefin Geosynthetics

Practice for Air-Oven Aging of Polyolefin Geomembranes

Test method for Oxidative Induction Time of Polyolefin Geosynthetics
by High Pressure Differential Scanning Calorimetry

Test Method for Measuring the Core Thickness of Textured
Geomembranes

Test Method for Determining Tensile Properties of Nonreinforced
Polyethylene and Nonreinforced Flexible Polypropylene Geomembranes

2.2 (GRI Standards

GM10

Specification for the Stress Crack Resistance of Geomembrane Sheet
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GM |1 Accelerated Weathering of Geomembranes using a Fluorescent UV A-
Condensation Exposure Device

GM 12 Measurement of the Asperity Height of Textured Geomembranes Using
a Depth Gage

23 U. S. Environmental Protection Agency Technical Guidance Document "Quality
Control  Assurance and Quality Control for Waste Containment Facilities.”
FPA/OOO/R-93/182, September 1993, 305 pgs.

Definitions

Manufacturing Quality Control (MQC) - A planned system of inspections that is used to
directly monitor and control the manufacture of a material which is factory originated.
MQC is normally performed by the manufacturer of geosynthetic materials and is
necessary to ensure minimum (or maximum) specified values in the manufactured
product. MQC refers to measures taken by the manufacturer to determine compliance
with the requirements for materials and workmanship as stated in certification documents
and contract specifications.

ref. EPA/600/R-93/182

Manufacturing Quality Assurance (MQA) - A planned system of activities that provides
assurance that the materials were constructed as specified in the certification documents
and contract specifications.  MQA includes manufacturing facility inspections,
verifications, audits and evaluation of the raw materials (resins and additives) and
geosynthetic products to assess the quality of the manufactured materials. MOQA refers to
measures taken by the MQA organization to determine if the manufacturer is in
compliance with the product certification and contract specifications for the project.

ref. EPA/600/R-93/182

Formulation, n - The mixture of a unique combination of ingredients identified by type,
properties and quantity, For HDPE polyethylene geomembranes, a formulation is
defined as the exact percentages and types of resin(s), additives and carbon black.

Material Classtfication and Formulation

4.1 This specification covers high density polyethylene geomembranes with a
formulated sheet density of 0.940 g/ml, or higher. Density can be measured by
ASTM D1505 or ASTM D792, If the latter, Method B is recommended.

42 The polyethylene resin from which the geomembrane is made will generally be in
the density range of 0.932 g/ml or higher, and have a melt index value per ASTM
D1238 of less than 1.0 g/10 min.

4.3 The resin shall be virgin material with no more than 10% rework. [f rework is
used, it must be a similar HDPE as the parent material.
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4.4

No post consumer resin (PCR) of any type shall be added to the formulation.

Physical, Mechanical and Chemical Property Requirements

5.0

The geomembrane shall conform (o the test property requirements prescribed in
Tables | and 2. Table | is for smooth HDPE geomembranes and Table 2 is for
single and double sided textured HDPE geomembranes. Each of the tables are
given i English and Sl (metric) units. The conversion from English to sl
(inetric) is soft.

Note 3:

Note 4:

Note 5

Volatile Loss

The tensile strength properties in this specification were originally
based on ASTM D 638 which uses a laboratory testing temperature
of 23°C + 2°C. Since ASTM Committee D35 on Geosynthetics
adopted ASTM D 6693 (in place of D 638), this GRI Specification
followed accordingly. The difference is that D 6693 uses a testing
temperature of 21°C £ 2°C. The numeric values of strength and
clongation were not changed in this specification. If a dispute
arises in this regard, the original temperature of 23°C £ 2°C should
be utilized for testing purposes.

There arc several tests often included in other HDPE specifications
which are omitted from this standard because they arc outdated,
irrelevant or generate information that is not necessary to evaluate
on a routine MQC basis. The following tests have been purposely
omitted:

Water Absorption

Dimensional Stability + Ozone Resistance
Coeff. of Linear Expansion e Modulus of Elasticity
Resistance to Soil Burial o Hydrostatic Resistance
L.ow Temperature Impact e Tensile Impact

ESCR Test (D 1693) s Field Seam Strength
Wide Width Tensile e  Multi-Axial Burst
Water Vapor Transmission « Various Toxicity Tests

There are several tests which are included in this standard (that are
not customarily required in other HDPE specifications} because
they are relevant and important in the context of current
manufacturing processes. The following tests have been purposely
added:

Oxidative Induction Time

Oven Aging

Ultraviolet Resistance

Asperity Height of Textured Sheet

s & & »
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5.2

5.3

Note 6: There are other tests in this standard, focused on a particular
property, which are updated to current standards. The foilowing
are in this category:

s Thickness of Textured Sheet

e Puncture Resistance

s Stress Crack Resistance

o Carbon Black Dispersion (in the viewing and subseguent
quantitative interpretation of ASTM D 5596 only near
spherical agglomerates shall be included in the assessment).

Note 7: There are several GRI tests currently inctuded in this standard.
Since these topics are not covered in ASTM standards, this is
necessary. They are the following:

¢ UV Fluorescent Light Exposure
+ Asperity Height Measurement

The values listed in the tables of this specification are to be interpreted according
to the designated test method. In this respect they arc neither minimum average
roll values (MARV) nor maximum average roll values (MaxARV).

The properties of the HDPE geomembrane shall be tested at the minimum
frequencies shown in Tables | and 2. If the specific manufacturer's quality
control guide is more stringent and is certified accordingly, it must be followed in
like manner.

Note 8: This specification is focused on manufacturing quality control
(MQC). Conformance testing and manufacturing quality assurance
(MQA) testing arc at the discretion of the purchaser and/or quality
assurance engineer, respectively.

Workmanship and Appearance

6.1

6.2

6.3

Smooth geomembrane shall have good appearance qualities. It shall be free from
such defects that would affect the specified properties of the geomembranc.

Textured geomembrane shall generally have uniform texturing appearance. [t
shall be free from agglomerated texturing material and such defects that would

affect the specified properties of the geomembrane.

General manufacturing procedures shall be performed in accordance with the
manufacturer's internal quality control guide and/or documents.
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10.

1.

MQC Sampling

7.1

7.3

Sampling shall be in accordance with the specific test methods listed in Tables |
and 2. If no sampling protocol is stipulated in the particular test method. then test
specimens shall be taken evenly spaced across the entire roll width.

The number of tests shall be in accordance with the appropriate test methods
tisted in Tables | and 2.

The average of the test results should be calculated per the particular standard
cited and compared to the minimum value listed in thesc tables, hence the values
listed are the minimum average values and are designated as "min. ave.”

MQC Retest and Rejection

8.1

if the results of any test do not conform to the requirements of this specification,
retesting to determine conformance or rejection should be done in accordance
with the manufacturing protocol as set forth in the manufacturer's guality manual.

Packaging and Marketing

9.1

The geomembrane shall be rolled onto a substantial core or core segments and
held firm by dedicated straps/slings, or other suitable means. The rolls must be
adequate for safe transportation to the point of delivery, unless otherwise
specified in the contract or order.

Certiftcation

10.1

Upon request of the purchaser in the contract or order, a manufacturer's
certification that the material was manufactured and tested in accordance with this
specification, together with a report of the test resutts, shall be furnished at the
time of shipment. '

Warranty

1.1

13

Upon request of the purchaser in the contract or order, a manufacturer’s warrant of
the quality of the material shall be furnished at the completion of the terms of the
contract.

A recommended warranty for smooth and textured HDPE geomembranes
manufactured and tested in accordance with this specification is given in
Appendix A.

The warranty in Appendix A is for the geomembrane itself. It does not cover
subgrade preparation, installation, seaming, or backfilling. These are separate

GM13 -6 0f 14 rev. 6 — 6/23/03



operations that are often beyond the control, or sphere of influence, of the
gcomembrane manufacturer.

Note 9:  If a warrant is required for installation. it is to be developed

between the installation contractor and the party requesting such a
document.
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Table 1(a) — High Density Polyethylene (HDPE) Geomembrane -Smooth

ENGLISH UNITS

Propertics Test Test Value Testing Frequency
Method 30 mils 40 mils 50 mils 60 mils 80 mils LOU il 120 mils {minimunm)
Thickness (min. ave.) D519% ROM. Nom. Nom. Nom. Nom. Nom. Nom. Per roll
¢ lowest individual of 10 values -10% -10% -10% -10% -10% -10%, -10%
Density mg/l {min.) D 1505/D 792 | 0.940 g/ec | 0.940 glec | 0.940 glec | 0.940 g/ce | 0.940 giee | 0.940 gree 0.940 gice 200,00 Ib
Tensite Properties (1) (min. ave.) D 6693 20.000 b
«  vyield sirength Type TV 63 1b/in. 84 Ibfin. 105 Ibfin. | 126 Ib/in, | 168 Ib/in. | 210 lban. § 232 Ibsin.
« break strength 114 Ibfin. 1521bfin. | 190 Ib/in. | 228 Ibfin. | 304 1bfin. | 380 lbrin. | 436 lbiin.
. y]e[d elgngation 12% 12% 12% 12% 12% 129, 129,
« break elongation 700% T00% 700% 700% 700% TO0% 7004
Tear Resistance (min. ave.) D 1004 21 lb 28 b 351b 42 1b 56 Ib 70 1b 84 b 45,000 1b
Puncture Resistance (min. ave.) D 45833 54 tb 72 1b 90 1o 108 1b 144 1b 180 1b 216 1b 45,000 1b
Stress Crack Resistance (2) D5397 300 hr. 300 hr. 300 hr. 300 hr. 300 hr. 300 hr. 300 hr. per GRI-GM 1
(App.)
Carbon Black Content {range) D 1603 (3) 2.0-3.0% 2.0-3.0% 2.0-3.0% | 2.0-3.0% | 2.0-3.0% | 2.0-3.0% | 2.0-3.0% 20,000 Ib
Carbon Black Dispersion D 5596 note {4) note (4) note (4} note {4} note (4) note (4) note (4) 45,000 tb
Oxidative Induction Time (OIT) (min. ave.) (3} 200,000 1b
{(a} Standard OIT D 3895 100 min. 100 min, 100 min. | 100 min. | 100 min. 100 mun. 100 min.
(b) High Pressure OIT D 5885 400 min. 400 min. 400 min. | 400 min, | 400 min. ] 400 min. | 400 min.
Oven Aging at 85°C (J). (6) D 5721
(a) Standard OIT (min. ave.} - % retained afier 90 days D 3895 35% 55% 55% 35% 55% 359%, 35% per cach
—or — tonmulation
{b) High Pressure OIT (min. ave.)- % retained after 90 days D 5885 80% 80% 80% 80% 80% 0%, B
UV Resisiance (7) GM 11
{2) Standard OIT (min. ave.) D 3895 N.R.(5) N.R. (8) NR. 8 | NR.@& | NR &) N.R. %) NLR. 8, per each
—or— tormaulation
(b) High Pressure OIT (min. ave.) - % retained after 1600 hrs (%) D 5885 50% 50% 50% 50% 50% 0% 30%

1) Machine direction (MD) and cross machine direction (XMD}) average values should be on the basis of 5 test specimens each direction.
Yield elongation is calculated using a gage length of 1.3 inches
Break elongation is caleulated using a gage length of 2.0 in.

{2}  The yield stress used to calculate the applied toad for the SP-NCTL test should he the manufacmirer’s mean value via MQC testing.
¢3)  Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable if an appropriare comrelation 1o D 1603 (tube fumace) can be established.

#4)  Carbon black dispersion {(only near spherical agglomerates) for 10 different views:

9 in Calegories 1 or 2 and | in Category 3

(5)  The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the geomembranc.
(6; 1tis also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response.

(7)  The condition of the test should be 20 hr. UV cycle at 75°C followed by 4 hr. condensation at 60°C,
{8  Not recommended since the high temperature of the Std-O1T test produces an unrealistic result for some of the antioxidaris in the UV exposed samples.
(@ UV resistance is based on percent remined value regardless of the criginal HP-OIT value,




Adoption and Revision Schedule
for

HDPE Specification per GRI-GM 13

“Test Properties, Testing Frequency and Recommended Warrant for
High Density Polyethylene (HDPE) Smooth and Textured Geomembranes™

Adopted:

Revision |;

Revision 2:

Revision 3:

Revision 4:

Revision 3:

Revision 6:

June 17, 1997

November 20, 1998; changed CB dispersion from allowing 2 views
to be in Category 3 to requiring all 10 views to be in Category I or 2.
Also reduced UV percent retained from 60% to 50%.

April 29, 1999: added to Note 5 after the listing of Carbon Black
Dispersion the following: “(In the viewing and subsequent
quantitative interpretation of ASTM D5596 only near spherical
agglomerates shall be inctuded in the assessment)” and to Note (4)
in the property tables.

June 28, 2000: added a new Section 5.2 that the numeric table values
are neither MARV or MaxARV. They are to be interpreted per the
the designated test method.

December 13, 2000: added one Category 3 is allowed for carbon
black dispersion. Also, unified terminology to “strength” and

“clongation”.

May 135, 2003: increased minimum acceptable stress crack resistance
time from 200 hrs to 300 hrs.

June 23, 2003: Adopted ASTM D 6693, in place of ASTM D 638, for
tensile strength testing. Also, added Note 2.
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