SUPPORTING CALCULATIONS

SUB-HEADINGS:
RUN-OFF CALCULATIONS
DITCH DESIGN 1-11
CULVERT DESIGN
ROCK DAM DESIGN

page, (3




RUN OFF CALCULATIONS



D17cr 1.
Sec7ron) (P4 SCS ME7#OD

‘ 74 = /é?(p?g(g#?': 2.85 Ac
GeabinG = O F4Ac + 129738z [, O4AC
Frewp = 3.85-1.04 = 2.8/ Ac
L= Le6'+2%3 =939
CHARwIEL 320+ 2932593
3/6/5 - 2335 = 38

Netl =
S=: #8/535- 42
CN WEIEAHTED __34,___%4’ « B9 = 24.04G 2 Apen
5 4 ]
32"2_35\( Fl = 52419 Freeo
3(90 Rawm = S /,//0,724;6/:. C/\/w = F6:13 —’_—-?-.r.——é '
#) Der7 7S +¢ So
50 245 2:89
o | S & 2448 X 3,424
¢-© 3.% 2,98

Xz 3.04" Deer

s L
) L=2°9(a)
Q= 12.:2% EqQuiv Aerzes
=16 Z08p 3%dLs L8% @c~nzFC —* /4 crs/iv

= 42:'56cFS

G
4., Q= !4ecrs/ivx 2.04"

@2742'56 x 3.85 = /3,84 Cc~=S
/2,2

5. Q2 Mo /Ppeny
Yo CHANN moOD =

Q'E: /3.4 x 1/#=7272.8 cFS

= 22/ Desrsi

Y a5 (3% — 437

4 Secopre
Q4 = (/)* 2218

No ForIpI/AZG .




DL |
sSeccrron C+4 Rarowse Che A

QD=cz A A= 2.8SAc
® o= ow
LPALL = 28
L= 9297
fe= G/ prin
L cerve g.03@Ey —S87
G=(eX8) 38S
R= /8. 48 CFS vs 22:8 c,s SCS mermod

7\

~ ceosEs Bl SiTE,




®

D17 A Z
SecT7ron G

TA= 1202¢/) 6 = 2:FbAc
GRADING AREA = 2SS ' #1060 42 O F4A
fFreed 2.3 - F4z 2,02 Ac
L = 565+00= 6l ) CHANN = 2/44/0/= 220
DAec= 3/1/S-27F9 = 32,5
S: 325/¢4tz 49Y~ 5%

N Werenrs 2,724 ¢« 89 = 23.9 G RADED

2,7
‘%x F = $2.0  mimp
Za) Rz S o = 75.9 =~
(b)) Oerpr+ 7S Fe Bo
s 72.45 2 ¢
56 2,948 _X_ 3,424
6.0 3.28 2. +8
Lz 209 (2)"° Y= 2.04. 'Deer

O .9 EQuiIV AczES

) Fte 308 (p) 3% S L&) — S cFs/inv
Co = S-Scf—s/w x B.04 = 25.84 cFs
Qr= 25. 89 x Zéf?’:éé = /0.34 CFS

Mo /mPerev
% commet Mod = ZEEDT = 4806734
R = /0,34 % /.39 = /3.86 ¢r~s
StoPE pApT -2 /.04
Q4= /3.8 x%1.04 = /f,4 cFS
WO fopipiN G
DesicN/ = /194 cFs,




Dircy L
Sec7eoN Qv

T A= §2667 &' =/ 94Ac

‘ - G RADINC  ArReA = 2L/ 585'22?‘-:: 0,54«
£ enDd = l4AC |
L =565 (279 "/ C'/ffiA/A/&TZ.)

Ae,= 311.S -2883 - 28,50
5,5

eN WerenTED _/_ie_s._'x &G = 25 Grapnk
/Dy 2] = 5232 Frewn
/e -

G
Ba) =567 54.6® ~ 55 cN
% | _—
() CHART S70 53_@____@3 . x
S.o )30 / - T.iz T o7
S 6 X /3 +3F = [&F
' (415 /'92. ‘

) L= z_oq&g}'("
az 5.25 epuiv AcrE
o Fl§ 2:08p) 3% (S &k — é‘c;:s/m
4. Ql: éaﬁs,,u)(/.(,?-;_- 0,02 &S

C,~ ro.02x L9 = 3.3 crm
S.212S

5 No /pPerv

Mop CHANMEL K= S—f{—i: 29 /
FreromrR /13

(R~ = 263 % /3 =_‘_f_i__?_—c,ﬁ=f

6. Seopd AT Lod




®

sec7rornd Q| DI 7CH ‘gj
TA = 2449 ' = &5¢

L = 232

AC

Ae. = //.5 - 295.5= /6

S = Sy = 4.8

CN epnrenr Grapep= 8585 =02 4c
1D T 05— 002 = 630

ceae % « 89 = 3.8
A
F1EC0 .3/4 « FI = 45,44
Za> L= S-L” S en FE# =TS
) D= 7S 78 8o
Sto  7Z.45 2:89
5,67 2,948 p'4 ?'424
6.0 325 2,8
Y= 3.23"

-
€y L= 2090

o= 216 Euiv AcpESs
d Fi6 3.08p B} LS L8L > ACES)in
4' Ql: 4;/6‘:3//1\}7( 3:23”= /3.2.f4-CF5

= /3. 29 x 2=2¢
@ 29 x 2. /¢

5, Mo I#IR e
O AN e C /‘Wac,/ %

143 “IN Ceransts

337

/i 25 FACTONR
A== 3.423% 1,25 = 4 .29

6 Scors ADT /.04

4:9¢ cES

= 3.43 CrFS

= 439

ook Smate ' F
JHOD 5.



/%74%/// ~

’ _ C=-6

A= “SCAc
re
c,, 2! pmoe
Z = 25
P= ¢
(A = (- 6)(SC) 7S5 2S2
CF’F'!:? 4,5




DITCH 2

‘ - 7A= 180088 #'= 4,13 Ac.
| GRADING = 413~ 207449 = .39 4c
FrELD = 1195500 = 2-F44<

L= /174"
Aec= 323-7273.5= 495
S = _4.2-'—-5- ¢ = 4,7 O/
[174 ~ e /o
Cw WeisnTED _137. 89 = 2995 Grrong
4,773
2.3 2/ = 4%.0
) , 4:/3 X ? . /:/&'Lo
Xa) Ramn =z S 6  CNy = 33
(b) Dep?s 7S = 8o
_ <S. L 2:94& 'Y 3.424
. 5-0 3422’) ‘ 3/;_%

. Y= B4 " Deer
© L= 205@

&= |+:8 AC Epuv
(h Fr4 3.08 (p) 2% L P — /?z.fcz.s/w
4. Q= /7:5 ersfmx 314" T 54.65 ces

Qy_: S4»95’x,i‘_/_} = 12/ FS cFs
/! F+®

s MNo /imperzvy N
No CHAVVEL #OD
Q3=QRy= /275
b. Stepe 4% = lo
Q® Qae= 12,35 %! = 12,75 ers Desrén



D7 EH SW

AN
Q)’

& | 74 = 222088 = ©.085 Ac =
: Car = &9 AHee Graom/6
A 28
Ae = 3095~ 206 3,57
S: FEg - 4%
3 K= $.6 |

B D= 4.3
¢ L- zoq ()"
, b= O+ 24 £0uv A
) F16 3108w 3%l S Z/crsfmen
4 Q= 2/ x 436= T/ crs »
&y - 7./ %28 - /.9 crs
s 2 4
o Mo 1P ey
0D Y Cppammdet mMop —> /. 6S
/' Gcrsx /(S = 3,75
2 S(,o/az Aor 4% =r0
OES/Cn 3./15 cFs




DI/7cH 3S \/\

TA = 56934 = ©./34c
. A V= 87 gecc Lripng
L = /83’7
dep = 2095 -306:> 25
S: ez =1 9% =2%
o) =56

b 0= 43" @ &Fen é SL” See fFrev. Caclc.
(e A= 209 (a)©
QA =.8 doviV Acees
(r 76 3:08(c) 9 3% £ 8GN —> /. ? cFs/mw
4. G = /G eFsy, ~ 426" = B.28crFs
| &, = £28x 2. /32 . /. 35ces
o8

@®: o imPerv
/00 Cummpet. mop /LT & Cuy=99
/), 25 ces X /165 = 72.22 cFS

6. ScorRE ApT 223 /13 5 _ X X =¢.: 07
pm—— e psmam—
Z‘a X //5 ‘Z 4
3.0 072 /i!3 = 2.0 = [/, 06

——————————"

2:22 cASx /o= 236 CFS

/ .
Desgrs 20 36 crms




Dirce Bsw (#3w+ 3s) NI

‘ TASe,, = 10963 p'= O. Z5AC
GRADIAI G = Bol/ok = O.O0FAC
A7l =Q(D9¢3'30/@3:@./& A e
L= 1#/ ~
dec = 21,5 - 30625 % 6. 25"

£y GF - oy G
S = Sid = Z.F

fiish

WEIGHTED N 07 &9 = 2492

"’2_5
_-_{.2% x +H = &§//2
= =

%6y R= S.6" | e = Fo
b D- 75 726 So T
So 2.45 2.89
' S.6 2:948 X 32,424
6o 3,28 3. 38
w=732.04"

ol
(¢ L= 209 (a)

Gz 'F2 EQUV AcRES
o) 803Gy 36K S LSk —>20
4 C?,-__— 2.0 C;s/mx 2.04" = L.O8cEr
Qq = 6,08 x 225 = 2,/ ¢FsS
¥z
S, Imbery ADT Na
Mop CHrvie NJA
PorD ING M4
‘ Desien = 2. 11 D/?Zc/‘l ISW
+ 2.3L pyrewr 23S
o+ B35 pirer 3 w
= 7.62¢cFrs DesiaN




pz7w’¢4
‘ ~ T4A= G59S§ > 0.22 Ac
| N = BF  Ace GrapinsG
L = 260
A= 3Bo9,s - 207F = 2,5
s e 2200 > ©.96%
) = SL7

by 0=4,3L"
(&) L= zo9(ay”
ax= /44 eouiv Ac
) =i 3080 3% —2.9 crs/im
4. @, = 29 cFS/,,u X 430" = 1144 c/s
Gr = 12,44 x 2T = .9 cFS
7,74
@ /mrezy  MA
oD CHINMNEG 00 /o 1S
hdepsx /65 3. T ers
6. StorE AT 1.0 po CHAVEET

ODiEc/en = 2.2 crs

%




P17 cw #5

\J

TA= 10,2840 = ©. 24 Ac =
. cNV =89 AL GrADED
L = 353!

AeL= B3IS.S - B3O} &.5o
S 8.5 = .49
=57 z 7
3 R= 5.6
)  Depth= 4.3C Fou S.LC'@cn=87
() L= Z«;’J‘?"C@j'(‘“
az=2:44 Ac snpuid
@) Fia B3OB©®) <3% T A=l 44
= 35 CPS//M(_,M

4,0 &, = 3,S'c;=s//ucn,‘x4,’3¢: /S, 2L CFS
= /5. 26x 229 = /.5 cFS
. C?L 2,44

SRY-N JMPe:mwous:/\//A
MOD CHAN Vel = aoy 4 1S For CN =89
/e SR LEDS = Z2+48
{. SeorE AT )0/ A PRev Tw
2:48%x /ot = Z 5

ﬂES/Gfu 2.5 &S



Dirce 26 @ 5+ 4>

./ TA4= 347-38{5'—76? -BAC \_ﬁ:\

G aaoinsg = 5439¢': 6./2 A<
Swer Flewp = 0.8-0:/2 = O. 684c
L= 355/

Aer=z 323 - 206 257/L.35
Sz ‘P ass = 470

welenrep CN 0. /2 x 89 = /3,35
o8
-ég x 2 = 40135
o 8
O - +3F = :7'4 CN

#) D = Z,aaﬁﬂfzeu cace Direqd W
©) A= zod (a)®
a= 7 .42 EPULIV HAcreES
® b F16 30B@ 3 h<- (sl —> 4B cFs/iv

ol Qf‘ 4.2 x 29" = 12.3 c/S
Q, > /2,3% 0.8 - 4-06 erFs
2142
S

ITPERY = O A//A
aLANEL Moo /\//A

: . .-
A Store AT 4% Lo "‘/‘7"":_@4
4.3

S /. O4 AT = 1028
4.06x 1,028 = 4 2¢Fs

Desren 4.7 crg Dn‘céd CONnTTLIS

. “.Z 4 «?

2‘5 S '/
99 cr~/S @ Deskn Pauv/t




Direrw #+N ('7“5 5”"’) \/\

. Ta= /27138 — 0. 29A% .;T‘»
cnvz: 89 Ace New Graves
L= 23

Nec= 326 -~32i5.0 = /
S= 4. 1%
)~ S-C" rwFacc
S —> 4. 30" DeprH s s L7 § CN=8&T
A L= 209 (D'©
e = ST Ac EQu V. |
Flrae 80> (,o) —» B.O CFS//A/CH
Q= 30 x 436° /3.08cFs
Qb:; l3'O%Xﬁ: 2139 ¢FS
[ 154
@5 mpewviouvs N
MOL CHAMNNEL /oo% @cn= 87
2:39 X /65 = 364 g3
L ScuRrE ADT = Lo @4
Mo G‘OO/UD/'Uﬁ |

Desien = 3.9 crs



‘227‘1«,/5 & TA= /92,3308 —» 442 Ac NI
L = (3 3’ | ke
Ae= 3155 =312 45
S = 4> . <03 N

z2
F1eTo sé= & FFAc CA BTG CLeTIeATED
NoW GrADED 5?/ 4,42-2,33 = /(S AC
> v 89 2—?—%1)&%@1 = 33.2 %X?I:@-£:1§
® Q e, 24 .67 ,éééf%ﬁ:"ﬁgc 1s co ' -
5 . 245 2. 89
5. & 2948 3.23 . 2.424
C.e 3.2 T 3.38

Gl
@ @ L=209(

a= (.34 n<
’ 803w6) & c;Fs/Ag
() G,z (lemfuir 323 'z /938
(&> Qp= (9.38x 492 - 43,5/
L34
@ )M PERVIOUS ;A///s.
Hyr iod dew o J00 s OFF (HART aSe e =TS
JB.Slx f2S = 16.89
) Scoee — T /6,87 (g9)s /S5.2cFs
D Poworwe  MA
DeESién = 152 eFS, Abrees = Anrown@ /66




/7»: 4’4?44&
- =rezo Tt Ac. C=+5
6/%0@/[/@(_“ = /z(S_AC C= ¢ é

LIt S = 3l
44

/165 X e = v 2 &

414—1 €4y

"S4 wercqH7ED Ava G

S

D7 Ae- 4.5
7 e =Emn
=3
Ce=- CITA
(S4NF)4.422 /6. bz crs




Dr7<H 9 W

TA = Stozd' - 2,52 Ac

e

. Grive 1L$S(4'— ©.39 Ac z
L= 3723 -
Ael= 320-21l= /9’
S- Ly = 2.47%
e GrApE O/ 3MAc x BP = /3.8
2:52
Frees %%i X FH s go.o!
eN WTD = F3.8 > 14
D Roze = 516 LamFacc _
’ = Zo F4 43
5 2.04 2.45
S.¢ 2.5 2.8k @ 2:948
.o 2e80O  DeprH 2.28
B> L= 209 ()¢
az:8.84 couiv Ac
&o3 (o) foe <3k —= Fers/iw
b Q= F ¥ 2.9 = 2002
Rz 20:02x 2:52 = 5, F cFS
S, 84
& mperyrovs VA
Mopv cHamvmet O%
© Store poz 8.03Wd> | 'S
C 7”5 /13 75 .2
Z“{ Y /13— (2 =
3.0 o, 932

. Ro=5Fl xlol = 5.8 crs Desrgh



DirveH F&£

. AN
2@8Losd —» O (6 AS N____A

‘ TA = >
so0 s GrADVIGE CA = 8T
L= 437

Aec= B30~ 213+ 7'
= ﬁ—.: 3.3%

427
2a S.0" jarmi AL
b | S5 &9 0
5 3.31% 2.88 |
5.6 3.434 4307 4462 p Derry
Lo 43 T 4.85

4 e k=209 (a3"

a.z 3472 A u;?wu

FIG 03¢y —>=  (./ cm—-//,\/ Pe?rk late @ cuIV ARSA
(] &= b/ ersfux 4,367 =2¢.&

Q, = ZcL X &bl Ac — <, |2 cFsS
3. 42

o imprery “N/A
I OD CoAd JOO0Ys P FActon
Sizx /1 7= 8. %
G Store Ap T /o
7 Mo ﬂauou\/ﬁ
DESIN = &4 ckrs



Dizctr /O

. TA = 133259 g's 3.06Ac
CAN =2 89 AL GrADING
L= //42/ ALe IN CrANNVEL
AeL= BI/S,. S~ BoS-= /0.5
Q = /6:57”{,2: ° 9%,

By aww: 56"

(h)  Dep7r = X & &
| 5,0 3.3%F 258
S, 3.934 X - 4.4L2
b0 4.3l 489

X = 4.36"

(€ L= 204 Qa,;)('b)

= /(.95 gouiv Ac
@ ) Fl6 3080 SL3k —= /5SCFS/IN
4. =155cFsjuun 4.36" = ¢+:.58 cFs

&r LFis8x 228 - )7.20 ¢S
/64>
g, /f/o /MRETIN

CHAnMNE. oDt 100/, w CrANNMEL [195
Qa=/2.20% [+45= 1749 cFs

é, S(mf;/d:." /403’ = e F - O.90 _’_2:-': .Ai
@4: /F69 X9 F 9 = X ‘
@4: JFE 1l CFS /o = /o

Mo  Fownin g

Oesrcr =132/ cFs




o7eH 1l

74 r 2348788 = 5,29 Ac

. , N = 9 Acee GRADED
L = 98 J B34/ '/n Coannet

EIS,S“ 2035 = /0.5’
/.2 7

D ec =
7

2.

S % 98 *

2@ HAaw= 56"

b Dep 7 =) sS9 G6
5.0 327 2.88

se 353 x  4.4c2
& 0 43/ 4,85
X= 4.3

© {= Zo7(a)'c'
= 11/F8 st AcrES

@ (75 3.08(d SL3Y, cMV=87 —~ /1 ScEsiin
//¢GS x 4.36= S$o./4

4 C?l i 5,34
Qz" So./9 x -/-/—‘-.-?’:&: 22:94 ¢cFs
S, | ’
/mperviors Aeen = 33444 = 032hc. /9%
5,39

Qs =
63:" 22'?“‘ /;/‘S'_e 2&,4C/=5-

. Scope 407 |, 11O .
A Scope A I“?z i ___'%

<, 1,5 113 ¥X=
Qq= 26:4%x .06 Z27.FT cFs  Desien

231 % /s

= X

43

®



DITCH DESIGN



ﬂ/fc:/f 1 DeS/é'V ZOWC—:?Z S)e.—r.-t‘(o/u C?.q +s Q.,:

QR4 DESIEN o+
. (%) QT 22/8 cFs
b)) SECTION CHANNE SLoPE 4 4o @3
278 - 243.5 = 126 % 13/
233’ |
O k= 24 Cily mATL SEE GEDLOGS T AEFORT
vl ConSriuwe oM PLAN S71Pulh 7E€3 Ly~ E9F
POpo7E CT/or Fol [lowerz AERcHES DF
D1 L.
CiASSIEY AS Sreere G uaprenT /0 /s S 13 %
Z. B=4'wing, 2! scor€ (cHarT .05 \)
=i 805t Lse /S dyT o 5 =d

Cl"" ﬁﬁ dn _f_J_ = ..,..éwi = 16
® T
- o L 0w
s 1l X = 112
.2 114 2
cl= ey = 723
dspz d dsoe = 212 (FD
(=FN) .65
do= 84! wet. dso=i2”

MAX S7owe Sizez +Sxdse =(lsX le)=18"
THE RIPRAFP BetoW Fra 1S/ ScoreE
1S % dypypy = 15118 =23" |

i



Dizew 1 Dasten Secr/oN QR to Rz

Q'} . /4.4 CcFS

- 7F !

]

/o’
S L ID7% CLadsS AS WMODERATE SLOFPE
b= 4’
z = Z

2, I~/ gosd
RN = /4914d% 065 = 99 LSe /&
d - +20 B= 4 BorromM
B
d= (-2Y4) = 0.8’
@ ci.c SHe srress
T = yds
= (c2:4 #fps) o's’>('0‘5>
52495 2.0 NG e o= 12"

@ tls0% 7"
/l=.034
Td=s 3.0PsF
Qu= [4.4(c?4) = /o0&
£16 g.osd  EH - 22 |
o = ¢22X4)- <88
T=vyds
=(¢2.4 4/?f5)(-88> 'O
‘ = 2!7543 __gﬁ:

clmax = /S {dsa)= 1s( 9" = 713/5"
T Bifrar = 13.5x/.S = 21" Dewr



Ditelr |, Secrion Qz- 0, Com7n
. CHIE SI10E8 Stores ~£rp 2AAD .
/o g B OS’@) gﬁ g /°
2.1 scope = 2.0.6° <4172%

Sore Cuyvy oK.
72, I~/ 8_,05(/.,) /<l =

8.4 = 5.5¢4
a  (8a)
)(l”q'a
3, 6 .05 (L)
Ky = 132
4.
clse sipes = ﬁ el se Borrom dgorqﬂ
K- e
38 (4
® = 3B ()
= 933

0S€ celse =r0" Sioes §. Borrom,

Q/?X?’/@ - /Sxn S = 22‘5/7;{1‘(

Sipes & Borr ¢ 237



Ditekl L DESIGN
, SeSc 7
EcTron Rate &

‘ @Z-‘: 4!? CFS

StLofEE = 45,5
.5-28% = 6.7 = ‘O¢. ‘
= 5.7 % o/t <o

/LD ScoP&E

| =35 4"
Z= 2
TR dep=C? @ o=z 35
M= 67
'éc(: Zps;
2. ¢ Y. .05d
Quz= 4:9G%x 069 = O.24
&i . ‘ at
2 . 05 o= (@as)(4): 28’
@& cCicc T =vds
- (¢2.4)(0.38)(06)
- (742 £ 2 ©K
B M.‘_. C/ g0 pd é { T—
o/ PE SLorPE

/s SAME
2. Blyj= 14
| /d* /'38 > /0S8 usevo
K= «%#8
2, SAME @"7?—
4 Ki  of
Kz porr c!"’su:.'c:'l

¢ ?-% v
. _Ti-'z,(‘,)': A
?ET 456-: 9 For SIbe déa‘f'f

dwre= G 1.5 = 13.S



DiTCH | DES/GN SECTION O o U PPesz enD

‘ C?z 2:52;

o6 '/
‘= Z
3= 3

Crr BargE €anTH = 0.OZ
Soeva WMANMMNG
0&2»/55 V=4.q , @= 2.57%
V> VF So mus7 A/A/e
RBemiDa Ve=5:5 CorveE D
Trerae ds <5, P2=.3072
2,05 (@) (,s.c)(*3823=2'10 |
n=04s ) Vz 427% = 854 >\>QK
Tt of=13, =249
o VR = (§:5)( 24%)= I-3F
n:0q9,v=2:99c , Q348N @qp
Tniac d= 15 , 2=r212
\/ﬂ.:(sus)CoziQ: L+
M= 056, V= 2-32) R=2.02 L Q¢
Brc./p 2 g «3 7
d=_.23 R = 1 2F S
 Ve=(59(2) =125
5 © rn=,0.53
V=754 =245 G NG
d=28% V= (S.5)(2%4)= /-29
Mm=0S3 ’
’ ;o Ve 2.2 Q= 2 Ll oKk
VK Ve




n,7en 1 (conTD)

~ /2471/4/2/3&7\/6:5 C{/@ve V23
Ser D r¢AS = + S3
Tey V=1 ,f)’ VIR=. v S 3]
3.05 (<) o= 2B , | -
V= /,04/‘ XK= 3,5"(/ M2 23 Lower \/
TRv V=8 , V2= (8)(*S31)= <425 |
o n= 7%+ | ' |
\/?'8‘2:?, Q:z..,qq) N =127 LoweteV
TRy V= .3 VR=(B(53)= 332
) = 29 ‘ |
v 8% @2=272.FHF /o
Tay V=85 vR-@(-53))= 45
€y A=l
. V:AL&:r@S‘S/ Q= Z:Sﬁ <C:\> e ©K
\/<\/P)' @c;(

Linirnd 1tz 066 kS
cbz +312 , As 12t =75
V- 2:27% FpS L\/P
Xz 1S
Yhetan= | ilb
Taw LSS
iCl LSS o

Ot Lt Z

® \J‘ Berzmupa GASS

-3 ¥ wzLew L



= 042/ < (0753 g =5'

BARE EArTH A=z bd + z’if’ |
d= S | (5)(depth) + L(&fml‘ .
Pz be 2d\N2e+ |
- s+ 2Ud\VE 0 = 7230
R= Alpz.415
& M= OL  USIntég HANMVNING @ 4292 Sowvs
V:gidz , Q=1275, d20.3345L , R=.242
V exceens 2.0 So 7P Linvin G Rewp §
Ty Senrmopa En4sS |
Gn4ass Conve D & Vawow= 5.5 Frs
=334 Rz (S.SYR)= (55(292) = ¢obk
Fig $.05¢ = 0098 VUG Q=573 N G
Cdzl VR= (5.SYAB =2 6L n=04/
o= 53, R=43b, V/=4.08, @=13.L.. ok
B VL Vi CP>CQ/-’.¢.’¢£> Ok
RerAarvANCE Cunve B dvri Ac7eAl Ved
d=le Vgz3  A=Fo, R=.739
Ve s (3)(+339) 5.2.22
E.035() n = 092
| Venee = 2?‘!3) @=18.99. _
delo VR = 2% Ve=(Z¥X" 7367 z.0
() =t l '




Diten Z conTD

| Ntz = 205 0 Vs 5C 739) = 1,69
‘ (&) n=/2

V=2 08 (=14 5¢

TayV= 10 Ve=(1)(i735) %29
=19 |

V'= /'S | @: 4,72 NG]

V¢ n Veace
2% ol 265
LS L1487 LA
/17 /4 |.78
> 8 L3S \.85
‘ R S r
3 V¢ \/P a e ' Q'\Q v/% :
L/NIN G N Y A A Ry
el= V6l 515 S6 N@ 666 oK
A = 4,22
R 2 15249

V = 2,025 455 Vp ol
Q= /2,35 ok

Tactvac= 1.3 5 < 2,0 Crurrex 1L

AN / EERMUDA G RASS

. cuvetex TT

/F 4

AT OJS

12. 48
12:94



DiTEH E 6 Des/én

R= 99 ces

S=.05Y

2= Z

B= 4 - To Stow Ver g FI7s Invre

CXISTING 7O P
L CHERE BARE LARTH & /e Ok
Sowve MANNING @ =0
| =313 V=¢¢ ) 2.0 AMees Liver
‘77&7 Bezmvos G rAsS Curve D"
@ L= S5 Fps
D= 49 Az 2,448 Rz+394,
V=403 @Q=4.9 |
VVp L Q=00 Gooo or!
.VCf/ﬁ Hy Z§7Aebfwuce- ccrives ‘B
72y O=/ho A<l £=-708

V; VR n (Fos G)\) Veaco Qcm.&.

2 /1410 r]a 2:21 13.24

Z, / 48%F 115 2,18 13,08

1, 4
cornverlces

| \/(\/p/ XY Do 0O
CUIZLW Anvez
= .06c¢C 10@(:5 d=15—> Gz €806 <Cp;:l
W= <035 -Sdd<L2.0 ‘

o= 43", 4= 7269, K=.353%

V= 4.75 Q=993
7//4 C?L?’A‘«L = /34

T Hecoe) pie = 1SS Ceretene 7};421

pseemuba G rAssS
u 4L Cureay TYPE T




D/7CH 3-+99 DesieN

) s B =
Drch 34 34715 rO4 2 4 Sce T
‘ 2S 236 -0°2 2 < 9E
Isw .62 04 2 2 9
D17cH 4 2. Z , o009 2 2 G&E
DircH 5 2.5 N X SN2 2 ¥
bi/reH 6 qoq e OS 2 2 | i
pire”d IN 3.9 .04 - oz ra
#S 2.9 .04 2 2 9g
bireH @ 5.2 .ol £ 2 YGewreoe 8:3
DirCH GE g8 7 .09 2 2  (lwrroe B=2
T W 588 .03 2 Z seE &

DESIGro DITEH GE 7o /etDE AS Spown AoveE

| = 8%
g @r 04 / \_ AN
Z: 2 z
=2
Bare sARTH @ MrO2 Socve MANNING
cl=438; A= 120, R=2+318 V=6.945FPS Q= 8,77
s Vp PIRT @ 2:OFES LinING EeoD

TRy OBewrrmuds G2ASS
Iy " .
Cueve D d=:68" [2=z-453 , n=o4z NG K= 9%

=, 6 . w045 w~nG Q= 3z

z .65 = 044 B=-&73

' 4 = bbb N o=04é Q@ &62
d= 6% Moz 043 G=9




SE T D=/ Kow Trials Fore Ve
® D=/0, A=40,0= .L18 Fl& 8056 USED

£

Mt YK s _Veace Qcm-c.

2 124 /4 544 ¢./8<¢
! o /r? ,
RTWN >8 /85 | %z ~ & 7. 86
2,5 2./6 095 2,234 9.0
V=2.18 @ Q=g 74 | 8.4
Socve V= 2,188, Q=8%5, r= 00788
V<\/,2 =355

Q2 Qpreepd oK

Linifos 1S Hetop SesE cAcc
Nz 0et@diS — A =8/6
. n=e '35 @ dc2o = J=2.589 ComnTrROLS
so l¥ 589, V=4. 652 FPs; Q=87 |
Tacrear = L4F
74 =15 Por Cuwitel T
/4% L 1,5  vsE Certar T

\ ’U BEeRrubDA <eAsSS

Cureiex T



b4
DITCH & DES/IGN

o= /5.2 cFs \J\
’ S = -o/// ®
Z=

3=
BARE EARTH <K 1L =,02
Sowve HANNING S/a/zema SHeET
/= 2?19, A= 3./%, B=S13
V= 4.?'-7~,~,,f;>’7.2/ So Ldinving KEER
R = 1S 12~

# o4

772y BE?Zﬁ?‘a/)A G 2ASS CU/ZVED =
A=18 Vo = S$.§ mPS @d=+tHE
- VRr= (§§)(5”>‘) 2./
osE) s= .045
® Gz L/F6e NG
d= o, R=:L69
V'R = (5 S')('Léq‘): 2w
Nn=.0%8
Lo Q= 150 L I5% DeePer Ferp'n
d ) O, = 635 |
Ve: € $)(-¢3s)=3.7
=B.05(C) =033
=159 o
V= 3. 01 (\/,o o K

11

Checfp Refanbarnee Cervs "8

. D=/,S




DITCH &~ Cuk ReTARDANIE Cor i g
Quws= /3%

‘772./60 D:/l L3, 2.0
D=20 , A: |40 ) Rz 1IFZ

V¢ V' R re Viecacc Ocace
3 3/516 OF! 233 32.6C
2.5 2:93 L OB 2:04 28.63
2\ 2,446 08 | 22 R
E oF 2.49z. 083 194 26/65
"D & <7
Q=Av /5.2 - 1.04
Tdio

g 109 i3y 0-13 123 138
Vi I T [ 4] ©-l2 Y- | 9.32
Cr [v b3 /T &l d \ o | 8 1L:S6

() ConVereewrT & nx 14

V= 1.OS, Q= 16 Re
Vv < \/,a o

7EmP AINING
=06t dd+S  deme S ese ws.033
vz 035 s{d 20
J:-+%5" A: 4757, R=06-¢5
V=3.145 , Q=152 2Qe @K
| V< Vp ok
T ActuAL=E 0.4L62%
T Accow = 1SS ok Cereled T

® 2
()

Lermubs & 4sS

% curzley, Type 1




Direrwn /0 Des/¢ N

QR= /¥ cFs
Sz o7 '/
Z = Z
Bz 2 @Hernp , S@ SourH
HEAD .D/ZA/AJS DI KE SloPc OMNLY G’J>> 7./
Acrene Puest { 3emr So vse Desren
Forn. 9 £ @ = 8FcrsC S: 0471 -~ ConserhTIVE
B = S' Sours Diteh |
C H K EA/?.E’ EANRTFAH @ /L o2
Socve M/),u/uuulj e n-
d=0602' A=3.335 fZ 486
‘ \/- 4.0 Fes >> 2.0 So L//ve?a Zc:mo

Sz 1719
' Ty Bepmedsd GrASS szue"D”
D=1.0 \fp=S:S V&= S 1S $.05c r= 036
| | Co=717"7
D=8 Nr=4:42 =038 Q= 1785
b= 79 4.34 SO3F |
V=2.4324 Vpes:'S ok
Q= 1759 Do ok
Crk  ReTARAANCE Corve B
72y D=1.5 , A=l2 , &= /236 |
| \{t' VR oo Veace " Qeace
b0y 2 7. 41 087 E 23,63
14 735 10 |, 72 7200, 59
‘ 1) 2.25 - 043 1.84 21,14

Con VETZGE S
V= 108 ) Gz 224 @n oi



D, 7¢CH /O

~ Desrew Terpm  Linimg
‘ N 666 A5 @'d=.S Q=4.,67 NG
= 035 5Kef (2.0
SoLve M AN G @.035
d=135 | A~4.975 | &z +Fe+ |
Ve 3,513 Q=134 ) Q. ok
TActuae =6 43
Thetae = 1SS Curtias, T)’fQI

Begmupa € rass
Cent tat #753& I

B acTar Ditch

t
\__/ Berzmeps G atss

2 ’ Cerniex 7viPe T
Wes7 Ditch




Owrtern 1 DesicN

CQ =S 2-‘-}[:?2
Yk W4,
Z
= S'

®

LI

S
Z
B

CHetr Bare ZA/L‘?L_/’; G n=oz2.
| Sovee HIAVIING @ = 0L
d=-35" A= 4815 , R=0. 584
V=57 >V So LineTz Keop
Qs 23F8 oi¢
T2y Bermubsk &RASS Cerve "D Ve: S5
= 1965 \//9: S, 5 VK =6. 028 E05e) = O3F
Veace = 4, /6 J’ @CALC.: 23.39 OK
@ V' < Vo ok Vp=gus
oK For 6372»7:/&4// 65%53
CHELK C&ETARDANCE Curuve B
rev D= 20 ; A=I8 | 21,503

V't VR re Q.o"s(z:ﬂ \/mm (Qeace
2 3.014 O.O0FE z2.¥5 495!
2.2 3,315 . O7 3 2.9 S2

| & 2. +13 .08 /. & 32,73

S————————

| CONVETZ G&€ 5
) = =SS
: V”It g’LJ <VP o= 3
CQ)) Qfo ‘ %



_DESIEN TENILP LINING
’ ﬂ‘—'ﬁ 06 b 0/4 , s/ Q: S.17Z So C/>:5 73y A ok
A @ O3S
A= '735/ A = 41423/ 2z 99
V=433 @@= 138

A

Thcture =+30° -

Faow = S Ut CUMI

BeprmivDan G ZASS
Cont AL T%aez




CULVERT DESIGN



D17 ¢/ FrRowm Fe&s 7o [oADd

- 21 crs (7 any |
C§=» Q! 7 &\ Aj:‘}D:t.E'Fwaw
B= 2

CHK 7’2/%/0 4//(///\/6 St RS T
rz=0be o <5
V- B e S Lo {2, =
o= /3 K 29"d so 7w less TrAn 75 R -PIA
Ve 3.8 R=2d
Y=z 0.808 & Tace /S
Bernmusd (Spise corzve "D VF:S"’:J" -
Vp=%55 | . osk) n=033 VE=z 434
D= /33 A=6%3¢4, =387 V= 3,44 = 1L.8 ¢
v <\fP¢D/¢ :
Re7ARD Ace CHerk Coenve I3
o=15, A %5 @2=8L)

/

”

/"

Vi Ve N Vesrte Qcm.g
= 21584 1 OB 1.§ed | -V
4 3.445 O34 1 82% V2, ¢%
5 4,306 O GL 2., 04 I$,33
D= |35
2 2,939 OB L g3 ' te
4 3918 .@ég< AN TA| 70.§o0
5 4.%49% - o6l Z ., 409 . 23,19
Ty Achs  Gfas Tlaies = W18
/z.-.,o‘é:/ v:z./s‘j p= 2.l ok

V< e -




FarM fore CuvevereT \
R= Rgoren + @ 9Gw DiTCH (CP,Q Smee [FAEm

= /5.2¢crFs + 5.8c¢cFs |
?!rO CFS _f__‘zg-sf_—-—- . Se' ‘—i/_g 11 /NLQT‘

H = |
/Leluj = Bigce - 1P \_ Ié:g();
el:=30l .
L= 29/
o - BGBAE-2C - 0099 )) > 0%
HW hetow = 3.3 20835 4.25 . -
2
=Y 337 _L E oo

/'/6 232 //a/ =/5 8

7033 24" cur twvcer CowTROL
| LB ,seX 2= Bl

LeSs 7HAn Aeceow O

Hw: 2.4
'b = 4.2 4,25 o,

CIMLET Comt
D//a/: Z.4X /,?§¢ =

=6 33 2/
- dse. Zl‘lqﬂ ) F 1NLeT COM T/20LS

24" cnr ouvrter Cori7i2 Oh
7TABLE T ENTRAN CE& LoSS (Coerc Ke= .5 SQ

F16 38 H = 3L
Dve to ovriet StorESTW { 7op 0F CotV

ho= ole +D  dc (Fa 38) =

/-

ho = [ 8BS o Tw =135 vse &S

Z
7+ 20 _
7




MwE 3.l += 852,34 =0F]
/L/Wa(/f = 2,7/ < /'/U/'U = ‘2,/é SUVEET CONTZOL
21" crk& ovrie T Coniiol :

7’ /\7 DiScorn/ 7Hoe 21"

RCP__CulR?” 746/ CL B

—_——

use 74"

CvTiLer Vel Frq 4
Fue Feow R=24 ¢cFs , V=8 rFrPS Fud

__g = 7.‘ = 'B?’S
, @f:' 24 ot
VSEFIG 20O /13 = Ve
V pvee

So Vj,z= &x 143 = 9.0 FPS

vSE 24" TE6 CLass B @ Hw= 316 ymier
Vouvrcer = 9 FPS



Dorel7 PRro7EC7zoR) @ CuV&EICT

KR=2/ crs

pros g =24"

Tw = L3S |

7wy Dle So MAX/rort CorIDIT?ON

16, 8.06 b

Lz’

Voureer Pro€ S99 FPS LS& /O cureve

‘:;r' C‘sg;; L
L




ROCK DAM DESIGN



;KOG/‘D/?M #1 Q/,L G, = 35.55 CA4

TA) +7a, = #0198 Ac

/2&?0 VoL =

= /foox 7,98 = 14,3044 ok
EEE/IC/eMOrs - 6/ SFC Aex B5/55cFs X 93560

= //'5 12¢ ﬁl

—
-

G0~ s - (176- 235)4 =gl nsideE @cur Fun
/40-24' - Ix2 = /33,5 |
/35.,5x8 1=z /0,57 < 15486 % |
Neec! +o Koep Dims @ 70X /90 So vse

Tl J27HIGH ock BRREAKER 1A INLET
Cogum el oF D5k 1 2 7o /2epuce”
Vetocr7v.




PoOck Dam S7eoc7vze 2

pDr7c % BSW +# B S +¢ BW

- é@t F 62 oFS

¢ 7A= .43 pc

feap Voo= 7500 % .434c: T34 {4+

| flEert EFECONC = <O X435 R F b CCFs
= 3320 7'
= 58' SR

o't 54 4(2) = F4'

/Bo7r = 203, 0




ook DAl S7TrRw7iees 2
DI7ct %L &4 o #5+ €4 |
The 22 + 24 + 8 3 L26AC
T 3.2 + 2:S 4= 4.2 = 9.9 <~5

Bewb Voozs (800X 11 26Ac s 22650 442
p&‘ﬂﬁ@?&% EFFIrL/enecy € -G/ X 9:9x4943540 = 4/3/3,&’
= (¢ se
muss ULSE 90 NS so vse 48 2w
GOo+S+4 T oo’ gr¢t N-S
Y¥ 42S5+2 = 5S4 ¢ & W



FINANCIAL RESPONSIBILITY /OWNERSHIP FORM
SEDIMENTATION POLLUTION CONTROL ACT

No person may initiate a land-distrbing activity on one or more acres as covered by the Act before this form
gnd an acceptable erosion and sedimentation control plan have been completed and approved by the Land Quality
Section, NC Department of Euvironmeat, and Natwral Resources. (Please type or print and, if question is not
applicable, place N/ A in the blank).

Part A.
1. Project Name Novozvmes North America Inc. - Source Separated Solid Waste Composting Facility
2. Location of land-disturbing activity: County Franklin

City or Yownghip Frapklinton , and Highway/Street MMMHEM_
. Approximate date land-disturbing activity will be commenced: May 12, 2003
4, Purpose of development (residentia), commercial, industrial, cte.): ___ Commercial __

5. Total acreage disturbed or uncovered (including off-sitc borrow and waste areas):
15 acres
Amount of fee enclosed $ 750,80
Has an crosion and scdimentation control plan been filed? Yes No_ X
Enclosed b, S
8. Person to contact should sediment control jssucs arise during land-disturbing activity.
Name __Paul Rehdey Telcphone ___919-494-3370 —
9. Landowner(s) of Rect')rd (Use blank page to list additional ownets):
Novo! h jen, Inc. '
‘Name(s)
PO Box 8§76 77 Per! ¢] Church
Current Mailing Addrcss : Current Street Address
Frapklinton NC 27525 Franklinton NC _%4_2_5_
’ City State Zip City State 4
10.  Recorded in Deed Book No. 766 PageNo.____ 210
Part B,

Person(s) o firm(s) who are financially responsible for this land-disturbing activity (Use a blank puge to list
additiona) persons or firms):

Novozymes North America, Inc.
Name of Person(s) or Firm(g)

PO Box 576 71 Pe | Church Rd.

Cugrent Mailing Address Current Street Address
Franklinton __ NC 27525 Franklint NC %75;;
City State Zip ) Stule p
Telcphone 919-494-3370 Telephone ___ . 9-494-337

Page 4
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2. (a) If the Financially Responsible Party is not a resident of North Carolina give name and street address ofa

‘ North Carolinn Agent.

Name
Mailing Address Sweet Address
City State Zip City State Zip
Telephone
Telephonc

(b) If the Financially Responsible Party is a Partnership or other person engaging in business under an
assumed name, attach a cupy of the certificate of assumed name. If the Financially Responsible Party is 2
Corporation give name und street address of the Registered Agent.

Mark Paige — Viee President of Tech.Ops. Novozymes North America, Inc.
Name of Registered Agent :
ox_576 7 | Chur d
Mailing Address Street Address
Franklinton _NC 77528 Franklinton NC 27525
City State Zip City State Zip
Telephone 919-494-3000 Telephone
. The above information is true and correct o the best of my knowledge and belief and was provided hy me

under oath. (This form must be signed by the financially responsible person if an individual or his attorney-
in-fact or if not an individual by an officer, divector, partnes, of registered agent with authority to execute
instruments for the financially responsible person). I agree to provide cotrected information should there be
any change in the information provided herein.

- Mark R. Pise vy, Techn} ssd Operifions.

ype oF prigl name Title or Authority v
\)'};T.MQ;,M 3/22/03

Sigpature \_ " : !

Datef

1,_(0see W X0l i . aNotary Public of the County of _Franklin

State of North Carolina, hereby certily that _Mark Paige
appeared personally before me this day and being duty swom acknowledged that the above form was
executed by him.

Witness my hand and notarial seal, this __ &, gh day of Manch, HJL'OOS‘

QMN-W

Seal Notary

My commission expires 1O ~-2.3-0 5




®

NORTH CAROLINA DEPARTMENT OF ENVIRONMENT,
AND NATURAL RESOURCES
LAND QUALITY SECTION

EROSION AND SEDIMENTATION CONTROL PLAN CHECKLIST

The following items shall be incorporated with respect to specific site conditions, in an erosion and sedimentation control plan

LOCATION INFORMATION

Project ocation

Roadds, street

North arrow

Scale

Adjoining fakes, streams or other
major drainage ways

GENERAL SITE FEATURES

North arrow

. Scale-

. Property line

, Legend

. Existing contours

. Proposed contours

. Limit and acreage of disturbed area

. Planned and existing building locations
and elevations

. Planned and existing road locations
and elevations

. Lot and/or building numbers

. Land use of surrounding areas

. Rock outcrops

. Seeps or springs

. Wetland limits

. Easements

. Streams, lakes, ponds, dralnage ways, dams

. Boundaries of the total tract

. If the same person conducts the land-disturbing
activity and any related borrow or waste activity,
the related borrow or waste activity shall
constitute part of the land-disturbing activity unless
the borrow or waste activity is regutated under the
Mining Aet of 1971, or is a landfill regulated by the
Division of Solid Waste Management. If the land- -
disturbing activity and any related borrow or waste
activity are not conducted by the same person, they
shall be considered separate land-disturbing activities

. Stockplled topsofl or snbsoil location

. Street profiles

SITE DRAINAGE FEATURES

Existing and planned drainage patteras (Include off-
site areas that drain through project)

Size of Areas to be disturbed (Acreage)

Size and location of culverts and sewers

Solls information (type, special characteristics)
Design calculations for peak discharges of runoff
(including the construction phase and final runoff
coefficients of the site)

Design calculations and construction detalls for
culverts and storm sewers

Revised 11/23/98

Design calculations cross-sections and method of stabilization of
existing and planned channels (include temporary linings)
Design calculations and construction details of energy
dissipators below culvert and storm sewer outlets (for rip-rap
aprons, include stone sizes (diameters and apron dimensions)
Soll information below culvert storm outlets

Design ealculations and construction details to control ground-
water, Le., seeps, high water table, etc.

Names of receiving watercourse or name of mnnicipal

operator (only where storm water discharges are to occur)

EROSION CONTROL MEASURES

Legend
'Location of temporary and permanent measures
Construction drawings and details for temporary and
permanent measures
Design caiculations for sediment basin and other measures
Maintenance requirements during construction
Person responsibie for maintenance during construction
Malntenance requirements and respounsibie person(s) of
permanent measures

1|

VEGETATIVE STABILIZATION

Areas and acreage to be vegetatively stabllized

Planned vegetation with detalls of plants, seed, muich and
fertilizer

Specifications for permanent and temporary vegetation
Method of soll preparation

|

|

NOTE: Should inciude provision for ground cover on exposed slopes
within 30 working days following completion of any phase of
grading, permanent ground cover for all distarbed areas within
30 working days or 120 calendar days (which- ever is shorter)
followiug completion of construction or development,

OTHER REQUIREMENTS

Narrative describing construction sequence (as needed)

Narrative describing the nature and purpese of the comstruction .

activity

Completed Financial Responsibility/Ownership Form (to he
sigued by person financiaily respousible for profect

Bid specifications regarding erosion control

Construction sequence related to sedimentation and erosion
control (include installation of critical measures prior to
initiation of the land-disturbing actlvity and removal of
measures after areas they serve have been permanently
stabliized)

7.53

Poge/ lo
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December 31, 2001

Soils Report

Proposed Compost Site
Novozymes North America, Inc.
Franklin County, NC

Summary .

This report summarizes the resulls of a soils investigation of a proposed large Type 3
composting site owned by Novozymes NA. Inc. in Franklin County, North Carolina. The
soils were investigated according to requirements of the North Carolina Solid Waste
Rules (15ANCAC 13B). More specifically, this investigation was conducted to meel
requircments outlined in section .1405 (4)(B) of the rules.

Results indicate that there are 3 predominant soil units at the sitc. The Helcna series is
located in the concave head of a drain on the west side of the site. The Vance and
Wedowec scries occupy the ridge tops and slopes. All 3 units have dense argillic
horizons. There is noliceable compaction across the site in the upper argillic and
overlying Ap horizon in the Vance and Wedowee units.

Thesc soils should be adequate for the proposed compost pad if the sandy Ap horizons
are removed and the aryillic horizons compacted prior to placement of the proposed crush
and run pad.

The depth to the seasonal high water table is >12 feet. Long-term monitoring of nearby
groundwater monitoring wells indicates that the depth to groundwater is 15 to 25 feet.
This site meets the minimum requirement for vertical separation between the pad and
indicators of seasona) high water table. ‘

Sitc Description

The proposed composting pad sile is located south of Hwy 56 approximately 6 miles east
of Franklinton, North Carolina (Figure 1). The site is located on an upland agricultural
field within the Cedar Creek watershed of the Tar River. The site is located on a broad
ridge that slopes down to the north, south and cast toward tributaries to Cedar Creek. The
Franklin County soil survey shows that the site is predominantly Wedoweu scries.
Associated soil serics in this setting include Cecil, Appling, Vance, and Helena.

Field investigations

Three representative pits were excavated to a depth of 5-6 feel. Pit 1 was located on the
ridge top at the south end of the proposed compost pad area. Pit 2 was located in the
head of a drainage on the west side of the site. Pit 3 was located on the north cnd of the
site on the ridge top. Soil horizons were identified and described for each pit (Appendix
A). Soil samples were collected from each horizon to a depth of 6 feet and analyzed for
typical soil parameters (Appendix B). Soil map units were defined from features




T Wt v e sawer vw < ww

- ammm wamw awm w e w

expressed in the soil pits, and selected criteria were used to map soil units across the site.
Approximately 75 soil borings were made to delineatc the soil map units.

RESULTS

Soil Units

There were 3 distinct soi) series identified and mapped (Figure 2). The Vance scries was
;dentified in Pit 3 at the north end of the site on the highest part of the ndge top. The
Helena series was identified in Pit 2 and occupies the slopes and bottom of the drainage
in the western portion of the sitc. Helena was differentiated from the Vance based on
higher moisture content in the subsoil of Helena. The Wedowee unit was identified in pit
1 and was mapped in the remainder of the site. The Wedowee was distinguished from
the Vance and 1lelena based on predominantly red 1o strong brown (5YR to 10 YR)
subsoil colors compared to predominantly strong brown 10 yellow brown color (10YR to
2.5Y) in the subsoil for Vance and Helena. The boundarics between Helena and Vance
and Helena and Wedowee were abrupt (less than 50 fect). Boundaries between Wedowee
and Vance were broader (typically 50-100 feet).

Seasonal High Water Table
The depth to the seasonal high water table is >12 feet in the 3 soil pits. Nearby

groundwater monitoring wells indicate that the depth fo groundwater is 15 to 25 feet.

Low chroma redox depletion features and redox concentrations were observed in pit 2
(Hclena unit) beginning at 36” in the BC horizan. These indicators reflect higher
seasonal soil moisture content and slower permeability. Once the compacted compaost
pad is constructed, infiltration of ranwater will be greatly reduced, and it is unlikely that
these conditions will persist.

For the pad area, the sandy textured upper horizons will be removed down to the clayey
Bt horizons. In the Helena unit, the sandy upper horizons will be removed and filled with
approximately 24" of compacted clay and 12" of compacted crush and run. This will
result in a minimum separation of 48™ between the pad surface and the low chroma redox
depletion features. .
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Appendix 1. Soil Pit Profile Descriptions

Pit #1

Location: Novozymes North America, Inc. Farm 3, Field G3
Landscape position: Broad ridgetop

Slope: 1-3%

Horizon Decpth (inches) Description

Ap 0-7  Dark brown to brown (10YR 4/3) sandy loam. Weak, fine
subangular blocky structure. Nonsticky, non plastic, very friable.
Abrupt, wavy boundary. Many [me and medium roots.

Btl 9.14 Yellowish red (SYR 5/6) clay with few, fine, distinct red (2.5YR
4/8) redox concentrations and common, coarse, distinct brown to
dark brown (10YR 4/3) depletions. Moderate, very coarse
prismatic structure breaking into weak coarse subangular blocky
structure. Cummon 10YR 4/3 coatings on ped faces extending
greater than 10 cm into undeslying horizons. Thick continuous
clay films on ped faces. Many. continuous clay films within peds.
Slightly sticky, slightly plastic, firm. Common fine and few
medium roots.

B2 1421 Yellowish red (SYR 5/6) clay with common coarsc, distinct red
(2.5 YR 4/8) redox concentrations. Weak 0 moderate, very coarse
to medivm prismatic structure breaking into coarse subangular
blocky structure. Thick continuous brown (7.5 YR 4/3) clay films
on ped faces extending > 10 cm into adjacent horizons. Slightly
sticky to sticky, plastic, firm to very firm. Few fine roots.

B3 21-38 Yellowish red (SYR 5.6) clay loam with few medium faint red
(2.5YR 5/8) redox concentrations. Common red (2.5 YR 5/8)
grain coatings. Vcry coarse, moderate prismatic structure breaking
into medium 10 coarse, moderate subangular blocky structure.
Slightly sticky, slightly plastic to plastic, firm. Few fine roots.
Gradual boundary.

CB 38.50 Yellowish red (5YR 5/8) clay loam with common medium
' distinct red (2.5 YR 4/8) redox concentrations. Weak medium
subangular blocky structure. Slightly sticky, plastic, friable.
Common areas of relict rock foliation with common K feldspar and
quarlz grains.

Cl 50-62 Yellowish red (SYR 5/8) clay loam with few medium distinct red
(2.5YR 4.8) rcdox concentrations. Weak medium subangular
blocky structure.
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Slightly sticky, plastic, friable. Relict rock foliation. Few thin
continuous clay films in localized areas.

C2 62+ Gheissic granitic saprolite. Clay loam texture.

Pit #2

Location: Novozymes North America, Inc. Farm 3, Field G3
Landscape position: Head of concave depression below ridgetop.
Slope: 1-3%

Horizon Depth Description

Apl 0-5  Dark brown (7.5 YR 3/2) sandy clay loam. Weak, medium
subangular blocky structure. Nonsticky, slightly plastic to
nonplastic, very friable. Many fine and common medium roots.

Ap2 5-11 Dark brown (10YR 3/3) sandy clay loam. Weak subangular
blocky to massive structure. Compacted. Slightly sticky, plastic,
friable to firm. Common fing roots.

Btl 11-20 Dark yellowish brown (10YR 4/4 to 4/6) clay to clay loam. Weak,
coarse subangular blocky structure. Slightly sticky. plastic, friable
to firm. Few fine roots.

B2 20-36 Yellowish brown (10YR 5/6) clay. Weak, coarse subangular
structure. Slightly sticky to sticky, plastic, friable to firm.

BC 36-51 Yellowish brown (10YR 5/6) clay with common, fine to medium,
distinct grayish brown (2.5Y 5/2) redox depletions and few (ine
distinct yellowish red (5YR 5/6) redox concentrations. Weak
subangular blocky to massive. Very sticky, plastic, firm.

G

51-60+Light yellowish brown (2.5Y 6/4) clay to silty clay. Few, coarse,
distinct strong, brown (7.5YR 5/8) redox concenirations, Massive.
Slightly sticky, slightly plastic to plastic, friable.

The Btl and Bt2 horizons were noticcably moister than overlying horizons.
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Pit#3

Location: Novozymes North America, Inc. Farm 3, Ficld G3
‘Landscape positon: Broad ridgetop

Slope: 1-3%

Horizon Depth (in) Dcscription

Apl 0-5  Brown (10YR 4/3) sandy clay loam. Wcak medium subangular
blocky structure. Slightly sticky, slightly plastic, very [mable.
Abrupt lower boundary. Many fine and common medium roots.

Ap2 5.10 Olive brown (2.5Y 4/3) sandy clay loam. Massive, compacted.
Slightly sticky, slightly plastic, firm. Clear {ower boundary.

Btl 10-15 Lipht olive brown (2.5Y 5/4) clay. Weak mediure subangular
blocky to massive structure. Common, thin clay coatings on grain
surfaces. Few discontinuous clay films. Sticky, plastic, firm.
Clear lower boundary.

Bt2 15-23 Light olive brown (2.5Y 5/6) clay. Common, fine to medium,
distinct red (2.5YR 5/8) redox concentrations. Weak subangular
structure. Common discontinuous clay films. Sticky, plastic to
very plastic, firm.

. B3 23-33 Light olive brown (2.5Y 5/6) clay. Many, fin¢ to medium distinct
red (2.5Y 5/8) redox concentrations. Weak prismatic breaking into
moderate subangular blocky structurc. Many thick, olive brown

(2.5Y 4/4) continuous clay films on ped faces. Clay coatings
commonly extend > 10 cm. Sticky to very sticky, very plastic,
firm.

Bt4 33-46 Light olive brown (2.5Y 5/6) clay with broad inclusions of red
(2.5YR 5/8) redox concentrations sandy clay loam to clay loam.
Few medium to coarse faint light yellowish brown (2.5Y 6/4)
redox deplctions. Many fine to medium very distinctred (2.5YR
5/8) redox concentrations. Moderale prismatic structure breaking
into moderate subangular blocky structure. Common thick
continuous clay coatings on ped faces cxtending > 10 cm.
Many thin (2mm) clay laycrs interbedded with coarser feldspar and
yuartz grains.Sticky, plastic, firm.

C 46-70+Strong brown (7.5YR 5/6) clay loam to sandy clay loam. Massive.
Slightly sticky, slightly plastic, friable. Relict rock foliation and
common feldspar, quartz, and mica. Granitic, gneissic saprolite.




Appendix B. Soil Test Results

Sample # | Horizon Depth| pHI CEC| OM K Mg Ca Ns Na‘ B CI'| Sol. sats] Nitrate
{inches) % %] ppm mmhos/em} _ppm
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FINANCIAL RESPONSIBILITY /OWNERSHIP FORM
SEDIMENTATION POLLUTION CONTROL ACT

No person may initiate a land-disturbing activity on one or more acres as covered by the Act before this form
and an acceptable erosion and sedimentation control plan have been completed and approved by the Land Quality
- Section, NC Department of Environment, and Natural Resources. (Please type or print and, if question is not
applicable, place N/ A in the blank).

Part A.
L. Project Name Novozymes North America Inc. - Source Separated Solid Waste Composting Facility
2. Location of land-disturbing activity: County Franklin

City or Township Franklinton , and Highway/Street Hwy 56 & Old Smith Farm Rd.
3. Approximate date land-disturbing activity will be commenced: May 12, 2003
4. Purpose of development (residential, commercial, industrial, etc.): Commercial
5. Total acreage disturbed or uncovered (including off-site borrow and waste areas):

15 acres

" Amount of fee enclosed $ 750.00

6. Has an erosion and sedimentation control plan been filed? Yes No__X
7. Enclosed X
8. Person to contact should sediment control issues arise during land-disturbing activity.
Name __Paul Rehder Telephone __ 919-494-3370
9. Landowner(s) of Record (Use blank page to list additional owners):
Novozymes North America, Inc.
Name(s)
PO Box 576 77 Perry Chapel Church Rd.
Current Mailing Address Current Street Address
Franklinton NC 27525 Franklinton NC 27525
City State Zip City State Zip
10. Recorded in Deed Book No. 766 PageNo.____ 210

Part B.
Person(s) or firm(s) who are financially responsible for this land-disturbing activity (Use a blank page to list
additional persons or firms):

Novozymes North America, Inc.
Name of Person(s) or Firm(s)

PO Box 576 77 Perry Chapel Church Rd.

Current Mailing Address Current Street Address
Franklinton = NC 27525 Franklinton NC 27525
City State Zip City State ~ Zip

Telephone 919-494-3370 - Telephone 919-494-3370




2.

(a) If the Financially Responsible Party is not a resident of North Carolina give name and street address of a
North Carolina Agent.

Name
Mailing Address Street Address
City State Zip City State Zip
Telephone
Telephone

(b) If the Financially Responsible Party is a Partnership or other person engaging in business under an
assumed name, attach a copy of the certificate of assumed name. If the Financially Responsible Party is a
Corporation give name and street address of the Registered Agent.

Mark Paige — Vice President of Tech.Ops. Novozymes North America, Inc.
Name of Registered Agent
PO Box 576 - 77 Perry Chapel Church Rd
Mailing Address Street Address
Franklinton NC 27525 Franklinton NC 27525
City State Zip City State Zip
Telephone_ 919-494-3000 Telephone

The above information is true and correct to the best of my knowledge and belief and was provided by me
under oath. (This form must be signed by the financially responsible person if an individual or his attorney-
in-fact or if not an individual by an officer, director, partner, or registered agent with authority to execute
instruments for the financially responsible person). I agree to provide corrected information should there be
any change in the information provided herein.

Mark R. Prine VP, Teshn) ssd Opa«m‘zms

Type or prigt name pu Title or Authority
"”7 Rl 3/28f03

Slgnature Date!

L_( 0 . Mﬁi/f\ , a Notary Public of the County of _Franklin

State of North Carolina, hereby certify that _Mark Paige
appeared personally before me this day and being duly sworn acknowledged that the above form was
executed by him.

Witness my hand and notarial seal, this___ XS ?% day of MM anch, ¥ 2003

&&QQNW«\

- Seal - Notary
My commission expires [1O0-3 3-O 5




77 PERRY CHAPEL CHURCH RD. -
P.O. BOX 576

FRANKLINTON, NC 27525-0576

TEL. 919-494-3000

NOVOzZymeS

N.C.D.E.N.R. Page 1 of 1
1628 Mail Service Center Date 04/01/2003
Raleigh NC 27699-1628 Document 3600002575
Check # 012507
VOUCHER INVOICE GROSS AMOUNT DISCOUNT NET AMOUNT
1500002903| PAYREQ032703 750.00 0.00 750.00
Sum Total: 750.00 0.00 750.00

DETACH AND RETAIN THIS STUB FOR YOUR RECORDS

"0 L2507 031410020491,

cnecks 012507

39411306

®




Laboratory Data



33 eport No: WO:
Grower: Akkadia Consulting Copies To: County Extension Director
2004 Rivera Ct. USDA-NRCS-Wake

Raleigh, NC 27604

aste Analysis Report Form:

Wake County

er

Ca Mg S fe Mn n cu B Mo cl C
Total 17561 4141 2575 45074 1417 1258 398 300 22.1 9.35 142 1475 135093
IN-N 942 )
Waste Code: -NH4 112
oL -NO3 830 Na Ni Cd Pb Al Se Li pH S§ CN DM% CCE%  ALE(tons)
Description: OR-N 16619 1304 5.25 0.00 0.00 10.13 158 7.69 23.17 6.25 62.20
) Urea92.5

!ndust.-cher Lime Stab

SAMPLE ID - AKKSBM —~ NOVOZYMES LIME TREATED SPENT BIO MASS



.
4%

Grower Akkadia COn"su'I\ting “Cop/es To: C\owuwnty\ Extension Director
2004 Rivera Ct. USDA-NRCS-Wake
Raleigh, NC 27604

aste Analysis Report o

Wake County

‘per miliion unless otherwise noted)

_aboratory Results

N P K Ca Mg S fe Mn n Cu Mo
Total 69772 10065 13022 16963 1412 4804 169 28.7 40.3 220 158 3255 334387
IN-N 500
Waste Code: -NH4 482
10]3 -N0O318.3 Na Ni cd Pb Al Se Li pH 5§ CN DM% CCE%  ALE(tons)
Description: OR-N 69272 2004 5.85 0.00 0.00 6.51 176 479 12.53
(ndust.-Other (A Urea519

SAMPLE ID - AKKWAS — NOVOZYMES WASTE ACTIVATED SLUDGE



AL L NG e
Grower: Akkadia Consulting Capies To: County Extension Director
2004 Rivera Ct. USDA-NRCS-Wake

Raleigh, NC 27604

aste A nalysis Report Fom:

Wake County

ion unless othe d
K Ca Mg S fFe Mn n Cu B Mo Cl C

Total 29440 649 1260 1287 423 309 548 66.7 269 37.3 3.67 694 504483

IN-N 260
Waste Code: -NH4 210 ' _
100 -N0343.4 Na Ni Cd Pb Al Se Li pH SS C:N DM% CCE%  ALE(tons)
Description: OR-N 29181 59 0.65 0.39 0.00 553 64 17.14 48.06 )
Indust.-Other Urea 4570

Recommend: en

SAMPLE ID — AKKHSD = FURNITURE SAW DUST



Grower: Akkadia Consulting Copies Tor County Extension Director
2004 Rivera Ct. USDA-NRCS-Wake
Raleigh, NC 27604

aste Analysis Report Fam

Wake County

a Mg S Fe Mn n Cu B Mo cl C
| Total 37308 1481 1798 31695 1240 1028 1764 142 46.7 34.6 109 1347 479749
IN-N 560
Waste Code: -NH4 314 .
NBS -NO3 246 Na Ni Cd Pb Al Se Li pH SS C:N DM% CCE%  ALE(tons)
Description: OR-N 36748 1293 8.66 0.92 0.00 5.91 42 12.86 91.78

No&rj_-Comosvted Bark/Sawdt Urea 137123

noted

Mg S e Mn n Cl C
Total 26424 397 1041 6226 502 340 280 101 19.8 16.3 6.50 1057 493459
IN-N 573 :
Waste Code: -NH4 440
NBS -NO3 133 Na Ni Cd Pb Al Se Li pH SS C:N DM% CCE%  ALE(tons)
Description: OR-N 25851 956 4.09 0.97 0.00 535 23 18.67 91.92

Non—Comosted Bark/Sawdt Urea 10336

SAMPLE ID’S — JOYPL1 & JOYPL2 = WOOD WASTE



.
&4

G

Mg

Mn n B C
Total 21841 4777 10734 9443 3078 1451 213 199 138 310 173 1417 473065
IN-N 1213
Waste Code: -NH4 1183
NBS -N0330.2 Na Ni Cd Ph Al Se Li pH S§ CN DM% CCE%  ALE(tons)
Description: OR-N 20628 3801 585 0.66 0.00 6.53 270 21.66 7794
Non-Composted Bar(k/Sawdt\ Urea 1493

i

Sample ID: N P K Ca Mg S Fe Mn n B Mo Cl C
Total 4874 476 1683 6891 662 298 250 270 21.8 5.49 1.85 534 501818
IN-N 344
Waste Code: -NH4 139
NBS -NO3 205 Na Ni Cd Pb Al Se Li pH Ss CN DM% CCE%  ALE(tons)
Description: OR-N 4530 327 410 0.86 122 543 21 102.96 66.07
Urea 959

N P K Ca Mg S Fe Mn n cu B Mo Cl C
Total 20989 713 1674 5276 704 N 271 122 29.8 178 9.56 960 501719
IN-N 503
Waste Code: -NH4 456
NBS -N0347.0 Na Ni Cd Pb Al Se Li pH SS CN DM% CCE%  ALE(tons)
Description: OR-N 20485 964 4.08 0.79 0.00 547 21 23.90 82.20
on-Comosted Bark/Sawat Urea 6254

SAMPLE ID - CR0001 = ANIMAL BEDDING
SAMPLE ID’S - KATESV & CRANFO = WOOD WASTE




Waste Code:
NBS
Description:

7 T B

S Mn
Total 2776 248 725 1664 327 292 204 101 20.5 6.32 9.66
IN-N 592
-NH4 556
-NO33.68 Na Ni Cd Pb Al Se Li pH SS CN
ORN 2117 3547 297 3.41 0.00 6.36 45 187.12
Urea 486

SAMPLE ID - CONTSY = WOOD WASTE



Waste Code:
NCW
Description:

Waste Code:

NCW

Description:
Non-Composted - Other
Reco

Grower: Akkadia Consulting Copies Tor
2004 Rivera Ct.

Raleigh, NC 27604

aste Analysis Report Fam

Wake County

boratary Results (parts per million.unless otherwise noted) . - . -
N P K Ca S Fe Mn n Cu B Mo C/

Total 14559 1693 5096 12492 1874 800 818 310 786 17.6 23.8 874 452661
IN-N 281

-NH4 253

-N0328.1 Na Ni Cd Pb Al Se Li pH SS CN DM% CCE%  AlE(tons)
OR-N 14278 675 175 0.00 1.64 6.05 Iy 31.09 53.39

Urea36.2

N Mn n Cu B Mo Cl C
Total 14874 2135 1987 21864 1138 893 1929 238 48.3 12.6 30.0 1345 164264
IN-N 791 .
-NH4 134
-NO3 657 Na Ni Cd Pb Al Se Li pH ) CN DM% CCE%  ALE(tons)
OR-N 14083 1552 1.92 0.00 1.91 7.24 112 11.04 70.58

Urea 318

SAMPLE ID - YW115 = YARD WASTE




NCDA Agronomic Division 4300 Reedy Creek Road Raleigh, NC 27607-6465 (919) 733-2655

Report No: W06563 W

Grower: Akkadia Consulting Capies To:
2004 Rivera Ct.
Raleigh, NC 27604
aste [1nalysis I\eport ...
gy .
3/12/02 Wake County
Sample Info. Laboratory Results (parts per million unless otherwise noted)
Sample ID:. N P K Ca Mg S Fe Mn In Cu B Mo Cl C
'l Total 9114 1316 620 2499 368 3147 146491 953 80.0 99.6 290 734 205308
IN-N 877

Waste Code: -NH4 877 :
MWO -N030.00 Na Ni Cd Py Al Se Li pH 8§ C:N DM% CCE%  ALE(tons)
Description: ORN 8237 47N 781 245 0.00 4.84 67 22.53 75.64
Municipal (Other) Urea138
Recommendations: Nutrients Available for First Crop Ibs/ton (wet basis) |Other Elements Ibs/ton (wet basis)
Application Method N PDs KO Ca Mg S Fe Mn Zn Cu B Mo o Na Ni Cd Po Al Se Li

Broadcast 41 27 090 23 033 29 1330 08 007 009 026 0.67 07N 001 004 000

Soil Incorp 6.0 34 1.0 28 042 36 166.2 11 009 0N 0.33 083 0N 001 004 000
Sample Info. Laboratory Results (parts per million unless otherwise noted) .
Sample ID: N P K Ca Mg S Fe Mn Zn Cu B Mo Ct C
w2 Total 7944 10M 336 2259 276 2660 140030 856 67.3 789 259 664 183904

IN-N 956

Waste Code: -NH4 956
MWO -N030.00 Na Ni Cd Pb Al Se Li pH ) CN DM% CCE%  AlE(tons)
Description: OR-N 6988 382 5.30 20.7 0.00 512 52 2315 38.54
Municipal (Other) Urea13.8 i
Recommendations: Nutrients Available for First Crop Ibs/ton (wet basis) |Other Elements Ibs/ton (wet basis)
Application Method N P05 KO  Ca Mg S Fe Mn Zn Cu B Mo Ci Na Ni Ca P A S L

Broadcast 18 11 025 1.0 013 1.2 648 040 003 004 012 0.31 0.29 T 002 000

Soil Incorp 2.1 13 028 13 016 15 810 049 004 005 015 0.38

SAMPLE ID - W1 & W2 = IRON SULFATE DRINKING WATER RESIDUALS

0.29 T 002 000




NCDA Agronomic Division 4300 Reedy Creek Road Raleigh, NC 27607-6465 (919) 733-2655  Grower: Akkadia Consulting Report No: W06563 Pg 2
Sample Info. Laboratory Results (parts per million unless otherwise noted) ‘
Sample ID: N P K Ca Mg S Fe Mn n Cu B Mo Ci C
C1 Total 13157 1242 461 2857 1848 5899 14841 1405 20.8 447 23.9 616 301489
IN-N 613
Waste Code: -NH4 613
MWO -N030.00 Na Ni Cd Pb Al Se Li pH N C:N DM% CCE%  AlE(tons)
Description: OR-N 12544 566 11.3 0.00 8.16 6.47 78 229 37.60
Municipal (Other) Urea3.85
Recommendations: Nutrients Available for First Crop Ibs/ton (wet basis) |Other Elements Ibs/ton (wet basis)
Application Method N P05 KO Ca Mg S Fe Mn Zn Cu B Mo Cl Na Ni Cd Pb Al Se Li
Broadcast . 30 1.3 033 13 083 2.7 6.7 063 0.01 0.02 0.01 0.28 0.43 001 000 001
Sail incorp 41 16 037 1.6 1.0 33 84 079 001 0.03 0.01 0.35 0.43 001 000 00

SAMPLE ID — C1 = ALUM DRINKING WATER RESIDUALS



Waste Code:

NCW

Description:
Non-Composted - Other

Waste Code:
NCW

Description:
Non-Composted - Other
nmendation

Waste Code:
NCW

Description:
Non-Comp

SAMPLE ID - RALFE = IRON SULFATE DRINK WATER RESIDUALS

Total 14281
IN-N
-NH4
-NO3
OR-N
Urea

Total 20797
IN-N
-NH4
-NO3
OR-N
Urea

N

osted - O;her

Total 9407
IN-N
-NH4
-NO3
OR-N
Urea




NCDA Agronomic Division 4300 Reedy Creek Road Raleigh, NC 27607-6465 (919) 733-2655 Report No: W05382 W

Grower: Akkadia Consulting Copies To:
2004 Rivera Ct.
Raleigh, NC 27604

aste Analysis Report o

2/5/02 Wake County .

Sample Info. Laboratory Results (parts per million unless otherwise noted)
Sample ID: N P K Ca Mg S Fe Mn n Cu B Mo (! C
SBM125 Total 15905 2260 2338 30379 1407 1253 2493 256 56.0 130 27.8 1787 166478
IN-N 1393
Waste Code: -NH4 364
FCW -NO3 1029 Na Ni Cd Pb Al Se Li pH $S CN DM% CCE%  AlE(tons)
Description: OR-N 14512 1673 2.60 0.03 2.16 8.63 98 , 10.47 71.18
Composted Waste - Other Urea 347 .
Recommendations: Nutrients Avaitable for First Crop Ibs/ton (wet basis) |Other Elements Ibs/ton (wet basis)
Application Method N P05 KO Ca Mg S Fe Mn Zn Cu B Mo Ct Na Ni Cd Pb Al Se Li
Broadcast 9.8 4.4 32 26.0 1.2 1.1 2.1 0.22 005 001 0.02 2.0 2.4 T T T
Soil Incorp 12.2 5.9 36 324 1.5 13 27 027 006 0.0 0.03 2.3 24 T T T

Nitrogen is very high in relation to carbon (Low C:N Ratio). If the waste product s to be used as a raw material in composting, blend it with another material with a high C:Nratio. The C:N ratio shoutd be 20-30 for ideal
composting conditions. ‘

Compost pH is well above the desired range for plant production. If the compost will be used as a landscape or potting soil, blend it with other materials or add elemental sulfur to decrease pH to the desired range. Asa
general rule, add 0.25 Ib. elemental sulfur per cu. yd. of compost to fower pH 0.5-1.0 unit. Take a follow-up soil sample to determine if pH is within the desired range.

Soluble salt level is high. The roots of plants growing directly in the compast may be damaged particularly under dry soil conditions. The compost should be blended at feast 50:50 with another material of lower salt
level. High soluble salts likely indicate high nutrient availability. Take a matching soil sample to further evaluate pH and nutrient availability.

Sample Info. Laboratory Results (parts per million unless otherwise noted) :
Sample ID: N P K (Ca Mg S fe Mn Zn Cu B Mo Cl C
WAS125 Total 17625 2683 1941 11146 1022 1218 2571 226 49.0 12.0 26.4 275 275401
IN-N 900
Waste Code: -NH4 380
FCW -NO3 520 Na Ni Cd Pb Al Se Li pH SS CN DM% CCE%  ALE(tons)
Description: OR-N 16725 417 299 0.21 419 575 54 15.63 37.89
Composted Waste - Other Urea 118 ) :
Recommendations: Nutrients Available for First Crop Ibs/ton (wet basis) |Other Elements Ibs/ton (wet basis)
Application Method N P05 KO Ca Mg S Fe Mn n Cu B Mo al Na Ni Cd P Al Se Li
Broadcast 56 2.8 1.4 5.1 0.46 0.55 1.2 010 002 001 0.01 0.17 0.32 T T T
Soil Incorp 7.0 35 1.6 63 058 0.9 1.5 013 003 001 0.01 0.19 0.32 T T T

SAMPLE ID - SBM125 = FINISH SPENT BIO MASS COMPOST DEMO PROJECT
SAMPLE ID — WAS125 = FINISH WASTE ACTIVATED SLUDGE COMPOST DEMO PROJECT




Tel: 831 724-5422
FAX: 831 724-3188

4SOl CONTROL LAB

Account No.:
153840 1 2197
MAY-01-1 25
Novoxymes NA
Mike Lynos
PO Box 567
Franklinton NC 27525-0576
DATE RECEIVED: 10May01
SAMPLE ID: Feedstock Mix
SAMPLE ID. No.: 1 153840
Metals & Coliform Bacteria
Method (metals): EPA 3050B / EPA 6010
Method (metals): TMECC 04.12-B/ 04.14-A
Method (Fecal Coliform): Standard Methods 9221E
Arsenic (As): Less than 1 mg/kg dw
‘ Cadmium (Cd): Less than 1 mg/kg dw
Chromium (Cr): _ 92 mg/kg dw
Copper (Cu): 2 mg/kg dw
Lead (Pb): Less than 1 mg/kg dw
Mercury (Hg): Less than 1 mg/kg dw
Molybdenum (Mo): Less than 1 mg/kg dw
Nickel (Ni): Less than 1 mg/kg dw
Selenium (Se): Less than 1 mg/kg dw
Zinc (Zn): -2 mg/kg dw
Pollutant Loading Rate:
Multiply mg/kg dry weight values times 0.038514 to give you kilograms pollutant per 100
metric ton compost as-received based on a moisture content of 57.5 percent.
Fecal Coliform bacteria: Less than 5 MPN per gram Dry Weight

A Division of Control Laboratories Inc. =z <N

L
Ea



Tel: 831 724-5422
FAX: 831 724-3188

oSOl CONTROL LAB

Account No.:
153840 1 2197
MAY-01-1 25

Novoxymes NA

Mike Lynos

PO Box 567

Franklinton NC 27525-0576

DATE RECEIVED: 10May01

SAMPLE ID: Feedstock Mix

SAMPLE ID. No.: 1 153840

Size & Volume Distribution, Bulk Density and Inerts

Method: TMECC 02.02-B Weight Volume Butk Density

MM percent percent g/cc

> 50 >20 , 0.0 0.0 0.00

25t050 1.0t020 0.0 0.0 0.00

161025 0.64t01.0 0.0 0.0 0.00

95t016 0.381t0 0.64 8.7 9.4 0.23

6.3109.5 0.25t00.38 8.0 10.8 0.18

40t06.3 0.16100.25 6.5 8.9 0.18
' 2.0t04.0 0.081t00.16 144 14.6 0.24

<20 < 0.08 62.4 56.3 0.27

Total 100.0 100.0
Bulk density = < 0.35 Light materials; 0.35 to 0.60 Mid Weight materials; > 0.60 Heavy Materials

Weight and Volume (Percent) Bulk Density
70.0 o
60.0 HE
- 50.0 -
400
30.0
20.0
10.0 - .
<2 2 4 6395 16 25 50 <2 2 4 63 95 16 25 50
MM
Percent Glass, Plastic, Metal and Sharps. Method: 02-02-C
Glass 0 Plastic 0 Metal 0 Sharps 0

A Division of Control Laboratories Inc. ¢
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Tel: 831 724-5422
FAX: 831 724-3188

o Ol CONTROL LAB

Account No.:
153840 1 2197
MAY-01-1 25

Novoxymes NA
Mike Lynos
PO Box 567
Franklinton NC 27525-0576
DATE RECEIVED:  10May01
SAMPLE ID: Feedstock Mix
SAMPLE ID. No.: 1 153840
Agricultural Related Constituents WET DRY TMECC [INTERPRETATION for COMPOST:
Nutrients-Primary + Secondary Basis Basis |Method [INutrients (N+P205+K20)
Total Nitrogen: % 0.66 1.6} 4.02-D 2.0  low nutrient content
Ammonia (NH4-N): mg/kg 898 2116 4.02-Cl|Agindex (Nutrients/Na+Cl)
Nitrate (NO3-N): mg/kg 3 74 4.02-B > 10  High nutrient ratio
Organic Nitrogen (Org.-N): % 0.57 1.3 Calc.liLime Content (ibs. per ton)
Phosphorus (as P205): % 0.007 0.015 Calc. 3 Low lime content
Phosphorus (P): mg/kg 29 68 4.03-AJ|C/N Ratio
Potassium (as K20): % 0.17 0.41 Calc. 26 Indicates immature
Potassium (K): mg/kg 1433 3375 4.04-Al|lAmmonia/Nitrate ratio

' Calcium (Ca): % 0.73 1.7 4.05 29 Indicates immature
Magnesium (Mg): % 0.06 0.15 4.05/|Ammonia nitrogen
Sulfate (SO4): mg/kg 425 1000} 4.12-D/IC|| 2116 Indicates immature

Nitrate nitrogen
Nutrients - Trace elements 74 Indicates mature
Copper (Cu): mg/kg 1 2| 4.05-Cuj|pH value
Zinc (Zn): mg/kg -1 2| 4.05-zn| 7.65 Indicates mature
Iron (Fe): ‘ mg/kg 102 241| 4.05-Fel{Ash to Organic Matter ratio
Manganese (Mn): mg/kg 1 3| 4.05-Mn|| 0.60 Average ash content
Boron (B): mg/kg 8 18 4.05-B||Organic Fraction (per 100 g Ash)
166

Salts, pH, Bulk Density, Carbonates Particle Size % > 6.3 MM (0.5")
Sodium (Na): % 0.077 0.18] 4.05-Na 16.7  May restrict use
Chloride (C): % 0.065 0.15| 04.05/IC||Soluble Nutrients & Saits (EC5 dw)
pH Value: units 7.65 NA| 04.11-A|] 8.86  High salts
Electrical Conductivity (EC5 dw): mmhos/c 3.76 8.86| 04.08-A||Biological Activity
Bulk Density : , Ib/cu ft 43 18 SCLli(mg CO2-C/gOM/day)
Carbonates : as CaCo3 1.3 3.0 04.08-A||Respiration Rate
Organic Matter: % 26.5 62.4] 05.07-A 0.2 Low for all uses
Organic Carbon: % 17.2 40.6 4.01||Biological Available Carbon
Ash: % 15.9 376} 3.02ff 20.4  High-for muich
Moisture: % 57.5 0.0 3.09“
NOTE: Wet Basis values baesd on a moisture content 57.5 percent.
To Calculate: WetBasis = (Dry Basis) X ((100-%Moisture)/100)
To Calculate: Ib/cu yd = % WetBasis X 18 X (2700)/(100-%moisture)

' To Calculate: Ib/cu yd = mg/kg WetBasis X 18 X (0.27)/(100-%moisture)

A Division of Control Laboratories Inc.
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o Ol CONTROL LAB

Tel: 831 724-5422
FAX: 831 724-3188

Account No.:
153840 1 2197
MAY-01-1 25
Novoxymes NA
Mike Lynos
PO Box 567
Franklinton : NC 27525-0576
DATE RECEIVED:  10May01
SAMPLE ID: Feedstock Mix
SAMPLE ID. No.: 1 153840
Germination and Growth (cucumber seed) TMECC Method: 05.05-A
Emergence (relative to control) 45 %
‘ 5 %

Relative Seedling Vigor
Test Conditions:

Positive Control: Sunland Garden Products (Watsonville, CA) potting mix

Negative Control: Grace Vermiculite
Interpretation:

This test uses a salt tolerant plant (cucumber) grown in a high concentration of test compost (50:50 v/v mix).

Compost that contain organic acids, un-ionized ammonia, herbicides, some diseases, anaerobic
conditions, high salts and other phytotoxic constituents can effect cucumber germination and vigor.

Compost that show phytotoxic effects under test conditions may not show toxic effect when used in actual
field conditions. Conditions of high salts, acid or alkali pH and ammonia toxicity can be corrected with added
dilution or adjustments resulting from mixing with receiving soil. Compost showing phytotoxic effects should

be used with caution.

Carbon Dioxide Evolution Rate Respiration Rate
Test Conditions:
Pre-incubated: 3 day-20 deg.C
Incubation: 36 deg.C
Moisture adjusted: saturated
pH Not adjusted
Porosity Not provided
Nutrients Not provided
TMECC Method 05.08-B
RESULTS:
mg CO2-C/g OM/day 0.2]avg. 4 reps.
mg CO2-C/g OC/day 0.4|avg. 4 reps.
mg CO2-C/g TS/day 0.1|avg. 4 reps.

TMECC Method 05.08-B

Biological Available Carbon
(carbon made the limiting factor)

3 day-36 deg. C

36 deg.C
saturated
6.5t07.5

#20 quartz sand
NPK+trace
05-08-F

20.4}avg. 5 reps.

31.4|avg. 5 reps.
12.7)avg. 5 reps.

TMECC Method 05.08-F

INTERPRETATION: mg CO2-C/g OM/day 8to 15 Moderately Unstable
<2 Very stable 15t0 40 Un-Stable
2108 Stable > 40 Very Un-Stable

RESPIRATION RATE

BIOLOGICAL AVAILABLE CARBON

Optimizing moisture with pre-incubation to simulate maximum biological activity in a source pile.

Optimizing all conditions (except carbon) makes rate of degradation limited by the available carbon in the
compost. Purpose is to simulate condition of end use in an agriculture environment where nutrients, porosity,
pH adj. and moisture are provided from the grower or receiving soil when optimizing conditions for plant growth.

A Division of Control Laboratories Inc.
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Tel: 831 724-5422
FAX: 831 724-3188

oSO CONTROL LAB

Account No.:
156279-2-2197
Group: Aug-3-01 6

Randy Green
Novozymes

PO Box 576
Franklinton, NC 27525

DATE RECEIVED: 14Aug.01
SAMPLE ID: Compost Finished TW
SAMPLE ID. No.: 2 156279
Size & Volume Distribution, Bulk Density and inerts
Method: TMECC 02.02-B Weight Volume Bulk Density
MM inches percent percent g/cc
> 50 >20 00 0.0 0.00
25t050 1.0t02.0 0.0 0.0 0.00
© 16t025 064t01.0 0.0 0.0 0.00
9.5t016 0.3810 0.64 0.0 0.0 0.00
6.3t09.5 0.25t00.38 0.0 0.0 0.00
40t06.3 0.16100.25 3.7 6.8 0.17
. 20to 4.0 0.08t00.16 11.2 15.3 0.23
<20 <0.08 85.0 78.0 0.34
Total 100.0 100.0

Bulk density = < 0.35 Light materials; 0.35 to 0.60 Mid Weight materials: > 0.60 Heavy Materials

Weight and Volume (Percent) Bulk Density

90.0 0s0
80.0 -

<2 2 4 6395 16 25 S0 <2 2 4 6395 16 25 50
MM —
Percent Glass, Piastic, Metal and Sharps. Method: 02-02-C
Glass <1 Piastic <1 Metatl <1 Sharps <A1
Analyst: Frank smeédzy\/k

A Division of Control Laboratories Inc.




YTICAL CHEMISTS

SOIL CONTROL LAB

Account No.:
156279 "2 2197
Group: Aug-3-01 6

Tel: 831 724-5422
FAX: 831 724-3188

Randy Green

Novozymes

PO Box 576

Franklinton, NC 27525-0576

DATE RECEIVED:  14Aug.01

SAMPLE ID: Compost Finished TW

SAMPLE ID. No.: 2 156279

Germination and Growth (cucumber seed) TMECC Method: 05.05-A
Emergence (refative to control) 100 %
Relative Seedling Vigor 100 %

Test Conditions:

Positive Control: Sunland Garden Products (Watsonville, CA) potting mix

Negative Control: Grace Vermiculite
Interpretation:
This test uses a salt tolerant plant (cucumber) grown in a high concentration of test compost (50:50 v/v mix).

. Compost that contain organic acids, un-ionized ammonia, herbicides, some diseases, anaerobic

conditions, high salts and other phytotoxic constituents can effect cucumber germination and vigor.
Compost that show phytotoxic effects under test conditions may not show toxic effect when used in actual
field conditions. Conditions of high salts, acid or alkali pH and ammonia toxicity can be corrected with added

dilution or adjustments resulting from mixing with receiving soil. Compost showing phytotoxic effects should
be used with caution.

Carbon Dioxide Evolution Rate Respiration Rate Biological Available Carbon
Test Conditions: (as received) (carbon made the limiting factor)y
Pre-incubated: 3 day-20 deg.C 3 day-36 deg. C
Incubation: 36 deg.C 36 deg.C
Moisture adjusted: saturated saturated
pH Not adjusted 6.5t075
Porosity Not provided #20 quartz sand
Nutrients Not provided NPK+trace
TMECC Method 05.08-B 05-08-F
RESULTS:
mg CO2-C/g OM/day 0.7]avg. 4 days 9)avg. 5 reps.
mg CO2-C/g OC/day 1.3lavg. 4 days 18|avg. 5 reps.
mg CO2-C/g TS/day } 0.3lavg. 4 days 3.9lavg. 5 reps.
TMECC Method 05.08-B , TMECC Method 05.08-F

INTERPRETATION: mg C0O2-C/g OM/day 8to 15 Moderately Unstable
<2 Very stable 15t0 40 Un-Stable
2t08 Stable > 40 Very Un-Stable

RESPIRATION RATE Analyst: Frank Shields —zvt/ § /i~

. Optimizing moisture with pre-incubation to simulate maximum biological activity in a source pile.

BIOLOGICAL AVAILABLE CARBON

Optimizing all conditions (except carbon) makes rate of degradation limited by the available carbon in the

compost. Purpose is to simulate condition of end use in an agriculture environment where nutrients, porosity,
pH adj. and moisture are provided from the gr?wer or fec ivin%s‘oil when optimizing conditions for plant growth.

A Divisionof Control Laborafories Inc.
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oSOl CONTROL LA

Randy Green

Novozymes

PO Box 576

Frankiinton, NC 27525-0576

DATE RECEIVED:  14Aug.01

SAMPLE ID: Compost Finished TW
SAMPLE ID. No.: 2 158279

. WET
Nutrients-Primary + Secondary Basis

Total Nitrogen: %

Ammonia (NH4-N): mg/kg
Nitrate (NO3-N): mg/kg
Organic Nitrogen (Org.-N): %
Phosphorus (as P205): %
Phosphorus (P): mg/kg
Potassium (as K20): %
Potassium (K): mg/kg
Calcium (Ca): %
Magnesium (Mg): %
Sulfate (SO4): mg/kg
Nutrients - Trace elements

Copper (Cu): mg/kg
Zinc (Zn): mg/kg
Iron (Fe): mg/kg
Manganese (Mn): mg/kg
Boron (B): mg/kg

Salts, pH, Bulk Density, Carbonates

Sodium {Na): %
Chloride (Cl): %

pH Value: units
Electrical Conductivity (EC5 dw): mmhos/c
Bulk Density : ib/cu ft
Carbonates : as CaCO3 Ib/ton
Organic Matter: %
Organic Carbon: %
Ash: %

C/N Ratio ratio
Moisture: %

1.0
347
262

~0.90

0.50
2191
0.26
2189
1.7
0.13
809

15
49
5818
167
92

0.17
0.10
8.21
2.32
33

4
25.8
13.6
364
14 .2
378

NOTE: Wet Basis vaiues baesd on a moisture content
To Calculate: WetBasis = (Dry Basis) X ((100-%Moisture)/100)
To Calculate: Ib/cu yd = % WetBasis X 20.44 X (27)/(100-%moisture)

PAGE 3 [To Calculate: Ib/cu yd = mg/kg WetBasis X 20.44 X {0.0027)/(100-%moisture)

37.8 percent.

Tel: 831 724-5422
FAX: 831 724-3188

B

Account No.:
156279 - 2 - 2197
Aug-3-01 6
DRY TMECC
Basis Method
1.5 4.02-D
558 4.02-C
420 4.02-B
1.4 Calc.
0.80 Calc.
3519 4.03-A
0.42 Calc.
3516 4.04-A
2.8 : 4.05
0.21 4.05
1300 4.12-D/IC
25 4.05-Cu ‘
79 4.05-Zn
9348 4.05-Fe
268 4.05-Mn
148 4.05-B
0.27 4.05-Na
0.17 .04.05/iC
NA 04.11-A
3.73 04.08-A
20 SCL
7 04.08-A
41.5 05.07-A
218 - 4.01
58.5 3.02
14.2 calc.
0.0 3.09&

Analyst: Frank Shields

A Division of Control Laboratories Inc.
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Tel: 831 724-5422
FAX: 831 724-3188

oSOIL CONTROL LAB

Account No.:
156279-2-2197
Group: Aug-3-01 6

Randy Green

Novozymes

PO Box 576

Franklinton, NC 27525-0576

DATE RECEIVED:  14Aug.01
SAMPLE ID: Compost Finished TW
SAMPLE ID. No.: 2 156279
Metals & Coliform Bacteria
Method (metals): EPA 30508 / EPA 6010
Method (metals): TMECC 04.12-B/ 04.14-A
Method (Mercury Hg) TMECC 04.06 / EPA 7471
Method (Fecal Coliform): Standard Methods 9221E

Units MDL % Recover Date Tested
. Arsenic (As): 1 mg/kgdw 1 mg/kg 80 27-Aug-2001
Cadmium (Cd): Less than 1 mg/kg dw 1 mg/kg 106 27-Aug-2001
Chromium (Cr): 10 mg/kgdw 1 mg/kg 109 27-Aug-2001
Copper (Cu): 25 mg/kgdw 1 mg/kg 116 27-Aug-2001
Lead (Pb): 6 mg/kgdw 1 mg/kg 101 27-Aug-2001
Mercury (Hg): Less than 1 mg/kg dw 0.1 mg/kg 86 27-Aug-2001
Molybdenum (Mo): 2 mg/kgdw 1 mg/kg 98 27-Aug-2001
Nickel (Ni): 7 mg/kgdw 1 mg/kg 109 27-Aug-2001
Selenium (Se): Less than 1 mg/kgdw 1 mg/kg 96 27-Aug-2001
Zinc (Zn): 79 mg/kgdw 1 mg/kg 98 27-Aug-2001
Total Solids (tmecc 03.09) 62.2 Percent 0.05% 24 Aug. 01
Fecal Coliform < 2  MPN/g dry weight 24 Aug. 01

Poliutant Loading Rate:

Multiply mg/kg dry weight values times 0.0565 to give you kilograms pollutant per 100
metric ton compost as-received based on a moisture content of 37.76 percent.
Analyst:  Frank Shields

= Gl

A Division of Control Laboratories Inc.




Account No.: Date Received 14Aug.01

156279 - 2 - 2197 Sample i.d. Compost Finished TW
Batch No. Aug-3-01 6 Sample i.d. No. 2 156279
INTERPRETATION: Page one of two

Nutrients (N+P205+K20)

2.8 Average nutrient content
This is the sum of the primary nutrients Nitrogen, Phosphorus and Potassium. Reported units are
consistent with units on fertilizer formulations. A sum greater than five indicates a compost with a.
high nutrient content and best used when intended to supply nutrients to a receiving soil. A value
below two indicates a low nutrient content and best used where soil structure needs improving and
nutrients can be added from another source. Most compost fall within the range between two and five.

Agindex (Nutrients/Na+Cl)

10 High nutrient ratio
Repeated use of a compaost with a low Agindex (below 2) result in sodium and/or chloride becoming
the limiting factor governing application rates (ie. sodium and/or chloride becaome toxic before
nutrients become optimum). May be used on well drained soils with salt tolorant plants. Additional
nutrients from another source may be needed. An Agindex above 10 resuit in a buiid-up of nutrients
to optimum for plant growth without a concern of a toxic build-up of sodium and/or chloride from the
compost. Good for increasing nutrients on all soils. Most compost fall in the range between 2 and
10 and concentrations of both nutrients and sodium plus chioride in the receiving soil should be
considered when determining application rates. Agindex is a product of feedstock quality. Feedstock
from dairy manure, ocean fish waste, un-washed kelp, industrial wastes, cheese & pickel waste, salt
tolorant plants, can produce a finished compost with a low Agindex.

Lime Content (Ibs. per ton)

7 Low lime content
Compost produced from chicken manure (layers), ash materials, and fime products can resuit in a
finished compost high in carbonates. An excellent product when used on a receiving soii where an

addition of lime is recommended from a soil analysis, but caution should be used when applying to
a soil wanting a lower pH.

C/N Ratio

14.2 Indicates mature

A C/N ratio below 13 indicates Mature and above 15 indicates Immature. But there are many
exceptions. Example; large (> 6.3mm) woodchips is slow to breakdown and can result in a Stable
product based on Biological Available Carbon (BAC) yet the C/N ratio value is high. Some organic
feedstock like bark and redwood are resistant to degradation result in a Stable compost with a high

C/N ratio. And some mixes with chicken manure and green grasses can start below 15 and
are very un-Stable. ‘

AmmoniaN/NitrateN ratio

1 mature

Ammonia N ppm Typically ammonia is in excess with the break-down of organic materials
558 immature  resulting in a inerease in pH. This combination result in a loss of volatile
Nitrate N ppm ammonia (it smells). Once the toxic ammonia has gone off and the pH drops
420 mature the microbes convert ammonia to nitrates. A fow ammonia + high nitrate

pH value indicates Mature. Exceptions are many. A compost with a low pH value (< 7)
8.21 immature  will retain ammonia and a compost with high lime content can lose ammonia

“before the organic fraction become stable.




Account No.: Date Received 14Aug.01

156279 - 2 - 2197 Sample i.d. Compost Finished TW
Batch No. Aug-3-01 6 Sample I.d. No. 2 156279
INTERPRETATION: Page two of two
Ash to Organic Matter ratio

1.41 Average ash content

High Ash content indicates possible 1) excess minerilization (old. compost) 2) contamination with dirt
base material during turning 3) poor quality feedstock or 4) soil or mineral products added. Finding
the source and reducing Ash is often the fastest means of increasing nutrient quality of a compost.

Organic Fraction (grams OM pey 100 g Ash)

71

Compost operations on a solid base and where there are no more additions of materials once the
operation starts can use Ash as a constant vaiue to aid in graphing loss of organic matter, nitrogen

conversion, moisture and leaching if tested weekly during composting. A good aid in solving problems
with poorly formulated feedstock.

Particle Size % > 6.3 MM (0.5")
0.0 Suitable for all uses

Large particles may restrict use for greenhouses, golf courses, seedlings etc. where a fine size
distribution is required. Can still be used for fieid soils, shrub mixes and mulches.

Soluble Nutrients & Salts (EC5 dw - umhos/cm)

3.73 Average salts

Salts refers to ail soluble ions including nutrients and sodium and chioride. High salts + high Agindex
indicates a compost high in readily available nutrients. Application rate should be limited to obtaining
optimum nutrients. High Salts and low Agindex indicates a compost low in nutrients and high
concentrations of sodium and/or chloride limiting application rate to toxicity of sodium and/or chloride.

Low salts indicates more compost can be applied before salt toxicity and nutrients are not readily
available but in a slo-release form.

Respiration Rate

0.7 Low for all uses mg CO2-C/g OM/day
Biological Available Carbon
9 Moderate-selected use mg CO2-C/g OM/day

The Respiration Rate (RR) and Biological Available Carbon (BAC) measure the rate CO2 is reieased
under the same moisture and temperature conditions. Additionally for the BAC test porosity, nutrients,
pH and microbes are adjusted for optimum. If both RR and BAC results are about the same indicates
the compost conditions are optimum. If the BAC results are higher than RR indicates a compost pile
activity limited by one or more of the conditions corrected in the BAC test. A Stable RR and BAC test
indicates a Stable product. A Stable RR but un-Stable BAC test indicates an un-Stable product for.

the purpose of use in agriculture and caution required when used in greenhouses, lawns, golf courses
and other high end uses.

Particle Size Distribution

Each size fraction is measured on both a weight and volume basis. Bulk density is calculated from
from these two values. Aids in decisions to screen or not and size screen to use. Calculates the
weight, volume and make-up of the fraction to be removed. Removing large mineral material greatly
improves compost quality. Aids in locating source of un-wanted stone materials and making decisions
if removed material should be added into a new pile (woody) or landfilled (stony).
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IAGI HDPE Geomembrane Installatin Specification
Prepared by
INTERNATIONAL ASSOCIATION OF GEOSYNTHETIC INSTALLERS

HDPE GEOMEMBRANE INSTALLATION SPECIFICATION
International Association of Geo-synthetic Installers

P.O. Box 18012

St. Paul, MN 55118 USA

Telephone: 651-554-1895

Fax: 651-450-6167

Email: iag@iagi.org

Revision by R. W. Gregg, May 21, 2004

PART 1 - GENERAL

1.01 Summary v

A. This specification includes furnishing and installing HDPE geo-membranes with a formulated
sheet density of 0.940 g/cm or greater. Geo-membranes with both smooth and textured surfaces are
included.

1.02 References

A. American Society for Testing and Materials (ASTM):
1. D 638, Standard Test Method for Tensile Properties of Plastics.
2. D 751, Standard Test Methods for Coated Fabrics.
3. D 792, Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics
by Displacement. '
4. D 1004, Standard Test Method for Initial Tear Resistance of Plastic Film and
Sheeting.
5. D 1204, Standard Test Method for Linear Dimensional Changes of Non Rigid
Thermoplastic Sheeting or Film at Elevated Temperature.
6. D 1238, Standard Test Method for Flow Rates of Thermoplastics by Extrusion
Plastometer.
7. D 1505, Standard Test Method for Density of Plastics by Density-Gradient Technique.
8. D 1603, Standard Test Method for Carbon Black in Olefin Plastics.
9. D 3895, Test Method for Oxidative Induction Time of Polyolefins by Thermal
Analysis.
10. D 4218, Test Method for Determination of Carbon Black Content in Polyethylene

~ Compounds by the Muffle-Furnace Technique.

11. D 4437, Standard Practice for Determining the Integrity of Field Seams Used in
Joining Flexible Polymeric Sheet Geo-membranes.
12. D 4833, Test Method for Index Puncture Resistance of Geo-textiles, Geo-membranes
and Related Products. ‘
13. D 5199, Standard Test Method for Measuring Nominal Thickness of Smooth
Geo-membranes.
14. D 5397, Standard Test Method for Evaluation of Stress Crack Resistance of
Polyolefins using Notched Constant Tensile Load Test. ,
15. D 5596, Standard Practice for Microscopical Examination of Pigment Dispersion in
Plastic Compounds.




16. D 5641, Standard Practice for Geo-membrane Seam Evaluation by Vacuum Chamber.
17. D 5721, Practice for Air-Oven Aging of Polyolefin Geo-membranes.
18. D 5820, Test Method for Air Testing.
19. D 5885, Test Method for Oxidative Induction Time of Polyolefin Geo-synthetics by
High Pressure Differential Scanning Calorimetry.
20. D 5994, Standard Test Method for Measuring Nominal Thickness of Textured
Geo-membranes ’
21. D 6365, Standard Practice for the Nondestructive Testing of Geo-membrane Seams

~ using The Spark Test

B. Geo-synthetic Research Institute (GRI):
1. GRI GM 6, Pressurized Air Channel Test for Dual Seamed Geo-membranes
2. GRI GM 9, Cold Weather Seaming of Geo-membranes
3. GRI GM 10, Specification for Stress Crack Resistance of HDPE Geo-membrane Sheet
4. GRI GM 13, Test Properties, Testing Frequency and Recommended Warranty for
High Density Polyethylene (HDPE) Smooth and Textured Geo-membranes
5. GRI GM 14, Test Frequencies for Destructive SeamTesting

1.03 Submittals
A. Submit under provisions of Section 01300, Submittals. ,
B. Submit the following to the Engineer or Owner, for review and approval, 3 weeks prior to
shipment of the Geo-membrane:
‘1. Documentation of manufacturer's qualifications as specified in subsection 1.04A of
this Section.
2. Manufacturer's Quality Control program manual or descriptive documentation.
3. A material properties sheet, including at a minimum all properties specified in GRI
GM 13, including test methods used.
4. Sample of the material.
5. Documentation of Installer's qualifications, as specified below and in subsection
1.04B of this Section.
a. Submit a list of at least ten completed facilities. For each installation, provide:
name and type of facility; its location; the date of installation; name and telephone
number of contact at the facility; type and thickness of geo-membrane and; surface
area of the installed geo-membrane.
b. Submit resumes or qualifications of the Installation Supervisor, Master Seamer
and Technicians to be assigned to this project.
¢. Quality Control Program. :
6. Example Material Warranty and Liner Installation Warranty complying with
subsections 1.07 and 1.08 of this Section.
7. Resin Supplier's name, resin production plant identification, resin brand name and
number, production date of the resin, resin Manufacturer's quality control certificates,
and certification that the properties of the resin meet the requirements for the project.
C. Shop Drawings :
1. Submit copies of shop drawings for engineer's approval within a reasonable time so as
not to delay the start of geo-membrane installation. Shop drawings shall show the
proposed panel layout identifying seams and details. Seams should generally follow the
- direction of the slope. Butt seams or roll-end seams should not occur on a slope unless
approved by the Owner's Representative. Butt seams on a slope, if allowed, should be
staggered. '




. 2. Placement of geo-membrane will not be allowed to proceed until Owner's
Representative has received and approved the shop drawings.
D. Additional Submittals (In-Progress and at Completion)
1. Manufacturer's warranty (refer to subsection 1.07).
2. Geo-membrane installation warranty (refer to subsection 1.08).
3. Daily written acceptance of subgrade surface (refer to subsection 3.01.C).
4. Low-temperature seaming procedures if applicable (refer to subsection 3.03.A).
5. Prequalification test seam samples (refer to subsection 3.05.A.6).
6. Field seam non-destructive test results (refer to subsection 3.05.B. 1).
7 Field seam destructive test results (refer to subsection 3.05.C.6).
8. Daily field installation reports (refer to subsection 3.05.G).
9. Installation record drawing, as discussed in subsection 3.05.

1.04 Quality Control
A. Manufacturer's Qualifications: The manufacturer of geo-membrane of the type specified or
similar product shall have at least five years experience in the manufacture of such
geo-membrane. In addition, the geo-membrane manufacturer shall have manufactured at least
1,000,000 M2 (10,000,000 FT2) of the specified type of geo-membrane or similar product
during the last five years.
B. Installer's Qualifications :
1. The Geo-membrane Installer shall be the Manufacturer, approved Manufacturer's
Installer or a contractor approved by the Owner's Representative to install the
. geo-membrane.
2. The Geo-membrane Installer shall have at least three years experience in the
installation of the specified geo-membrane or similar. The Geo-membrane Installer shall
have installed at least 10 projects involving a total of 500,000 sq. meters (5,000,000 sf) of the
specified type of geo-membrane or similar during the last three years.
3. Installation shall be performed under the direction of a field Installation Supervisor
who shall be responsible throughout the geo-membrane installation, for geo-membrane
panel layout, seaming, patching, testing, repairs, and all other activities of the
Geo-membrane Installer. The Field Installation Supervisor shall have installed or
supervised the installation and seaming of a minimum of 10 projects involving a total of
500,000 sq. meters (5,000,000 sf) of geo-membrane of the type specified or similar product.
Field Installation Supervisor shall not be changed after work is begun unless approved by
Owner.
4. Seaming shall be performed under the direction of a Master Seamer (who may also be
the Field Installation Supervisor or Crew Foreman) who has seamed a minimum of
300,000 sq. meters (3,000,000 sf) of geo-membrane of the type specified or similar product,
using the same type of seaming apparatus to be used in the current project. The Field
Installation Supervisor and/or Master Seamer shall be present whenever seaming is
performed.
5. All seaming, patching, other welding operations, and testing shall be performed by
qualified technicians employed by the Geo-membrane Installer.

1.05 Delivery, Storage and Handling

‘ A. Each roll of geo-membrane delivered to the site shall be labeled by the manufacturer. The
label shall be firmly affixed and shall clearly state the manufacturer's name, product
identification, material thickness, roll number, roll dimensions and roll weight.




. B. Geo-membrane shall be protected from mud, dirt, dust, puncture, cutting or any other
damaging or deleterious conditions. ;
C. Rolls shall be stored away from high traffic areas. Continuously and uniformly support
rolls on a smooth, level prepared surface.
D. Rolls shall not be stacked more than three high.

1.06 Project Conditions

A. Geo-membrane should not be installed in the presence of standing water, while
precipitation is occurring, during excessive winds, or when material temperatures are outside
the limits specified in Section 3.03.

1.07 Material Warranty
As required by specification, or as required in GRI GM 13 (Attachment A)

1.08 Geo-membrane Installation Warranty
A The Geo-membrane Installer shall guarantee the geo-membrane installation against defects
in the installation and workmanship for 1 year commencing with the date of final acceptance.

1.09 Geo-membrane Pre-Construction Meeting
A. A Geo-membrane Pre-Construction Meeting shall be held at the site prior to installation of
the geo-membrane. At a minimum, the meeting shall be attended by the Geo-membrane
Installer, Owner, Owner’s representative (Engineer and/or CQA Firm), and the Earthwork
. Contractor.
B. Topics for this meeting shall include:
1. Responsibilities of each party.
2. Lines of authority and communication. Resolution of any project document
ambiguity. ‘
3. Methods for documenting, reporting and distributing documents and reports.
4. Procedures for packaging and storing archive samples.
5. Review of time schedule for all installation and testing.
6. Review of panel layout and numbering systems for panels and seams including details
for marking on geo-membrane.
7. Procedures and responsibilities for preparation and submission of as-built panel and
seam drawings.
8. Temperature and weather limitations. Installation procedures for adverse weather
conditions. Defining acceptable subgrade, geo-membrane, or ambient moisture and
temperature conditions for working during liner installation.
9. Subgrade conditions, dewatering responsibilities and subgrade maintenance plan.
10. Deployment techniques including allowable subgrade for the geo-membrane.
11. Plan for controlling expansion/contraction and wrinkling of the geo-membrane.
12. Covering of the geo-membrane and cover soil placement.
13. Measurement and payment schedules.
14. Health and safety.
C. The meeting shall be documented by a person designated at the beginning of the meeting
and minutes shall be transmitted to all parties.

PART 2 - PRODUCTS




2.01 Source Quality Control

A. Manufacturing Quality Control
1. The test methods and frequencies used by the manufacturer for quality control/quality
assurance of the above geo-membrane prior to delivery, shall be in accordance with GRI
GM 13, or modified as required for project specific conditions.
2. The manufacturer's geo-membrane quality control certifications, including results of
quality control testing of the products, as specified in subsection 2.01.A.3 of this Section,
must be supplied to the Owner's Representative to verify that the materials supplied for
the project are in compliance with all product and or project specifications in this Section.
The certification shall be signed by a responsible party employed by the manufacturer,
such as the QA/QC Manager, Production Manager, or Technical Services Manager.
Certifications shall include lot and roll numbers and corresponding shipping information.
3. The Manufacturer will provide Certification that the geo-membrane and welding rod
supplied for the project have the same base resin and material properties.

2.02 Geo-membrane :

A. The geo-membrane shall consist of new, first quality products designed and manufactured
specifically for the purpose of this work which shall have been satisfactorily demonstrated by
prior testing to be suitable and durable for such purposes. The geo-membrane rolls shall be
seamless, high density polyethylene (HDPE- Density >0.94g/cm) containing no plasticizers,
fillers or extenders and shall be free of holes, blisters or contaminants, and leak free verified
by 100% in line spark or equivalent testing. The geo-membrane shall be supplied as a
continuous sheet with no factory seams in rolls. The geo-membrane will meet the property
requirements as shown in Table A. (GRI GM 13)

B. Material conformance testing by the Owner's Representative, if required, will be
conducted in accordance with the project specifications.

C. The geo-membrane seams shall meet the property requirements as shown in Table 2,
(Attachment B) or as required by project specifications

PART 3 - EXECUTION

3.01 Subgrade Preparation

A. The subgrade shall be prepared in accordance with the project specifications. The
geo-membrane subgrade shall be uniform and free of all sharp or angular objects that may
damage the geo-membrane prior to installation of the geo-membrane.

B. The Geo-membrane Installer and Owner’s Representative shall inspect the surface to be
covered with the geo-membrane on each day's operations prior to placement of geo-membrane
to verify suitability.

C. The Geo-membrane Installer and Owner’s Representative shall provide daily written
acceptance for the surface to be covered by the geo-membrane in that day's operations. The
surface shall be maintained in a manner, during geo-membrane installation, to ensure
subgrade suitability. ’

D. All subgrade damaged by construction equipment and deemed unsuitable for
geo-membrane deployment shall be repaired prior to placement of the geo-membrane. All
repairs shall be approved by the Owner's Representative and the Geo-membrane Installer.
This damage, repair, and the responsibilities of the contractor and Geo-membrane Installer
shall be defined in the preconstruction meeting.

E. Owner shall be responsible for compaction tests per project specifications.




F. After subgrade has been jointly inspected by Owner’s representative and Installer and accepted by
Installer, Installer shall be responsible for damage and repair to subgrade caused by Installer’s
personnel.

G. After acceptance by Installer, water accumulation by rainfall or due to any actions or inactions of
the Installer shall be the responsibility of the Installer. Delays caused by such events shall not be the
basis for any claims by the Installer. This includes any costs associated with
demobilization/remobilization due to weather or Installer actions/inactions.

3.02 Geo-membrane Placement

A. No geo-membrane shall be deployed until the applicable certifications and quality control
certificates listed in subsection 1.03 of this Section are submitted to and approved by the
Owner's Representative. Should geo-membrane material be deployed prior to approval by the
Owner's Representative it will be at the sole risk of the Geo-membrane Installer and/or
Contractor. If the material does not meet project specifications it shall be removed from the
work area at no cost to the owner.

B. The geo-membrane shall be installed to the limits shown on the project drawings and
essentially as shown on approved panel layout drawings.

C. No geo-membrane material shall be unrolled and deployed if the material temperatures are
lower than 0 degrees C (32 degrees F) unless otherwise approved by the Owner's
Representative. The specified minimum temperature for material deployment may be
adjusted by the Owner’s Representative based on recommendations by the manufacturer.
Temperature limitations should be defined in the preconstruction meeting. Typically, only
the quantity of geo-membrane that will be anchored and seamed together in one day should be
deployed.

D. No vehicular traffic shall travel on the geo-membrane other than an approved low ground
pressure All Terrain Vehicle or equivalent.

E. Sand bags or equivalent ballast shall be used as necessary to temporarily hold the
geo-membrane material in position under the foreseeable and reasonably - expected wind
conditions. Sand bag material shall be sufficiently close- knit to prevent soil fines from
working through the bags and discharging on the geo-membrane.

F. Geo-membrane placement shall not be done if moisture prevents proper subgrade
preparation, panel placement, or panel seaming. Moisture limitations should be defined in
the preconstruction meeting. ‘

G. Damaged panels or portions of the damaged panels which have been rejected shall be
marked and their removal from the work area recorded.

H. The geo-membrane shall not be allowed to "bridge over" voids or low areas in the
subgrade. In these areas, the geo-membrane shall be to allow the geo-membrane to rest in
intimate contact with the subgrade.

1. Wrinkles caused by panel placement or thermal expansion should be minimized in
accordance with section 1.09 B11.

J. Considerations on Site Geometry: In general, seams shall be oriented parallel to the line of
the maximum slope. In corners and odd shaped geometric locations, the total length of field
seams shall be minimized. Seams shall not be located at low points in the subgrade unless
geometry requires seaming at such locations and if approved by the Owner's Representative.
K. Overlapping: The panels shall be overlapped prior to seaming to whatever extent is
necessary to effect a good weld and allow for proper testing. In no case shall this overlap be
less than 75mm (3 in.) or in accordance with manufacturer’s recommendations, whichever is greater.




3.03 Seaming Procedures
A_ Cold weather installations should follow guidelines as outlined in GRI GM9.
B. No geo-membrane material shall be seamed when liner temperatures are less than 0
degrees C (32 degrees F) unless the following conditions are complied with:
1. Seaming of the geo-membrane at material temperatures below 0 degrees C (32 degrees
F) is allowed if the Geo-membrane Installer can demonstrate to the Owner's
Representative, using pre-qualification test seams, that field seams comply with the
project specifications, the safety of the crew is ensured, and geo-membrane material can
be fabricated (i.e. pipeboots, penetrations, repairs. etc.) at sub-freezing temperatures.
2. The Geo-membrane Installer shall submit to the Owner's Representative for approval,
detailed procedures for seaming at low temperatures, possibly including the following:
a. Preheating of the geo-membrane
b. The provision of a tent or other device if necessary to prevent heat losses during
seaming and rapid heat losses subsequent to seaming.
¢. Number of test welds to determine appropriate seaming parameters
C. No geo-membrane material shall be seamed when the sheet temperature is above 75
degrees C (170 degrees F) as measured by an infrared thermometer or surface thermocouple
unless otherwise approved by the Owner's Representative. This approval will be based on
recommendations by the manufacturer and on a field demonstration by the Geo-membrane
Installer using prequalification test seams to demonstrate that seams comply with the
specification. Surface temperature measurement is the responsibility of the Installer, using a
calibrated meter, traceable to NIST standards. ,
D. Seaming shall primarily be performed using automatic fusion welding equipment and
techniques. Extrusion welding shall be used where fusion welding is not possible such as at
pipe penetrations, patches, repairs and short (less than a roll width) runs of seams.
E. Fishmouths or excessive wrinkles at the seam overlaps, shall be minimized and when
necessary cut along the ridge of the wrinkles back into the panel so as to effect a flat overlap.
The cut shall be terminated with a keyhole cut (nominal 10 mm (1/2 in) diameter hole) so as
to minimize crack/tear propagation. The overlay shall subsequently be seamed. The key hole
cut shall be patched with an oval or round patch of the same base geo-membrane material
extending a minimum of 150 mm (6 in.) beyond the cut in all directions.

3.04 Pipe and Structure Penetration Sealing System
A. Provide penetration sealing system as shown in the Project Drawings.
B. Penetrations shall be constructed from the base geo-membrane material, flat stock,
prefabricated boots and accessories as shown on the Project Drawings. The pre-fabricated or
field fabricated assembly shall be field welded to the geo-membrane as shown on the Project
Drawings so as to prevent leakage. This assembly shall be tested as outlined in section
3.05.B. Alternatively, where field non destructive testing can not be performed, attachments
will be field spark tested by standard holiday leak detectors in accordance with ASTM 6365
Spark testing should be done in areas where both air pressure testing and vacuum testing are
not possible.
1. Equipment for Spark testing shall be comprised of but not limited to: A hand held
holiday spark tester and conductive wand that generates a high voltage.
2. The testing activities shall be performed by the Geo-membrane Installer by placing an
electrically conductive tape or wire beneath the seam prior to welding. A trial seam
containing a non welded segment shall be subject to a calibration test to ensure that such
a defect (non welded segment) will be identified under the planned machine settings




and procedures. Upon completion of the weld, enable the spark tester and hold
approximately 25mm (1 in) above the weld moving slowly over the entire length of the

weld in accordance with ASTM 6365. If there is no spark the weld is considered to be

leak free.

3. A spark indicates a hole in the seam. The faulty area shall be located, repaired and

retested by the Geo-membrane Installer.

4. Care should be taken if flammable gases are present in the area to be tested.

5. Owner’s representative shall be given adequate notice of tests and given the opportunity to
witness all tests.

3.05 Field Quality Control

The Owner’s Representative shall be notified prior to all pre qualification and production

welding and testing, or as agreed upon in the pre construction meeting.

A. Prequalification Test Seams
1. Test seams shall prepared and tested by the Geo-membrane Installer to verify that
seaming parameters (speed, temperature and pressure of welding equipment) are
adequate. _
2 Test seams shall be made by each welding technician and tested in accordance with
ASTM D 4437 at the beginning of each seaming period. Test seaming shall be
performed under the same conditions and with the same equipment and operator
combination as production seaming. The test seam shall be approximately 3.3 meters (10
feet) long for fusion welding and 1 meter (3 feet) long for extrusion welding with the
seam centered lengthwise. At a minimum, tests seams should be made by each technician
1 time every 4—6 hours; additional tests may be required with changes in environmental
conditions.
3. Two 25 mm (1 in) wide specimens shall be die-cut by the Geo-membrane Installer
from each end of thie test seam. These specimens shall be tested by the Geo-membrane
Installer using a field tensiometer testing both tracks for peel strength and also for shear
strength. Each specimen shall fail in the parent material and not in the weld, "Film Tear
Bond"(F.T.D. failure). Seam separation equal to or greater than 10% of the track width
shall be considered a failing test.
4. The minimum acceptable seam strength values to be obtained for all specimens tested
are listed in Subsection 3.05.C.4 of this Section. All four specimens shall pass for the test
seam to be a passing seam.
5. If a test seam fails, an additional test seam shall be immediately conducted. If the
additional test seam fails, the seaming apparatus shall be rejected and not used for
production seaming until the deficiencies are corrected and a successful test seam can
be produced.
6. A sample from each test seam shall be labeled. The label shall indicate the date,
geo-membrane temperature, number of the seaming unit, technician performing the test
seam and pass or fail description. The sample shall then be given to the Owner's
Representative for archiving.

B. Field Seam Non-destructive Testing
1. All field seams shall be non-destructively tested by the Geo-membrane Installer over
the full seam length before the seams are covered. Each seam shall be numbered or
otherwise designated. The location, date, test unit, name of tester and outcome of all
non-destructive testing shall be recorded and submitted to the Owner's Representative.
2. Testing should be done as the seaming work progresses, not at the completion of all




field seaming, unless agreed to in advance by the Owner's Representative. All defects
found during testing shall be numbered and marked immediately after detection. All
defects found should be repaired, retested and remarked to indicate acceptable
completion of the repair.
3. Non-destructive testing shall be performed using vacuum box, air pressure or spark
testing equipment.
4. Non-destructive tests shall be performed by experienced technicians familiar with the
specified test methods. The Geo-membrane Installer shall demonstrate to the Owner's
Representative all test methods to verify the test procedures are valid.
5 Extrusion seams shall be vacuum box tested by the Geo-membrane Installer in
accordance with ASTM D 4437 and ASTM D 5641 with the following equipment and
procedures:
a. Equipment for testing extrusion seams shall be comprised of but not limited to: a
vacuum box assembly consisting of a rigid housing, a transparent viewing window, a
soft rubber gasket attached to the base, port hole or valve assembly and a vacuum
gauge; a vacuum pump assembly equipped with a pressure controller and pipe
connections; a rubber pressure/vacuum hose with fittings and connections; a plastic
bucket; wide paint brush or mop; and a soapy solution.
b. The vacuum pump shail be charged and the tank pressure adjusted to
approximately 35 kPa (5 psig).
¢. The Geo-membrane Installer shall create a leak tight seal between the gasket and
geomembrane interface by weiting a strip of geo-membrane approximately 0.3m (12
in) by 1.2m (48 in) (length and width of box) with a soapy solution, placing the
box over the wetted area, and then compressing the box against the geo-membrane.
The Geo-membrane Installer shall then close the bleed valve, open the vacuum valve,
maintain initial pressure of approximately 35 kPa (5 psig) for approximately 5
seconds. The geo-membrane should be continuously examined through the viewing
window for the presence of soap bubbles, indicating a leak. If no bubbles appear
after 5 seconds, the area shall be considered leak free. The box shall be depressurized
and moved over the next adjoining area with an appropriate overlap and the process
repeated.
d. All areas where soap bubbles appear shall be marked, repaired and then retested.
e. At locations where seams cannot be non destructively tested, such as pipe
penetrations, alternate nondestructive spark testing (as outlined in section 3.04.B) or
equivalent should be substituted.
£ All seams that are vacuum tested shall be marked with the date tested, the name of
the technician performing the test and the results of the test.
6. Double Fusion seams with an enclosed channel shall be air pressure tested by the
Geo-membrane Installer in accordance with ASTM D 5820 and ASTM D 4437 and the
following equipment and procedures:
a. Equipment for testing double fusion seams shall be comprised of but not limited
to: an air pump equipped with a pressure gauge capable of generating and sustaining a
pressure of 210 kPa (30 psig), mounted on a cushion to protect the geo-membrane; and
a manometer equipped with a sharp hollow needle or other approved pressure feed
device.
b. The Testing activities shall be performed by the Geo-membrane Installer. Both
ends of the seam to be tested shall be sealed and a needle or other approved pressure
feed device inserted into the tunnel created by the double wedge fusion weld. The air




pump shall be adjusted to a pressure of 210 kPa (30 psig), and the valve closed,.
Allow 2 minutes for the injected air to come to equilibrium in the channel, and sustain
pressure for 5 minutes. If pressure loss does not exceed 28 kPa (4 psig) after this five
minute period the seam shall be considered leak tight. Release pressure from the
opposite end verifying pressure drop on needle to ensure testing of the entire seam.
The needle or other approved pressure feed device shall be removed and the feed hole
sealed.

c. If loss of pressure exceeds 28 kPa (4 psig) during the testing period or pressure
does not stabilize, the faulty area shall be located, repaired and retested by the
Geo-membrane Installer.

d. Results of the pressure testing shall be recorded on the liner at the seam tested and
on a pressure testing record.

C. Destructive Field Seam Testing

1. One destructive test sample per 150 linear m (500 linear ft) seam length or another
predetermined length in accordance with GRI GM 14 shall be taken by the
Geo-membrane Installer from a location specified by the Owner's Representative. The
Geo-membrane Installer shall not be informed in advance of the sample location. In order
to obtain test results prior to completion of geoOmembrane installation, samples shall be
cut by the Geo-membrane Installer as directed by the Owner's Representative as seaming
progresses. ,

2. All field samples shall be marked with their sample number and seam number. The
sample number, date, time, location, and seam number shall be recorded. The
Geo-membrane Installer shall repair all holes in the geo-membrane resulting from
obtaining the seam samples. All patches shall be vacuum box tested or spark tested. If a
patch cannot be permanently installed over the test location the same day of sample
collection, a temporary patch shall be tack welded or hot air welded over the opening
until a permanent patch can be affixed.

3. The destructive sample size shall be 300 mm (12 in) wide by 1 m (36 in) long with the

seam centered lengthwise. The sample shall be cut into three equal sections and
distributed as follows: one section given to the Owner's Representative as an archive
sample; one section given to the Owner's Representative for laboratory testing as
specified in paragraph 5 below; and one section retained by the Geo-membrane Installer
for field testing as specified in paragraph 4 below.

4. For field testing, the Geo-membrane Installer shall cut 10 identical 25 mm (1 in) wide
replicate specimens from his sample. The Geo-membrane Installer shall test five
specimens for seam shear strength and five for peel strength. Peel tests will be performed
on both inside and outside weld tracks. To be acceptable, 4 of 5 test specimens must pass
the stated criteria in section 2.02 with less than 10% separation. If 4 of 5 specimens pass,
the sample qualifies for testing by the testing laboratory if required.

5. If independent seam testing is required by the specifications it shall be conducted in
accordance with ASTM 5820 or ASTM D4437 or GRIGM 6.

6. Reports of the results of examinations and testing shall be prepared and submitted to
the Owner's Representative.

7. For field seams, if a laboratory test fails, that shall be considered as an indicator of the
possible inadequacy of the entire seamed length corresponding to the test sample.
Additional destructive test portions shall then be taken by the Geo-membrane Installer at
locations indicated by the Engineer, typically 3 m (10 ft) on either side of the failed




‘ sample and laboratory seem tests shall be performed. Passing tests shall be an indicator
of adequate seams. Failing tests shall be an indicator of non-adequate seams and all
seams represented by the destructive test location shall be repaired with a cap-strip
extrusion welded to all sides of the capped area. All cap-strip seams shall be nondestructively
vacuum box tested until adequacy of the seams is achieved. Cap strip
seams exceeding 50 M in length (150 FT) shall be destructively tested.
D. Identification of Defects
1. Panels and seams shall be inspected by the Installer and Owner's Representative
during and after panel deployment to identify all defects, including holes, blisters,
undispersed raw materials and signs of contamination by foreign matter.
E. Evaluation of Defects: Each suspect location on the liner (both in geo-membrane seam and
non-seam areas) shall be non-destructively tested using one of the methods described in
Section 3.05.B. Each location which fails non-destructive testing shall be marked,
numbered, measured and posted on the daily ninstallation” drawings and subsequently
repaired.
1. If a destructive sample fails the field or laboratory test, the Geo-membrane Installer
shall repair the seam between the two nearest passed locations on both sides of the failed
destructive sample location.
2. Defective seams, tears or holes shall be repaired by reseaming or applying a extrusion
welded cap strip.
3. Reseaming may consist of either:
a. Removing the defective weld area and rewelding the parent material using the
' original welding equipment; or
b. Reseaming by extrusion welding along the overlap at the outside seam edge left by
the fusion welding process.
4. Blisters, larger holes, and contamination by foreign matter shall be repaired by patches
and/or extrusion weld beads as required. Each patch shall extend a minimum of 150 mm
(6 in) beyond all edges of the defects.
5. All repairs shall be measured, located and recorded.
F. Verification of Repairs on Seams: Each repair shall be non-destructively tested using
either vacuum box or spark testing methods. Tests which pass the non-destructive test shall
be taken as an indication of a successful repair. Failed tests shall be reseamed and retested
until a passing test results. The number, date, location, technician and test outcome of each
patch shall be recorded.
G. Daily Field Installation Reports: At the beginning of each day's work, the Installer shall
provide the Engineer with daily reports for all work accomplished on the previous work day.
Reports shall include the following:
1. Total amount and location of geo-membrane placed;
2. Total length and location of seams completed, name of technicians doing seaming and
welding unit numbers; '
3. Drawings of the previous day's installed geo-membrane showing panel numbers, seam
numbers and locations of non-destructive and destructive testing;
4. Results of pre-qualification test seams;
5. Results of non-destructive testing; and
6. Results of vacuum testing of repairs.
‘ H. Destructive test results shall be reported prior to covering of liner or within 48 hours.




. 3.06 Liner Acceptance
A_Geo-membrane liner will be accepted by the Owner's Representative when:
1. The entire installation is finished or an agreed upon subsection of the installation is
finished.
2. All Installer’s QC documentation is completed and submitted to the owner
3. Verification of the adequacy of all field seams and repairs and associated
geo-membrane testing is complete.

3.07 Anchor Trench
A. Construct as specified on the project drawings.

3.08 Disposal of Scrap Materials

A. On completion of installation, the Geo-membrane Installer shall dispose of all trash and
scrap material in a location approved by the Owner, remove equipment used in connection
with the work herein, and shall leave the premises in a neat acceptable manner. No scrap
material shall be allowed to remain on the geo-membrane surface.

PART 4 - MEASUREMENT AND PAYMENT
As per project specifications.

PART 5 - GRI GM13 SPECIFICATION

"This section shall include GRI GM13 manufacturer's specification or a revision of GRT GM13
. specific to the unique project requirements and/or standards, as determined by the owner or

owners agent."

See Attachment A below.




ATTACHMENT A- GRI GM13

65252 Geosynthetic Research Institute

Geomembranes

adopted - June 17, 1997
GRI Standard GM13
Standard Specification for

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

1. Scope

1.1 This specification covers high density polyethylene (HDPE) geomembranes with a
formulated sheet density of 0.940 g/ml, or greater, 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 cases a range is specified.

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

Note 1: 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.

1.4 This standard specification is intended to ensure good quality and performance of
HDPE geomembranes in general applications, but may not be adequate for the complete
specification of a specific situation. Additional tests, or more restrictive values for the
tests indicated, may be necessary under conditions of a particular application.

1.5 This specification also presents a recommended warrant which is focused on the
geomembrane material itself.




. 1.6 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.

2. Referenced Documents
2.1 ASTM Standards

D 638 Test Method for Tensile Properties of Plastics
D 792 Specific Gravity (Relative Density) and Density of Plastics by
Displacement '
D 1004 Test Method for Initial Tear Resistance of Plastics Film and Sheeting
D 1238 Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer
D 1505 Test Method for Density of Plastics by the Density-Gradient Technique
D 1603 Test Method for Carbon Black in Olefin Plastics
D 3895 Test Method for Oxidative Induction Time of Polyolefins by Thermal
Analysis
D 4218 Test Method for Determination of Carbon Black Content in Polyethylene
Compounds by the Muffle-Furnace Technique
D 4833 Test Method for Index Puncture Resistance of Geotextiles,

. Geomembranes and Related Products
D 5199 Test Method for Measuring Nomina! Thickness of Geotextiles and
Geomembranes
D 5397 Procedure to Perform a Single Point Motched Constant Tensile Load -
Appendix (SP-NCTL) Test
D 5596 Test Method for Microscopic Evaluation of the Dispersion of Carbon
Black in Polyolefin Geosynthetics
D 5721 Practice for Air-Oven Aging of Polyolefin Geomembranes
D 5885 Test method for Oxidative Induction Time of Polyolefin Geosynthetics by
High Pressure Differential Scanning Calorimetry
D 5994 Test Method for Measuring the Core Thickness of Textured
Geomembranes

2.2 GRI Standards

GM10 Specification for the Stress Crack Resistance of Geomembrane Sheet

GM 11 Accelerated Weathering of Geomembranes using a Fluorescent UVA-
Condensation Exposure Device

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

2.3 U. S. Environmental Protection Agency Technical Guidance Document "Quality
Control Assurance and Quality Control for Waste Containment Facilities," EPA/600/R-
‘ 93/182, September 1993, 305 pgs.




3. 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. MQA 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 geomembranes a formulation is defined as the exact
percentages and types of resin(s), additives and carbon black.

4. Material Classification and Formulation

4.1 This specification covers high density polyethylene geomembranes with a formulated
sheet density of 0.940 g/ml, or higher.

4.2 The resin from which the geomembrane is made will generally be in the density range
of 0.932g/ml or higher, and have a melt index value per ASTM D1238 of less than 1.0
2/10 min.

4.3 The resin shall be virgin material with no more than 10% rework. If rework is used, it
must be of the same formulation as the parent material.

4.4 No post consumer resin (PCR) of any type shall be added to the formulation.
5. Physical, Mechanical and Chemical Property Requirements

5.1 The geomembrane shall conform to the test property requirements prescribed in
Tables 1 and 2. Table 1 is for smooth HDPE geomembranes and Table 2 is for single and
double sided textured HDPE geomembranes. Each of the tables are given in English and

SI (metric) units. The conversion from English to ST (metric) is soft.

Note 3: There are several tests often included in other HDPE specifications which
are omitted from this standard because they are outdated, irrelevant or generate




. information that is not necessary to evaluate on a routine MQC basis. The
following tests have been purposely omitted: '

Volatile Loss

Dimensional Stability
Coeff. of Linear Expansion
Resistance to Soil Burial
Low Temperature Impact
ESCR Test (D 1693)

Wide Width Tensile

Water Vapor Transmission
Water Absorption

Ozone Resistance
Modulus of Elasticity
Hydrostatic Resistance
Tensile Impact

Field Seam Strength
Multi-Axial Burst

Various Toxicity Tests

©O 0O OO O0OO 0O O OO OO0 0 0 0

Note 4 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

O 0O O ©

Note 5: There are other tests in this standard, focused on a particular property,
which are updated to current standards. The following are in this category:

o Thickness of Textured Sheet
o Puncture Resistance

o Stress Crack Resistance

o Carbon Black Dispersion

Note 6: There are several GRI tests currently included in this standard. Since
these topics are not covered in ASTM standards, this is necessary. They are the
following: :

o UV Fluorescent Light Exposure
o Asperity Height Measurement

. 5.2 The properties of the HDPE geomembrane shall be tested at the minimum frequency
shown in Tables 1 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 7: This specification is focused on manufacturing quality control (MQC).
Conformance testing and manufacturing quality assurance (MQA) testing are at
the discretion of the purchaser and/or quality assurance engineer, respectively.

6. Workmanship and Appearance

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

6.2 Textured geomembrane shall generally have uniform texturing appearance. It shall be
free from agglomerated texturing material and such defects that would affect the
specified properties of the geomembrane.

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

7. MQC Sampling

7.1 Sampling shall be in accordance with the specific test methods listed in Tables 1 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.

7.2 The number of tests shall be in accordance with the appropriate test methods listed in
Tables 1 and 2.

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

8. 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 quality manual.

9. 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.

10. Certification
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 results, shall be furnished at the time of shipment.




11. Warranty

'11.1 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.

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

11.3 The warrant in Appendix A is for the geomembrane itself. It does not cover
subgrade preparation, installation, seaming, or backfilling. These are separate operations
that are often beyond the control, or sphere of influence, of the geomembrane
manufacturer.

Note 8: If a warrant is required for installation, it is to be developed between the
installation contractor and the party requesting such a document.
Table 1(a) - High Density Polyethylene (HDPE) Geomembrane - Smooth

ENGLISH UNITS
Property Test
Test Testing
Method
Value Frequency

30 mils 40
mils 50 mils 60 mils 80 mi}s 100 mils 120 mils (minimum)
Thickness, (min. ave.) ‘ D 5199 nom. nom.

nom. nom. nom. nom. nom. per roll
(mil)
(mil) (mil) (mil) (mil) (mil) {mil)
lowest individual of 10 values -10% -10%
-10% -10% -10% -10% -10%
Density (min.) D 1505/ 0.940
0.940 0.940 0.940 0.940 0.940 0.940 200,000 1b
) D792 g/cc g/cc
g/cc g/cc g/cc g/cc g/cc
Tensile Properties (1) (min. avel ) D 638
20,000 1b
Type IV
yield stress 63 84
105 126 168 210 252
. : 1b/in.
1b/in. 1b/in. 1b/in. 1b/in. 1b/in. 1b/in.
break stress 114 152
190 228 304 380 456
' 1b/in.
1b/in. 1b/in. 1b/in. 1b/in. 1b/in. 1b/in.
yield elongation ' 12% 12%
12% 12% 12% 12% 12%
break elongation ©700% 700%
700% 700% 700% 700% 700%
Tear Resistance (min. ave.) D 1004 21 1b 28
1b 35 1b 42 '1b -56 1b 70 1b 84 1b 45,000 1b
Puncture Resistance (min. ave.) D 4833 54 1b 72

1b 90 1b 108 1b 144 1b 180 1b 216 1b 45,000 1b




Stress Crack Resistance (2) D 5397 200 hr.
hr. 200 hr. 200 hr. 200 hr. 200 hr. 200 hr. per GRI-GM10
(App.)
Carbon Black Content (range) D 1603 2.0 -
- 2.0 - 2.0 ~ 2.0 - 2.0 - 2.0 - 20,000 1b
(3) 3.0%
3.0% 3.0% 3.0% 3.0% 3.0%
Carbon Black Dispersion D 5596 note (4)
(4) note (4) note note (4) note (4) note (4) 45,000 1b
(4)
Oxidative Induction Time (OIT) (min. ave.)
200,000 1b
(5) _
(a) Standard OIT D 3895 100 min.
min. 100 min. 100 min. 100 min. 100 min. 100 min.
- or - . ;
{b) High Pressure OIT D 5885 400 min.
min. 400 min. 400 min. 400 min. 400 min. 400 min.
Oven Aging at 85deg.C (5), (6] D 5721
(a) Standard OIT (min. ave.) — % retained D 3895 55%
55% 55% 55% 55% 55% per each
after 90 days
- or -
formulation »
(b) High Pressure OIT (min. ave.) - % D 5885 80%
80% 80% 80% 80% 80%
retained after 90 days
UV Resistance (7) GM 11
(a) Standard OIT (min. ave.) D 3890 N.R. (8)
(8) N.R. (8) N.R. (8) N.R. (8) N.R. (8) N.R. (8) per each
- or -
formulation
(b) High Pressure OIT (min. ave.) - % D 5885 60%
60% 60% 60% 60% 60%

retained after 1600 hrs (9)

(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 33 mm
Break elongation is calculated using a gage length of 50 mm

(2) The yield stress used to calculate the applied load for the éP-NCTL test should be the

manufacturer's mean value via MQC testing,

(3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable

if an appropriate correlation to D1603 (tube furnace) can be established.
(4) Carbon black dispersion for 10 different Views:

« minimum 8 of 10 in Categories 1 or 2
« all 10 in Categories 1, 2, or 3

200

2.0
3.0%

note

100

400

55%

80%

N.R.

60%




(5) The manufacturer has the option to select either one of the OIT methods listed to
evaluate the antioxidant content in the geomembrane.

(6) Tt is 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 75deg.C followed by 4 hr.
condensation at 60deg.C.

(8) Not recommended since the high temperature of the Std-OIT test produces an
unrealistic result for some of the antioxidants in the UV exposed samples.

(9) UV resistance is based on percent retained value regardless of the original HP-OIT
value.

Table 1(b) - High Density Polyethylene (HDPE) Geomembrane - Smooth

SI (METRIC) UNITS
Property Test
Test Testing
Method
Value Frequency
0.75 mm 1.00
mm 1.25 mm 1.50 mm 2.00 mm 2.50 mm 3.00 mm (minimum)
Thickness, {(min. ave.) D 5199 nom.
nom. nom. nom. nom. nom. nom. per roll
, (rom)
_{mm) {mm) (mm) {mm) {mm) {mm)
lowest individual of 10 values -10% -
10% -10% -10% -10% -10% -10%
Density (min.) D 1505/ 0.940
0.940 0.9490 0.940 0.940 0.940 0.940 90,000 kg
D792 g/ml
g/ml g/ml g/ml g/ml g/ml g/ml
Tensile Properties (1) (min. ave.) D 638
9,000 kg
Type IV
yield stress 11 kN/m 15
KN/m 18 kN/m 22 kN/m 29 kN/m 37 kN/m 44 kN/m
break stress 20 kN/m 27
kN/m 33 kN/m 40 kN/m 53 kN/m 67 kN/m 80 kN/m
yield elongation 12%
12% 12% 12% 12% 12% 12%
break elongation 700%
700% 700% 700% 700% 700% 700%
Tear Resistance (min. ave.) D 1004 93 N 125
N 156 N 187 N 249 N 311 N 374 N 20,000 kg
Puncture Resistance (min. ave;) D 4833 240 N 320
N 400 N 480 N 640 N 800 N 960 N 20,000 kg
Stress Crack Resistance (2) D 5397 200 hr. 200
hr. 200 hr. 200 hr. 200 hr. 200 hr. 200 hr. per GRI-GM10
: (App.) |
Carbon Black Content (range) D 1603 2.0 - 2.0

- 2.0 - 2.0 - 2.0 - 2.0 - 2.0 - 9,000 kg




(3) 3.0%

3.0% 3.0% 3.0% 3.0% 3.0% 3.0%
Carbon Black Dispersion D 5596 note (4) note
(4) note (4) note note (4) note (4) note (4) 20,000 kg
(4)
Oxidative Induction Time (OIT) (min. ave.)
90,000 kg
(5)
(a) Standard OIT D 3895 100 min. 100
min. 100 min. 100 100 min. 100 min. 100 min.
min.
- or -
(b) High Pressure OIT ' D 5885 400 min. 400
min. 400 min. 400 400 min. 400 min. 400 min.
min.
Oven Aging at 85deg.C (5), (6) D 5721
per each
(a) Standard OIT (min. ave.) - % retained D 3895 55%
55% 55% 55% 55% 55% 55% formulation
after 90 days
- or -
(b} High Pressure OIT (min. ave.) — % D 5885 80%
80% 80% » 80% 80% 80% 80%
retained after 90 days
UV Resistance (7) GM 11
per each
(a) Standard OIT (min. ave.) D 3890 N.R. (8) N.R.
(8) N.R. (8) N.R. N.R. (8) N.R. (8) N.R. (8) formulation
(8)
- or -
(b) High Pressure OIT (min. ave.) - % D 5885 60%
60% 60% 60% 60% 60% 60%

retained after 1600 hrs (9)

(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 33 mm

Break elongation is calculated using a gage length of 50 mm

(2) The yield stress used to calculate the applied load for the SP-NCTL test should be the
manufacturer's mean value via MQC testing.

(3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable
if an appropriate correlation to D1603 (tube furnace) can be established.

(4) Carbon black dispersion for 10 different views:

o minimum 8 of 10 in Categories 1 or 2
o all 10 in Categories 1, 2, or 3




(5) The manufacturer has the option to select either one of the OIT methods listed to
evaluate the antioxidant content in the geomembrane.

(6) It is 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 75deg.C followed by 4 hr.
condensation at 60deg.C.

(8) Not recommended since the high temperature of the Std-OIT test produces an
unrealistic result for some of the antioxidants in the UV exposed samples.

(9) UV resistance is based on percent retained value regardless of the original HP-OIT
value.

Table 2(a) - High Density Polyethylene (HDPE) Geomembrane - Textured

ENGLISH UNITS
Property Test
Test Testing
Method
Value Frequency
30 mils 40
mils 50 mils 60 mils 80 mils 100 mils 120 mils (minimum)
Thickness (min. ave.) D 5994 nom. nom.
nom. nom. nom. nom. nom. per roll
(-5%) (-
5%) {-5%) (-5%) (-5%) (-5%) {~-5%) :
lowest individual for 8 out of 10 values -10% -10%
-10% -10% -10% ~-10% -10%
lowest individual for any of the 10 -15% -15%
-15% -15% ~-15% -15% ~15%
values
Asperity Height (min. ave.) GM 12 7 mil 7
mil 7 mil 7 mil 7 mil . 7 mil 7 mil per roll
Density (min. ave.) D 1505/ 0.940
0.940 0.940 0.940 0.940 0.940 0.940 200,000 1b
D792 g/cc g/cc
g/cc g/cc g/cc g/cc g/cc
Tensile Properties (min. ave.) (1) D 638
20,000 1b
Type IV
yield stress 63 84
105 126 168 210 252
1b/in.
1b/in. 1b/in. 1b/in. 1b/in. 1b/in. 1b/in.
break stress 45 60
75 90 120 150 180
1b/in.
1b/in. 1b/in. 1b/in. 1b/in. 1b/in. 1b/in.
yield elongation 12% 12%
12% 12% 12% 12% 12%
break elongation 100% 100%

100% 100% 100% 100% 100%




Tear Resistance (min. ave.) D 1004 21 1b 28

1b 35 1b °~ 42 1b 56 1lb 70 1b 84 1b 45,000 1b
Puncture Resistance (min. ave.) D 4833 45 1b 60
1b 75 1b 90 1b 120 1b 150 1b 180 1b 45,000 1b
Stress Crack Resistance (2) D 5397 200 hr. 200
hr. 200 hr. 200 hr. 200 hr. 200 hr. 200 hr. per GRI-GM 10
(App-)

Carbon Black Content (range) D 1603 2.0 - 2.0
- 2.0 - 2.0 - 2.0 - 2.0 - 2.0 - 20,000 1b

{3) 3.0% 3.0%
3.0% 3.0% 3.0% 3.0% 3.0%
Carbon Black Dispersion D 5596 note (4) note
(4) note (4) note(4) note (4) note (4) note (4) 45,000 1b
Oxidative Induction Time (OIT) (min. ave.)
200,000 1b
(5) .
(a) Standard OIT D 3895 100 min. 100
min. 100 min. 100 min. 100 min. 100 min. 100 min.

- or -
({b) High Pressure OIT ) D 5885 400 min. 400
min. 400 min. 400 min. 400 min. 400 min. 4090 min.
Oven Aging at 85deg.C (5), (6) D 5721
per each
{a) Standard OIT (min. ave.) - % retained D 3885 55% 55%
55% 55% 55% 55% 55% formulation
after 90 days
- or -
(b) High Pressure OIT (min. ave.) - % D 5885 80% 80%
303 80% 80% 80% 80%
retained after 90 days
UV Resistance (7) GM11
per each
(a) Standard OIT D 3895 N.R. {(8) N.R.
{8) N.R. {(8) N.R. (8) N.R. (8) N.R. (8) N.R. (8) formulation
- or -

(b} High Pressure OIT (min. ave.) - % D 5885 60% 60%
60% 60% 60% 60% 60%

retained after 1600 hrs (9)

(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 33 mm

Break elongation is calculated using a gage length of 50 mm

(2) The yield stress used to calculate the applied load for the SP-NCTL test should be the
manufacturer's mean value via MQC testing. '

(3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable
if an appropriate correlation to D1603 (tube furnace) can be established.

(4) Carbon black dispersion for 10 different VIEWS:

» minimum 8 of 10 in Categories 1 or 2
o all 10 in Categories 1, 2, or 3



(5) The manufacturer has the option to select either one of the OIT methods listed to
evaluate the antioxidant content in the geomembrane.

(6) Tt is 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 75deg.C followed by 4 hr.
condensation at 60deg.C.

(8) Not recommended since the high temperature of the Std-OIT test produces an
unrealistic result for some of the antioxidants in the UV exposed samples.

(9) UV resistance is based on percent retained value regardless of the original HP-OIT
value.

Table 2(b) - High Density Polyethylene (HDPE) Geomembrane - Textured

SI (METRIC) UNITS
Property Test
Test Testing
Method
Value Frequency
' 0.75 mm 1.00
mm 1.25 mm 1.50 mm 2.00 mm 2.50 mm 3.00 mm (minimum)
Thickness {(min. ave.) D 5994 nom. nom.
nom. nom. nom. nom. nom. per roll
(-5%) (-
5%) (—-5%) (~5%) {-5%) (-5%) (-5%)
lowest individual for 8 out of 10 values -10% ~-10%
-10% -10% -10% -10% -10%
lowest individual for any of the 10 -15% -15%
-15% -15% -15% -15% -15%
values
Asperity Height (min. ave.) GM 12 0.18 mm 0.18
m 0.18 mm 0.18 mm 0.18 mm 0.18 mm 0.18 mm per roll
Density (min. ave.) D 1505/ 0.940
0.940 0.940 0.940 0.940 0.940 0.940 90,000 kg
p792 g/ml g/ml
g/ml g/ml g/ml g/ml g/ml
Tensile Properties {(min. ave.) (1} D 638
9,000 kg
Type IV
yield stress 11 kN/m 15
kN/m 18 kN/m 22 kN/m 29 kN/m 37 kN/m 44 kN/m
break stress 8 kN/m 11
kN/m 13 kN/m 16 kN/m 21 kN/m 26 kN/m 32 kN/m
yield elongation 12% 12%
12% 12% 12% 12% 12%
break elongation 100% 100%
100% 100% 100% 100% 100%
Tear Resistance (min. ave.) D 1004 93 N 125
N 156 N 187 N 249 N 311 N 374 N 20,000 kg
Puncture Resistance (min. ave.) D 4833 200 N 267

N 334 N 400 N 534 N 667 N 801 N 20,000 kg



Stress Crack Resistance (2) D 5397 200 hr. 200
hr. 200 hr. 200 hr. 200 hr. 200 hr. 200 hr. per GRI GM10

(App.)

Carbon Black Content (range) D 1603 2.0 - 2.0
- 2.0 - 2.0 - 2.0 - 2.0 - 2.0 - 9,000 kg

(3) 3.0% 3.0%
3.0% 3.0% 3.0% 3.0% 3.0%
Carbon Black Dispersion D 5596 note (4) note
(4) note (4) note(4) note (4) note (4) note (4) 20,000 kg
Oxidative Induction Time (OIT) (min. ave.)
290,000 kg
(5)
(a) Standard OIT D 3895 100 min. 100
min. 100 min. 100 min. 100 min. 100 min. 100 min.

- or -
(b) High Pressure OIT D 5885 400 min. 400
min. 400 min. 400 min. 400 min. 400 min. 400 min. :
Oven Aging at 85deg.C (5), (6) D 5721
per each .
(a) Standard OIT (min. ave.) — % retained D 3895 55% 55%
55% 55% 55% 55% 55% formulation
after 30 days
- or -
(b) High Pressure OIT (min. ave.) - % D 5885 80% 80%
80% 80% 80% 80% 80% '
retained after 90 days
UV Resistance (7) GM11
per each '
(a) Standard OIT , D 3895 N.R. (8) N.R.
(8) N.R. (8) N.R. (8) N.R. (8) N.R. (8) N.R. (8) formulation
- or -

(b) High Pressure OIT (min. ave.) - % D 5885 60% 60%
60% 60% 60% 60% 60%

retained after 1600 hrs (9)

(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 33 mm

Break elongation is calculated using a gage length of 50 mm

(2) The yield stress used to calculate the applied load for the SP-NCTL test should be the
manufacturer's mean value via MQC testing.

(3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable
if an appropriate correlation to D1603 (tube furnace) can be established.

(4) Carbon black dispersion for 10 different views:

« minimum 8 of 10 in Categories 1 or 2
o all 10 in Categories 1, 2, or 3

(5) The manufacturer has the option to select either one of the OIT methods listed to
evaluate the antioxidant content in the geomembrane.




(6) Tt is 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 75deg.C followed by 4 hr.
condensation at 60deg.C.

(8) Not recommended since the high temperature of the Std-OIT test produces an
unrealistic result for some of the antioxidants in the UV exposed samples.

(9) UV resistance is based on percent retained value regardless of the original HP-OIT
value. :

Appendix "A"
Typical HDPE Geomembrane Warrant

Reviewed by: Donald J. Weiss, Esq.
General Council for GSI

ABC GEOMEMBRANE COMPANY
LIMITED WARRANTY

Warranty No:
Project No:
Effective Date:

PURCHASER NAME:
ADDRESS: '
CITY, STATE, ZIP, COUNTRY:

PROJECT NAME:
ADDRESS/LOCATION:

CITY, STATE, ZIP, COUNTRY:
GEOMEMBRANE TYPE/DESCRIPTION:

ABC Geomembrane Company warrants each ABC geomembrane to be free from
manufacturing defects (as defined by the contract's material specifications) and to be able
to withstand normal weathering for a period of 5 years from the above effective date for
normal use in approved applications.

This Limited Warranty does not include damages or defects in the ABC geomembrane
resulting from acts of God, casualty or catastrophe including but not limited to:
earthquakes, floods, piercing hail, tornadoes or force majeure. The term "normal use" as
used herein does not include, among other things, the exposure of ABC geomembranes to
harmful chemicals, abuse of ABC geomembranes by machinery, equipment or people;
improper site preparation or covering materials, excessive pressures or stresses from any




source or improper application or installation. ABC geomembrane material warranty is
intended for commercial use only and is not in effect for the consumer as defined in the
Magnuson Moss Warranty or any similar federal, state, or local statues. The parties
expressly agree that the sale hereunder is for commercial or industrial use only.

Should defects or premature loss of use within the scope of the above Limited Warranty
occur, ABC Geomembrane Company will, at its option, repair or replace the ABC
geomembrane on a pro-rata basis at the then current price in such manner as to charge the
Purchaser/User only for that portion of the warranted life which has elapsed since
purchase of the material. ABC Geomembrane Company will have the right to inspect and
determine the cause of any alleged defect in the ABC geomembrane and to take
appropriate steps to repair or replace the ABC geomembrane if a defect exists which is
covered under this warranty. This Limited Warranty extends only to ABC's

- geomembrane, and does not extend to the installation service of ABC Geomembrane
Company or third parties.

Any claim for any alleged breach of this warranty must be made in writing, by certified
mail, to the President of ABC Geomembrane within ten (10) days of becoming aware of
the alleged defect. Should the required notice not be given, the defect and all warranties
are waived by the Purchaser, and Purchaser shall not have any rights under this warranty.
ABC Geomembrane Company shall not be obligated to perform repairs or replacements
under this warranty unless and until the area to be repaired or replaced is clean, dry, and
unencumbered. This includes, but is not limited to, the area made available for repair
and/or replacement of ABC geomembrane to be free from all water, dirt, sludge, residuals
and liquids of any kind. If after inspection it is determined that there is no claim under
this Limited Warranty, Purchaser shall reimburse ABC Geomembrane Company for its

costs associated with the site inspection.

In the event the exclusive remedy provided herein fails in its essential purpose, and in
that event only, the Purchaser shall be entitled to a return of the purchase price for so
much of the material as ABC Geomembrane Company determines to have violated the
warranty provided herein. ABC Geomembrane Company shall not be liable for direct,
indirect, special, consequential or incidental damages resulting from a breach of this
warranty including, but not limited to, damages for loss of production, lost profits,
personal injury or property damage. ABC Geomembrane Company shall not be obligated
to reimburse Purchaser for any repairs, replacement, modifications or alterations made by
Purchaser unless ABC Geomembrane Company specifically authorized, in writing, said
repairs, replacements, modifications or alteration in advance of them having been made.
ABC Geomembrane Company's liability under this warranty shall in no event exceed the
replacement cost of the material sold to the Purchaser for the particular installation in
which it failed.

ABC Geomembrane Company neither assumes nor authorizes any person other than the
undersigned of ABC Geomembrane Company to assume for it any other or additional
liability in connection with the ABC geomembrane made on the basis of the Limited
Warranty. The Limited Warranty on the ABC geomembrane herein is given in lieu of all
other possible material warranties, either expressed or implied, and by accepting delivery




of the material, Purchaser waives all other possible warranties, except those specifically
given.

Limited Warranty is extended to the purchaser/owner and is non-transferable and non-
assignable; i.e., there are no third-party beneficiaries to this warranty.

Purchaser acknowledges by acceptance that the Limited Warranty given herein is
accepted in preference to any and other possible materials warranties.

ABC GEOMEMBRANE COMPANY MAKES NO WARRANTY OF ANY KIND
OTHER THAN THAT GIVEN ABOVE AND HEREBY DISCLAIMS ALL
WARRANTIES, BOTH EXPRESSED OR IMPLIED, OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THIS IS THE ONLY WARRANTY
THAT APPLIES TO THE MATERIALS REFERRED TO HEREIN AND ABC
DISCLAIMS ANY LIABILITY FOR ANY WARRANTIES GIVEN BY ANY OTHER
PERSON OR ENTITY, EITHER WRITTEN OR ORAL.

ABC GEOMEMBRANE COMPANY'S WARRANTY BECOMES AN
OBLIGATION OF ABC GEOMEMBRANE COMPANY TO PERFORM UNDER
THE WARRANTY ONLY UPON RECEIPT OF FINAL PAYMENT.

1 hereby state that I have read and understand the above and foregoing

DATE:

Limited Warranty and agree to such by signing hereunder.

PURCHASER NAME:

SIGNATURE:

TITLE:

ABC GEOMEMBRANE COMPANY:
President or Authorized Representative

Swormn before me this -------—- day of -------- 199-
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North Carolina
Department of Environment and Natural Resources

A

Division of Waste Management Pr—
Y

Michael F. Easley, Governor NCDEN R

William G. Ross Jr., Secretary
Dexter R. Matthews, Interim Director

April 16, 2002

Mr. Steve Stadleman

Manager of Environmental Operations
Novozymes North America, Inc.

PO Box 576

77 Perry Chapel Church Road
Franklinton, North Carolina 27525-0576

Dear Mr. Stadleman:

The Division of Waste Management, Solid Waste Section, has reviewed your request to extend your
Solid Waste Pilot Composting Permit off NC 56 near Perry Chapel Road in Franklin County. Your request
is considered approved in accordance with the N.C. Solid Waste Management Rules, 15A NCAC 13B
.1409 and subject to the following conditions:

1. All original permit conditions remain in effect.

2. The demonstration approval shall expire April 1, 2003 and all operations shall cease after that date
unless a permit to operate a solid waste management facility has been obtained. ‘

3. Any final product produced to-date shall be tested for pathogens, metals, and foreign matter in
accordance with the Solid Waste Compost Rules.

4. Should you choose to apply for a permit to operate this facility the application should be submitted at
least 90 days prior to this approval expiring.

If you have questions conceming this approval please contact Ted Lyon, Composting and Land
Application Branch Supervisor at (919) 733-0692, extension 253.

Sincerely,

/ Jdames C. Coffey, Chie

( / Solid Waste Section

cc: Ben Bames, Waste Management Specialist, Raleigh Regional Office

hi\cla\compostidemotapprovali35-franklin\Nove-03-01 reissue

1646 Mail Service Center, Raleigh, North Carolina 27699-1646
Phone: 919-733-0692 \ FAX: 919-733-4810 \ Internet: www.wastenot.enr.state.nc.us
AN EQUAL OPPORINITY \ AFFIRMATIVE ACTION EMPLOYER - 50% RECYCLED / 10% POST CONSUMER PAPER
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. Division of Waste Management /

North Carolina 3 ' .
Department of Environment and Natural Resources Wﬁ
i Tl
et Y AR,
Michael F. Easley, Governor : : _ : NCDENR ,

William G. Ross Jr., Secretary
Dexter R, Matthews, Director

March 21, 2003

Mr. Lee Xarborough

P 9. Box 576 -
ranklinton, North Carolina 27525-0576

Re: Yard Waste Notification — YWN-35-002 — Novozymes, NA, Inc. — Oid Smith Farm Road — Franklin County
Dear Mr. Yarborough:

The Solid Waste Section has received your yard waste facility nofification form. As long as your facility only
processes and stores less than 6,000 cubic yards of the following materials on a quartery basis, you can continue {o
aperate by natifying the Section on an annual basis. If your composting activities grow in size to more than 6,000
cubic yards quarterly, please contact the Solid Waste Section for assistance in obtaining a permit.

‘ Facilities operating under notification shall only receive:

a. Untreated and unpainted wood waste. -

PR

b. *Silvaculture Waste" as definedin 15A NCAC. 138.0101(62); waste matefials produced from the care and
cultivation of forest trees, including bark and woodchips.

¢ “Yard Waste” as defined in 15A NCAC 13B .0101(65); yard trash and land clearing debis to include stumps,
limbs, leaves, grass, and untreated wood. :

Facilities operating under notification are required to operate in accordance with 15 NCAC 13B .1406 and
1404{a)(1H9). 4

If you have questions or if we can be of any other assistance, please do not hesitate to contact the Regional
Waste Management Specialist, Ben Bames, at 919-571-4700. . - ' .

Sincerely,

! Ted Lyon, j;/%;rﬂ
nd Application Branch

Composting &

e .- Ben Bames, Waste Management Specialist, Raleigh Regional Office
Mark Fry, Eastem District Supervisor, Fayetteville Regional Office
‘ -~ Central File, Solid Waste Section

h:cla/Compost/Yard WastalNoﬂﬁcaﬂonsBS-frank!NnvozymesNA_D3-03 -

1646 Mail Service Center, Ralcigh, North Carolina 27699-1646

Phone: 919-733-0692 \ FAX: 919-733-48 10 \ Intemet: www.enr.state.nc.us
AN EQUAL OPPORTUNITY \ AFFIRMATIVE ACTION EMPLOYER — 50% RECYCLED/ 10% POST CONSUMER PAPER




» North Carolina =~
Department of T Environment and Natural Resources

Division of Waste Management

| ' Michael F. Easley, Governor
| William G. Ross Jr., Secretary
Dexter R. Matthews, Director

November 10, 2003

Mr. Frank Franciosi

Compost Department Manager
Novozymes North America, Inc.

PO Box 576

77 Perry Chapel Church Road . -
Franklinton, North Carolina 27525-0576 ‘

Dear Mr. Franciosi:

The Division of Waste Management, Solid Waste Section, has reviewed your request to extend your
Solid Waste Pilot Composting Permit off NC 56 near Perry Chapel Road in Franklin County. Your request
is considered approved in accordance with the N.C. Solid Waste Management Rules, 15A NCAC 13B
.1409 and subject to the followmg condltlons A

. 1. Al original permit conditions remain in effect ‘
2. The demonstration approval shall expire April 1, 2004 and all operations shall cease after that date -
unless a permit to operate a solid waste management facility has been obtained.
3. Any final product produced to-date shall be tested for pathogens, metals, and foreign matter i m
accordance with the Solid Waste Compost Rules. =T |
4. Should you choose to apply for a perrmt to operate this facility the application should be submltted at |
least 90 days prior to this approval expmng o

If you have questions concerning thls approval please contact Ted Lyon Composting and Land
Appllcatton Branch Supervisor at (919) 733-0692, extension 253.

’S cerely,

ames

ames C. Coffey, Chie
Solid Waste Section

cc: Ben Bames, Waste Management Specialist, Rale'igh Regional Office

h:\c!a\oompost\demo\approval\S&franklin\Novo—exU1-03 .

1646 Mail Service Center Ralexgh North Carolina 27699- 1646

. Phone: 919-733-0692 \ FAX: 919-733-4810 \ Internet: www.enr.state.nc.us -
AN EQUAL OPPORTUNITY\ AFF!RMAT!VE ACT!ON EMPLOYER - 50% RECYCLED/ 10% POST CONSUMER PAPER














































PROJECT NOTES

1. CONTOUR INTERVAL=1 FOOT
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PROJECT NOTES

1. CONTOUR INTERVAL=1 FOOT
2. PROJECT BENCH MARK ELEV=327.30 AT PK NAIL

3. WORK THIS DWG WITH EROSION CONTROL MANUAL FOR PROJECT
4. COMPACT ALL DRAINAGE AND CONTAINMENT STRUCTURES TO

95% STD PROCTOR.

5. COMPACT ALL GENERAL FILL TO 95% STD PROCTOR.
PROOF ROLL ALL EXISTING CUT/FILL TO 95% STD PROCTOR.

6. ALL AREAS NOT IN STONE TO BE DISKED, FERTILIZED, LIMED AND
PLANTED PER EROSION CONT SPEC. APPLY MULCH AND TACK

7. FOR LINER INSTALLATION AND SPECIFICATIONS
SEE NOVOZYMES LINER VENDOR DETAILS

8. WORK THIS DWG WITH GR—1 & GR—-2

LEGEND

6" OR 8" CONC SLAB & APRON
4000psi @ 28 day FIBER REINF CONC

COMPOST WINDROW
PAD

_TOP: 8" ABC STONE ON FILTER FABRIC
COMP TO 98% STD PROCTOR.

BOTT: COMP #67 STONE DRAINAGE APRON ON LINER.
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