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Evaluation Of 
Landfill Gas Generation 

Rocky Flats Environmental Technology Site 

1.0 EVALUATION SUMMARY 

This report presents an evaluation of the Daniel B. Stephens & Associates (DBS&A) 
assessment of Landfill Gas Generation for the present landfill at the Rocky Flats 
Environmental Technology Site (WETS). After reviewing the landfill gas generation 
assessment, Earth Tech h c .  found that the waste volume used for the landfill gas 
generation calculation did not consider exclusion of the non-organic waste material. 
Earth Tech reviewed the waste stream data and estimates that only 50 percent of the iota1 
waste volume is organic and decomposable (see Attachment 1 and 2). A revised gas 
generation analysis was performed using the EPA Landfill Gas Generation Model and a 
new gas generation rate was calculated (See Attachment). From the landfill gas 
generation rate a new landfill gas flux through the landfill final cover was also calculated 
and compared with the DBS&A Report from April 2002. 

The values for the landfill gas generation rate and flux from this re-evaluation (20.3 1 cfin 
and 2 . 2 2 ~  10” cfin/sq.ft) were significantly less than the DBS&A Report from April 2002 
(gas generation rate of 50.3 cfm and flux of lx104 cfin/sq.ft). Therefore, the amount of 
gas that will be emitted through the landfill cover will be substantially less than 
previously anticipated, by our calculations. 

Earth Tech believes, based on these calculations, that a gas collection system, or venting 
layer, will not be required to ensure proper performance of a soil final landfill cover. 
With the installation of a geosynthetic cover system, passive vents can be installed to 
ensure equalization of pressures beneath the geosynthetic layer with varying barometric 
pressures above. 

The following attachments include: 

1. Rocky Flats Refuse Intake Data 
2. Waste Stream Characterization 
3. EPA Landfill Gas generation Model 
4. Landfill Gas Generation Report 
5. Landfill Methane Emission Model 
6.  Landfill Gas Vent Trench Calculations 
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Evaluation Of 
Landfill Gas Generation 

Rocky Flats Environmental Technology Site 

1.0 EVALUATION SUMMARY 

This report presents an evaluation of the Daniel B. Stephens Pt Associates @BS&A) 
assessment of Landfill Gas Generation for the present landfill at the Rocky Flats 
Environmental Technology Site (RFETS). After reviewing the landfill gas generation 
assessment, Earth Tech Inc. found that the waste volume used for the landfill gas 
generation calculation did not consider exclusion of the non-organic waste material. 
Earth Tech reviewed the waste stream data and estimates that only 50 percent of the total 
waste volume is organic and decomposable (see Attachment 1 and 2). A revised gas 
generation analysis was performed using the EPA Landfill Gas Generation Model and a 
new gas generation rate was calculated (See Attachment). From the landfill gas 
generation rate a new landfill gas flux through the landfill final cover was also calculated 
and compared with the DBS&A Report fkom April 2002. 

The values for the landfill gas generation rate and flux fkom this re-evaluation (20.3 1 c h  
and 2.22~lO-~ cfin/sq.ft) were significantly less than the DBS&A Report from April 2002 
(gas generation rate of 50.3 c h  and flux of 1x104 cfm/sq.ft). Therefore, the amount of 
gas that will be emitted through the landfill cover will be substantially less than 
previously anticipated, by our calculations. 

Earth Tech believes, based on these calculations, that it is likely that a gas collection 
I system, or venting layer, will not be required to ensure proper performance of the final 

landfill cover. Once the final soil source, fmal cover soil properties, and final cover I 
thickness is determined, a concluding evaluation of the gas flux, its impact on the final 
cover vegetation, and the need for a gas venting layer will be completed. 

. .  
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APPENDIX A 

ATTACHMENT 1 
ROCKY FLATS REFUSE INTAKE DATA 



Rocky Flats'Refuse Intake Data 
Revised 7/22/02 

Year I Waste Volume I Megagrams Megagrams Cumm. I 

1 1568 

Note: Waste Reciepts assume 50% inorganic material for emission calculation purp~ Nses. 

A5 



Table E-1 . In-Place Waste Volume and Mass at the Present Landfill 
Rocky Flats Environmental Technology Site 
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ATTACHMENT 2 
WASTE STREAM CHARACTERIZATION 
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Appendix A 

Streams to the Present Landfrll 
from 1968 to 1986 (WSIC) 
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Table I 1  

(1986) 
Hazardous Uaste Stream to Landf i l l  

I 

460 
460 
460 
460 
a0 
460 
460 
460 
c60 
460 
460 
460 
460 
460 
‘40 
460 
460 
460 
460 
c60 
460 
528 
549 
562 
668 
m 
708 
727 
771 
771 
771 
m 
??6 
776 
776 
’776 
776 
776 
T79 
780 
780 
881 
801 
881 
886 
686 
910 
991 

02410 
02SOO 
23570 
O M 0  
00590 
O U Z O  
02400 
23590 
01180 
023ao 
02.330 
01580 
02340 
Dzlso 
pwo 
23530 
02310 
23670 
OZCU) 
OZloO 
OZbZO 
15360 
07300 
OQgLO 

20180 
10690 
09520 
22010 
22230 
22210 
22030 
12120 
12130 
12100 
1200 
12180 
1zooO 
19730 
09590 
09580 
ob660 
01760 
03240 
03180 

06340 
07490 

m m  

03200 

metal chips 
metal chips 
ineta1 chips 
metal chips 
mercury light bulbs 
r t a l  chips 
metal chips 
metal chips 
anpn containers 
metal chips 
metal chips 
kinwipes and rags 
metal chips 
net01 chips 
metal chips 
met01 chips 
metal chips 
metal chips 
met01 chips 

-metal chips 
metal chi= 
kinwipes 
cclpty containers 
paper touels uith oil 
rago w i t h  methyl alcohol 

rags wfrcan and ttfchloroethane 
paper towels uith o i l l f r e o n  T F  
&ionizer exchange res in  colum 
bott les,  cartons, gloves, kiwripes 
liquid chemical containers 
t rash paper 
so i led kiauipes 
er~pty containers 
-cy containers 
so i l ed  kiavipes 
so i led kiavipes 
so i led ki-ipes 
aetal chips 
rags with trichlordethane 
cnpty paint cans 
metal and plast ic  chips 
d i r c y  k inatipes 
waste resin 
kinwipes 
chemicats in cabinet 
f i 1 ter backuash 
re jec t  rings 

. kipwipes 

metal 
metal 
metal 
metal 
sol i d  
metal 
metal 
metal 
u p t y  containers 
metal 
metal 
sol  i d  
-tal 
metal 
metal 
metal 
metal 
metal 
- ta l  
metal 
metal 
sol Id 
CmpW contsimrs 
sol  i d  
sol id 
sol i d  
s o l i d  
sol  i d  
sol i d  
solid. . 
sol id  
so l i d  . 
sol i d  
*ty containers 
empty contaiwrs 
so l i d  
so! i d  
sol i d  
metal 
sol id 
sol i d  
sol i d  
sol id  
sol i d  
so l i t i  
organic 
eqw- 
sol  i d  -.- .---e. 

0 
0 
0 
0 
5 
0 
0 
0 

100 
0 
0 

1 65 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
100 
20 
so 
15 

200 
100 

5 
t5000 
400 
200 
365 
362 
365 

1200 
4a0 

565 
10000 ‘ 

so 
so 

10900 
100 

c 
10 

100000 
1ee9 

sa 

-..--..- 

per iodf ea1 l y  
asneeded 
varies 
intcmi t tant 

‘asnttdtd 

intcmi ttant 
yearly 
continuous 
continuous 

da14y 
da i l y  
da i l y  
Qye pcr Qv 
da i l y  
dai ky 
2 / m k  
infrequent 
infreqwnt 

ronc 
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123 
. 123 
123 
123 
125 
125 
125 
334 
367 
377 
440 
CCO 
440 
440 
u o  
440 
440 
440 
440 
4bO 
u3 
u4 
b44 
453 
Mo 
460 
460 
460 
460 

. 460 
460 
160 
L a  
460 
460 
460 
460 
460 
460 
460 
460 
150 
L60 
160 
460 
460 
460 
460 

Table 11 
Hazardous Waste Stream to Landf i l l  

0670 
03100 
os120 
02930 
03160 
02560 
02640 
02580 
07070 
06930 
09960 
01500 
00120 
01460 
01410 
00390 
00170 
Ollm 
0 1 m  
01410 
01420 
00320 
14120 
11920 
11130 
23520 
23560 
01640 
23540 
23610 
02350 
02460 
23620 
02300 
01750 
235 10 
O229a 
02480 
02440 
01650 
01830 
92280 
0 1 630 
23580 
02270 
02370 
23550 
01370 
02390 

f i l m  packs and posi t ives 
broken badges 
waste vials 
uaste -esSn 
uasre resm 
f i l tcrs  
si l icone o i l  f i l t e r s  
kicuipes 
mineral and asbestos dust 
empry cans, bags and containers 
o i l  f i l t e r s  
kiauipes and rags from paint booth 
caaporite kiwi- drrm 
foam trirrmings 
capty paint cans 
metal chip duiq%iter 
R-tarpamd 
kiauipes and rags 
k i w i p e t  and rags 
kimviper and rags 
paint f i l t e r s  
contaminated rags 
sst, iron metal chips 
sulp r1-e 
paper touels 
metal chips 
metal chips 
a i r  f i l t e r s  
metal chips 
metal chips 
metal chips 
metal chips 
metal chips 
metat chips 
metal ch ip  cornpasite 
e t a 1  chips 
metal chips 
metal chips 
metal chips 
uater f i l t e r s  
uater filteis (x-ray) 
metal chips 
comF.ressor f i i t e r s  
netal &ips 
metal chips 
& ta l  chips 
metal chips 
f i l m  packs 
metal chips 

WASTE TYPE -.-_._-__-.-__.___._.--. 
so l id  . 
sol i d  
so l i d  . 
sol i d  
sol i d  
sol i d  
sol i d  
sol i d  
so l i d  
cnpty containers 
sol i d  
so l i d  , 

sol id  
so l i d  
aapty containets 
so l i d  
organic 
sol i d  
sol i d  
sol i d  
solid 
s o l i d  
metal 
so l i d  
so l i d  
meta 1 
meta 1 
so l i d  
metal 
metak 
faeta1 
metal 
metat 
metal 
metal 
metal 
metal 
meta i  
metal 
sol i d  
so l i d  
metal 
so:id 
metal 
metal 
metal 
metal 
sol i d  
metal 

Date: JUW I, 19c 
Revision No.: 0 

QUAWTITY GEMERATION 
GENERATED M l T S  FRMUEWCI 
.--.----.* ----I-- .-------.------.-- 

50 lbs/yr 
200 8s Occurt 
100 batch 

5 batch 
100 as required 

5 Change oncc/year 
5 

100 continuous 
200 as appropriate 
100 asneeded 

500 
600 
200 
too 
2000 
2610 
500 
500 
500 
300 

5 poo schedule 

200 
1200 
200 

2 
0 
0 
0 
0 
0 
0 
0 

asmded 
continuous 
varies 
intermittent 

0 
0 '  

. 100000 
0 
0' 
0 
0 
0 
50 . 

0 
40 

0 
0 
0 
0 

30 
0 
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BU I LO I NC UASTE 
NO. NO. -.-----. 
nu 
nl 
nl 
TI1 
771 
776 
776 
776 
T76 
77a 
770 m 
??a 
??a m m 
77a m 
TIP 
n9 
779 
779 
??9 
Ttp m 
n9 
?79 
?a3 
850 
865 
865 
865 
865 
881 
881 
881 
881 
881 
885 
886 
910 
910 
966 
980 
980 
980 
980 
980 
980 
9e3 
980 
980 
980 
931 
991 

1750 
7750 
7750 

22640 
22250 
22cm 
U C S O  
22460 
12020 
12010 
1 2030 
12040 
15oCo 
15210 
15050 
15060 
15090 
15210 
15140 
15310 
loof0 
15480 
15Co 
19060 
15130 
15160 
19200 
1%10 
19190 
1s450 
11780 
OCW 
04240 
04m 
04290 
04330 
04670 
olbto 
04710 
01610 
05070 
05110 
03190 
06360 
07560 
06640 
06550 
06960 
06590 
06530 
06520 
W500 
C6SM 
06s10 
W O O  

.06580 
j or510 

07mo 
06010 
Ob#O 
06020 

Table i 
Sol i d  Uaste. Stream to Candf i 1 1 

(1986) 

WASTE NAME 
____.__-..--_.__._.-_______I_______ 

1 

atetal chips/scraps 
enpty containers b. surgical gloves 
p las t i c  scraps 
metal chips 
conbust i b l e . .  
UoOd 6 p l a s t i c  chips/dust 
cmpty containers 
soiled kiawipct 
empty containers 
trash in canisters 
sanitary trash 
metal/woad shavings 
sanitary t rash 
rani t a ry  trash 
mctal/wood shavings 
trash 
sanitary t rash . 
sanitary t rash 
trash 
kiauipes 
metal shavings/fines 
Wter  chiller f i l t e r s  
p last ics  Brindings 
machine tines 
mixed trash 
sanitary trash 
grindings metal 
surp sludgc 
t#ur and dispersant bot t les 
stainless s tee l  winding paper. 
mold coapaud 
photography lab s o l i d  uastes 
metal scraps 
aerosol, paint and t h l m r  cans 
dirty kimuipes 
uncontaminated s o l i d  waste 
other metal c h i p  
rags and kimtipcs 
rags 
copy machine uaste 
diatorrraceou+ earth . 
uatteuater s1ud;c . 
empty containers 
kinwipes 
satmust soaked r i t h  o i l  seepage 
metal scrap 
metal scrap 
fiberglass r t s i n s  and catalysts 
metal scraps 
o i l y  r a g i  
rags u i t h  mineral s p i r i t s  
empty containers 
o i l y  rags 
toner & dispersant containers 
eapty paint  contziners 
enpty toner/dispersant containers 
kimuipes 
soiled t i w i p e s  

UASTE TYPE -...._ -...-----.. 
metal 
sol id  
sol id 
attel  
sol id 
sol id 
crpty containers 
sol id  
capty containers 
sol id  
sol id 
sol id  
sol id  
sol i d  
sol id  
sol id 
sol id  
sol id 
solid 
sol id  
metal 
sol id 
o r g n i  c 
at81 
sol id  
sol id  
netal 
sol id 
crptv containers 
SQt id  
sol id 
sol id 
metal 
appty containers 
solid 
solid 
e t a 1  
sol id 
sol id  
solid 
sol id 
solid 
clapty containers 
sol id  
sol id  
r t a l  
acral 
sol id 
metal 
sol id  
solid 
enpty containers 
sol id 
mpty containers 
mpty containers 
empty containers 
so l  id 
sol id 

WANT I TY 
GENERATED UWlTS 

- - e - -  

32?6 lbs/yr 
5000 
2900 
3 2 5  
5000 
lOc0 

100 
2080 
2080 
800 
500 

2000 
500 
500 
2000 
1000 
500 
1300 
1000 
480 
300 
10 
500 gel/yr 
300 1 W y r  
500 
500 

1000 
200 

5 
6 

so 
2co 
260 
200 
200 

5000 
600 
100 
100 
LO 

%?SO 
-0 

100 
1500 
9CO 

5000 
2000 
1000 
so00 
Ut0 

100 

100 
100 
100 
too 
100 

iiau 

cao 

G E N E ~ T I O M  
F R E W C Y  

-------------I---.-. 

biweekly 
M y  2 weeks 
daily 
W l Y  
dsi ly 
weekly c200 lbs./wlr) 
OccasioMlly 
weekly <LO lbs/uk) 
W l y  <- Lhwuk) 
contirumus 
continuour 
continuaus 
continuous 
continuous ! 

continuous I 
continuous ! 
continuous I 
continuous I 

continuas 
per iod ica l ly  
continuas I 

pmthly 
continuous 
cont inuars 
cont inuas 
cont inrarr  
continuous 
imcmi ttcnt 
inteml: t t ant 
P r  War 

I 
I 

as needed 

ueekly/monthly 
i ntcmi t tant 
i n tenn i t t en t .  
da i l y  
daily 
d8i ly  
da i l y  
i ntermi t tent 
da i ly  
da i ly  
dai l y  
intermi t t e n t  
daily 
monthly 

monthly 
as needed 
as needed 
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L60 
460 
460 
460. 
460 
u o  
460 
460 
460 
460 
460 
C b D  
460 
460 
460 
460 
460 
a 
460 
cbo 
cbo 
60 

4bo 
260 
460 
460 
460 
55 1 
551 
551 
S60 
563 
662 
662 
662 
664 
664 
664 
701 
705 
705 
705 
705 
705 
705 
705 
705 
708 
709 
71 1 
712 
713 
A2 
750 
EO 
5 0  --.0 

1 
A 
770 
770 

00820 
00830 
01 110 
01 100 
cocso 
01270 
23650 
23790 
01210 
OPOOO 
WLO 
23750 
01 190 
01340 
01 170 
OlltO 
00630 
OltlO 
23740 
23120 
01am 
00760 
01320 
01180 
00180 
o0380 
01010 
06320 
06310 
06300 
11810 
to580 
04060 
No00 
NO30 
17SOO 
1510 
1T590 
17620 
20280 
202M 
203 00 
2025Q 
20620 
20060 
20310 
201 10 
10650 
llmo 
20530 
20590 
20600 
15020 
WIOO 
00020 
091 10 
09070 
OOOdO 
09090 
22570 
22650 

used kicaripes 
used o i l  f i l t e r s  
cmpty containers . 
k iar ipes a d  rags 
used kinwipes end rws Cult) 
kinwipes 
apron f i l t e r  
bi  jur f i l t e r  screen 
clpty containers 
used o i l  f i l t e r s  
tu r re t  res. f i l t e r  
i n t i n e  cootanc f i l t e r  
kitwipes 
kitwipes and rags 
sludge 
k i m i p w  and regs 
f i l m  packs 
enpty containers 
rough in t ine f i l t e r  
o i l  f i l t e r  
used kiaripcs and flow dry 
used kimuipes 
kiawipcj  
used o i l  f i l t e r s  
used kiawipcs and f low dry 
metal chips 
used o i l  f i l t e r s  
metal cuttings 
spray paint cans 
kinwipes and degrcasim residue 
srap rludgc 
surp sludge 
used f i l t e r s  
kinwipes 
broken parts 
eapty containers 
used rags 
s o l i d  waste 
s o l i d  waste 
kiauiper 
po l ish ing pads 
m e t a l  and glass scraps 
kinwipes 
m t e r  
riawipes 
off  i ce  trash 
sunp sludge 
HEPA f i l te rs  
srnp sludoe 
s.un3 sludge 
suap sludgt. 
sunp sludge 
f i l t e r s  
w r y  toner/developer containers 
empry f ixer/developer conrainers 
kimwipes 
microf  i l m  wrapper 
empty containers 
kimwipes 
rags 
cankrst ibles 

sol i d  
sol id  
wry containers 
so l i d  
sot i d  
so l i d  
sokid 
sol  i d  
arpty containers 
sol id 
so\ i d  
sol i d  
sol id  
sol i d  
sol i d  
sol i d  
s o l i d  
aapty containers 
sol i d  
sol id 
sol i d  
sol Id 
sol id 
so l  i d  
sol id 
or tat  
801 i d  
metal 
q t y  containers 
sol  Id 
sol id  
MI id 
sol id  
sol id  
s o l i d  
cnpty containers 
sol i d  
sol i d  ' 
sol  i d  
sol I d  
s o l i d  
sol i d  
sol i d  
sol i d  
sol id  
s o l i d  
sol i d  
s o l i d  
sol i d  
sol i d  
s o l i d  
so l  i d  
s o l i d  
enpty containers 
mpty containers 

* s o l i d  
sol i d  

. arpty containers 
sol  i d  
sol i d  
so l  i d  

0 lbslyr 
0 .  

100 
' 165 

280 
40 
2 

100 
0 
2 
2 

100 
1200 60 

165 
100 48 

' 2  
2 

L8 
2lOOO 
200 
2000 
350 
40 
1s 
sw) 
100 
so0 
200 
200 
20 
200 
1W 
100 
200 
500 
200 

1 
2 

100 
3 

20 
1000 . 
20 

200 
200 
zoo 
200 
200 
300 
3 

100 
100 
100 
too 
100 
365 

4700 

Date: June I, 1988 
Revision NO.: 0 

1 to 2 yews 
i n t e m i  t t e n t  
intenni t tnat  
COnt iruous 
as occurs 
daily 
d a i l y  
contirumus 
daily 
=needed 
as needed 
daily 
as needed 

as needed 
d a i l y  
contfnuous 
p((0 schedule ~ 

varfes 
var ies  
var!es 
varies. 
once per month 
intermi ttmt 
as required 
intermittent 
continuous 
intermittent 
i ntenni t tent 
occasionally 
da i l y  - -  - _ _ -  - - -___. -.- -... 
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? .  

139 
440 
410 
440 
U D  
440 
441 
142 
442 
us 
445 
145 
145 
CLS 
415 
449 
U P  
419 
454 
t57 
460 
460 
L60 
160 
460 
460 
460 
460 
460 
OM) 
460 
460 
460 
460 
460 
Z M )  
460 
160 
160 
160 
460 
160 
460 
460 
460 
460 
460 
460 
L60 
460 
a 
160 
c60 
460 
a 0  
160 
660 
460 
460 
L60 
460 

Ooopo 
00140 
00180 
00160 
01590 
00200 
00220 
00260 
OOZSO 
15x0 
15280 
15260 
15290 
15270 
15300 
11070 
11060 
11090 
11890 
11860 
a0910 
00940 
23630 
OQ600 
23170 
00770 
23690 
00880 
Olooo 
23710 m m  
01080 
oollul 
012so 
23800 
oOc60 
01310 
23680 
00640 
23850 
00810 
01090 
23m 
00930 
0136c 
ZMbO 
01060 
00890 
01050 
012m 
01230 

0071 0 
OW90 
00950 
01 140 
oos70 
00750 
23180 
00380 
01280 

a071 o 

Oate: 1, 3 
Revision NO.: 0 

k iwi& 
eluninrrm and SSt  chips 
ki twipes  8nd rags 
q t y  containers 
k i d -  ond rags 
kiawipes ud rags 
tonef 
respirator cartridges 
defective HEPA f i l t e r s  
trash 
trash 
carbon dust 
steel  shavings . 
carbon scraps 
steel  s c r a p  
rags 
capty paint c& containers 
eaisccll.nous rrash 
SUI? sludge 
surp rtudpe 
used kipuipes ud f loor  dry 
used kimipes 
bi  jut f i  l t e r  screen 
used kiouipcs and rsgs 
b i j u r  f i l ter screenI 
used oil f i l t e r s  
a i r  f i l t e r  

used kiaripes 
bi jur  f i l t e r  screen 
used o i l  f i l t e r s  
kiawipes 
used kimuipes and f Loor dry 
kinwipes end rags 
bijur f i l t e r  screen 
used kiaripcs and rags <vap) 
kirptipes 
hydraulic intake f i l t e r  
kimuipes Md rags 
a i r  i n t c t  f i l t e r  
metal chips 
erqaty paint cans 
bi jur f i l  t e r  screen 
used f i l t e r s  
kiawipes and f l oo r  dry 
hydcaulic system f i l t e r  
disccsrded containers 
used kiawSpcs 
metal chips 

kinwipes u l F r e m  
kimuipes, lgloves and gauze 
used kimuipes, gloves and gauze 
used kimuipes and glovtr  
used kiauipes and f loor  dry 
kimuipes and rags 
IIuocure 
metal chips . 
bijur f i l t e r  screen 
wed kimipes and gauze 
k imipes and floor dry 

metal chips .. 

chea. and solvent containers 

sol id 
metal 
so l id  
clppty containers 
so l i d  
so l id  
capw containers 
so l id  
so l id  
solid 
sol id  
sol i d  
metal  
sol id  
metal 
organic 
cllpty containers 
sol id 
solid 
sol id  
sol i d  
$01 id  
sol id  
so l id  
sol i d  
sol id 
sol id 
acta1 
so l id  
solid 
sol i d  
solid 
sol id 
sol id 
sol id 
sol id 
sol id 
sol id 
sol id  
sol i d  
mttal 
w t y  containers 
sol id  
sol id 
sol id 
sol id 
capty c m t a i k r s  
sol id  
a r t a l  
ecapty containers 
sol id 
so l  id 
sol i d  
sol i d  
sol i d  
sol i d  
sol id  
metal 
sol i d  
sol i d  
solid . 

. 200 lbslyr 
500 
500 
100 
500 
500 
100 
100 
50 

500 
500 

20800 
5000 

5000 
200 
10 
660 
800 
200 
0 

302 
2 

200 

70 
2 
0 
55 
2 
20 

\SO 
0 

165 

280 
50 
2 

110 

0 
100 
2 

1800 
20 
2 

100 
0 

300 
100 
165 

0 
580 
110 
110 
165 
100 

0 

1so 
40 

iaom 

as Mtdcd 

asneeded 
asneeded 

asnndcd 
-needed 

as v i a t e  
C o n t l r n  
continuous 
continuous 
continuous 
cont inuous 
cont inuous 

i n t c m i  ttent 
intermi ttwtt 
as- 
asnetdtd 
ancef6 .#I 
asneeded 
arcf6 a m  
a s n e d d  
oncc/6 a m  
to' be determined 
8 s -  
oncc/6 son 
4 per year 
asneeded 
asnndcd 
asneeded 

asnceded 
as needed 
once/6 man 

awe/6 wn 
t o  k determined 

one/6 awn 
t o  be determirled 
as needed 
once/6 mon 
intermit tent  
as needed 
t o  k determined 
in termi t tent  
as needed 
as needed 
as meded 
as needed 
as needed 
as needed 

t o  be determined 

as needed 
as nedded 
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Table I 
Sot id Uaste Stream t o  Landf i 11 

(1986) 

111 ._ 
111 
111 
111 
111 
111 
111 
111 
111 
111 
111 
111 
121 
121 
123 
123 
.I23 
123 
123 
124 
124 
124 
121 
I21 
125 
125 
130 
130 
130 
130 
130 
130 
130 
223 
33 1 
33 1 
333 
333 
333 
333 
333 . 
333 
333 
333 
333 
335 
333 
334 
334 
33c 
334 
334 
334 
334 
334 
334 
335 
7 3  

r39 
439 
r 39 

06m 
06630 
06610 
06820 
06680 
W O  
06690 
06670 
o6800 
06650 
06760 
06710 
04810 
04780 
02030 
03080 
O M 0 0  
02880 
03070 
01910 
o0010 
00020 
00030 
01660 
02550 
02no 
01350 
07100 
07330 
07390 
0- 

0 7 x 0  
06840 
06430 
o 6 u o  
06230 
06220 
061 10 
06210 
06140 
o6080 
06200 
061 80 
96130 
06150 
OdOoO 
07050 
07060 
071 10 
06950 
07250 
07 1 co 
07160 
07120 
07130 
07010 
1 la0 
00070 
001 10 
00060 

onao  

developer and f i x e r  containers 
kiauipes and rogs 
t-r and disprsmt containers \ 
cnpty developer and f ixer  container 

aapty toner containers 
kilvipes and r.ps 
capty ink cans 
k i v i p e s  and filnpaeks 
demineralizer s y r t e ~  f i l t e r s  
kisvipes .nd rws 
eapty chemical containers 
s o l i d  taste 

waste resin 
batteries,metalwire,used elec.caap. 
arpty via!s 
waste res in  
kisvipes 
se t t l i ng  brin sludge 
microstrainer brtkuosh 
clmrificr vderflou 
sand f i l t e r  backbmsh 
drted sludge 
kisvipes 
o i l  f i l t e r s  
copy d i n e  toner 
rejected h s  
polaroid f i l m  backings 
kiouipes 
packing materiais 
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f ioor  sweepings 
coapressor o i l  f i l t e r  
o i l  f i l t e r s  and used parrs 
paint and body - f i l l e r  cans . 
shavi ngc 
sawdust 
f i l t c r s  
blast  uaste 
eaptY c8"5 
empty paint cans 
scrapings . 
m g t Y  c- 
rags 
disposed cquipnnt 
erapty paint cans 
d / p l  ast i c shavi rigs 
f loor scrap 
cther n e t e l  caste 
manel residue 
miscellaneous s o l i d  waste 
scrap metal 
fluorescent l i g h t  tubes 
used f i l t e r s  
metal and s i l i c a  waste 
f i r e  extinguisher chemicals 
surp sludge 
k imipes and rags 
empty cans and containers 
metal chips 

cnpv SOlVUbt C O n t 8 i W S  

gv, vtchf+ 

eapty containers 
s o l i d  
eapty containers 
cnpty containers 
eapty containers 
anpty containers 
sol i d  
c a p y  containers 
s o l i d  
sol id  
sol  i d  
eapty containers 
sol  id  
sol i d  

2zF 
solid . 
sol  id  
s o l i d  
.qucour 
.queour 
wJ-- - 
s o l i d  
so l  i d  
s o l i d  
eapty containers 
s o l i d  
so l  i d  
sol  id 
so l  i d  
sol  i d  
sol  i d  
sol  i d  
s o l i d  
sol i d  
sol  i d  
so l i d  
sol i d  
so l i d  
eapty containers 
sol  i d  
s o l i d  
eapty containers 
sol  i d  
s o l i d  . 
sol i d  
soi i d  
s o l i d  
meal 
sol i d  
metal 
metal 
so l i d  
sol i d  
sol id  
aqueous 
sol i d  
s o l i d  
enrptY containers 
metat 

io i w y r  
240 
100 3 

2c0 10 

100 12. 

100 21  

3 . L  

100 
, 100 

50 
83 

500 
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SO 

as needed 
continous 
2 per month 
asneeded 
1 per clionth 
3 per week 
continous 
3-4 per aonth 
asneeded 
1 per mnth 

asnndcd 
i ntemi ttmt 
continuour 
batch 
continuos 
b t c h  
batch 
continuous 
btch 
s-r operation 

ZOO 
sootnm ga t i y r  
180000 s a l l y r  

1500a00 galtyr continuous 
15oooOO gal/yr  in tern i t tent  

5000 ibwyr o n e /  6 M t h s  
100 continuous 
5 intermi ttant 

100 asneeded 
200 asneeded 
100 asneded 
100 asneeded 
100 intermi ttent 

tuice per month 5 
100 asneeded 

1 f i lter/2 years 1 
500 dai ly  

as needed 200 
1 00 dai ly  

as need& 100 
200 weekly 
1500 as needed 
100 asneeded 
200 as neeeed 

as cmdcd 200 
as needed 100 
as ne- 350 

1000 as needed 
500 as ntcded 

cont inour 500 
ZOO dai ly  
503 
100 ;ntcrmi ttmt 
500 dai l y  
500 dai ly  

1 O M )  as needed 
as needed 

500 intermi ttmt 
200 gal/yr as needed 
130 iSs/yr yearly 

as needed 200 
as needed 100 

2 

500 dai ly  
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EPA LANDFILL GAS GENERATION MODEL 
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2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
204 1 
2042 
2043 
2044 
204 5 
2046 
2047 
2048 
204 9 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 

L 

9.175Et04 
9.175Et04 
9.175Et04 
9.175Et04 
9.175Et04 
9.175E+04 
9.175Et04 
9.175Et04 
9.175Et04 
9.175E+04 
9.175EtO4 
9.175E+04 
9.175E+04 

9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175Et04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+O4 
9.175E+04 

9.175E+04 
9.175E+04 
9.175E+04 
9.1756+04 
9.175E+04 
9.175E+04 
9.175E+04 
9.175E+04 

9 .. 133-E+04 

9.175E+04 

1.900E+05 
1.825Et05 
1.754Et05 
1.685Et05 
1.619Et05 
1.556Et05 
1.495Et05 
1.4 36Et05 
1.3803+05 
1.326Et05 
1.274E+05 
1.224Et05 
1.176Et05 
1.130E+05 
1.085Et05 
1.043Et05 
1.002Et05 
9.625Et04 
9.248Et04 
8.885E+04 
8.537Et04 
8.202Et04 
7.880E+04 
7.571E+04 
7.275Et04 
6.989Et04 
6.7153+04 
6.452E+04 
6.199Et04 
5.956E+04 
5.722Et04 
5.4 98E+04 
5.282E+04 
5.075E+04 
4.876E+04 
4.685E+04 
4.501E+04 
4.325E+04 
4.155E+04 
3.992E+04 
3.836E+04 
3.685E+04 
3.541E+04 
3.402E+04 
3.269Et04 
3.141E+04 
3.017E+04 
2.899E+04 
2.785E+04 

2.571E+04 
2.470E+,04 
2.374E+04 
2.280E+04 
2.191E+04 
2.105E+04 
2.023E+04 

2.676E+04 



2060 
2061 
2062 
2063 
2064 
2065 
2066 
2067 
2068 
2069 
2070 
2071 
2072 
207 3 
2074 
2075 
2076 
2077 
2078 
207 9 
2080 
2081 
2082 
2083 
2084 
2085 
2086 
2087 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
2095 
2096 
2097 
2098 
2099 
2100 
2101 
2102 
2103 
2104 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
2113 
2114 
2115 
'2116 
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i 

2117 
2118 

i; 2119 
2120 
2121 
2122 
2123 
2124 
2125 
2126 
2127 
2128 
2129 
2130 
2131 
2132 
2133 
2134 
2135 
2136 
2137 
2138 
2139 
2140 
2 14'1 
2142 
2143 
2144 
2145 
2146 
2147 
2148 
2149 
2150 
2151 
2152 
2153 
2154 
2155 
2156 
2157 
2158 

t 2159 
2160 
2161 
2162 
2163 
2164 
2165 
2166 
2167 
2168 
2169 
2170 
2171 
2172 
2173 

1.326E+OO 
1.274E+00 
1.224E+OO 
1.176E+00 
1.130E+00 
1.086E+00 
1.043E+00 
1.002E+00 
9.629E-01 
9.252E-01 
8.889E-01 
8.540E-01 
8.206E-01 
7.8843-01 
7.575E-01 
7.278E-01 
6.992E-01 
6.718E-01 
6.455E-01 
6.202E-01 
5.9583-01 
5.725E-01 
5.500E-01 
5.285E-01 
5'.077E-01 
4.878E-01 
4.6873-01 
4.503E-01 
4.327E-01 
4.157E-01 
3.994E-01 
3.837E-01 
3.687E-01 
3.542E-01 
3.404E-01 
3.270E-01 
3.142E-01 
3.019E-01 
2.900E-01 
2.787E-01 
2.677E-01 
2.572E-01 
2.471E-01 
2.375E-01 
2.281E-01 
2.192E-01 
2.106E-01 
2.023E-01 
1.9446-01 
1.868E-01 
1.7 95E-01 
1.724E-01 
1.657E-01 
1.592E-01 
1; 529E-01 
1.469E-01 
1.412E-01 
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2174 
2175 
2176 
2177 
2178 
2179 
2180 
2181 
2182 
2183 
2184 
2185 
2186 
2187 
2188 
218 9 
2190 
2191 
2192 
2193 
2194 ' 
2195 
2196 
2197 
2198 
2199 
2200 
2201 \ 

f 

1.356E-01 
1.303E-01 
1.252E-01 
1.203E-01 
1.156E-01 
1.lllE-01 
1.067E-01 
1.025E-01 
9.849B-02 
9.4 63E-02 
9.092E-02 
8.736E-02 
8.3933-02 
8.064E-02 
7.748E-02 
7.444E-02 
7.152E-02 
6.872E-02 
6.602E-02 
6.343E-02 
6.0953-02 
5.856E-02 
5.626E-02 
5.405E-02 
5.193E-02 
4.990E-02 
4.794E-02 
4.606E-02 
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ATTACHMENT 4 
I LANDFILL GAS GENERATION REPORT 



0 CALCULATION SHEET PAGE 1 OF> 

JOBID ’ 57378 
COST CODE .0101 

CLIENT SUBJECT Gas Generation Prepared By DBB Date 7-23-02 

PROJECT Rockv Flats Landfill Calculations Reviewed By MSN Date 7-23-02 

Approved By Date - 

PURPOSE: To estimate the quantity of landfill gas generated fiom Rocky Flats Landfill utilizing the EPA 
Landfill Gas Generation Model. Secondly, estimate the landfill gas flux through the landfill 
final cover. Finally, compare these values with the previous results of the gas generation report 
prepared in April 2002 by others. 

METHODS AND ASSUMPTIONS: 

From the waste stream characterization tables, provided in OU 7 Final Work Plan, it was 
assumed that a conservative value for the organic matends Within the waste stream was 50% 
by Volume. 

The April 2003 Gas Generation Report utilized the full waste stream volume to estimate the gas 
generation rate. For this calculation we will exclude 50% of the waste stream volume to 
account for the inorganic waste materials #at will not produce landfill gas. 

From the previous gas generation report the methane generation constant, k = 0.04. This k- 
value will be used in the model. 

From the previous gas generation report the methane generation potential, Lo= 100. This Lo- 
value will be used in the model 

The EPA Model tabulates separately the main constituents of landfill gas (methane and carbon 
dioxide), therefore we will assume a 50/50 ratio of methane and carbon dioxide. For our 
calculation, the methane generation rate must be multiplied by 2 in order to obtain the total gas 
generation rate. 

CALCULATION: 

Based on the model output provided, the following gas generation flow rate and flux was estimated for the year 
2002: 

Methane Emission Rate = 197,700 cubic meters/ye& (From Attachment) 

Total Landfill Gas Emission Rate = 395,400 cubic meterdyear 
395,400 cu.m/yr (35.3 cu.ft/cu.m) (1 yead365 days) (lday/24 hrs.) (lhd60min.) = 26.56 c h  @low Rate) 

Flux = GasFlow Ratekandfill Area = 26.56 CW 21 acres = 2.90 x cfin/sq.ft, 

L:\WORKU7378\WORK\LANDFILL GAS GENERATION CALCULATIONS.DOC A22 



0 CALCULATION SHEET PAGE 2 O F 2  

JOB ID 57378 
COST CODE .0101 

CLIENT SUBJECT Gas Generation Prepared By DBB Date 7-23-02 

PROJECT Rockv Flats Landfill Calculations Reviewed By MSN Date 7-23-02 

Approved By Date - 

CONCLUSIONS: 

The values for gas flow rate and flux from this calculation are significantly less than the April 2002 Gas 
Generation report (gas generation rate of 50.3 cfin and flux of 1 x lo4 cfin/sq.ft.). 

t I 

When preparing a gas generation report, one must consider the waste stream characteristics carefully and since 
the inorganic materials do not contribute to landfill gas generation it is important to exclude them in order to get 
a more accurate value. 

I 
i 

I 

! 
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ATTACHMENT 5 
LANDFILL METHANE EMISSIONS MODEL 
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APPENDIX A 

ATTACHMENT 6 
LANDFILL GAS VENT TRENCH CALCULATIONS 



E A R T H  @ T E C H  

CALCULATION SHEET Page 1 o f 2  
JobID 57378 

Cost Code 02 .O1 

CLIENT Rockv Flats Env.Tech.Site SUBJECT Gas Vent Prepare( By DBB Date i2/10/03 

PROJECT Landfill Gas Collection Trench Calculations Reviewed By MSN Date 12/10/03 

Svstem Design Approved By RT Date 12/10/03 

PURPOSE: To determine the spacing recommended between the gas vent trenches for the gas management system 
design and layout. . 

METHODS AND ASSUMPTIONS: 

0 A modified form of Darcy's equation for radial fluid flow was used to evaluate the gas extraction well 
radii of influence. ' 

e A trench depth'of 8 feet was assumed over the entire landfill. 

The density of waste = 44.44 Ib, / ft3 

e Waste permeability factor = 2.681 x 1 0 "  ft' 

Permeability is defined as ,a measure of the ability of a porous media to transmit fluids. While the 
permeability of waste within a landfill can vary greatly, it is assumed to be a constant for ease of 
calculation in the spreadsheet. A reasonable Absolute Permeability value for waste is 2.68 1 x lo-'' ft'. 
This number was calculated by Earth Tech by applying Darcy's Law for Linear Compressible Fluid Flow 
to the movement of landfill gas through waste and assuming the following: 

(1) 
(2) 
(3) 
(4) 
(5) 

Steady state flow conditions exist. 
The pore space of the waste is 100% saturated with the flowing fluid (landfill gas). 
The viscosity of the flowing fluid is constant. 
Isothermal conditions in the waste prevail. 
Flow is laminar, horizontal and linear since waste grain size is relatively small and the velocity of 
fluid flow is low. 

e The gas generation rate of the waste = 0.05 cf / lb waste - year. This measurement is based on an average 
of gas generation rates for C&D waste. 

0 . Typical gas temperature within the landfill = 86°F (based on typical landfill gas temperatures for a 
Western United States Landfill). 

CALCULATION: / 

The parameters described under methods and assumptions will be used to calculate the ROI for each proposed gas vent 
trench. Calculations were performed in a spreadsheet format because of the repetitive nature of the approaches. 

L\WORKU7378\WORK\GEOSY NTETlC COMPOSITE COVER\95% DESIGN\REVISION I APPENDICIESL~PPENDIX A\ROCKY FLATS TRENCH ROI 
CALC 12-0x1 DOC I A29 
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E A R T H -  T E  C H a 
CALCULATION SHEET page-2- o f 2  

JobID 57378 
Cost Code 02 .01 

CLIENT Rock  Flats Env.Tech.Site SUBJECT Gas Vent Prepared By DBB Date I 21 I 0103 

PROJECT Landfill Gas Collection Trench Calculations Reviewed By MSN Date 12/10/03 

Svstern Desian Approved By RT Date 1x1 0/03 

The ROI calculation tablehpreadsheet (Attachment 1) requires as input the gas extraction well identification number, gas 
generation rates, permeability factor; r e h e  density, gas temperature, trench length and depth. Given these inputs, the 
spreadsheet calculates the ROI for each gas vent trench. 

Refer to the attached spreadsheet for details of the gas vent trench information. 

CONCLUSION: 

Based on the results of the gas vent trench layout analysis for the WETS, and the current limit ofwaste information a total 
of 3 gas extraction trenches are proposed for the gas management system. 

L:\WORK\57378\WORK\GEOSYNTETlC COMPOSITE COVER\9S% DESIGN\REVISION I APPENDICIESMPPENDIX A\ROCKY FLATS TRENCH ROI 
CALC 12-03l.DOC A 3 0  



Attachment I 
Radius of Influence Calculation 
Rocky Flats Envirornental Technology Site 

GAS GAS 
TRENCH GENERATION RATE 
NO. (FT31LBm’YR) 
T- 1 0.05 
T-2 0.05 
T-3 0.05 
T-4 0.05 

PERMEABILITY REFUSE GAS Trench Trench Vertical Extent Vertical Static GAS 
FACTOR DENSITY TEMPERATURE Length Depth Limiting Influence Pressure ROI FLOW 

x 10E-11 (FT2) (LBmlFT3) (DEG. F) (FT) ’ (FT) Facto!.-” ..__! (FT) (in WC) (FT) W F M )  : 

2.681 ’ 44.44 86 930 8:j ~. ...,..........,.. :.2.00i ” 8.00 0.10 54 2 
2.681 44.44 86 890 8 i  ~...”.,-.-----. 2.00! _-. . 8.00 0.10 54 2 .  
2.681 44.44 I 86 870 8 j .._.........I..;... _I:L_ -.__ -.-- 2.00 8.00 0.10 54 2 
2.681 44.44 I 86 840 ’ . 8;. .. . 2.00 8.00 0.10 54 2, 



DEFAULT 
OVERLAP 

(%I 

T-1 0 
T-2 0 
T-3 0 

ERR 0 
ERR 0 
ERR 0 

T-4 0 

(FT) I (FT) I (FT) 

CALCULATED 
. OVERLAP 

(%I 

0 
0 
0 

ERR 
ERR 
ERR 

0 

(FT) (FT) (FT) 

AREA OF 
INFLUENCE 
OF WELL 
(Sa. FT.) 

9172.00 
9172.00 
9172.00 

ERR 
ERR 
ERR 

9172.00 



CALCULATION OF INERT SOIL MATERIAL THICKNESSES 

INERT MATERIAL IS SUBTRACTED FROM TOTAL VOLUME OF INFLUENCE 
TO YIELD TOTAL DECOMPOSABLE MATERIAL VOLUME 

INTERIM ' INTER MEDIA^ 
COVER LIFT COVER COWER 
DEFTH THICKNESS DEPTH DEPTH TOTAI 

(FT) (FT) (FT) (FT) 

T- 1 0 1u 0.5 0 
T-7 n I 0  0 5  n 
T-3 0 10 0.5 0 

ERR 0 10 0.5 FRR - - .- -. .. . - 

ERR 0 10 0.5 ERR 
ERR 0 10 0.5 ERR 

T-4 0 10 0.5 0 



i 
APPLIED VACUUM CALCULATION r ; T - - - - T  TRENCH DEPTH APPL~EPUUM 

( 1 
0.2 

20 
50 

100 
150 

I -- I 

Regression Output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coef. 

-0.0183673 
0.19897698 
0.99020004 

4 
'2 

0.04040816 
0.00284253 


