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EVALUATION OF GROUND WATER AVAILABILITY AND PUMPING CAPACITY
LLANGOLLEN AREA

Problem

Leachate frorm the old Liancollen Landfll) has entered the underlying
Potomac aquifer and is moving in the direction of high volume wells
approzimately 3,000 feet scutheast of the landiill, The leachate
contains high concentrations of dissclved metals, salts and organic
compounds, The taste and oder as well as the objectionally high
concentrations of certain of the chemical species renders the
leachate totally unacceptable for potable or most other water uses

(eolocic Setting

Yen ares as it of fects the leachate

The ceology of the Llango)
¢ in an carlier project report, briefly,

al
<

s
pretlem has besn describ
the arca it blanketed by acnroximately 30 = 6C feet of aenerally
coarse sardy sediments of Pleistocene Age.  This veneer has been
extensively cuarried in thz Llangellen area, The Llangollen
Landf il iteelf is constructed in such an old gravel pit

Tee Pleistosene sends directty overlie the Lower Cretaceous hgse
Poteras Forrztion, Tne Petomac wae deposited by slucaish strears
and consiste of an intertztded sequence of clay, 5ilt and fine to
megiue sand with smaller amounts of coarse sand and fine gravel
Some parte of the formction are predominantly sondy and have baen
develoncd for water sucrlice, while others are predoninantly clayey
or silty ans reterd the movenent of water, In the Liangollen area
the ugper part of the Polosas Formation is an acuiltard which seperates
the Pleistecene sands fror the deeper Fotomac sands, The acuitard
confines water in the Fotomac sands under arlesian pressure so that
woler in a vell screencd in the Potomac sand rises above the level
of top of the sand,

Large scale withdrawals from wells in the Potomac aquifer have

lovered wator pressure throush the formation, The resuli has been

to create a water pressure gradient from the Pleistocene sands to

the Potomas sands and -~ once in the Potomac acuifer -~ towards

the pu~ping wallc, This situation has caused the migration of

leazhate from the landfill into the Potomac aquifer where the

acuitard is cbsent and the front of leachate contarinated weter

is moving towerd the eristing major wells in the azuifer. AR]O]670
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Aguifer Evel:ction

An extensive test drilling program in the Fotomae aquifer has
defined the approximate extent of leachate contaminaticn in the
aquifer, This pattern of contamination is shown in Figure I,

In order that the contaminants be prevented from spreading further
through the aquifer and eventually reaching the existing wells

a contaminant recovery program has been initiated, The program

is intended o intercept and recover contaminants through properly

located wells

The recovery wells are being drilled in the part of the aquifer

which has already been contaminated to minimize the amount of good

water which is removed. The recovery wells must jocally reverse

the presenl water pressure gqradient towards the existing wells

so that all contaminants move to the recovery wells, In order

that this be accomplished it was necessary to evaluate the aguifer

parameters aoverning water movemeni so that & quantitative around

weler manazement program could be es:ablished.

Pecause littie quantitative information on ﬂqufgr transmissivit

storage and poundary conditions eristed prior to the need Lo des

the recovery system, tov F. Weston undertook an aquifer evaluation

program, Tais progre- consisted of sumping ant recovery tests o
5

)
on

!
i
on
f

vells drilled for New (¢ ouity during the contarmiran:
favestigaticn and the sx woile helonaing to the Artesien
Weter Compeny,

The aaquifer transmis 2  these tests ranged
from 40,007 3 150,00 B f . Storare coefficients ranged
from 5.7 « bh Y Thr transmissivities are greater
along the axis 01 he old sand filles chanvels and across channels
Average ayuifer purawe: reouses in o the ground weter mahoyerent

calculaticne were as follows:

1, along aguifer strike (i - SE direction)
transmissivity = 74,000 opd/fL., storage coefficient =

2, along aquifer dip (SW ~ N[ direction)
trensmissivily = 40,000 gpd/ft,, stereae coefficient

Ground Waolvr Manpaerort Plan for (orteminant Pecovnry

Any increase in withdeaval of arousd watee from the aquifer down=
gradient from the Llangzilen Landfill would accelerate the rate of
movement of the front, For exarple, if the wells in the nearty

3

well fielde are purncd at 3,000 an-, the frent could travel IC“ feet
in only 75 deys.  On the other heng, the front could tate 220

to travel 190 feet I the wells are pumping at 1,020 goe, ln&»ﬂ»l@sk67|
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the velocity of contaminant movement will increase as the front
approaches the pumping centers, Although it does not appear that

the front {s moving at an alarming rate now, it would be a matter

of time before most of the wells in the aquifer start pumping
contaminated water if present conditions were to persist, |If
permeability of the aguifer material in a zone between the Llangollen’
landf i1l and the nearby well fields is as high as 6,000 gpd per

square foot, which appears to be the upper limit of the permeability
of the aquifer material in this area, the front could travel 100

feet in 18 to 20 days

The most desirable solution would be to curtall the large well

flelds, presently pumping several million gallons of water from

the aquifer, |If these wells were to stop pumping as soon as possible
and not restart until most of the contaminated water has been removed,
the recovery operation could be accomplished with minimum withdrawal
and a shorter time span with the absence of competing wells,

In view of the increasing dermand of ground water during the incoming
summer, it may not be practice) to shut down all existing well

fields, A reduction in the present pumping rates will be necessary
to slow down the contaninant movement so that the retrieval wells
would te more effective in creating the desired around water divide,

It appears that if the existine well fields continue to pums ot

the present rates and the retrievel wells have staried pumeing

a ground water divide would crist at about 500 feet from well 23

along a line between walls 22 and J-1 (figure 1,2}, Under thesc
conditions, the gradients to northwest (toward landfill) and to
southeast (toward well field) of the around water divide would be
approximately 7,38 x 1079 ft,/7t, and 484 » 1077 ft,/ft., respectively,
Although the retricvel wells would ereate local cores of depreszion
and gradients thereby causing the contaminant front to move ultirately
towards the land{ill, there wiil be an overall gradient towaras
southeast,

Conclusions

The main influence of the retrieval wells s limited to o radius

of approrimately 250 feet downdip in the aquifer ii the existing
well fields continue to pumz at the present rates, Movement of
contarinants downdip past this radius would probably not be reversed
to the recovery wells, Thus, the recovery wells viould have &
greater chance of success in recovering all contaminants If the

pumping rates of the existing wells are reduced,
AR101672
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Another important factor to be considered is the capacity of the
aquifer which may not be able to sustain 3,000 gpm of the retrieval
wells in addition to the pumping rates of the existing well fields,
Although necessary and sufficient data are not avallable a rough
estimate indicates that approximately 6.83 x 10-3 gpd/sq, ft. may
be avallable for recharge from the annual precipitation, Overpumping
the aquifer 1s not a sound practice and it seems necessary that

In order to recover the contaminated water from the aquifer, the
pumping rates of the wells in the existing well fields should be
reduced as soon as possible. In any case, no additional wells
should be allowed to start pumping in the nearby well fields

ARI0I6TS
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Contamlnant recovery program at Llangollen Proposed work schedule (May,

Drill contaminant monitor (W) and recovery (10") wells -
Delmarva Drilling Company ~ initiated May 7th

pump sample al) existing b and 6" diameter wells ~ Delmarva
Drilling Company = to start May 9th

Initfate erergency retrieval of contaminznts by installing
pumps in wWell Yos, 28, 29, 30, and 3) @ 126 ¢pm each nonitor
water levels and water quality,

Jet shallow around water monitoring pointe in the Pleistocene
sand around and dawn dip fros the landfill ~ Econo Shallow
well Oriliing ~ to start May 10th

Auger manitoring points in the landfill - Thomas Keves - to
start Pay 11th

‘rnant omonitar arc recovery wells

purs tect and sarule conta~
et wells are cormrleted

Delrzrve Nritling farmpan, -

hs lerge recover; welle are coveleted, gl stell
permanen pumning couipment in order - retrieval

sysler af s00n ¢« noesible
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feb-vier ¢f Mroae iR otk

marein copecs vnsotlamineted Csamnled are unoergoing enalysis at wresent)
Wawer Jevels i thesc vells appeer hioler than thet of Army Crech, althoues

the jetted wells nave nol vel been surveyed and their measuring point ¢levations
are ouly estimated. These Lo lines cf evidence indicate that water 15 moving
into the Tendiill frem the nerth and discharaing oul into Aroy Creck on the
south, Uafortunately, sowz of this water infiitratac throuen the lanciill

fleor inte the Totomac Ausvifer, Howewor, it does net appecr thet leachate

is rat mounded in the tandiidl, which vould permit 1t to outiica in all
dirertions end incresse its vertical yradiznt to the rquifer,

Two wells jetted into the Pleistocene along the south hank of Aray Creeh near

i
wells 22 23 entoustieres v

vells jerted in thc Pleistocane sand only o few fect north ¢f tine land{ il
i

rewnsetivety, Jrothe some
z the D
sanas along
recharcs to
o’ frme Creek
2 Send b
ievel in the

the “c.os
Jo vere s

foret 1n

Fetivure:
Penirgu!
Sutvey
estinste
presaont
Potor cc
galions oo

tions end de.o coliec
ver aveilenic fra e

red 05 in the rasge of 5 te

he area by the ‘rietian Water (orsany

The Rrecert <01y usece in
s epproxicately 5.6 22D, A syste o

Anoct Cremice! Lorperatior
wells heve been cdesicned to recover the contaminants

of tre retriee! vells when the system is in full operaticn +..
6 million gellons a day,

v
[

Thus, Artecien, fmcco and Retrieval vells, §f aliowed to puns tozether, would
be pumnirg % to 11 million collons a day = a_rate w-igh tic awuifer in the
area wopuld ot b Al O Suetoin, Sin§e Lh; rcxr}evai ol contominonts i?
the interest of the present users, pumping of retrieval welle chould be given

preference over uther wsers. |t Seans imperative thet the guantityof water
purped by frtesicn wells should be requleTeTd

@ gee references
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airec i it sre Ligmesaies dangi i) end B0 the contaninents novergnt ic
1 i

It hos boan dozu cd that the conte-invnts are moving in a scutheasterly
[P
not revarses, v will only ve a metter of t

until the conteminants would

! also indicsted
thet the closer the frant cots to the srtesian, the harder it will be to recover
the cointeninants. The agtuc! oosition of the concaminant fronr is not known at
present,  Howewer, it is tetween Wells Kos. 23, 24, and the Artesian wells,

re
crrive £0 L Jresian welles Analysic of the pursing test dota
i wi

should be allowzd to pump additional water, the data
gte overpurping of the esouifer vhich would also cause
¢ and Get closcr (o the weli field, tRIrcLy maRimg —
narts more aijiaeult it net Tmeaceisle.
\__—r’—“_—“
On the other hang, if the present pumpage from the Artezian vel!lfield can be
reduced to 100% ) the rate of (low cf COnlnmlnnnlS vould be slowed down

arnd tre contemirinty woold he recovered reletively easily.
I'Ymuo

Ao Leer dot ! : 2 @ coulizr in the
not he abile te Sieothe provosed pumnese of the recovery
Present mung /
creeere su clese (0 the
s oweter Jovel cnuld ne

& coeunle d.ye of purping,

o onresent
iny nrefera bly
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test pitot wells at locztions of proposed retrieval wzlls
Delmarve Drilling Company (in progress)

eval wells Ros, 3 ~ 10 - Delmarva Driliing
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Conlete desics and spezilications for cross-connections to provide an
coditiorst transfer o 20 0 od Trom the ¥ilmingten Suburten Water Company
lo the friesiar Water Cowrenv. (in progress’

Corplets contemingrt trectebility studies for potable waler requirements,
(in progress’

Select a permanent treaime~t process for ultimale contaminant disposal,

Continue the program of biveekly weter level monitoring from all wells
and surface wzter todies in the Llangollen aree.
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ROY F. WESTON

ENVACHMENTAL BT AN BTR A
N P L LS L
AWM CAND S WORT CrARTAA S FANNAT, ANA 1 8380

INTER-QBFFITST RMEMORANZIUM

DATE 31 July 1973

10 H, Haley M. Fiore , Kowalchuk
S, Siddiqui P. Marks Clark
M. Apgar J. Meaver Hurd ,
J. Dougherty A, Madora Luce

FROM - ¥, 8, Satterthwaite

SUBJECT. Alternatives available for New Castle
County to be evaluztes in terms of
overall impact fn treatment schemes
from Llangollen Landfill

In the present situation, movercnt of lezchate from the Yandfill
into the acuifer has been clearly documented, At the present time,
leachate has moved over one=helf Lhe gictance between the landfil!
and the A-tesian wellficld at one area, jnother arcas the extent
of contamination is much closer to the landfill,

Leachate movement has occured in the permeable units in the direction
of the natural gradient, In some Jocation: much leachzte movement has

been accentuated by pumpage from the Artesian wellfield,

The proposed leachate eollection system will operate as a two=prong
program, The present emphasis is directed toward jeachate already in
the aquifer; a parallel progran will emphasize collection of leachate
as it is produced while still within the land?ill or in the immeciate
proximity to the fill, The leachate collecticn system for the aqui fer
is presently under construction and will be at best a precariously
balanced purmping system which will roouire the mast distant retrieval

wells to be within 300 feet of the leachate tront, The system is designed
to initiate pumping in the retrieval weils immediotely after construction

to create a cone or casily visualized as a trough in order to reverse the
direction and thercfore gradient direction of leachate movement away from
the wellfield, [f pumping is not initiated in tne very near future, it
will certainly be necessary to drill additional wells closer to the
Artesian field and therefore lower the probability of preventing con-
taminants from reaching the Artesian facilities,

ARIOIG9T
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At the present time, any pumping retrieval has been prevented
through the unavailasility of electric power and the leachate

is presumably moving at higher rates through increased pumping
al the wellfield, The question of site access, power sources,
and treatment recuirements must be clarified imrediately so that
pumping can begin.

A variety of alternatives with highly varied positive and nega-
tive irnact must be considered above and beyond the immediate
proble-s in order to determine a course ¢f action tc be followed
in coflectire ard treating the leackate already o the aguifer
and in the saon te be implererted direct or neatty collection
from the landfiil,

The alternatives are outlined helow with positive and negative
impact, |{ otner alternatives are viable or worth consideration,
they should Le concidered now,

ALTESMATIVE |

Pump leachate frem the aquifer starting immediately with no treat-
ment of ef{luent tc he distenarced to Army Creeh with ulitisate flow
to and dilution in the Deiaware Xiver,

Positive Irract:

1. A necessary step in order to retain desion besie,
minimize the nunser of wetls, arc hopetully reverse
leachate movement sooner,

Utilize retrieval system presently under construction,

Reduce potential of contaminants reachine the Artesian
wellfield,

AR101698
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O Y )

Negative Impact:

1. Contaminated effluent pumped directly to Army
Creck and the Delaware River,

Potentic! of infiltration and dispersion of con-
taminants into the Pleistocene acuifer,

Associated Cost

ALTEANATIVE D

Pump and treat to minimun standards, removing metals only.

Positive Impact:

1, A necessary step in order to retain design basis,
minimize the number of wells, and hopefully reverse
leachate moverent sooner,

Utilize retrieval system presently under conmstruction,

Reduce potential of contaminants reaching Lheﬂdatkl]dnﬁ 9 9

welliield,




New Castle County Propcsal Alternatives
Paae h
31 July 1973

b,

5,

6-

Negative Impact:
I, With metals removal, eontaninants would certainly
affect Army Crezs,

Potential infiltration into Pleistocene aquifer.
Sludge from precipitation of metals procedures at

present car not te disposed of lecally (no per-
mittes fecility in reasonable pronimity),

Associated Cost

ALTERMATIVE 3

Pump contaminated water from acuifer (at maximum rate!, treat for

metals and ammonia, releace to Army Crech, and supply deficit water
quantity to the Artesian Water Company from other witg IEJS(L¢57 0 0
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Positive Impact:

|. Fastest retrieval program, highest probability of
retrieving the majority of contaminants from aquifer,

The leachate within the aquifer may not need a high
degree of treatment over a long period of time,

The next i
and operat

ncrement Increased cost of treatment facility
ien ‘

Negative Impact:
1, Artesian Water Company will need alternate supbly when
the majority ¢ water is pumped in the retrieva) progras
and the wellficid is shut down,

Amoco Chemical may need alternative supply when heavy
pumpage reducss water availability in their weil system
below present needs,

Sludge disposal location, procedures, and costs must be
determined,

ARID1701
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Associated Cost

ALTERMATIVE &

Utitize retrievel system ~ design treatment to meet minimum standards
acceptatle for airect felaware River discharge, provide alternzte water
source to shut down Artesien-llancollen field by means of County securing
control of the putlic water systems within the county,

Positive Ippact:

trealment €ost,
Utitize high pursing rate to minimize removal time,

Or the bacis of prezent water company estimates, other
companices could divert sufficient water to tne Llangollen
area Lo reslace tniz field,

Would alles time for exsloratior to secure additi
water supplies thal could operate on a county bas
utilize the potertial aground and surface water s

6,

Negative Impact:
|, Opposition by private water companies,
Inter~connection problemns,

Increased county expente to acguire water companies,

AR101702




New Castte County Proposal Alternatives
Page 7
31 July 1973

————— e

Associated Cost

ALTERNATIVE 6

Utillze retrieval system at mizimum standards -acceptable for direct
Delaware River discharge; utilize reverse osmosis (R.0,) plant on
the river for alternative supply to be used in an injection well
scheme to facilitate more assured and rapid removal of contaminants
and supply the Artesian wellfield,

Fositive Impact;
1. Create a ground water high to assist in contaminant
reversal and movement to the collection system,

2, Achieve shortest retrieval time,

R.0, supply will exceed drinking water standards,

Negative Impact:

1. Cost of two sophisticated systems to retrieve con-
taminants and supply water company,

High eost of R,0, for a Delaware river supply system,

Potential for loss of injected water into the aquifer
(not all would be retrieved by the Artesian system),

b,

AR101703
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Associated Cost

ALTERNATIVE 7

Treat leachate in the aquifer and landfill to drinking water standards
utilizing a combination treatment program based on metals removal,
amonia and other contaminants removal including corplex organics,
Treated water would be either .iped directly to Artesian or preferably
utilized in an injection system fo provide supply for Artesian and
assist in adding rapid contaminant retrieval,

Positive Impact:

1, Entire water supply secured from immediate area
as previous to landfill problem,

Negative lmpact:

1, Design construction and operation of two complex
plants,

2, Indefinlte feasability, capital cost of water
facilities, .

Exceedingly high cost per 1,000 for drinking water
necessitating either greatly increased cost to the
consumer or the County,

Operation of facilities that will require highl
sophisticated operator and program at all tim(ﬂh (01704

Public oppositionto drinking treated leachate,
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S,

Associated Cost

ALTERNATIVE 8

PACRE-AL AT SR

Allow leachate to move in the aquifer to the Artesian wellfield. Plan
to pump from present facilities, County to pay for present facilities
plus value of water supply, T-catment plant at the Artesian facilities
for either discharge to surface supply or as direct source of drinking

water,
Positive Impact:

1, None,

Negative Impact:
1. Highest cost in terms of dollar value,

2, Poor image value in terms of State, Delaware River
Basin Commission, and residents,

Uncertain availability to treat at required stan-
dards for direct supply of drinking water,

Guaranteed longest term of operation affecting
largest possible area,

AR101705
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——ees

Associated Cost

ALTERHATIVE @

Allow leachate moverent to Arteslan wellfield then ceate water supply
operation at the Artesian facilities essentially writemoff the aquifer
permanently,

Positive Impact:

1, MNone,

2,

Negative Impact

1, Will in all probability not be permitted by the State,
Delaware River Basin Commission, and other governing

bodies,

Uncertain area of ultimate distributinn of leachate
which could affect water supply presently considered
unrelated in Delaware and New Jerscy,

Associated Cost




FIELD WOKE SUMMARY

Monday, 771678

Reverse rotary rig drilling RW-5 at 51 feet, slow drilling in red clay and
pebbles ¢log the bit; stondard rotary drilling machine finished 48~A; pump
craw pulled purp from RW-3 and installed in RW-b; purped RW-U from b:b5 to
5:45: static water level approximately 20 feet; pump set at 80 feet - screen
85 to 115 feet; pursed at apsroximately 8OO gom - aoproximately 77 feet water
level; pumped at approximately 600 gpm - approximately 70 feet water level;
pumped 45 minutes - no surging; pumpec 15 minutes - approximately 10 gpm;
collected b0 gallon treatment samples; water sample from RW-4 - Temp, 1.5°

Water Leve!s = From Ground Surface

3p 20,90"  water Leve!
28p 25,10
28 29,85

No. 11 Elevation ©,33 16,7 ~ top of gray cap
18.0' - top of stake

ki 19,65!
A-10 Dry

21,8
21,9
21,75!
20,577
1,611
13,03!
13,0!
19,82!
27,4

T
0

>>>>?>>>>
— NwW v Gy

3

18,9

27,58

21,77
9,65
bt

Stake near RW-5

Water Level

AR101707




Tuesday, 7/17/73

Standard rotary drillina machine comgleted development of L&-A and moved to
L9; blowing aprreximately 30 eprm from L3-A: made acceee roed and cleared
drill site with back hoe; Reverse ratary rig still drilling RW-5; hung up
on boulders and gummy clay; decth approximately 55 feet; Roy F, Weston
representative delivered twd probes to Artesian Water Company; they beoan
their pumping test arsund 11:45; set up recorder on No, 23; changed charts
on Mos, 22 and 6, changed charte on Nos, 30 and 24 also later that after
noon; collected water sanple from bB=A,

Water Levels  7.'17/73

S
-
3
)

Water Loevel
63,15

68,23

|
|

PO PO

T
= 13

DU O

T
<

Wedneses s

Check on friijin: :rf{f e: of ERHE ; gv AW=5 ~ 105 fagt
and ho, w3 - : . ! shaele : sicted e the ezarty
afterndon or i EnL,oarrang r Sch : 2 ¢$; change chart on
No, 30.

Water Leveis

25
RW~3
30
*Ru-b

Artesian purp test on E-1 cortinuing; ccllected water sample from E-1,

Thursdav, 7/1%/72

Supervise drilling; Stendard rotary drilling rachine comnleted Mo, 49 to

a depth of 165 feet and hole lozaed by Schultes; hole was screened to
105 to 155 feet, cenent 70 feect to surface; initial blowing of wall less
than 30 gpr: waler had no noticeavle odor, no foa~ing; development will

be completed tororrow and a serple will be eollected; Artesian pump test
on E~1 ended at 1:10 ~ pu==inz about 325 to 350 qomy collected a water
sample from E-1; Reverse rotary rig completed Rw-5 at %:30 ~ T.D, 145 feet,

AR101708




Thursday, 7/'4/73 {cant,)

Water Levels:  from top of casing

UL LT AP

38 ' 19.93*
16,41
21,30!
14,69
20,66!
30,63

No. Water Level

- Thursday afternoon 3:00 to 6:00 - from ground level

28,02
18,43
13,08
13.10!
11,53
20,67
21,13!
21,80
21,62
Dry

A 10,0

3 21,85¢
bp 28,82
o 18,90

Water levels ¢z not apcear to have changed much since Tuesday ~ mostly in
|

the range of & ,1 foot,

Friday, 772773
;

Collect water sample fror Lo, k9 after blowing for 6 hours; water level
measuremnents:

(this well had about 2% feet of draw-
dowr from start to finish of E~) pump
test)

(during E-1 test, fall from 59,08 to
60,80)
(during E-1 test, fall from 73,0 to

74,0)
ARI01709




Friday, 7/29/731 (cont,)

water Leve!
12,30
12,43
25,81
21.70!
8,45
49,07"
70,05!
22,40
17,70
17.21!
2,30
22,26
28,07
27,68
Dry
20,E5!
16,22
66,25
be, 73
YA

Standerd rotery drilling machine moved to Na, 5C; Reverse rotarv rig come
pleted RW-5, Fzy F, We recrescetative pointed cut site for AwW-% (next

S

to 3-A) for reverse rotary ri:,

ARIOITIO

Mhnen.g




Roy F. Weston, Inc.
31 July 1973

A PROGRAM OF PROCEDURES TO BE UTILIZED IH REGRADING, COMPACTING,

COVERING, AND SEALINC OF THE LLANMGOLLEN LAMDFILL, MEW CASTLE COUNTY, DELAWARE

Statemont

An investigation program relative to the Llangollen landfill in New Castle County
has determined that the landfill ocecurs in the geologic condition where leachate
excapes from the landfill directly into the underlying fresh water aqulfer. A
portion of the leachate secns from the side wall of the landfill directly into
Army Creek, The quantity of leachate generated at the present time is undoubtedly
a very substantial auentity, since the upper surface of the landfill Is composed
of a variable but normally highly permeable material, In addition to allowing
direct infiltration throuch the cover material, settlement has occurred on the
landf i1l surface allowing water to accumulate and more readily enter the landfill,

In order to minirmize t
outiined in these spe:
thereby allowing meaim

he guentity of leachate vroduction, @ necessary program
ivications will be recuired to recrade end seal the surface,
run-c¢if prior to entry intc the landfill,

Purpose

A four=step nrogram will be
i

required in order toc adequately seal and minimize
water entry into the land?it!

1
[
The first step will utilize heavy construction and compaction equioment in a
Vimited grading prozre~ to locate the sunsidence areas, compac! the present
cover material, and essentially stanilize the present tos for as long a period
as possible,

material and heavy construction
conzuzt precinitetion run~off

n. In this project step

cover to nprevent gas pressure

A second step in the progrem would utilize gradin
equipment to create the minimu~ sloves necegsary
from the scal cover and theresy prevent contatin
ventilation ports will be installed in the landf
build~up,

t
L
i

atio
i

°
i
!

A third step of the progrer will be based on provision, grading, compaction of a
sealing material of sutiicient thickness, to reduce the permeability of the cover
to minimize water entry, The proposed sealing material can utilize a locally
available clay wnich shall be placed in thin layers in suitably dry state to allow
maximum compaction resultina in a final one to two foot thick seal over the entire
surface of the land{ill,

Upon cormpletion of the clay seal and testing to assure sufficient compaction and
reduction of permeability, a final vegetative supporting silt loam soil cover
will be instalied in the fourth and final step of the program, At the present
time a final cover of approximately one foot in thickness is visualized as being
necessary to prevent craching of tne clay seal cover, ARIQL7T I




In order to construct a tight cley seal to prevent precipitation entry {nto the
landfill, it will be necessary to use special procedures, construction and
compaction egquipment, daily inspection and testing, and supervision of construction
by the county or its designated consultant,

The program which s described herein is a basis of procedures, materials, equip~
ment and inspection. The program is based on field inspection and cooperation
with the construction cperation to insure rapid response to chanaing or unforeseen
conditions, The construction work will utilize the described procedures unless

modified by the county cr its consultant,

ARI01T12




DETAILED PROGRANM

Step | ~ Compaction and Grading Present Surface of the Landfil)

A progran to compact and rough grade the present landfill surface in order
to achieve readily available settlement and surface grading to allow pre=-

cipitation run-off,

The contractor shal!l provide accentable heavy duty earth moving equipment
which will be utilized in compacting, rough grading and achieving readily
available settlement on the present laadfill surface,

Construction equipment shall be of sufficient size to partially achicse
compaction in a prozras of discing, compaction, ond rouzh grading, Com-
paction eguipnent snal! be of suitable size and should include sheen's
foot and/or vibratory cawcactors, All constructior eguipment should be
of an approved standarc or type and any such eqdipment which is unsafe
shall not be used on this project,

In that settlemant has continued in some porticns of the tandfill in the
time since completion of the Hached plan, this seamant of work sheil be
coordinated by the countly surveying crews and/or the consultant, Tne com-
paction program shall continue until reiative stabilization of the landfil
surface has been altained as determined Yy the surveying crews on-site,




DETAILED PROGRAM

Step 2 ~ Rough Gradirg and Gas Ventilation Program

In order to prepare the toe for the seal cover, a rouch grading and construction
of the aas ventilatior sveto~ will be .ceomplished, The rough orading of the
seal should be accomnlisned in coordination with the corpaction proaram In order
to achieve a finirun sloce of the surface on the landfill of one-half percent

the minimur slcre in the cerressions and run-of{ channels c<hall be in a direction
away from the fill arca,

The recrading and corozition proz@ar
in the event of exposure nf tho 2ctus
attain the minima! slopes cutiired ab

h 2o additional aravel fill material
i

sha
! material of where necessary to
O\";.

Gas Ventilation: v that @ dense clay car is rlas~ed for instaliation over the
entire Tardfill surfs e 2!l gas vents to prevent
pressure build tr witrin tng fans” Tne ¢as vents will be Staggered on a
200-foot seraration ir tines s the dardfill, Gas venls shall te con-
structed 0° a b-inck calvenized e and egaipped with a "U" on tre top
to nrevent watervertes, i1 to o suf-
ficient deoth to ot :

to allow eas. ¢riry, o ar ¢ it : the vent pipe, The veat pipe
shall protruce a: ifeast 10 fe : ! shea landfi11l surface to minimize
the potential for expios ¢

Wnere the cover raterial turrounding the prescribed ve~tilaticn device is com-
posed of a iow perreasle raterial, the surrace material shal) be removed and,
replaced with a gravel material surrounzins the vent to allow easy entry of

gag into the vent,

ARIOIT I
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Step 3 ~ Provision, Construction and Compaction of an Impermeable Seal Material

Step 3 will include provision, installation of a compacted clay seal cover to
minimize water entry into the fill, A minimum thicknress of one foot of clay
seal is to be placed over the entire surface arce. Should the quality of clay
or compaction conditions indicate, It may be necessary to install up to a two
foot thick ¢lay seal in order to Insure minimum precipitation reaching the
landfill,

The proposed cover material shall be subjected to sieve analysis and qualified
in accordance with the Unified Soil Compaction System (USCS) in order to be
considered as an acceptable material (see Figure 1), The proposed materlal
should contain at least fifty percent clay size particles, The total of clay
and silt size particles should represent at least 70 percent of the total
volume, A sieve analysis report, estimate of available quantity shall be
furnished as a part of the subrmission by each bidder, The exact location of
source material shell be indicated so that the company and/or fts consultant
may visit and inspect the site prior te selection of a contractor,

After the subgrade hes been prepared as hereinbefore specilied, the material
shall be plazed thereon and built up in SUCCCSEIVL layers until it has reached
the required clevation,

Layers shatl nct exceed six inches In thickness before comvaction, The layers
shall be slianhtly dished toward the certer, In general, the finer and less
pervious materials snall be placed in tne center, and the coerser and more
pervious materials, upon the outer parts of embankments

Each layer of material shall be compacted by the use of approved rollers or
other approved means so as to secure a dense, stable, and thoroughly compacted
mass. At such points as cennot be reached by mobile mechanical eauinprment, the
materials shall be thoroughly compacted by the use of suitable power=~driven
tampers,

Previousty placed or new materials shall be moistened by sprinkiing, If required,

to ensure proper bond and compaction, No compacting shall be done when the material
is too wet, from either rain or too great an applicetion of water, to compact it
properly; at such times the work shall be suspended until the previously placed

and new materials have dried out sufficiently to permit proper compaction, or

such other precautions shall be taken as may be necessary to obtain proper com-
paction.

Compaction of each layer of the cover shall be compacted to a uniform density of
not less than 80 percent of the maximum density obtained by modified A, A, S.H.0
method of compaction testing, "Moisture~Density Relations of Soils using a 10 b,
Rammer and an I8" Drop' (T180~61) as verified by density control test in the field
as directed by the owner,

Should the density of the compacted material not meet the specified requirements,
the material shall be recompacted until the density reauirement isfyRt|{) Fﬁhqud
-and replaced with other cloy material,




Step 3 - (Continued;

The county shall have the riaht to suspend worl due to weather conditions in
the event that the cover material is visually determined as not meeting
specifications, The county or its representative shall have the right to

reject such material,
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Step 4 - Final Vegetation Cover

Upon completion and comsaction of the seal cover a final cover of silt loam
or other vegative supporting cover shall be placed to a minimum thickness of
efght (8) inches with an average cover thickness of one (1) foot,

The final cover materal shall be essentially a silt loom material as determined
by USCS sieve analysis., In the event that alternate material should be proposed
information as to the source and character, USCS or USDA shculd be submitted as

a part of the proposal,
The final coyer shall be installed, greded and prepared for seeding,

The Contractor shall remove loam and topsoil, “loose vegetable matter, stumps,
large roots, etc,, from the areas upon wnich material will be placed for

final grading, .The sutgrace shall be shaped as indicated on the drawings and
shall be so prepared by forxing, furrowing, or plowing that the first layer of
the new material placed thereon will be well bonded to it,

On paved surfazes, the contractor shall not use or operate tractors, bulldozers,
or other power-coerated ecuinment the treads or wheels of which are so shaped
as to cut or otherwisc da~ase such surfaces,

All surfaces which have been damacesd by the Contrector's operations shall be
restored to a condition at least ecual to that in which they were fourd
imnediately prior to the beginning of operations, Suitable materials and
methods shall be used for such restoration.

During the proaress of the work, the Contractor shall conduct his oocrations and
malntain the area of his activities so as to minimize the creation and dispersion
of dust., |If the company decides that it is nezessary to use calcium chioride

for more effective dust control, the Contractor shall furnish the material, load,
deliver, and spread it as directed,
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SUMMARY
Ae iRteele recnrt preserts ecoromic and technical rationale
far initics resuction of the number of potential alternatives
3¢ treating tne Llangollen Lanafill in order to prevent its
ceataminetion ¢f @ major potable water acuifer,

Further g finstize is mace of future date accu

i<
Fente necessary for uitimate selection of lanafi

itien resuires
11 treatment

| raterials to a new site, as weil as
o~ have been rule: out as viakle
are, certain options of cantroliineg
o0 been ciscusses and retisnalizen,
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Interism Report

Llangollen Landfiil Treatment Alternatives

INTEQDICTIN
General

The Llangollen Landfil) is situated in New Cactle County,
Delaware as shown in Figure 1, Previous studies conducted
by Roy F, Weston, In¢, under contract tc New Cestle County,
reve shown that the Jeachate from the Liangoiles lanzfill
Fziocaused me.or contamination of an impertant souric of

sotetle greounawater,

o resove~ leachate conta~ination airesz. in the
is currently undervay, however, eli~inztion of future
ination will resuire further additional rmeaiur
rcll|nc leacrate generation at v

'
[R¢
at

te nate tne Llanccllen la
con:aﬁir i Neu CuS;IL County he:

catible

cfill as

for accurnie evaluation
lreat*cnt altc*nalivee ne: rasultes
both ecenomic fe ilitics onz tethnclosi=
y of the various alternatives,

epert ie intended to dotument tno ovelueticn
ote, at well as present prelininary
Lo the various alternetive Furthers
sented of the rcwainin: e\s ! {
determination of tre mos
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CANMD DOULINGS IS VICINITY, SEPTEMEED, 1672
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e DEFINITIC

al Deezripticon

The Llanocllen landfill was constructed from 1942 te 1668,
The landfil! is appreaimately HBOC feet long, 257 to 940
feet wide and approximately 30 feet thick, containing an
estimates 3 million cutic yards of municipel anc incustrial
refuse material,

Tes! borinzs conducted auring tne month of Getoter 1673 have
developed ¢ more accurate picture of the exazt landfill depth
and thickness and are presented in rough sheten form in
Figures 2 anz 3,

Tre sanc

Celumtia

of meciu 5S¢ $anc wmith
area, this the Columii
Linuoss sur cover up
of

Tne uncer
nnhcus\l

tne Pcicrnad €o
the Cclu" z 8anadi are shown
the fanetil) :
ere=in tmc zvea of tre scuthes

Landfill

The gravei pit in wnick the Llanac)len lam2fill is constructed
was excavetes wilh & drocline down te & 'heve zone'==genially
non-cumented ronaclmerate mahing the baze of the {clumbias-or
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¢la, was encountered, Clay was nct removed during
n¢ aravel operation, because it would have interfered
- wgshing process, Aerial photoaranns taken in the end
¢ 1953's ana early 1950's shon large pools of stanzing
water on tre floor of the sand pit,

when lanciilling operations commenced around 1660, refuse was

rroleed

B A lCwards the pit enterance op the west, Al
types ¢f whaies, including 1iquid wuste chemicals and oils,
were damnes at the site, The existing ponds were filled witn
refuse, and compaction anu covering of the refuse was generally

duped rainer haphazardously, starting et tne eastern end and
i

: oserations were conducted by the quarry
equipment whigh
er Material was ©

ey

levels of orcund water infiltration anc
infiltration are ingicaten as orire causes of
Jeskaze of leachate Trom the lanztill into the




TECHNICAL EVALUATIGN OF LEACHATE
CORTROL ALTERNATIVES

Teehnical Approach

It was recoanized that widely different schemes could poten-
tially achieve the desired objective of leacnate control, It
was simultancously recognized that the aggregate of thesc
alternative solutions would span a broad range of recuired
dollar expenditure, Furthermore, depending upon respective
technical reliability and adequacy, a divergence in the cost-
effectiveness for any given alternative was expected,

: an:lysns for a full ]ISL of alternaz|VLs, witr Lhe
nothat many woulc be eliminatea from furiner con-

{ Alternatives

(onsideration was Given (¢ a bread 1ist of conceivaric rethods
for leacnate contrel,  Seme alternatives were eliminalec
relatively quickly cuc to their lack of availacle tecnnoleg,

¢ ung=rtain adequaly.

fnamnle

10 cek PRI N

2 ehemical @ the lancfill,
totally iner d ¢ reactions,

elih' atel pf ; ¢ basi o . where
i y contriputes g|gn|.|~u' level:
In th‘ second cate, elivineticn

cremidal treetmenl adeusic

ternatives resaining vas as folloa::
removal of the lanefill ang haal to nen site,

Fomcval of the landfill, : of tre eaisting site,
anz replacenent of tne la

Incineration of the landfill, ang land@ill of the
residut,




Hydrogeclogic control of all water infiltrating the’
lanefill,

5. hAcceleration of the rate of decay of leazhable
materials,

“ile various sub~options are reccanized for all of the alterna~
tives, alternative numbterfwes especially in need of furthe-

breahconn whicr was made as follows:

cclogic cen.rol of all water infiltrating tne

infiltration control
sentonite walls
v serforated grain dine

oy vl beint syste~

and technical
resentec in

of alternztive cotts were derives
mates 0F the guentities, manroars, an
iated witn inplementation of wvazh alter
rust be neoted nowewer that in certaln instorces co:
dependent upen item: such ay shipping distence, wiich were net
fuliy deterzines, Reasonable approaimationt wore made in these
intlaovn ond daentified specifically,
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it ic furtres neted that costs do net reflest nonepredictable
price fluctuatior: typically attritutavle to provlems of
.

raterial availasility, interest rate increasec, local labor and

overncad charge:, weather, ete, While these elements remain
undetermines, it is fully expected that tne final cost estime-
tions for each alternative are sufficiently accurate to permit
the needez co-parison of relative expenses, More specifically,
risorn would lzad to 1) elimination ¢f tne obviously
cnately expensive aliernetive:
ana
ic

such Comp
discropor
¢f furtne
appearing ¢

required fer rationai
n cest,

&
Li , ana 2) definition
- iy izing alternatives

General techn 50 ¢ ed while no attempt
was made 1o cptinmize ¢ such as volume or
tre various

R ER ¢

valaw oF §1,20
Al
It @5 neces Cempharize tha tre = JARE enditure

of $1,300,000 o eprenert Uhe é 2 Y cost,

Rather tris




or §8,2020,0 mick 15 the rough proportion of the total plant
lice which wou > gedicates Lo incineration of Llangollen

landfill mater

It has becn estimated that by burning a 80/5C miature of wet
{Llangollen) refuse and ary (new) refuse, incineration of the
entire Llencollen lanciill could be accomplisned in about

7 years, with the sirulteneous benefit of having eliminated
an equal arzunt of nes refuse that woula have been land?illed
clyenhere, Operating costs are eslinmated &l approximaiely
§382,00%/year,

furthermore:

Cests civen incluze expense fer Alr Polletion Sentral,

cry & owet

VOZT has been estimetes

ans since 5 pap
will chanze rashesly once
gLer ace weter infiliraticn & ¢ preventes,

LT
eetes here as well,
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fier vo 1y "Infiltration Gallaries and wells, in
Conjuncticn with Leachate Recycle'

Leachate recvele is being considered as the most appropriate

means for accelerating refuse material decay rates, The infil-
tration callaries ang wellpoints systerm describes in the preceding
paragrant would provide the leachate collection systen that would
per~it recvele ¢f toe leachate onto the lanafill surfate by a
sproy screme,  Since cuen reeycle would prezlude any centrel of
rainfall cr e su-face water infiltration, it is considered
that ne site resuziicn: could be mage in the collection system

as destri

recyele ma,
iree for totzl landf
L contineing to eai
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CONCLUSIONE AN REZOMMERDATIONS

hs @ consecuence of tne econumic and technical feasibility
study thchmtonaucteg several alternatives are eliminatable;

1. Alternative | - "Jolal Removal of Land{ill to New Site"
on the basis of very high cost, and uncertainty of new
cite location.

2. Alternative |1 ~ "Excatave, Line, and Refill" on
of niuh cost and uncerain performance of lining ma

Alternative IV &l Benionite Wall - Nortn Side on the basis
of more economical means of lateral water infilt-etion contrel
fer tne nontr size of the lansiill,
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DATA ACQUISITICN RECUIRERINT

b, Ineirneration

T

ircactive pronibitions, fiats 7
foroustion: ontimur mixture of wet/dry refuse
Test rixtore in operating Incinerator
iil of residue ~ leachate 7, volure 7, site wdre ?

¢ Waste ispasal reguirenents ~ ootirize

9 17 e rre

solic weste dishos,
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CONCEPTUAL DESIGN REPORT

Lime Treatment Facilities for
Treatment ¢ Groundwater

LLANGOLLEN LANDFILL
NEW CASTLE COUNTY, DELAWARE
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SUMARY

Llangollen Landfill, in New Castle County, Delaware, is a possible
source of contamination of groundwater in that area, The contaminated
zone of the underlying aquifer is spreading toward the Delaware River.
Currently planned/operating recovery wells will have an estimated
maximum flow of 4,75 3D from the aquifer in order to prevent further
spreading of this conteminated zone. Previous studies have indicated
that the contaminated groundwater was amenzble to physical-chemical
treatment for the reduction of dissolved metals content. Conseguently,
Roy F. Weston, Inc. was retained to develop a conceptual design for

the required metals remevel treatnent plant.

Results of the treatability studies and conceptual design by Roy F.
Weston, Inc, have conTirmec that the groundwater pumped from the
recovery vells is amenatle to physical-chenical treatment for the
reduction of metals, Based upon the treatabiiity studies, the

recomnended treatment process includes the following systems:

1, Oxidetion/equalization, to oxidize ferrous iron to

ferric iron, and to equzlize wastewater quality.

ARIDITHT ~
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Chemical treatment with lime to a pH of 9,0,

Flocculation-clarification, using Dow A-23 as

a floc aid.

Post neutralization of the clarifier effluent

to a pH of less than 8.0.

Vacuu~ filtration ¢ the thickened clarifier

underflow studge.

The capital cost for these treatment facilities was estimated at
$1,251,000, Annual direct operating expenses are estimated &t

$207,200,

ARIDIT748
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CONCEPTUAL DESIGN REPORT
Lime Treatment Facilities for Treatment of Groundwater

LLANGOLLEN LANDFILL
NEW CASTLE COURTY, DELAWARE

INTRODUCTION

ackeround

—,

The Llangollen Landfill site was a countywide solid waste disposal
site near New Castle, Delawzre, operated by the New Castle County
Department of Fublic Works from approximately 1960 tc 1968, The
landfi11 location is shown in Figure B-1. The total area of landfill
operations was approximately sixty (60) acres. Currently, leachate
from the landfill is entering an aquifer and the contaminated zone 1is
spreading toward the Delaware River. In previous programs, Roy F.
Weston, Inc. had established the extent of possible contamination of
the aquifer through the use of test wells. Preliminary treatability

(1)

studies have also been performed ™", from which the éonc]usions were
made that Vime treatment could be used for the removal of metallic

contaminants prior to discharge to @ large body of water such as the

Delaware River, AR | 0 | 7‘%9
) o '
Roy F. Wecton, Inc, Interir Report, “Leachate Treatebility Study,
New Castle County, Ddlavare.”
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Consequently, New Castle County has retained Roy F, Weston, Inc. to
determine and design effective treatment of pumped groundwater for

prevention of the spread of this contamination in the aquifer.

Investigative Approaches

Using the informatior from previous studies, the following approaches
were taken to providing & technicelly acceptable, reiiable, and
economical solution in the development of a process for treatment of

the contaminated groundvater:

An analysis ¢ weil records was made in order to develop
an effective sarpling program which would provide

representative raw westes for treatability studies.

Treatability studies were performed to deve]opAa Tire
treatment process tc remove metals and control pH of

the contarinated groundwater, These studies included
oxidation of ferrous ion to ferric ion, addition of

Time for metals precipitation, evaluation of polymer
flocculation ajde, settling tests, sludge tests, and post

neutralization,
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3, Based upon the results of the treatability studies, a
conceptual design of the required treatment process to

provide economical, practical, and reliable treatment

was prepared.

This report presents the results of these studies, including a
conceptual design of the required lime treatment facilities for

reduction of metils concentrations and control of the groundwater pH

prior to discherge to the Delaware River. Conceptual capital and

operating cost estimates for these facilities are also included.




PROBLEM DEFINITION

Hastewater Flow Estimation

A series of recovery wells is currently being installed to pump
groundwater from the aquifer to a pretreatment facility prior to
discharge to the Delaware River. When all the recovery wells are
installed and in operation, the total maximum and average pumpage
rates from the aquifer are estimated at 4.75 and 4.00 million gallons
per day, respectively. This continuous pumping is intended to prevent

the spread of contaminants into the aguifer.

Hastewater Samplinc Proorer

In order to deteritine the points at which representative water
samples could be obteined for subsequent treatability testing, a
review was made of all water quality and flow data from existing
recovery wells, In addition, flow estimates for proposed wells and
wells under construction were obtained. Based upon analysis of these
date, four wells were selected for sampling and preparation of
composite samples which would be representative of expected raw
water quality, These wells, Nos. 27, 28, 29, and 31, are shown on

Figure B-1.
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The four wells indicated above were chosen as representative sampling

points specifically because of:

The wells have been pumping continuously since
6 September 1973. Consequently, the raw water
quality obtained from these wells is more
representative of long-term pumped water
characteristics than would the characteristics

obtained fror inactive test wells,

These four wells cover essentially the entire
landfill frontage across the aquifer. Con-
sequently, the water quality of composites
obtained fror these wells would represent the most
concentrated conditions which would normally be
encountered. Thus, treatment of samp]es from
these wells would provide a reasonably con-
servative basis for the establishment of design

information.

The wastewater sampling was conducted during the period 23 September -
3 October 1973, Ten (10) daily grab composite samples from Wells 27,

28, 29, and 31, were collected during this perfod. One (1) additional

grab composite sarple frow kells 2 and 4 in the landfil) itse) fnvﬁsl 0 l 753




also taken to test for the worst possible case which might occur, For
the samples from Wells 27, 28, 29, and 31, the daily grab composite
sample of 20 gallons was made up of & gallons from each well. The
landfill wells -~ 2 and 4 - were also combined on an equal volume
baéis, prior to dilution with 20 volumes of the composite from Wells
27, 28, 29, and 31. A)) samples were transported daily to the Roy

F. Westor, Inc. Laboratory in West Chester, Pennsylvania for analysis

and treatment

Wastewater Chevestenistics

The preiirinary firdings developed in the Roy F. Weston, Inc. Interim
Report entities, "Leachate Treatability Study, hew Castle County,
Delaware", indiceted thet, for those parameters which are amenable to
}ime treatment, suspendsc solids, total iron, copper, and silver
concentratiors, and oM, were in excess of allowable criteria for
discrarge to the Delaware River. Consequently, all raw water samples
were analyzed for these parameters in order to establish a basis for

performance evalustion during treatebility studies.

The results of the individuz] analyses for each raw waste sample are

presented in Table A-1. These results indicate that silver and

copper conzentrations are now extremely low, but that the totgpﬁirqgl 7 5 h

concentrations uniforily erceeded the Delaware River discharge
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criteria (also shown in Table A-1). In addition, the raw waste pH

exceeded the allowable discharge pH of 8.0 on two occasions.

To further illustrate the levels of iron which are present in the raw
water, a probability-of-occurrence plot is shown in Figure B-2, From
this plot, the 505 probability-of-occurrence level {the level at which
50% of the time, the parameter {s less than or equal to the stated
value) for iron is 14.4 mg/L or 480 pounds per day (at 4 MGD).
Similarly, the 90% probability-of-occurrence level is 42 mg/L, or

1,401 pounds per day.

Based upon the raw waste characteristics outlined above, treatment
must be provided to reduce the total iron concentrations to 1.0 mg/L

and control the pH so that it does not exceed 8.0.
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HASTEWATER TREATABILITY STUDIES

Approach

Prior experience indicated that severa) unit operations and processes
were applicable to removal of metals in the form found in this waste-
water, including: equalization to homogenize wastewater quality;
aeration to oxidize ferrous ion to ferric ion; precipitation of metal
hydroxides by elevation of pk; coagulation by inorganic and/or organic
chemice] addition) sedimentation; filtration; and, various combinations
of the above. The present treatability studies were conducted teo
confire the preliminary studies previously cited and to provide a

valid basis for the sizing and conceptual design of required treatment

facilities,

Conseouently, repetitive wzs conducted to develop reliable information
relative to lime (chericel) dosages, clarificatior rates, post
neutralization acid reguirements, and vacuum filtration rates. In
addition, a brief analysis was made of the recalcination requirements
for possible reuse/recycle of the Vime sludge. The data obtained was
then subsequently used to develop the conceptual design outlined in a

later seclion of this report.
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Treatability Results

The treatability studies outlined above were conducted in the Roy F.
Weston, Inc. Laboratory at kest Chester, Pennsylvania during the period
23 September - 10 October 1973 using the wastewater samples obtained
from the recovery wells at the Llangollen Landfill during the period

23 September - 3 October 1872, The results of these treatability

studies are outlined below.

Oxidation of Ferrcus lon

Soluble iron found in groundwiter is norelly present in two fonic
states: ferrous and ferric. Only ferric iron will form a readily
insoluble precipitate when reacted with Vime., Consequently, all
ferrous iron must be converted tc ferric iron by oxidation., Determination
of the concentration of ferrous iron is also difficult and requires
immediate enalysic in the field. Due to the logistics involved,
however, these analyses could not readily be accomplished, Therefore,
all samples were aerated for a minimum of 0.5 hours prior to treatment
in the laboratory, 1t should be noted that, prior to aeration, the
samples were essentially colorless, Upon aeration, the wastewater
samples developed & brownish color indicative of the oxidation of

ferrous to ferric iron. Consequently, aeration to provide oxidation

of the ferrous iror appeirs to be required. A R | 0 l 7 5 7
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Chemical Treatment

The previously cited preliminary studies had indicated that lime
treatment to a pH of 10.5 would provide extremely effective metals
removal and that treatment with Time to a pH of 9.0 would also
provide adequate metals removal. Consequently, screening tests were
conducted to develop a chemical treatment system based on these two
tevels of Time, augmented by polymer addition to increase settling
rates, Based upon these initial screening tests, two chemical
treatment procedures were selected for further repetitive performance

testing of aerated samples. These treatments are as follows:

1. Treatment with Vime only to a pH of 10,5,

2. Treatment with lime to a pH of 9.0 - 9.5, followed
by the addition of 1.0 mg/L polymer {Dow A-23) to

aid in subsequent coagulation/sedimentation.

The reduction in iron concentrations obtained using these two treat-
ments are presented in Table A-2. These results indicate that both
treatments provide approximetely the same degree of iron reduction,
However, based upon the operating costs involved, lime treatment to a

pH of 9.0, followed by the addition of 1 mg/L polymer, was chosen as the

more economical treatment to be implemented, AR | 0l 7 ) 8
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Figure B-3 is a probability-of-occurrence plot %or the iron concentration
which was achieved using the treatment to a pH of 9.0 ~ 9.5 and

polymer addition. From this plot, it can be seen that the average
effluent concentration of iron (indicated as the 50% probability-of-

occurrence value) is 0,55 mg/L,
Figure B-4 is a probability-of-occurrence plot for the amount of lime
required to increase the wastewater pH to 9.0. The average (50%

probability-of-occurrence) lime doszge required was 140 mg/L.

Flocculatior-Clerification

A series of five (I} flocculation~clarification rete tests were conducted
for each of the two chemice) treatments previously described, These
tests were conducted ueinge an 8 ft. high sedimentation column. Figure
B~& shows the averzil suspended solids reductions achieved using

chemical treztrent to a p¥ of 2.0 and polymer addition as related to

the clarification overflow rate. The average effluent suspended solids
concertration achieved in these tests was 64 mg/L, well below the
required effluent Jimitation of 100 mg/L. The clarifier underflow

suspended 5011ds concentration wes found in the range 1 ~ 3%,

ARIO1759




Effluent Neutralization

The maximum allowable pH for discharge to the Delaware River is 8.0,
Consequently, the acid requirements for neutralization of the clarifier
effluent were determined in the treatability tests. The sulfuric acid
requirements for neutralization of the treated samples are shown in
Table A~3. The average required sulfuric acid dosage for neutralization

to a pH of approximately 7.5 was 80 mg/L,

Vacuur. Filtration

A series of vacuun filtretion tests were performed using thickened
sludges obtained durirg the clarification tests. For the sludges
obtained using chemicel treatment to a pX of 9.0, Figure B-6 shows
the filtretion rate versus filter feed suspended solids concentration
for Buchner funne) tests, The average filter cake solids content was

304,

Recalcination

Recalcination of the filter cakes to recover lime for reuse in the
wastewater treatment process was considered as a possible means to
reduce the operating costs of required treatment facilities. Thus,

two tests were run on typica) filter cakes obtained during vacuum

filter teste to determine the concentration of metals and the 7§t?qiffi 7 5 U
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content of the filter cake. These analyses are shown in Table A-4 ,
These analyses indicate that essentially all of the energy required for

recalcination must be externally supplied,

Subsequent economic analysis indicated that the operating cbsts for
disposal of filter cakes and use of virgin lime was substantially Tess
than that required for recalcination. Consequently, recalcination of
the filter cake to recover/reuse lime wae not included in the conceptual

design.
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PROPOSED WASTEWATER TREATMENT FACILITIES

Design Basis

Lime treatment facilities were designed on the basis of the expected
wastewater flow and characteristics and the current treatability study
results, which were previously discussed. The major processes include
equzlization/oxidation, chemice] treatment using lime to a pH of 6.0,
coagulation with a polyelectrolyte (Dow A-23 € 1 mg/L), clarification,
post neutralization with sulfuric acid, and vacuum filtration of the
clarifier underfiow sludgce. Table A-5 summarizes the design parameters,
sizing, and expected performance of the proposed treatment units.

A schemztic flow diagram of the recomuended treatment process 1s shown
in Figure B-7. A tentative plant layout for the proposed treatment
plant is shown in Figure B-E. Each of the individual process units are

Jiscussed in further detzil below.

Process Description

Groundwater Collection/Pu~n Station

Groundwater pumped from the individual recovery wells (shown on Figure
B-1) will flow to a wet well at the collection/pump station. The pump

station, equipped with three 1,650 gpn horizontal centrifugal punps,

would be provided 1o transfer the combined groundwater from nmﬁ 10} 762
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recovery wells to the 4-hour oxidation/equalization basin. HNo further
pumping of the flow would be required since the elevation of the
oxidation basin would be sufficient to allow gravity flow through the

remainder of the treatment facilities.
The location of the collection/pump station should be selected so as
to minimize the piping required for collection of groundwater from the

recovery wells and delivery to the downstream treatment facilities,

Oxidation/Equalization Baein

Aeration of Taboratory samples was shown to be sufficient to oxidize
ferrous iron to ferric ion, as shown by the subsequent removals of

iron during chemicel precipitation. Since no laboratory efforts were
directed at determining the oxygen requirements for this wastewater, a
theoretical analysis, coupied with experience, has been used to develop

a design basis for the aeration capacity required for this system.

Ferrous iron is oxidized to ferric iron in accordance with the

following simplified chemica) reaction:

4 Fet? 4 3054 6 HpD ———— 4 Fe (OH)3
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In order to provide sufficient oxygen for this reaction to occur,
approximately 50% excess oxygen should be supplied via the aerators,
For a flow of 4.75 MGD at a maximum iron concentration of 30 mg/L
(assumed all ferrous), approximately 22 pounds/hour of oxygen are
required to complete this reaction. Consequently, a minimum of 33

pounds/hour of oxygen should be supplied via aerators,

While the Taboratory sampies were adequately aerated in approximately
1/2 hour, prior experience has indicated that a more suitable detention
time for operating facilities is approximately two hours. In addition,
the oxidetion system should provide for equalization of the water
quality prior to the chemical facilities. Consequently, a conservative
4-hour detention time was selected for design of the oxidation/equal-

ization facility.

The oxidation basin would be equipped with two, 25 HP floating
surface aerators which would be capable of transferring approximately
81 1bs Op/hour. This ozygen transfer rate is more than adequate to
supply the required oxyger for oxidetion of fer-ous iron. Two, 25 HP
aerators are necessary, however, to maintain al} the suspended solids

in suspension in the oxidation basin,
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Lime Treatment

The aerated wastewater would flow by gravity to the Flash Mix Tank, which
has a four minute detention time where lime would be added under pH

control to a pH of 9.0. This pH Tevel was found to provide satisfactory
metals removal, The average lime dosage is expected to be approximately

140 mg/L.

Flocculation-Clarification

After addition of lime, the flow would be divided in a splitter box and

flow by gravity to the flocculation zones of each of two clarifiers,

Polyelectrolyte (1 mg/L Dow A-23) would be added to the flocculation

zones which would have a detention time of approximately five minutes.

The flocculated metal hydroxides and unreacted 1ime would settle to

the botten for subsequent removal and dewatering. Provision for sludge
recycle to maintain maximur effluent clarity and floc settleability is

included,

The clarifier zone is sized on the conservative basis of 1,000 gallons/
day/ftz. Using this overflow rate, the required overall clarifier
diameter is 65 feet for 4.75 MGD maximum flow. Two clarifiers would

be provided in order to allow for flexible and continuous operation in

the event that one clarifier is out of service for maintenance,
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Post Neutralization

The treated wastewater would flow to the Post Neutralization Tank by
gravity. In this tank, the effluent pH would be reduced to less fhan
8.0 by addition of sulfuric acid under pH control. The Post
Neutralization Tank would have 10 minutes detention time and would be
equipped with one, 15 HP mixer. The final effluent would then flow

via gravity to the effluent sewer which would discharge to the

Delaware River,

Chemical Feed Systems

Lime slurry, polyelectrolyte, and sulfuric acid must be added to the
wastewater treatment process described above. The sulfuric acid would
be fed from & 3,500 gallon storage tank under pH control to the Post

Neutralization Tank.

Because of the large amounts of lime required (4,670 to 7,670 1bs/day as
Ca(OH),) for wastewater treatment, a quicklime (Ca0) storage and siaking
system viould be most economical. The system would consist of one bulk
quicklime storage silo, two dry volumetric feeders,'two slakers, and

a surge tank for dilution, mixing, and feeding a 5% hydrated 1ime slurry
to the Flash ¥ix Tank. These facilities would be Tocated at the Control

Building, as shown on Figure B-8,
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Sludge Thickening

The underflow from the Flocculator-Clarifier (at about 1-3% solids) would
be pumped to a Studge Thickening/Holding Tank for storage/concentration
prior to final dewatering. The underflow from the clarifier would be
pumped for four hours each day to the holding tank, which has a 16-hour
detention time, Due to the high solids concentration of underfiow from

the clarifier, a separate sludge thickening unit is not necessary.

The required facilities include a 31,000 gallon Sludge Holding Tank and

a Clarifier Sludge Pump Station. The Clarifier Studge Pump Station
would also provide capacity for recycling sludge back to the Flocculator-
Clarifiers. The Sludge Holding Tank would concentrate the influent
sludge from 1 - 3% to 5% or more, and provide storage and equalization
for the thickened sludge prior to feeding to siudge dewatering
facilities. Thickener overflow would recycle by gravity back to the

Oxidation/Equalization Basin,

Sludge Dewatering and Disposal

Sludge from the Sludge Holding Tank would be pumped by a pesitive
displacement pump to two Vacuum Filters located in the Control Building.

These filters would be operated one shift per day, Dewatered cake from

the filters would be conveyed to Cake Hoppers (Dempster Boxcﬂﬂfbﬂ l 767

storage before final disposal. Filtrate would flow by gravity to the
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Oxidation/Equalization Basin.

The Vacuum Filters would be sized to provide effective sludge dewatering
in the event one filter is our of service, by increasing throughput
rates or running the operation on a two-shift basis. Based on the
vacuum filtration test results shown in Figure B-6, a rate of

5 1bs dry solids/hour/ft2 was used in sizing the filters, Depending
upon the cake moisture and sludge production rates, an average of

4.4 cubic yards of cake are expected for disposal each day.

Control Building

— e

The Control Building would have an aree of approximately 3,000 £t.2,

This building would contuin the Polymer Feed System, Lime Slakers,
Lime Slurry Tank, Vacuum Filters, Control Systems, Motor Control

Center, and miscellaneous equipment,




COST ESTIMATES

The capita) cost estimate for the required treatment facilities is
$1,261,000 (1973 dollars), This cost estimate is sunmarized in Table
A-6. Included in the capital cost estimate are all process unit

purchase and installation costs, yard and mechanical piping within the

battery lirits of the treatment p]ant, electrical, instrumentation,

site work, and building construction, Also included are construction
contingency and engineering charges, The capital cost estimate
excludes the recovery well collection pipe network, the effluent sewer
to the Delaware River, and purchase of necessary land for these

facilities,

The direct annual operating cost estimate for these facilities is
$207,200. This operating cost estimate is summarized in Table A-7 .
Labor requirements are estimated at two (2) men on a 7-day, 3-shift
basis. Utilities, maintenance, chemical costs, and sludge disposal are
also included in the direct operating cost estimate. No capital

recovery costs have been included.
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CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the treatabijity studies, the following

conclusions can be made:

Groundwater from the recovery wells at the Llangollen
Landfi1] site are amenable to physical~-chemical treat-

ment for the removal of dissolved metals,

The most economical process for removal of the

dissolved metals includes aeration to oxidize ferrous
iron to ferric iron; equalization of wastewater quality;
lime treatment to a pH of 9.0; flocculation-clerification
using Dow A-23 as a coagulant aid; and, post neutrai-
jzation., The clarifier underflow would be thizkened

and dewatered via vacuum filters,

The required treatment facilities would cost

approximately $1,251,000,

The annual direct operating cost for these treatment

facilities would be approximately $207,200.
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Based upon these studies, it is recommended that New Castle County
consider the installation of the required facilities for the removal

of dissolved metals from the contaminated groundwater.
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TABLE A-1

Llangollen Landfil
New Castle County, Delaware

SUMMARY OF RAK WASTE ANALYSES(])FROﬁ GROUNDWATER RECOVERY HWELLS

Total Suspended Cu, Ag,
Sample No. Date  Fe, my/L Solids, ma/L mg/L  mg/lL

9/23 3.6 40 0.08 <0.05
9/25 26,6 4 <0.05 <0.05
9/25 ' 45 <0.05 <0.05
9/27 . a6 <0.05 <0.05
9/28 . 41 <0.05 <0.05
9/30 . 33 <0.05 <0.05
10/1 N: A0 <0.05 <0.05

8 10/2 . : <0.05 <0.05

9 10/3 - <0.05 <0.05

(2)
10 10/3 BE <0.05 <0.05

Delaware

River Dis- . 0.5 0.1
charge

Requirement

(1)
Raw waste is an equal volume composite of groundwater
pumped from kecovery Wells 27, 26, 25, and 31

Raw waste is composite of wells 27, 2&, 2%, 31, and
Wells 2 & 4 (inside the landfill), Tne volume ratio for

composite s 2011, ARIOIT}S




Sample
Date

TABLE A-2

L1angollen Landfil)
New Castle County, Delaware

SUMMARY OF TRON REMOVAL RESULTS BY CHEMICAL TREATMENT

Chemicel Treatment Conditions

Total Iron Concentration, mg/L

9/23/73
9/24/73
9/25/73
9/25/73
9/27/73
9/21/73
9/28/73
/28173
9/30/73
9/30/73
10/1/73
10/1/73
10/2/73
10/2/73
10/2/73
10/2/73
10/3/73
/373
10/3/73
10/3/73

(1)
(2)

Adjustment with Do £-23 Polymer

Lime to pH Dosace, ma/l ¢ Treated

% Reduction
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Raw composite sample from Well #2 and #4 in landfill,

92
81
99
91
79
92
97
95
299
> 99
98
94
>98
93
98

99,

95
96
>99
>99

Rav: composite sample from Recovery Wells 27, 28, 29, 31, and
Landfill Weils 2 and 4. The volume ratio between sample from

Recovery Wells and Landfill kells is 20:1,
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TABLE A-3

Llangollen Landfill
New Castle County, Delaware

SULFURIC ACID REQUIREMELTS FOR (1)
NEUTRALTZATIC! OF TREATED WASTEwh. ki SAMPLES

Sample Mo, Ho80s_Used, il
1 3.8
2 5.2
3 4.1
4 >5,2
(1)
Sample volune: 50 mi

Sulfuric acid concentration: 0,02k
pH Adjustment to 7.5 from 9.0 - 9.5
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Sampie

1~ Dry Sludge
Ash

2 ~ Dry Sludge
Ash

3 - Dry Sludge
Ash

4 - Dry Sludge
Ash

TABLE A-4

Llangollen Landfill
- New Castle County, Delaware

SUMMARY OF SLUDGE RECALCINATION TESTS

ANALYTICAL RESULTS

Heat Content
Ca, mo/or Mo, mg/gr fe, ma/ar  Cu, mg/gqr  BTU/1b.

200 90 113 0.065 0
61. 27 106 0.068

224 124 50 0.024
60, 34 42 0.024

136 27 0.098
57.2 49,2 0.098

134 5 0.024
41,5 32.6 0.024
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TABLE A-5

Llangollen Landfill
New Castle County, Delaware

SUMMARY OF DESIGN BASIS AND MAJOR UNIT SIZES

DESIGN BASIS
A, MWastewater Characteristics
1. Total Expected Wastewater Flow, M3D
Average
lax imur
Influert Suspended Solids 1bs/day (Average Flow)
50% Probability-of-Occurrence 1,33t
905 Probability-of-Occurrence . 1,501
Influent Iron
50% Prohatilitv-0f-Occurrence 480
804 Probability-of-Occurrence . 1,401
Influent Copper
Influent Silver

Influent pH, Range

Delaware River Discharge Stendards
Suspended Solids
Iron

Copper

Silver 0.1
pH 8.5

Recomnended Chemical Treatment Raise pH to 9.0 with Lime

(150 myL v ) ang M@OMW

(Dow A-23) - 1

STIREY
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TABLE A-5
(Continued)

Expected Concentrations and Loads Discharged
to Army Creek After Treatment

1. Suspended Sotids
50% Probability-of-Occurrence
90% Probability-of-Occurrence

Iron
504 Probability-of-Occurrence
90% Probability-of-Gecurrence

Copper
Siiver

pH

Expected Sludge Production

1. Quantity
Average

2, Clarifier Desior Underflow Sludge
Concentraticrn, Average
Gallons/day, Average

3. Sludge Dewztering
Filtration Rete, Average
Filter Ares
Expected Filter Cake Solids, &

Chemica) Consumption (Based on Average Flow)

1, Lime
50¢ Prooahility-of-Occurrence
90% Probability-of-Occurrence

2, Polymer (Dow A-23)
Dosage

3, Sulfuric Acid
Average Dosasc
tayimum Dosage

mg/L . bs/day (Average Flow)

64 2,135
118 3,936

0.54 18
1,75 58
<0.05
<0.05
8.0 - 8,5

1b/day Dry Solids yd?

D et o it e

7,764 4.4

3
31,000

5 1bs/gr/ft2
260 12 x 2
30

1bs/day Gallons/Day as
as CalOH)s  CalOH)» at 5% Slurry

4,760 11,200
20,800

Gals/day @ 0.2% Solutio
2,376

Gals/day (1004
116
173
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TABLE A-5
(Continued)

MAJOR UNIT SIZES
A. Mastewater Pump Station

Wet Well
Dimensions
Capacity
Detention Time
Material of Construction

Dry Well
Dimensions
Space
Material of Construction

Pumps
Function
Number of Units
Type
Capacity

Control

Oxidation Basin
Function

Number
Dimensions
Capacity
Detention Time
Aerators

Material of Construction

Flash tixing Tank

Numher
Dinensions
) Canacity
e Detentior Time
Mixers
Materia) of Construction

22¢ x 10" x 20' deep (10' SWD)
16,500 gallons (2,200 cu.ft.)
Five (5) minutes

Reinforced concrete

22' x 10" x 20" deep
2,200 cu.ft.
Reinforced concrete

To pump raw wastewater to the
oxidation basin

Three (3)

Horizontal centrifugal

Three (2 constant, one variable
speed at 1,650 gpm each at 50' TDH)
Liquid Level

To convert ferrous iron to ferric
iron and equalization of
wastewater quelity

One (1)

71" x 100 % 17' deep (15' SWD)

791,700 gallons (106,000 cu.ft.)

Four (4) hours

Two (2), 25 HP Surface Floating
Aerators

Reinforced concrete

One
170 x 15" x 10' vd7' !
13,200 gallons &%gﬁ dqu%@
Four (4? minutas ot
One (1) at 3 HP (constant speed)
Reinfarced concrete

"
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TABLE A-5
(Continued)

Flocculator-Clarifier

Number

Dimensions

Capacity

Detention Time

Overfiow Rate

Material of Construction
Studge Collection

Flocculation Zone

Clarifier Sludge Transfer Pumps

Function

Volume of Sludge, Average
Number

Type

Capacity, each

Material of Construction
Control

Dry Hell
Dimensions
Material of Construction

Sludge Holding Tank with Mixer

Number

Dimensions

Capacity

Detention Time

Material of Construction
Mixer

vacuum Filtration Unit

Number

Filter Areca

Filter Feed Pump

Normal Operating Time, hours/day
Pumping Rate

Two (2) .

65' diameter x 14' deep (12' SWD)
297,700 galions (39,800 cu.ft.)

2.0 hours at maximum flow

1,000 gals/sq.ft./day

Reinforced concrete

Unit provided with sludge raking
mechanism (sludge raked to center)
15' diameter x 6' skirt

To pump the clarifier underflow to
the vacuum filter and recycle to
clarifier inlet

31,000 gals/day at 3%

Two (2) (one alternating stand-by)

Non-clog centrifugal

100 gpm

Abrasion resistant

Manual, using Flow Meter

7' x 7' x 10" deep
Reinforced concrete

One (1)

20" diameter x 16' high (13' SKWD)
31,000 gals {4,150 cu.ft.)

16 hours

Steel

One (1) at 10 HP

AR101780
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(Continued)

Sludge Storage Container

Number
Type

Lime Feed racilities

Storage Bin
Number
Detention Time

Dimensions
Capacity
Material of Construction

Slaker
Number
Rate

Sturry kake-up Tank
Number

Capacity

Detention Time
Dimensions

Solution Strength
Control

Material of Construction

Mixer
Number
Capacity

Lime Slurry Recirculation Pump
Number
Type
Capacity
Material of Construction

Post Neutralization Tanl

Purpose

Number

Detention Time
Dimensions

irer

Material of Construction

TABLE A-5

Two (2)
Dempster Boxes

One (1)

30 days at average, 20 days at
maximum

12' diameter » 40' high

3,160 cu.ft, or 71 tons Cald
Epory coated steel

Two (2)
1,000 ~ 2,000 1bs/hr

One (1)

4,000 gals.

Four {4) hours

9' diameter x 11' high

5%

Tank level control on dilution
water and slaker feed rate
Steel

One (1)
5 HP

Two (2) (one stand-by)
Centrifugal circulating pump
100 gpm

Abrasion resistent

To adjust pi & fdsGefa7@ fro 8.0 - ¢
One (1) f

10 minutes

21" x 21" x 12" deep (10' SHD)
One (1) at 15 HP
Reinforced concrete

“l’n“.’)f":,



TABLE A-5
(Continued)

Sulfuric Acid Feed Facilities

Storage Tank
Capacity
Dimensions

Concentration of Stored Acid
Material of Construction

Feed Pumy
Number
Type
Capacity
Control

Polymer Feed Facilities

Day Tank
Nuziz o
Capacity
Detention Time
Mixer

Feed Pump
Number
Capacity
Concentration of Polymer (Dow A-23)
Solution
Control Building

Number
Size

3,500 gallons
7' diameter x 12' long

98% HpSO
Steel A

Two (2)
Metering Pump
0-30 gph
Automatic

Two (2)

3,000 gallons each
24 hours each

Two (2) at 2 HP

Two (2) at 1 HP
0-100 gph

0.2

One (1)
2,400 sq.ft.

AR101762
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TABLE A-6

Llangollen Landfill
New Castle County, Delaware

SUMMARY OF CAPITAL COSTS
GROUNDWATER LIME TREATMENT SYSTEM

Procese Units Installed Cost, 1973 §

Wastewater Lift Station $ 68,800
Oxidation/ Fqualization 178,000
Chemical Feed Systes: 84,400
Flash Mix Systems 21,000
Flocculaetion~Clarifiers (2), including Studge Station 208,000
Post Neutralization 25,100
Sludge Dewatering, Includinc Studge Holding Tank 138,400
Electrical Substation (600 KVA} 11,300

MAJOR SYSTEMS SUB-TOTAL $ 735,000
Yard & Mechanical Piping @ 15% of Major Systems $ 110,200
Electrical & Instrumentation € 12 of Major Systems 88,100
Site Work € 5. of Mejor Systems 36,700
SUB-TOTAL $ 970,000
Buildings - 3,000 f1.7 § 90,000
TOTAL CORSTRUCTION COST $1,060,000

+ Construction Contingency and Engineering 191,000

TOTAL CAPITAL COST $1,251,000

AR101783
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TABLE A~7

Llangollen Landfill
New Castle County, Delaware

SUMMARY OF DIRECT OPERATING COSTS
GROUTDWATER LINE TREATMENT SYSTEM

QOperating Cost 1973 Dollars

Labor

Operating ~ € men @ $5.00/hour
Supervision - 10:

Utilities, Average Usage
Electrical HP € $131/Ku/year (1.5¢/KiH)
Maintenance
3% of § 970,030
Chemicils, Average Usage
sulfuric Acid - 1,780 Tbs/day @840/lon
Lime (Cad) - 4,733 1bs/day € S20/ton
Polyelectrolyte - 33,4 1bs/dey € §1.50/1b
Sludge Disposa)
16 yd3/day © 3/yd? 17,500
TOTAL DIRECT OPERATING COST '$ 207,200

ARI01T8H
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New Castle County, Delaware

Total Iron Concentration in Raw Ground Water

Jotal Iron {mg/L)

l |
20 30 ko 50 60 70 BO 96 95 9& 99

A L]
0

2 5 1

Probability~of~Occurrence, & of the time ordinate value is less than
or equal to the graph valuc,
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New Castle County, DPelaware
Total lron Concentration After Treatment

With Lime to pH = 9.0

Total iron concentratinn

/0
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.

Probability of-occurrence, & of the time ordinate value is less
than or equal to the graph value.
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New Castle County, Delaware

Lime Requirement to Raise pH to 9.0

mg/L

Lime dosage,

s 2 By I S 1% 7 7 d
S s O e

Probability=of~occurrence, % of the time ordinate value fs Jess
than or equal to the graph value
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New Castle County, Delaware

Clarifier Overflow Rate vs, Suspended Solids Removal

%.

Suspended solids removal,

] l | i

hoo 800 1200 1600

overflow Rate, gpd/sq.ft.
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New Castle County, Delaware

Filtration Rate vs, Influent Suspended Solids

-4
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Influent suspended solids,
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Filtration rate, 1b/hr/sq.ft.
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Treatrent of Contaninated (round Water
(Gravity Settling)

Llangollen Landfill
hew Coztie Lounty, Delaware
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SUMMARY

Ulanoollen Landfill, in New Castle County, fBclaware, i¢ a
potential saurc: of contamination of ground woter in Lhat
area, The contarinated zone of the underlying aquifer is
spreading towerd the Delavare River, Recovery wells with an
estimated {low of L,7 ied from the aquifer are planned to
prevent furtacr spreaiing of this contaminated zone, and most
are already in oberotion, Figqure | shows locotion of recovery
wells anc the dangiiii, Frevious studies by foy F. Weston,
Inc, insicated thet the contaminated ground watcr was arenas
ble to physical-chenice] treatment for rcduc:ion of dizcolved
metels (nrivarily i!ﬁwW. Asu, Veston was relained to de=
velop & concertenl desian for the rcqunreu metdls ~refoval
Lrcatrant plont ; reatrent facilities would require
arrrsn RN foroconstruclion and approxitately
5z : After preliminery review and

§2030,{00

eviluiticn by ' ¢ County Engincers, Weston wat athed

10 subrit é noof tne feasinility of gravity settling
of iron, an- of coaet on water Guelity and the overall pro-
fect costs of susn ¢ riralification of the proposed treatment

ceitity,
Labaratory tecting, o > tite tarple of recoveryswell
wiler, ind Y T nuicclly feesible to reduce
the iron in i ot 38 te the 2,0 ro/l level, et
by the provosie: re ; discharge in Delavare sire
Honever, o Jire éc =up rvster may be peeded it
fuwwre, 7 - : tics would consist of: &) on
acration | Conicive ferrous iron to ferric iron; L) twe
o obes 1 of ferric iron and suspencued
solid:e and ¢f tu slucze holding baging for thickening and
¢t would be via a mobile by~
every year,  Slucaee holding
timatee llfc of 10 years,

It ie recor- e : cher verificetion of design paran
ters be prriorres -o baloratery, using multiple composite
sarples for ol 'y wells, pricr to enopinecring desicn
and construziion ¢ faziliztics, A 1l~acre site would pe
selected on the of its location and hydrogeslogic
chara:tcri:lics. En;cnctring design of eipeline and booster
puting station, i necesd nould follow Tinal selection of

the site for trectrent itics

ating eoete arc cetirstid g 008, Hosover, these cost
figures gz nnt i . uent purcing station or

[ I TN < L6 ing 113
efflucrt citenirn piicling o ite Lelauare River, h O I 7 9 8

Mt
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PRTEZDTT 0N AND BALKGROUND

The Larsfit

The Llangollen Landfil! site, & county-wide solid waste dis~
puse] site nzar Newe Cestle, Delawore, operated by the Hew
Castic CounLy Department of Fublic Works from approximately
1950-16¢35 ) §s shown in Figure 1, The total area of landfi)
operation was approximately sixty acres, The landfill is
aporosirately 400 feet long, 250 to 900 feet wioe, and ap-
prosiscticly 30 feer thick, and contains an estimated 3 million
cubic yarc: of municipal and industirial refuse material,

Hydrooonlone of th: Land{ill Ares

!
Toe wind ne Llenzoiden arci, of the Fleistocen: Colutbia
Forn ot neiete of alivvici depasits which arc predori-
nant l\ Lo cearse sand, with grevel, This formetion
continusus surficial cover up to 60 feet in
i tnis formetion ranges about 10 feet
tolow mrean sen devel in the vicinity of the
rlying Petonas Forration consists of stireane
, sil's. and clays of Lower
¢ are chennel=shaned, with ew-
cley and silt whics ::c:'uia:cd
BoLiing and waries, The Potoma: Formation
culneast at conrosimately 40 to 14T feet per
lovarmost becs respectively) in the study

e aoneral coerse Lolurbie denosits serve
rechares zollery for the Potomze sancs.,
omat ndﬁ becomes confined (artesian)
ﬂ'lu bads ¢f ¢lay and silt a: it
travels ¢ SO in the formation, The approximete
tnicencie of tne b coocondining units ir~ediately benceth
the fo'umzie wande ranzes from 10 to 30 feet, Imediately
benestr the lard? ec clay and silt deposite arc
shallow, thin, or ateen (.n the southezst corner of the

i

s
or
{

Lo roees through the lendfill's solid westes, it produces o
comsien solution of dicealved end suspended meterial (leachate),

weer cround wetcn, fnfiltreting surface weter, or & combination of

ARTO01799
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liieh Tevele of cround=uater infiltration end surfece~water
infiltretion, ev well es atsence of confining layers at some
locaticn: toasoh the dandfill, arc prir: causes of substontia
learn:iro of loacnate from the L!anga!lcn tandfill into the
Potenaie aquifer,

Crovramwzter Cuclity Probler

Scarcity of potoile vaser in New Castle County has made con-
servetion of suin veluable resources essential, Follution of
o meior acuifer (i,e,, the folomac aguifer) by leachate from
siengoilen dandfill will result in locs of a mejor supply
of nigh~quaiity poteble water unless correstive measures are
tahen te halt the prozress of contaminents throuah the aguifer
icr. fhecovery wzlls for the purpase of
aolrnocon po"';oh of the aouifer hove al-
irs ted Lopuraose, LNl st o ther arc
TN reciveres contarineteds
uircc{iy to the ivry Creck Fond,
Poleamc fiver, The mejor objection,
to discharcing the r cred around
ie tne relativedy hiak dron content
The Delawere State Departrznt of
Divicion u‘ ~n.|vL1".nLal Control:
cently nre el @ onew rogu! tion on ¢ “flus nl H|<"h»w

ks

waler Surh

iR oreGuirencs

or any of

Ho wve facntetor retele, suspended
coler vauld cles bue ecnicved in the sctiling basins, lLabos
Fetioryascale : gravity, was found to be cavatle
of reducing i un wian below the allonat le dirit of
2,0 5.l : - (iiOﬂ of serated ground water is
expecied (¢ ’ raqe, the criterion for die-
chares in the Y SRR Hau?vcr, & bachmu; gyetem con-
sictin: of continusat ranue ! lime feeding may be reavired
Lo dnsure poriirrence setiiing lagouns under afverse
such as low pt. Such a back~up
rec only if, after conetruction of
int from the settling bating cas

noiron, AR[O‘SD'




WASTEWATER TREATARLLITY

Lo Roy FLoMeston, Ins, to New Castlc
Coanty', & conzuzt dexagn for resovel of diren frop contami-
natud oround water v presented, Treatability studies in
that repoart eonfirmed that iron cowld be remaved efficiently
usine lic: precipitation, Mowewer, 2s an alternative approach
to lime trostment, uron the request of New Castle County, @
conposite somple of the recovery wells that are olready in
operation wes tested for treatability without the aid of

Jimz,

In & previovs repo
o]

The composite sample was aerated for one hour and then left

Lo seitle by cravity, The composite sample contained h0 mg/l

of tite oroend b omp/L of suspended solids, and had & pH
e : Cootide and watal dron in the superngtant

or,

cistter an Tigare L, Interpretat
sied thet an overflow rete of O ape per

reaucing iron concentration Lo

s oreducing susponded selids in
5.0 oL, hoarver, & seaiesup factor of

te azeoont for actual nerfornencze in the sottling
basin ang Lo &llew Tor turbulence, sheet cireuiting, eng
indeimen eeii, Thie scalemup faztor makes the desien

o

vooe settling charscteristics and

¢ aictinze int 220 hetw supernatent ang scttled studae,
fre oennetled @t long &6 Lhe ground weéter 4s

on the SUins side. wnich ds expected to be true in most
Cacss e {othe time, However, a simplificd schers for
adding lirs to ne recovered eround water nay be needed os &
bock-up sy in case gravily settling does not meet the efe
fluent reculrements Tar dischoroc to the Delaware fiver, This
report aoes nolugi @ design for such a back-un syster,
toce t i A resarding such o syster should b dever=
rea until the fa itics are constructed and aciuei perfora
mance deta arc eveluated, Addition of lire treatment prior
1o the weretion besin should be evaluated if the gravity sys-
tem {witrout lirzd fails to reet the effluent gquality reauire-
menty,  Lime treatrent facilities, as an “add-on' featurc,
may be oncrated on a continuous basis or, if. lime is nzeded
only szzecionally, & manae! feed of limz at o known rate to
the eeration basin may prove Lo be practical,

e Treeirent of Groundvater',
¢ Courty, Dolaware, hevenber




Lo LAMDEILL

LB LOUNTY, DELAWARE

L 10 TAL MO N SUPERMATANT

L)

-
b
o
—

¥

N O (SETLEDT

1o

inTalL

—— o

T MRI0I603
. |HC:’(“ o

RoY F. WEBTDN, INC.

N R R R A e L




It should be mentioncd here that the concept design presented
in the following section is based on the testing of one com--
posite sarnle, Tiis design is preliminary and is presented
for the purpose of assessing the concept of treating the con=
taminated ground weter without aid of chemicals, However,
befare the engincering dasion phase, It is recommendz2d that

a laboreiory confirration on design paramsters be performed
using several samples,  Also, sludue solids content prior to
ard after thickening shauld be deternined; this should be done
after all the recovery wells are operating, to get a true com-
posite thot reflects th2 combined characteristics of the
recovercd ground wiicr,

ARIOISUI}




DESCRIPTION OF THE PROPUSED
TREATIENT FACILITIES

Fiaure 3 is o plot plan and flow diagram for the proposed
treatrant facilities, Ground water will be pumped from the
recovery wells at an average rate of 3,0 mgd (and at a maxi-
rum rate of 4,0 mad at the peak dermand on ground water at the
sumrer ponins),  hecovered water from all the operating wells
will Ls corbiped in one force main and pumped to an aeration
basin, The aerction basin will be on corthen basin Tined with
cley, wich is locally available at the site vicinity, The
aeration basin vill be sized to aerate the maximum rate of

flow for two hours and will have two mechonical surface aera~
tors, Acration of laporatory samples was shown to be effective
in ovicizing ferrous iron to ferric iron, as shown in Figure 2,
One hour ¢f seresion was sufficient in the laboratory, put '
prior ewcerience heroindicated that a rare sultable detention
tir: for fullescele oparating Tacilitics is appronimately twd
houre, Ferrous ivon is oxidired to ferric iron as shown in

the fellowing sinplified chemice) reaction:

bfe ™ 4304610 L Fe (oM)

%
P

in order to provide sufficient oxyaen for completicn of this
reaztion, eRpronirctaly 55 percent exncets oxygen should be
supslicd vie the rmachanical azrators, For & flow of 4,0 mgd
vimat {ren concentretion of 60 o/l (assured to be all
tnn Terroue state), the stoichiometric quantity of oxygen
required to drive this reaction to completion is approximately
3E pounds per hour, Consezuently, an oxygen at a rate of
57 Vbs/nour should be supsiicd via the mechanical aerator

The acretion (oxidationd bacin will b2 eguipped with twe
2040 {leeting surfece aeretors, which would be capable of
transferring approsimately 80 Tbs Opfhr,  Thus, the oxygen
transfcr capalility will be rore then adecuate to supply the
onyaen reguired for oxidation of ferrous iron, However, such
largs acrators are needed to keep the recovered water con-
pletely mixed in the acration basin and to prevent the sus~
pendud solice from precipitsting in the basin.

After ceration, the flow will be divided in a splitter box
and will flow by arevity to two settling lagoons, The set~
tling lagosns will be sized on the besis of an average flow
rate of 3.0 mgd and an overflaw rate of 15 gpd/sq fi; there-
fore, the resuired overall lacoon aree is b6 acres, Each
of th: two lasoane vill kave a surface arca of 2,3 acres and
an et side waier depth, with 2 ft of freeboerd,

- AR101805
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The proos: : tne laguan orc not fized at this stage of
the desigs o for flesitility in selection of & suita-
abiv site, 8 Iu:liun of the site vill be based on the overall
arce reaeircmenis cad en its lotation, topography, and hydro~
geologic charecteristics, The settling lagoons will be earthen
besins wish clay lining, The legsons will be constructed by
excavaticn of part of the logosn depth end by using the exce-
vation materiale for building the dikes arcund the lagoon,
Rasic phyiical refuirerents of the site for the settling la-
qoonn &rv @ foilos:

1, Acccuete overall arce (approximately 10 acres),
leve ] topaqgraphy,

noee direct ¢ line ¢t possitle between the
} sieoans the point of Gischirac o the
Cfover {unte fo o minindie the pipeline
SoTendy costeld,

Poverasle Pydrogoolocic characteristics, in order
to minirizo tnc pritntict for aroend=water contaris
Lving Trees Tuaieas of the settline Lizins
Tuen ¢ operfect site wauld be
feet below the surface
- hich water table, M oclay s
- carfece, the batin waula heve
Tinve vitn cley, trensnarted from it nearest
ource, N ind maxican high water table should be
ot least ten fest beles surface,

5'?;”1 will b ellowsd to settle in the setlling
baeine, Toreing siviio on the Loattom of these basing, No
laboratory Cr‘v Bewe tein ootaince for the soiids content in
the scttice slurss ever, besed on our previous study on
lige xltxiu.;Y;A\, tne balld' content §¢ expected to be about
Aopereent. Furthersore it s expocted thet sludge will thicks
en &l (g Bolion o the bacing and thet ite solids content will
substantics!ly increase,  Howover, for lucl of vcrlflcatlon, 3
conservative solics content of 3 percent is wsed for estimating
the rate of sludge ruile~un in the basine, Lased on this as-
sutipLisn, L it €: ted thal the lower two feet of the basins
wauld need o be dredoed anproximately once every § manths,

In actuc ) operation, the drecging of the sludee (2 feet on the
bottor of the tesingd may be as infreguent as once a year,

Suspendcd
i
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Siudge will te dredavd, es freauently as nevded, via & mobile
hydrautic dradeer,  Tnc hydraulic dredge will float on the
weler surtect and pu) out the botlom layer of the basin,

Sgenerelly consists of wsing & rotating cutterhead

o Lo breel-up any compicted sludye, which is then

purped thfouu. a floating sustion line to the edge of the
basin where & stationery pipeline carrics it to sludge thick-
enine basins, A mobiic dreage would discharge an average of
30 cu yds prrohour (thus, approximetely 250 hours to dredae
one of the (wo scitling Lesins), dydraulic dredging would
not disrusy oreration ¢of the basin, However, if other methods
of dredeing are utili:ci, the flow should be diverted to one
basin while the seconu is Leing dredged,

Sludae vill be allowed to thicken in two sludge holding basins
and Uil sunemnciont wiliobe returacd ta the ecration bosin dnd
Fined with ot - recovery water for further treatmens
inoihe sctiding fali £, The sludge holding besins arc
designes Tor an estitoved life of aporoxirately 10 years, Hoan
P oanc rocoeer, rers continucs for more than 10 years,
atditicnsl re ceuld be consiructes, or tne thickenad sludge
coulc be re wes Trom ine bering by reans of & clar shell end
gure trucke for finsl dispose! in o adequate
hatding besins will also be
th clay lining, Eoach basin will
crea of 0.8 acres ond o side werer
ct of freehoard,

The ef f luc-e < otne seltling sasine will be disposed of in
the (el ¢ River just below the Army Crech Tidel Gete, It
is not soseilie ¢t this tire to determine the conficuration
of the c¢ffiuznt line froc the seitling besins to the {inal
paint of c¢i al, becease of the lack of knowledoe of the
onatt lo:: U tne treoteent focility,  However, &fter
sglection ¢f @ suitarle site, it will be possible to desion
this Dlpf\iﬂ; ero, i1 noceed, a booster pumping station, The
nees of en offluent peening station will be dictated by the
tocetion of the treatrent facility and the general topography
of the sitc rolative to the fina) discharge point, It should
be erphasized nore thed the estimated capitel costs and oper=-
ating costs do not reflect the cost of either the effluent pipeline
not & booster puriine station,

A small buil(in: or & trailer will be needed for effluent

sampling ard witer Guality monitoring as well as for office
space ans Tazi i for the plart opcrators, The same
treiler coule e @ used for houting the clecirical con-
trol syster Hancous seadl equiprent,
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SUMMARY OF DESIGN BASIS
ARD MAJUE UNIT S12E8

Deeiam besis

A, Recoveres Ground=Water (haracteristics

b, Totel Expected Flow, mod

hverage 3.00
Pavitun hoo

2. Influent Suspended Solids, Averaoc 60 mg/L
3. Influcuy lron, Averagc . homg/L
oo nfiueny Ceorer <0.05 mg/L
G, dnfluen Silver <0.05 mg/L

t.5 ~ 7.5

2.0 ng/lL

herete ¢ : " to convert ferrovs iron to
ferric iren q gereted influent to precipitate iroa,
: g basins, ana thichen the sludae

kydractics:

©oontd Loedinre =~ Treated Groundwator

1s/deyv (2verace Flow)

Surnends) Soile 540
Iron 2 50
Conner

Silver

pr
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£, Expected Sludse Predusiion

From Settting fa-iny 3,125 Ibs/day dry solids

i ior Lnis Sires

Numby: One

funciion To convert ferrous iron
1o ferric iron

Surface frea (ni¢ cooth) 0,13 acres

Denth B! SWD 4 2' Freeboard

anatity 33,400 gal (4,500 cu f1}

Detention Tire Twa hours

foroiors Two 25-H Surface Float-
inc heretors

ometmuition Lertnen besin with clay
lining

furker Two
Function Grovity prec
ferric iron
penacd solice
Surfeie freo om oo 2.2 ccres, gach
(h,¢ totel area)
fresst E' Swh 4 Z'FE
Overilon it 15 gnd/sg 1t

ztion of

L days
Cenazion, 210 12 mitlion gallon:
Concirusti Earthen tasin with clay
lining

Twor

To thicken and stare sludge
dredaed fror settling
basins

0.8 acres, cech

(1.8 scres total arca)

B' Swh + X' Frecboard

L,7 million galions

10 years
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Drecdsine Loaipeong

Mabile wydrasiic Dredging

Equipr.nt To be rented as needed
Frequency of Dresging of
Settling Lesins Every B-12 months

Eff luent Pipsline and Bonster Pumpine Station

lot covered in this report

ARIO18 |
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Llangolten Landfill
Lo Castle County, Delawarc

Iron hemoval Facility
SUMIARY OF CAPITAL COSTS
Earth Weri (Cut, Fill and doul Excess) $325,000
Clay Lining of Lasins 96,000
Mechanica! forators (Tua at 25 HP) 23,000
Access hooos 16,000

Mejor fyetens Suieteiel ' §$460,000

6¢,000

§,000

Electricet Sumsteticn 10,000
Buideine 070050 s Ul o Teeiler @700
Tete! fonstruction loss $674,000
Construztion lontingenty 8,000

Tote! Leritel Cost $660,002

wlost of ciner Lining hoterial

L olinine $122,000
roLining 340,000
Flectic Lining . 150,000

wrlapite! cest doos not include land purchase, pipeling,
booster pumzing station, or engincering costs,
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Llargolian Landfill
Lew Lastle County, Deloware

Iron Remaval Facility
January 1974 Dollars

SUMMARY OF OPERATING COSTS

Lalor
Onerating (3 men at §5,00/hr)
Supervision ot 10
Uit hisies, fueerage Lsenc
fleetricol EGRP ot S131/MW/yvear
fairtenantc
nydreulic Dredaing
Piping at 2
Plestricel ab b
hechonice | Eovinment ot €
Sructures &b 1

Tete] Goerating Cost

[
W1 manseniit, ¢ shifte/dey, 7 days/wh
Three operators required,

§ 31,200

3,200

4,900

59,000
1,400
£00
1,400
3,100

$105,000
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APPEND I A

State of Delavare Effluent Limitations

Effluent Limitations Based on 2 Practicable Level of Pellytant Removal
Techn~tev, Lithuent Vimitatiors imposed vnder this section shall be
exprecsed in terms of averewe daily loacings, and maximum daily loadings
or inslantaneous maxinum cohcentrations,

&, Moste water fiows contairing added pollutants which are subject
to limitation shal) be serrezated from flows not subject to
limitation to the maximum practicable extent,

shall be at least
ritatiors for the

b, Wastewater flows containing adae
treeted so o5 not o extees the o

listed

Boo -

Sustenred Sol

Cadmiv

Chromiu~

Lead

Fercur:

lopper

fror (1ctal).

Kickel

Seleniv-

Silver

Line

Cyvanice

Fluorice

it & Grease :
Prenstics r /L

1)
3
4
0
6)
i
13
q
1
1
1
1
1
1
1

{
{
{
{
(
{
(
(€.
(9]

(1e
(1)
(12

(13,
(1)
(18]
(16!

The eongentrer i develt irnoeed hercir shall fe utilized to

essahlish avere loading limitations, HKeasurementis to

dutermine oo
at a point &f

the chove requirements shell be tahken
as desionated by the Department,
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SUMMARY

Leachate from the Llangellen Landfill, Naw Castle County,
Delaware, is causing contamination of an important source of
potable groundwater, Roy F, Weston, inc, was retained to
evaluate the following promising control alternatives:

e Hydrogeolagic isolation of the landfill,

@ Removal of the Llangollen refuse material,
with final disposal to a new incinerator,
another landfill, or to the ocean,

This investigation concluded that it is uncertain whether the
hydrog=ologic isolation of the leachate would be effective
enough te restore the aauifer to its previous purity, Hydro-
aeologic isolation would also require th> operation of pump-
ing ang treatment facilities for indefinite but prolongec

periods,

Remava) of tne Llangolien refuse and its final disposal would
provide an absolute solution in a relatively short period,
Locating a new incinerator at Llangollen for disposal of the
old refuse as well as new refuse is compatible with the
County's Master Plan and offers cost benefits with respect to
transportation, However, uncertainty remains as to the tech-
nical feasibility of certain types of incinerators,

Remava! of the Llangollen refuse and its disposal to another
lancfill or to the ocear would provide an absolute solution
ina relatively short time; however, the uncertainty of
pclitical enc environmentel acceptability remains,

The cost of nydroseclocic contrel is in the same range as
incineration: costs for hauling and landfil! or ocean disposel
are slightly less than incineration,

This report makes the following recommendations:

1, Implement & limited proarar of hydrogeclogic
controls to minimize the present leachate migration,

jnvestigate the feasibility of 'haul and dump'
alternatives,

Initiate a detailed concept evaluation of
alternative methods of incineration,

AR10 152y
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INTRODUCTION
General

The Llangollen Landfill is situated approximately two miles
southwest of the City of New Castle in New Castie County,
Delaware, (See Figure 1.)

Previous studies conducted by Roy F, Weston, Inc. (under con~
tract to New Castle County) have shown that the leachate from
the Llangollen Landfill has caused major contamination of an
important source of potable groundwater, Efforts to recover
leachate contamination already in the aquifer are currently
underway; however, elimination of future contamination will
require measures directed at controlling the generation of
leachate at the landfill itself,

In November 1973, New Castle County authorized Weston to
investigate the feasibility of different alternatives for
eliminating leachate from the Llangellen Landfill, The major
objective of this study was to recommend which route should
be foliowed to assure minimum adverse effects to the ground=-
water suppliec,

From a number of alternatives, Weston identiflied two routes
which offere¢ promise: isolation and removal, Isolation of
the landfi)) by hydrogeologic means would leave the Llangollen
Landfill intact, but would reduce the migration of leachate to
the aquifer, Removal of the refuse presently within the land~
fill would curtail leachate at its source, but would require
ultimate disposal via incineration, landfilling in a more
suitable site, or ocean dumping,

Scope _and Oriectives

This report is intended to discuss in detail the landfill
characteristics and physical setting and to evaluate the
alternatives by which leachate generation from the landfill
can be minimized and controlled so that use of the presently-
impaired aquifer can be restored to fuller use in the future,

The alternatives considered for eliminating the leachate poten-
tial from the Llangollen Landfill are the following:

o Hydrogeologic isolation of the landfill by reducing
infiltrating waters both from precipitation and from
the Pleistocene Aquifer,

ARI01825
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NEW CASTLE COUNTY, DELAWARE
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Removal of the Llangollen refuse and final disposal
via a conventional or advanced incinerator,

Removal of the Llangollen refuse and final dispasal In
another sanitary landfill or in the ocean.

Investiqative Approach

Weston's approach to the systematic evaluation was based on
the following steps:

® Problem |dentification,

History of the Llangolilen Landfill,
Physical setting of the landfill,
Landfill construction,

Groundwater infiltration,

Water entry to the landfill,

Investigation of Hydrogeologic Control for Leachate
Control,

Reduction of precipitation infiltration,
Intercention of groundwater,

Collection of leachate inside the landfill
Recircutation of leachate,

Investigation of Incineration Processes for Ultimate
pisposal of Llangollen Refuse,

Compatibility with New Castle County's solid
waste management plans,

Technice! evaluation of the incineration of
Llangollen refuse,

teonomic Svaluation of Alternatives,

ARTO1827
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PROBLEM IDENTIFICATION

Historv of Llangollen Landfill

The Liangollen Landfitl was constructed in a worked-out sand
and gravel pit between 1960 and 1968, 1t is approximately
4,400 feet long and 200 to 900 feet wide, and covers approxi-
mately 56 acres, The average refuse~thickness is about 25
feet, It is estimated that Llangollen Landfill contains more
than 2,000,000 cubic yards of municipal and industrial refuse
material, Figure 2 shows the elevation of the floor and the
landfi)l, and Figure 3 shows the refuse thickness,

Physical Setting of the Landfill

The sand excavated from the present landfill site was part of
the Columbia Formation, a Pleistocene stream deposit which
consists predominantly of medium to coarse sand with gravel
beds, In the Llangollen area, this sand forms a nearly con-
tinuous surficial cover, ranging from 10 to 60 feet in thick~
ness, The base of the formation ranges from about 10 feet
above to 20 feet below the mean sea leve! in the vicinity of
the landfill,

The underlying Potomoc Formation consists of stream-deposited
unconsolidated sands, silts, and clays of Lower (retaceous
hage. The formation is approximately 600 feet thick in the
vicinity of the landfill and rests on a seaward-dipping
bedrock surface, Potomac sand units are generally channel
shaped, though often laterally-extensive lenticular clay and
silt deposits are interbedded with thin lenses and thick
blankets of clay and silt which accumulated on ancient flood-
plains and estuaries, The Potomac Formation thickens and dips
towards the southeast at approximately 40 to 140 feet per mile
{uppermost and lowermost beds, respectively) in the study
area.

Hydrologically, the generally coarse Columbia deposits serve
as an infiltration and recharge gallery for the Potomac sands,
Groundwater in the Potomac sand becomes confined (artesian)
beneath the relatively impermeable beds of clay and siit as It
travels seaward, down dip in the formation, Figure L shows
the elevation of the top of the Potomac clay in the vicinity
of the landfill, Immediately beneath the landfill these clay
and silt deposits are thin and locally sandy or absent,
especially on the eastern half,

[EE A

mioie2s




ARIOI629

vwh

.yv

ﬁwﬂ Tuac
d

THAQNYT NIYT0OONY 1T
Ane 20 Haol4
Iul 4Q
SKIjlvaixi Ha0LM0)
< 3303t




ARIO1830

vmb

e
ONVSHINT TI3A 6

TULANYT MITI0UNw Y
JHL et

SIINADIHLE Fvatay

4 SHOAOLNOD

£ 3¥nor4




TUHLAANY T 311049 11
3HL HLviEg
AVID 10 4O L
ET]

SxOLYaI1l HaoxrdD
+ 3gndd




Landfi}) Construction

The gravel pit in which the Liangollen Landfill is con~
structed was excavated with a dragline down to a 'hard zone',
generally an iron~cemented conglomerate, which marked the
base of the Columbia or red Potomac clay, Massive clay de-
posits were probably not removed during the sand and gravel
operation, because clay would have had a deleterious effect
on the aggregate guality of the sand and would have
interfered with the sand washing plant process,

The gravel pit, however, was excavated well belo« the water
table, Aerial photographs taken In the late 1950's and early
1960's show large pools of standing water on the floor of the
sand pit, In places where the Potomac clay was thin or
absent, the excavation may have been continued into Potomac
sand, Excavation into Potomac sand has been observed locally
in the Wilson Contracting Company's gravel pit northeast of
the landfill,

Refuse placement, compaction, and covering operations at the
Llangollen Landfill were carrled out by the gravel pit opera-

tors, Saienni Brothers, using some of the quarry equipment
already on the site, Refuse burial was started at the
eastern end and generally proceeded back toward the pit en-
trance on the west, as shown in Figure §, All types of
wastes, including liauid waste chemicals and oils, were
dumped at the site, The existing ponds were filled with
refuse, and compaction of the refuse was generally poor,
When the water table dropped in the early 1960's, the refuse
already in place or in process of being buried in the
eastern end of the landfil] became unsaturated,

All intermittent cover materis) was obtained within the pit
from residuzl sand, tailing piles, and siltation basin
deposits, As time progressed, cover material and landfill
space became critically depleted; this situation encouraged
deeper excavation, especially on the western end of the pit,
This excavation removed some, and in a few places maybe all,
of the confining clay on top of the Potomac sands, This
practice probably created direct access routes for the leachs
ate from the landfil) to enter the Potomac sands in places
where routes may not otherwise have existed, However, the
lithotogy of the upper part of the Potomac formation near the
tandfill (as fllustrated in Plate 1) is so variable that it is
probable that at least some natural sand channels in the Poto-
mac were in dircct contact with the overlying Columbia sencs,
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The initiatior of heavier pumping from the Potomac Aqulfer by
the Amoco Chemica!l Corporation (to the east) and the Artesian
Water Company (south of the landfill) in the early 1960's
lowered the local water table especially south and west of the
landfil]l where Potomac clay is generally thin or absent, thus
demonstrating the direct connection between the Columbia and
Potomac sands, A water table elevation approximately ten

feet higher than the present one is evidenced by water strand
lines on some of the older walls of the Delaware Sand and
Grave! Pit just south of the Llangollen Landfill,

water Entry to the Landfill

water which now enters the landfill originates in two ways:

I, Direct precipitation on and infiltration through
the landfill surface,

As laters! aroundwater movement into the saturated
lower partion of the landfill,

The water leaches dissolved organic and inorganic chemicals as
it parcolates through the refuse, The resulting highly~
polluted solution is called "leachate', Although any landfill
lozated in the hurid temperate climate, as prevailing in north-
ern Delaware, will produce leachate, the high rates of both
surface and grounowzter infiltration to the Llangollen Land-
fill have areatly maanified the rate of leachate production
there,

Elirination of the Llangollen Lendfill as a pollutant source
will reauire stoncing all water addetion to the landfill, or ~-
if this is not possible ~~ minimizing the inflow and collecting
leachate either in or benpeath the landfill, To this enc, a
more detailed deseription of the magnitude and location of
water infiltration sources follows,

Analysis of water inflow to the landfill is best done by
dividing the landfil] into two sections, as shown in the
water table map (Figure 6), Section 1, the western section
{760,000 sauzre feet), receives both surface water and ground
water inflow, and has a generally continuous clay floor of
relatively low permaability, As a result, the zone of

AR101834




57

7 o T
Py - premoc3t
dvie #IBEE LTES 1y

(2058
.

vam L~ L

. Gz
NS
“ 618

vm%
‘

@ g
ey g ae
v
(rsuinyT14A C
Sh

X

ARTOT835

R IX TS 2 ]
TULAMYT N3TVTODNw T
AnL 20 S¥W
YAQLNOD Aluvy BV
9 Idand




saturation in this section of the landfill is thick (Figure 7),
and some of the leachate seeps out on the surface along the
western and southern margins of the landfill,

Saction 2, the eastern and older portion of the landfill
(1,350,000 square feet), now receives water only via infil-
tration of direct precipitation. The contact between the
Columbia and Potomac Formations is often quite permeable in
the vicinity of the eastern part of the landfill, Here the
Potomac clay deposits are relatively thin, sendy, or absent,
Water in the Columbla sands moves downward to the Potomac
Aquifer rather than laterally to the landfill, |In addition,
the Columbia sands have been excavated northeast and south of
the landfill, and the elevations there and in the marsh to
the east is lower than that of the landfill surface and, in
places, lower than much of the Llangolien Landfill floor,
The result is that the refuse is less saturated, and major
leachate seeps are not visible at the surface,

Precipitation Infiltration

The surface of the landfi)l is pocketed with depressions re~
sulting fror the differential subsidence of the refuse,

These depressions prevent stormwater runoff from the landfill,
The landfill cover is generally sandy and quite permeable,
However, deposits of clay have accreted in the topographic
depressions so that stormwater which runs off the inter-
depression areas ponds in the depressions rather than running
off the tandfill, These ponds siowly infiltrate to the Jand-
fill or evaporate, Because of these conditions, at least

50 percent of the precipitation which falls directly onto the
langfill surface infiltrates through the landfill cover and
percolates throuah the refuse,

The annual precipitation in the Llangollen vicinity averages
4 inches per year, Assuming 50 percent of this precipitation
infiltrates to the landfill, the average input Is 10,6 milljon
gallons per year (29,000 gallons per.day) to Section 1, and
1€.6 million gallons per year (51,000 gzllons per day) to
Section 2.

This input is very sporadic; sometimes there is none for
months, especially during the warmer summer months, But
50-percent infiltration from a single one~inch rain storm can
add more than 660,000 gallons of water to the refuse in less
than a day! when precipitation does occur, the infiltration
amount fro~ any given storm is highly variable and depends
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upon the storr intensity and duration, form of precipitation,
temperature, plant cover characteristics, season, and original
soil moisture conditions,

Groundwater Infiltration

Figure 6 shows a water table map for the landfill and the
immediate surrounding area made from data collected on 7 De-
cember 1973, The contours on the map are drawn through points
of equal groundwater elevations, Groundwater flow occurs
perpendicular to the contours from higher to fower elevations,

Tne figure shows that lateral groundwater infiltration to the
landfill is occurring on the northwestern margin of the land-
fill, t.e., in Section |, Here the water-table configuration
is similar to the topographic surface contours, The rate of
groundwater flow is a function of the cross-sectional
saturated area perpendicular to the direction of groundwater
movement, the permeability of the materials through which the
groundwater is moving, and the hydrologic gradient along the
direction of groundwater fiow, Using approximate measure-
ments of the cross-sectional area and hydrologic gradient and
making an estimate of the pzrmeability of the materials,
tata! groundwater inflow to the refuse is estimated at
between 100,000 and 200,000 gallons per dzy, A reasonable
estimate of the average groundwater inflow rate is 120,000
gallons per day, The groundwater inflow rate, although de-
pendent upon precipitation as it affects the hydrologic
gradient and saturated thickness of the earth materials, is
relatively steady and continuous, especially when compared to
the precipitation inflow,
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INVESTIGATION OF HYDROGEQOLOGIC CONTROL
ALTERNATIVES FOR 1SOLATING THE LANDFILL

Precipitation Infiltration Reduction

If the landfill surface is re-graded and covered with material
suitable to retard infiltration yet support a plant cover, up
to B0 percent and possibly more of the direct precipitation on
the landfil) surface can be prevented from infiltrating to the
refuse, Such a result can be obtained by one of severa!
methods, These are:

l. Re~grading the landfi)! and covering it with a heavy
loar soil material, The final grade plan would be
desianed to conduct precipitation from the landfil}
as surface runoff, This would be done either by
means of smooth even slopes or by crenulating the
landfill surface and constructing lined runoff chan-
nels, The flat surface would probably be most advan-
taaeous for future land use while the crenulatec
surface would probably be more efficient in conduct-~
inc water off the landfill,

Re~gradinc and covering the landfill surface as

ahove and injecting an asphalt membrane beneath the
soil cover to retard vertical percolation of moisture
which has infiltrated the soil cover, This helds
moisture within the root zone of the plant cover and
permits the plants to transpire away more of the
water, This procedurc has been tested on the h-to 6~
acre landfill of the University of Delaware in Newark
with reportedly favoratle results,

Synthetic covers could be utilirzed but would be
costly, would require more maintenance, anc would
prevent vegetation growth and limit reuse of the
property,

Reduction of the amount of direct prezipitation which infile-
trates the landfill to 20 percent would mean that an average

of 32,000 gnd of water (22 gpm) would enter thc refuse, As
explained previously, inpput would not be uniformly distributed
through time, because precipitation events are sporadic, When
plant cover is active (late spring to early fall), the evapora-
tion rate is higher and the soils are generally drier, More
infiltretion would occur during the cooler months,
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Interception of Groundwater Inflow

Groundwater Inflow to the landfill through the Pleistocene
sand can be reduced by one or a combination of the following
methods:

1, A well-point system,

A series of larger diameter wells, each equipped
with submersible pumps,

A perforated drain plpe,

A aravity~run recharge well system screened in both
the Columbia and Pleistocene sands,

Excavation of the Plelstocene sand, resulting in
groundvieter interception and drainage through a
surface conduit around the ltandfiil,

Well Ppints

k well~point syster would consist of a series of small-
diameter (I-1%") aalvanized pipes with short (3') screens

and drive points attachec to their bottoms, These points
could be jettec to the top of the Potomac clay along a
2,000~foot line from boring Bk eastward to B2k, The individ-
val well points would be connected to a suction header,

Water would be pumpec from the well points by suction 1ift
through a pump located at the eastern end of the header, The
top of each well point (at the header) would have to be no
less than 27 feet avbove the top of the pumping Jevel or water
would not be raised, In the situation where maximum dewater~
ing is desired =~ not only to prevent groundwater inflow, but
to reduce the water table in the landfill ~- the distance
from the suction header connection to the top of the well~
point screen would have to be tess than 27 feet

If the well points were placed in the same line as completed
soi !l borings north of the landfill, excavation of a trench
approximately 1,000 feet long, averaging about 10 feet deep,
but up to 20 feet in the middle section, would be reauired,
The trench would have to be a minimum of 5§ feet wide at the
bottom and would require shoring to prevent sidewal) collapse,
However, if the well points could be located along the PRR
railroad cut {where the elevation is less), little or no

shoring would be reouired,
AR1018Y0




fach well point would create its own cone of depression in
the water table, Tnese pumping cones would have to inter~
fere mutually, to the extent that the water table between

the well points would be lowered sufficiently so that no
water moved between them towards the landfill, To do this,

a maximum spacing of 50 feet (i,e., a minimum of 40 well
points) would be required. Lowering of the water table would
increase the rate of groundwater movement towards the well
points, but this flow should not exceed 250,000 gallons per
day, and will probably be only half of that amount,

Water table lowering at the well-point network would alse
reverse the direction of the water table gradient between the
landfill and the well-point systems, As a result, highly
contaminated water in the landfill would be induced to move
to the well points, Perhaps after the volume of leachate
stored in the fandfill is reduced by outflow to the well
points and by vertical seepage through the landfill floor,
the well=point system would no longer be contaminated, |f
the well-point discharae became contaminated by drainage from
the landfill, the quality of the recovered water should im-
prove by dilution as the reservoir of leachate in the land-
fill is depleted, At worst, the quality of the water pumped
fror the well points after maximum lowering of water levels
in the Jandfil] should be better than that pumped from the
contaminant recovery wells operating in the Potomac Formation,
Thus, the well=point discharge could be piped, if necessary,
to the treatment facility being designed for water from the
Potomac contaminant recovery wells, The volume of water from
the well-point intercept system should not exceed 5 percent
of the h ma¢ total desian flow rate of the westewater treat-
ment facility; thus, this volume could be easily handled,

if the water ouality from the well-point network were accept-
able for direct surface discharge without treatment, it could
be pumpet to the Army Creek marsh past the eastern end of the
landfill, This will prevent any return seepage to the land=~
fill from the creck,

Tne well-point system alone will not dewater the entire land-
fill, because the Potomac clay surface atop which the well
points will be completed is everywhere above sea level, while
parts of the landfil) floor -~ especially on the far western
end =~ are below sea level, However, the well-point system
should be capable of stopping virtually all of the ground-
wvater inflow to the refuse,
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Drilled Interceptor Wells

A line of 4= to b~inch wells drilled to the base of the
Columbia Formation north of the landfill could be used te
Intercept part of the groundwater moving into the refuse,

The wells would each be equipped with s submersible pump.
Again, drawdown interference between wells would have to be
sufficient to prevent water from passing through the line of
wells to the landfill, Higher pumping rates from the wells
than possible from the well points might reduce the number
required to intercept refuse~bound groundwater, However, the
iimited available drawdown {)ess than 20 feet) in the area to
be dewatered would preclude pumping large quantities of water
from a single well, Also, nearly complete dewatering of the
Columbia sand would require well spacings almost as close as
those of the well~point system,

The Individual wells would cost 3 to 5 times that of a single
well point, However, the submersible pumps would not be as
restricted in their depth of operation as the suction 1ift
(maximur 27 feet) system utilized with the well-point instal-
lation, Thus, if expensive excavation were required for part
of the well=point system, or if interception of part of the
water in the Lolumbia sand prior to its reaching the well«
point svster were desired, several drilled wells could be
economically employed in the project,

Parforated Drain

t perforated drain pipe could be constructed to intercept all
water flowing through the Columbia sand into the northern part
of the landfil) and to desaturate the sand north of the land-
fitl, This pipe would be installed in an excavation conducted
tc an elevation corresponding to the lowest Columbia sand
channel. where the Fotomac clay surface topography fluctuates,
the pipe would actually be situated in the top of the clay
surface,

The collector pipe (B-inch diameter) would be underlined and
surrounded by clean grave! designed to act as a water-
transritting filter media to keep the slots in the pipe from
becoming clogaed with fine soil particies, The remainder of
the trench would be back filled with the material removed
durine the excavation,

The pipe would be slightly sloped (] percent) to collector
sumpe equipped with submersible pumps to remove the water
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(estimated at 230,000 gpd maximum), The discharged water
would be conducted by a surface pipeline to the Army Creek
marsh east of the landfill, This collector system would
permit uniform and slightly greater lowering of the water
table adjacent to the refuse as compared to that accom-
plished by a series of wells which must everywhere be screened
in the sand above the Potomac clay,

The perforated drain would be approximately 2,500 feet long
and would extend from the vicinlty of well 56 westward to the
edge of the landfill, The excavation depth would range from
20 to 40 feet and would average about 30 feet, Well points
would be reauired to dewater the proposed drain section so
that the excavation would stand open with a minimum of
shoring,

Unfortunately, the excavation operdtion (involving dewatering
and/or shoring) would be auite expensive, Another major dis~
advantage {s that, if the pipeline became clogaed or broken,
it would be inaccessible for repair and would have to be
entirely reconstructed,

(ollection of woter inside the Landfill

Some water will enter the refuse and stand in it regardless
of attempts to intercept Inflow and to drain the landfill by
externa) controls, The water on the refuse floor will slowly
seer into the Potomac Aquifer unless it is collected, How-
ever, in those places where much water is standing, it does
s¢ becawse the relatively low permeability of the landfill
floor acts as a barrier to vertical movement, This low per=
meability is wsually due to the presence of clay beneath the
landfill, However, a bacteria! slime formed during refuse
decomposition further reduces the vertical permeability,

Muck of the standing leachate could be collected by drains
constructed inside the landfill, These drains would consist
of perforated plastic pipe surrounded with clean gravel, The
collector pipes would be slightly inclined (minimur 0.5 per-
cent slope) toward a central sump consisting of a standpipe,
Each standpipe would be equipped with a small (1/h or 1/3 hp)
submersitle pump,

1 f the present groundwater inflow rate to the refuse could be
cut 90 percent and the surface water inflow reduced to 20 per=
cent of the direct precipitation, then total water inflow

would averaas 44,000 god (30 gor), Several smell pumps could
eacily hancle this voiume of leachate, A[2| 0 l 8[}3




The drain lines could be laid in a arid over the entire land-
fill floor or in a concentric fashion from sumps located in
positions where the landfill floor is suspected to be & col=
lecting spot for leachate, This latter approach to the prob-
lem would undoubtedly be less costly, because it would
require much less excavation and material, Sumps with
radiating arms should be located in areas of suspected ieach~
ate leakage, These areas generally conform with places where
the depth of the base of the refuse due to deeper excavation
is below sea level,

Water pumped from the leachate sumps in the landfill will be
highly contaminated, although relatively small in volume,
This water could be fed directly into the discharge pipe to
the wastewater treatment facility constructed to handle
contaminants recovered from the Potomac Formation, Alterna-
tively, the recovered leachate could be recirculated into the
landfitl, but, as will be explained in the next section, this
is unwise, Once the contaminants have been intercepted prior
to entering the Potomac Aquifer, they should be treated and
disposed of,

Although the internal collector system appears necessary to
minlmize leakage of contaminants to the Potomac Aquifer, its
construction should be sequenced to follow that of the well-
point system, This will allow the impact of the externa!
dewatering system to be assessed separately and will permit
desian of the interna] collectors based on the resultant
lowered water levels on the landfill,

Recirculation of Water to Speed Chemical Stability

Attempts to isclate the landfill from all water inputs have
several shortcomings:

1, Some water will enter the landfill regardless of the
external controls,

2, The syster requires continual maintenance and
operating costs,

3, The operation has no apparent time limit after which
the landfil) will be chemically stable,

The last point is the most bothersome and has led to invest!~

gation of alternative schemes which would stabilize the
refuse in some definite time frame, Additives which would
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fuse or chemically stabilize the refuse do not exist, There~
fore, the only apparent solution i5 to purposely add water,
perhaps enriched with nutrients, to the landfill to speed
decomposition of the refuse and to leach away all the soluble
chemical byproducts, Such a procedure derives added appeal
because the landfill would not then need to be covered right
away -~ an operation which will be expensive, However, con-
siderable re-grading would be necessary in any event to
eliminate ponding and to prevent recycled water from running
off the site,

Spray Irrigation of Leachate

Spray irrigation of treated domestic sewage and Industrial
wastewaters has been demonstrated to be an effective means of
waste treatment, The treatment processes include aeration
while spraying, bacterial decomposition in the upper soil
layers, chemica) adsorption on soil particles, and chemical
uptake by plants,

Unfortunately, spray irrigation of leachate would have
several major difficulties or potential difficulties
including:

i, Airborne odors.
Possitle chemical toxicity to plants,

(louging of surface soil pores and plant stomata by
iron and manganese precipitates from the oxidized
leachate,

(logging of surface soil pores by a slime derived
from the hignly organic chemical loading in the
leachate,

The highly concentrated nature of the leachate would reauire
it to be sprayed on the landfill at rates considerably lower
than the 2-inch per week quideline for treated domestic
wastewater on perpeatle soils, If the leachate were recycled
by soreading through infiltration galleries on the landfil]
sur ice, clogsing of these galleries by aerated leachate
precipitates would still bhe a probler,

hddition of water to the landfill would generate larger vol-
umee ¢f conta~inoted water: some of it would inevitably leak
throuc the land?ill floor to the Potomas Aquifer.pflso
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water addition would raise the zone of saturation in the
landfill, causing outflow of leachate to the Columbia sand
north of the landfil]l by local reversal of the water table
gradient, and the Army Creek as seeps along the western,
southern, and perhaps eastern margins of the landfill,

Thus, water addition can be expected to increase the volume
of poliuted water to be contended with =~ at least for some
time. This last element =~ time -~ is at the crux of the
water addition program; here the most critical question
arises, How long will it take to stabilize the refuse, or
will water circulation have any beneficial impact at all?

One landfil! study {Dobson, |96h)|concluded that refuse decom-
position in a landfill occurs most rapidly at a moisture con-
tent between 50 and 60 percent, Above and below this point,
bacterial activity is generally slower, Examination of

refuse samples excavated from the Llangollen Landfill has
shown the molsture content to range from 40 to 70 percent
Thus, refuse decomposition might be proceeding just as guickly
now as if water were to be purposely added to the landfill,
Even if the refuse were desaturated, the field capacity of the
refuse (the amount of water which would be held after gravity
drainage) would be above 50 percent moisture, The result of
adding water may simply get more products of partial decompo-
sition into solution, thus adding to the water pollution
problem,

Another landfill study (Apgar and Langmuir, |97lf showed

that the concentration of contaminants in leachate from an
eiaght-year olcd landfill cell that had been constantly satur-
ated with water was often higher than that of a nearby un-
saturated two~year old landfill cell, Weston's own experience
with water leachinc through a 40~foot thick landfill in the
midwest has indicated that no confident prediction can be made
of the time when the land?i)) will not produce contaminants,

Thus, with no assurance that recycling water into the landfill
will appreciably speed up the achievement of chemical
stability of the buried refuse, and considering the other
problems which are discussed above -~ the most troublesome of
which is the production of large volumes of leachate -~ such a
program should not be initiated,

IDooson, k,S,, "Microbia) Decomposition Investigations in Sani-
tary Landfills”, Ph,D, Thesis, Department of Civil Engineer-
ing, West Virginia University, 196k,

2 . ,
hpaar, M.k, and D, Lanamuir, "Ground-water Pollution Fopast
| ' AQ018L6

of & Landfill Asove the water Table', Groung water, \¢!
Ne. €, 1671,
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INVEST IGAT1ON OF INCINERATION
ALTERNATIVES FOR THE ULTIMATE
DISPOSAL OF LLANGOLLEN REFUSE

Compatibility of a New Incinerator
with New Castle County's Plans

while the most pressing solid waste problem in New Castle
County s abatement of leachate movement in and away from the
Llangollen Landfill, it is important to evaluate any potential
solution in the context of the total solid waste management
services planned (at least for the next 20 years) by New Castle
County, The significance of this consideration is well recog-
nized by the County, particularly in view of present efforts

to develop @ Solid Wwaste Management Plan, Weston has been,

and is, assessing the impact of any Llangollen solution on
long=terr solid waste service needs in the County,

Ar incinerator at the Llangollen Landfill would serve the fol~
lowing dual purpose:

1, Burning ""in=place" refuse at the landfill, thus pro-
viding a sound, confident solution to leachate produc~
tion,

2, Simultaneously processing fresh refuse from selected
portions of the County (Pnase |},

Fresh refuse acceptance would have a step-increase upon comple-
tion of the Llangollen reclamation (Phase I1). Pnase Il opera-
tions wouwld thus automatically parallel the increasing waste
generation resulting from growth of the County's population

ana econory,

Compatibility of a Llangollen Incinerator with long-terr solid
waste management in New Castle County must consider the fol-
lowing:

1, The incinerator's effect on the Pigeon Point Recycle
Flant,

2, The aveilability of sufficient refuse following the
remsval of the refuse at the Llangollen Landfill,

The incinerator's effect on New Castle County's ex-
penditures for solid waste management,

ARI0184T
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Solid Waste Quantity

A1l three considerations involve determination of solid waste
quantities, sources, and distribution, New Castlie County and
the City of Wilmington supplied recent population and employ~
ment data, including projections to 1955, from which projected
waste quantities to be generated were determined, The resi~
dential waste generation rate for 1873 (2.6 pounds per capita
per day) was determined from weighing records at the Pigeon
Point Landfill. One~way travel times between selected points
in the County were supplied by the Department of Highways and
Transportation,

Current and projected population and employment figures are
presented in Table 1, The scope of this study allowed an

emp loyment~sector sreakdown into two groups: Manufacturing,

and Commercial/Industrial Services/Community Services (C/15/CS),
This level, at minimumy is necessary since our records indicate
that each employee in the manufacturing group generates approxi=
mately three times as much waste as an employee in the C/1S/CS
group,

The application of generation rates per employee to associated
employment within a group or a specific firm identified by its
Standard Classification Code (SIC) enable the getermination of
total waste generation, Generation rates used for New Lastle
County are based on detailed survey results from a county in
the northeastern United States of similar size and physical
characteristics, Table 2 indicates that total waste genera~
tion is expected at least to double between 1970 and 1995,
while the population increases py B0 percent

Fourteer currently~operated and two recently~closed landfills

are listed in Table 3, Nine of the existing sites are owned

and operated by manufacturing corporations and accept internal
manufacturing waste on-site; three are privately owned, and
accept employment~related wastes; ant two are publicly held,
Existing State records do not include life expectancies or de=~
gree of conformance with sanitary landfill operating procedures,
On=site surveys and interviews are necessary to evaluate the
degree to which existing facilities will contribute to total
disposal requirements for the County, both now and in the

future, The trend has heen for increased direct participation
and closer monitoring of private waste disposal facilities by
public agencies to the extent that privately~cperated businesses,
especially manufacturing corporations, are looking to their

local government for disposal services,
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The Pigeon Point Recyele Plant, with funding provided through
an EPA grant, is expected to begin construction after negotia-
tions are completed, according to the State of Delaware, This
demonstration plant will have a maximum-rated capacity of 1,200
tons per day and a six~day weekly aperation, Figure B illus~
trates that, by 1977 (eariiest date for Pigeon Point Recycle
Plant and Llangollen incinerator openings), an estimated 2,200
tons per day (tpd) will be generated, or 1,000 tpd in excess
of the capacity of the Pigeon Polnt facility, A 1,000-tpd
incinerator at Llangollen, processing equal weight-quantities
of fresh refuse and reclaimed waste from Llangolilen Landfill,
could accommodate one~half, or 500 tpd, of the excess refuse
generated, The balance (500 tpd) could be disposed of in
privately-operated facilities meeting State and County Regula~
tions or could be landfilied directly by tne County,

£, 1987, the 1,500,000 tons of reclaimed refuse from the
Llangollen Landfill will have been processed, allowing the
Llango!len Incinerator to accept 1,000 tpd of fresh refuse,
Pigeon Point and Llangollen incinerator will then coliectively
provide disposal capacity for 2,200 tpd, while estimated gener~
ation wil) reach 3,000 tpd, Faximum waste generation less
disposal capacity of the two facilities occurs in 1984 and
2008, and is equal to approximately 1,300 tpd,

Solid Waste Distripution and
Transportasior {osts

The savings in transportation costs afforded witn two facili-
ties instead of one will be part of the Llangallen Incinerator's
effeat on New Castle County’s expenditures for solid waste
management expenditures, To determine transpartation cost
differences, 1985 wastes were allocated to 10 plannine districts
(as defined by the County and the City of Wilmingtonl, with

the hew Castle planning district divided into & nor¢h and south
section an¢ with the Middleton/Odessa/Townsend area south of

the canel divided into three sections, In all, 1h sources were
used in the analysis. (See Figure 9,)

Twelve test cases were studied: six for all waste (residential,
manufacturing, and C/18/CS) and six for residential waste, The
methodology employed is that of Weston's ''Solid waste Allocation
Mode 1" (SWAM), o sophisticated computer prograr for striking the
least costly balance among the variables of cost for hauling and
cost for disposal, (Tne skeletal amounts of data availatle and
the time constraints of this project precluded actual application
of the SWAM model however,)
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Fioanyn Figure 9
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Direct Haul Alternatives:

1, Pigeon Point Recycle Plant ~ Transporting the
waste from all sources directly to the Pigeon
Point Recycie Plant,

Llangolien Incinerator ~ Transporting the waste
from all sources directly to the Llangollen In-
cinerator,

Optimal =~ Each source's waste is transported to
the processing facility {either Pigeon Point or
Llangollen) that will minimize total transporta~
tion costs,

Transfer Station Alternatives:

L, Pigeon Point Recycle Plant ~ Same as Alternative 1
with the addition of a transfer station located
near Odessa to receive waste from those sources
chosen on the basis of minimizing transportation
costs,

Llangollen Incinerator ~ Same as Alternative 2
with the addition of the transfer station,

Optimal = Each source's waste is transported either
to the transfer station or to one of the two fina)

processing facilities so that total transportation

costs are minimized; same as Alternative 3 with

the addition of the transfer station,

A upit havl cost of Sh, hO/ton~hr/trip (based on a 2b~cu yd,
rear-loading packer truck with a J-man crew) was used for the
pacher trucks; $0.80/ton~hr/trip (based on a 50~cu yd trailer
with a 1~man crew) was used for the transfer trailer vehicle,
Round~trip travel times between sources and processing sites
were developed from State Highway Department records, Results
of the analysis, presented in Table 4, indicate that Alterna-
tive 3 (Direct Haul, Optimal) results in a 12=~percent savings
in total transportation costs over Alternative | (Direct Haul,
Figeon Point) when considering all waste, Furthermore, adding
the transfer station results in additional savings in all
comparabie alternatives, Alternative 6 (Transfer Station,
Optimal) results in & $380,000 annual savings over Alternative 4
(Transfer Station, Pigeon Point), equivalent to approximately
$0.86 per ton sent directly to the Llangellen Incinerator,
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While the County is not currently responsible for collection

of any waste, future policy may involve more direct participa~
tice from the County. In any event, the reduced haul time

will enable the collection agencies to reduce their user

charges to customers (or, perhaps, postpone their unit~charge
Increases) to the net benefit of County residents and establish=
ments,

Summary

In conclusion, there is a reasonably good indication that an
incinerator at Llangollen would be compatible with long~term
solid waste disposal needs in New Castle County, It is even
reasonable to say that an incinerator will contribute posi-
tively to transportation economics and to residents' conven-
lence, While the degree to which private disposal facilities
will assist in meeting future needs is uncertain, we can be
assured that a significant portion of C/15/CS solid waste will
continue to be collected together with residential waste,
thereby increasing the waste disposal capacity expected 1o be
provided by the County, More County~specific information and
investigation are needed, however, to instill confidence in
the decision~making process,

Landfill Refuse Incineration

Excavation and fncineration of refuse is one means of removing
the source of leachate from the Llanwollen Landfill, The refuse
in the landfill was expectec to be high in moisture and in non-
combustible content (due to the cover material), There were
no data avallable in the literature that would assist us in
determining the feasibility of incineration; therefore,
arrangements were made to obiain samples so that the quantity

of water, inerts, anc combustible material in the landfilled
refuse could be determined,

Additiona! information needed included the bulk density of the
refuse in place and after removal from the landfill, and also
the bulk density of the residue after combustion, Another
desirable data clement was the dearee of organic degradation
(loss in combustible content) that had taken place since place-~
ment of the refuse in the landfill as actermined in tems of
the net Btu/lt of combustible material on a dry, ash-free
basis,




Refuse Incineration

The sampling and analytical program was the first step required
to evaluate the feasibility of incineration, Table 5 presents
the results of the sampling and analytical program, Figure

10 indicates the location of sample points in the landfill,

The bulk density reported in Table 5 is in place; from our .
observations and experience, we estimate that the bulk density
will decrease by approximately 15 to 20 percent following ex~
cavation,

The heating value reported was subjected to a verification pro-
cedure based on the reduction of the Btu value to a moisture

and ash free (MAF) basis, Comparison of the refuse character=
istice on the MAF basis, however, showed suck a great variability
that it was concludec that the samples (only 1 gram of material)
used for heat content determinations could not be considered
representative, Howover, visual inspection of the refuse showed
that very little degradation had taken place, Thus, raw refuse
MAF heat content was felt to be an acceptable estimete of the
landfilled refuse characteristics, If the incineration route
were selected however, the combustion tests should be repeated
to obtain adequats data,

The moisture, residue, and combustible characteristics (taken
with kilograr quantities of refuse) were reviewed, and the
volues are considerec believable, Since the summation

Ho0 « Ash + Combustible = 100

if the valuer for Hal and ask 'feel good, then the value for
combustible is acceptable,

From the results obtained in this limited sampling program, it
was evident that most of the samples were too wet to be burned
in conventional incineration equipment., This conclusion is
apparent from the data presentation of Figure 11, Only three
samples fell within the self-burning or autouenous zone of con~
ventional incinerator operation (defined as refuse which at
150~percent excess air exhibits a flame temperature in excess
of 1,2000F), The boundary of the autogenous zone shown in
Figure 11 is not totally believable because the basis for the
autogenous zone reported is not clear from the literature
reference (Hotti, G,, "Montreal Incinerator |s Two-Fold
Innovator'', Powcr, January 1968),
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Llangotler Land®ill Refuse Combustion Characteristics

Sample Site
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NEW CASTLE COUNTY, DELAWARE
LLANGOLLEN LANDFILL

REFUSE COMPOSITION . COMBUSTION DIAGRAM
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fecause the basis for Figure |1 was unknown, we proceeded to
derive a heat balance for a conventional refractory wall in-
cinerator 50 as to better assess the combustibility of the
Llangollen refuse, The first step in this program was to
establish heating values for the refuse, Figure 12 |s based
upon a series of test reports prepared by the 0ffice of Solid
Waste Management Programs (0SWMP) of the Federal EPA, The
data from their reports indicates that the heating value of
fresh refuse on a moisture and ash free basis ranged from
7,920 to 9,800 Btu/lb, with an average of B,960 Btu/lb,
Therefore, Figure 12 relates the heating value of the refuse
{(as received) to the percentage of combustibles or inerts

in the refuse,

Figure 13 relates the moisture and residue to a variable we

can contre! in operation: the amount of excess air to main-
tain a furnace exit temperature of 1,6009F, Note that a

aottec line at 80~percent excess air (1,8 times the theoretical
combustion airi it plotted, This value represents the approxi-
mase minimur excess air that has been achieved on steam
generating incinerators and, therefore, constitutes a possible
minimum for a refractory wall furnace, In accordance with
this curve, if the resigue quantity Is approximately 20
percent, the maximur water that can be present in the refuse

is 62 percent at B0 percent excess air,

Figure 13 confimmed the data presented in Figure 1) wherein
it i¢ shown that the bulk of the refuse to be removed from
the landfill is too wet to burn well by itself, The moistur:
content of tne Liangollen refuse varied from 42,5 to 76,5
percent and averaged 5¢ percent,

1t was thus concluaed that an auxiliary el would be necessary
in order to dry the material to a theoretically combustible
state, At fresh refuse was knowr to be available in the County,
the use of fossil fuels was ruled out as & source of auxiliary
heat,

Fresh refuse can vary in moisture content from approximately
20 to 50 percent depending upon the season of the year,
weather conditions, domestic storage practices, and other
factors generally beyond the control of the County, The
moisture content of fresh refuse can also be affected by the
collection practicey for instance, the County might dictate
that all refuse be placed in plastic bags which would shield
the refuse from the effect: 2f inclement weather, However,

~3En
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NEW CASTLE COUNTY, DELAWARE
LLANGOLLEN LANDFILL

REFUSE HEATING VALUE AS RECEIVED
([EPA.OSWMP OPEN FILE REPORTS)
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NEW CASTLE COUNTY, DELAWARE
LLANGOLLEN LANDFILL

REFUSE COMBUSTION
REFRACTORY FURNACE
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for purposes of this feasibility review, an average value of
28-percent moisture was selected, and various blends of re-
claim and fresh refuse were tried before arriving at a one~
to~one mixture of fresh and reclaimed refuse, The one-to-
one blend would exhibit average properties as follows:

Landfil) Fresh Mixed
Proximate Refuse Refuse Refuse
Analysis Averaae Averaae 131

0
3h)
6€

Percent Water

)
)

42
Percent Residue 20
kJ

{

{

Fercent (ombustible (
SRR g 3,422

“Figure: in parenthesis arc on dry basis,

Witk & one-to~one rix of reclaimed and fresh refuse, the mix-
ture is theoretically combustible in @ conventional incinerator,
Some caleulations were made in an effort to use the waste heat
from the incinerator as a means of drying the reclaimed refuse,
To avoia ogor emissior prodiems, the criteria was se% that

the d-ier vent gases must past through the furnace high ter-
perature zone before being exnausted, The practicality of

this was juoged poor because the degrec of drving that could

pe aznieved wat minirmal, and there are several mefor technical
prostems involved in mixing @ large quantity of not gases with
a large quartity of drier exnaust aases (needed to insure that
odorous gases do not patt unsurned througn the compustion

zone of the incinerator), Therefore, this concezt was abandoned
at ¢ practical meant of controlling refuse moisture content,

Tne theoretice!l mixtore of average raw and average reclaimed
refuse yeilding a combustible mixture must be tempered by the
fact that both the raw and reclaimed refuse will vary in
meisture anc inert composition with time; therefore the
calculations show only the average conditions, and operation
of the facility would have to compensate for daily variations
in the quality of the refuse to be burned,

Anothe-~ probler exisis in that good mixing of the reclaimed

and raw refuse must be accomplished in order to insure complete
combustior in an incinerator furnace, It was judged that the
orty mears of achieving a setisfactory mixture of the two come
ponerte was te feec both the reclaimed and rav refuse to o
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shredder and blend before charging the furnace,

With a one-to~one mixture and nssuming a time span of 10

years to totally dispose of the Llangollen refuse, a 1,000~
ton/day incinerator would be required, Assuming that some

of the cover material could be segregated and not charged

into the incinerator, the time span might be as short as 8 years
or ap long as 12 years depending upon the quality (heat

and moisture content) of reclaim and raw refuse actually re-
ceived at the incinerator site,

Conventional Incineration

Conventional incinerators may be of the refractory~wall or
steam~qenerating types, In both cases the typical practice

is to burn the refuse as received on grates, Burning on
arates is typically called mass burning, and a rather deep
fuel bed is maintained over the grate surface, with air

being introduced under the grate and passing through the
refuse as the refuse is being burned., So-called “conventional
incineration' is a well~proven technology (not always properly
appliec ir the design of the facility) but, even with an ex=
ceflent design, the operating personne!l must learn to cope
with the variable nature of raw refuse as received,

Macs burning incinerators are accasionally plagued with the
probler of receiving and trying to burn wet raw refuse,
Because the problen does not exist all of the time, there

are few, 1f am, incinerators that are adequately designec

to cope with the wet refuse problem, The practices of
incinerator operators in attempting to cope with wet refuse
have been surveyed by Stevenson ("Burning Wet Refuse", Pro-
ceedings and Discussions of the 1572 National Incinerator
Conference, ASMEZ), Operator practice includes reducing the
furnace charge rate and the depth of the fue! bed, physically
agitating the fuel ted, and the use of auxiliary fuel to
maintain adequate furnace temperatures, Systems have been
designed so that an auxiliary fue) such as heavy oil can be
introduced into the refuse as it is fed to the furnace, and
some designers recommend that the underfire air be pre-heated,

It is alsc possible to burn the refuse in suspension, This
is now being done in St, Louis, Missouri {the only U,S, unit)
inautility boiler, However, B) to 93 percent of the heat
at the St, Louis plant {s being provided by the combustion
of a conventional fossil fue! {coal:, Suspension burning was
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not considered a viable means of disposing of the Llangollen
refuse since the procedure requires two-stage shredding (a
costly operation} and the use of fossil fuels to insure
stable and complete combustion,

Shredding of the refuse prior to feeding the furnace has
not been typical practice in incinerator design, One such
installation exists on the North American Continent, how~
ever, in Hamilton, Ontario, In this unit, the refuse is
fed to the furnace by means of an air~swept spreader stoker,
and the refuse burns on a travellng grate, In a spreader
stoker unit, some of the drying and combustion takes place
in suspension as it is being blown onto the grate, The
balance of combustion takes place on the grate surtace
itself, Tne hamilton installation has experienced problems
with material handlinc and shredding but, reportedly, burn~
ina of the shredded raw refuse is not a problem,

No one fror the Weston organization or the (ounty has Seen
the Hamilton, Ontario installation, (Sutin, G.L., "Solid
Waste feduction Unit Promises to be a Better Mouse Trap",

Public Works, February, 1968,) We understand, however, that
there are several mass burning incinerators handling shredded
refuse in the vicinity of Paris, France and one under con-
struction in beirut, Lebanon,

While a mixture of fresh and reclaimed refuse is theoreti-
cally autogenous, we examined the means by which the reclaimed
and fresh refuse could be mixed to ensure adequate combustion
or. a mass burning arate, We concluded that it would be
impractical to alternate grapple loads of wet and dry material
and that we could not accompiish & satisfactory mixing of the
two materials by any commercially available mixing device.
This latter consideratior involves the heterogencity of the
refuse as rececived and the impracticality of blending large
masses of dry and wet material, We concluded that the material
should be subdivided by means of a coarse shredder and then
further blended before being discharged to a pit where some
interchange of moisture could take place prior to firing, |In
attemoting 1o feed two strean: of refuse to a shredder, con-
trol protlers shyuld be anticipated as should clogging
problems in the shreddzar dae to the presence of wet material,

We would anticipate that the shredding operation, the materials

handling sroblers, and the firing and burning problems would
rea.ire furtner investigztion althaugh, at this point, we
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conclude that @ conventional mass burning spreader~stoker
incinerator with modifications can be adapted and used to
dispose of the Llangollen Landfill material In combination
with raw refuse from daily collections in New Castle County,

The residue from a conventional incinerator based on & one~
to~one mix of raw and reclaimed refuse will be approximately
0,7 1b of residue per 2 Ibs of feed to the furnace (0.7 1b
of residue for every pound of Llangollen refuse burned), As
it is unreasonable to assume total burn out of the refuse,
the residue from the furnace must be properly fandfilied as
the uitimate disposal method,

The concent of eneroy recovery was considered in evaluating
different incineration processes for disposal of Llangollen
refuse, Aside from the technical feasibility of recovering
heat fror the incinerated refuse, other important factors
are the following:

1. Cost of 2 steam~generatinp incinerator or fue) gas~
converting incinerator versus a conventional re-
fractory furnace incinerator: Preliminary cost
evaluation indicated that steam~generating and
fuel~gas converters are cost competitive with con~
ventional refractory furnace incinerators,

Availability of a market for recovered steam and/or
fuet~gas: A preliminary evaluation of the amount
and condition of steam that could be generated in a
steam-generating incinerator and consultation with
AMOCE tecnnical) staff indicate that AMOCO could
use {and pay for) all the steam gencrated at the
proposed incinerator, The overall quantity and
quality of stear generated at AMOCC boilers would
allow the utilization of the steam generated at the
proposed incinerator even on an interrupted basls,
The same investigative approach was conducted to
determine the marketability of selling low Btu fuel
gas generated in a gas~converting incinerator (such
as Purox by Union Carbide), It was found that
AMOCO could fire such fuel gas in their boilers in
conjunction with oil and pay for the fuel value of
this gas,

[f the (langoilen Incinerator were to be of a steam-generating
type, firesioe tube wastage must be investigated (and is being
intensively investigated by a number of oroanizatiopsma ﬁ
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individuals', Evidence to date indicates that as long as
stear pressures are not too high the corrosion problems

that have peen encountered are controllable, Since AMOCO

has @ need for a large quantity of low-pressure steam, this
would seem to be the indicated conventional incineration

route to follow as steam generating incinerators are

capable of operating at lower excess air rates, and exportable
steam has & dollar recovery value,

Recent erperience with steam-generating incinerators indicates
thas they are no more expensive and possibly less expensive
than refractory incinerators, and the steam generated could

be used to operate incinerator auxiliaries and to heat the
underfire ai- whick s one of the recommended procedures for
combustion of wet refuse,

Tnerefore, i€ a conventional type incinerator is the indicated
incineretion syster to be implementec, we sucaest that, while
furtner investigation is necessary, the steam-generating type
is the mos: feasible selection given the conditions outlined,

Qeher irzinerator hooroaches

e gde'tior sz the conventiona' incineratior consepts dis-
cussed apove, Seveéral new systems are now undes cevelopment

or ir protcivpe use that have merit anc snouic be investigated
ac alternat’ve opmcite processing methods

Urier Larmp'de Pursy Svetes

Lnior farbide has operated a 5-tor per day (tpd: pilot unit
since 1670 ir their Tarrytown, New York Technical Center, A
200=tnd sveter ‘¢ under constructior at treir South Cnarleston,
west \ircinis Flant with a forecast 3% March 167h start-up
date., Tre Soutr Cha-leston prototype svsier will burn municis
pet refuse from the surrounding community, Union Carbide
ad.ises that they have four plants that they expect to build,
pending suzcessful operation of the South Cnarlestor facility,
Tre Fures syetem uses pure oxyoen (SF to

a portisn of the refese to generate high JIF ) tem-
peraturces in the lower recions of the furnace, The products
of tre process are a black sand residue and a low Btu fuel

zas that ca~ be exported and burned in boilers reportedly

ittt or!l. minor chanoes to the usess' burner svsterm,
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Because the Purox system uses oxygen (rather than air) as the
oxidizing medium, energy utilization to heat the nitrogen
present in air can be used to compensate for a high moisture
content in the refuse feed, Union Lerbide has stated that
they can handle raw or shredded refuse with up to 60-percent
moisture present, At the higher moisture refuse feed, oxygen
consumption increases and the fuel value of the off-gas is
lowered, but the off-gas is still useful as a boiler fuel,
The off-gases from the Purox system are largely particuiate~free
carbon monoxide and hydrogen and, because the fuel gas is ex-
ported, the only air pollution emission from the system, |f
any, would exist at the boiler plant using the fuel gas,
Present expectations, however, are that the fuel gas would be
non~polluting, the equivalent of natural gas,

Union Carbide has indicated that & five~to-two ratio of re«
claimed to raw refuse should yield b million Btu's per ton of
mixed waste feed in exportable fuel gas, They state that
they do not believe shredding or intensive mixing of the re~
cleimed and raw refusc is necessary, but, pending operation
of the South Charfeston prototype installation and further
investication, we fee! that the shredding and mixing of the
refuse should be considered a possikble processing step until
adequate evidence exists to the contrary,

The technical attractivenest of this alternative is based upon
the following: :

1. The potentie! to eliminate the shredding process as
a pre~processing step,

The residue is a black clags sand; limited tests
indicate it to be inert (not leachable) and miaht
be used ac an ageregate in the construction of
County bituminous paved roads,

The potential to produce a nitrogen by-product
AMOLO presently uses an inert gas atmosphere in
their operation; thus manufacture of a second
salable product would be indicated if such would
improve orygen manufacturing economics,

The capital cost of the oxyaen plant can be eliminated

if Linde, hirco, or another firm covld be persuaded to
develop @ merchant oas production fac'lity in the area,

Al

AR191870




While this would reduce the initial capital invest-
ment of the system to the County, it would increase
the operational cost of the system because the pur~
chased oxygen would have to be produced as a commer-
cial venture and sold to the County at a profit,

The five~to~two mix minimizes the amount of fresh
refuse that would be necessary for destruction of
the Llango)len material, This minimizes the demand
for fresh refuse (possibly more compatible with

New Castle County Solid Waste Management Plans),

Air pollution is essentially zero with this system
since the fuel gas is clean and exported to be
burned in existing boilers, The fuel gas produced
is expected to be less polluting than the present
residual oil fuel used by AMOCO and would be of '
beneficial usage in light of current fossil fuel

energy concerns,
Some disadvantages of the Purox system are:

1, Tne process has not been proven on a comnercial scale,
but the 200-tpd plant is presently in its startup mode,

The process requires construction and operation of
ar. oryagen plant in addition to the incinerator un-
less merchant cas production for the area can be
encouraged,

Srredding of refuse may prove to be required,

FluideBed Incingration

Copeland Systems, Ing, is promotine the incineration of munici-
pal refuse in & fluid-bed resctor, This process requires
shreddinp of the refuse and separation of ferrous metals before
feecing the shredoed materials to a fluid=bed unit, Heat
recovery {steam generation) is possible with such units and
.can be economically advantageous. The fluid-bed unit is

capabie of handlinc wetter refuse than conventional incin-
eratior because the desion requires a minimal amount of excess
air, In sludge incinerator practice, the fluid-bed units have

a demonstrated capability of burning sewage sludue with approxi-
mately hO-percent excess air, Referring to Figure 13, at
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hO~percent excess air, a one-to-one raw to landfill refuse
ratio (55~percent moisture, 20~percent resiaue) could be
satisfactorily burned,

The fluid-bed systems require a fossil fuel for startup and
control of furnace temperatures but, when the refuse being
fired is autogenous under the conditions of operation, a
minimal amount of fossil fuel is required, Wet scrubbers

are typically used on fluid=bed units as the means of air
pollution control; most of the inerts will pass out of the
reactor in the gas stream and will be collected in the scrub-
binc system, Those inerts that remain in the bed can be
drained from the bed periodically and will be largely sterile,
The leachability characteristics of such residue is not known,

A prelimina“y aquotation has been requested from Copeland for

a 500~:ipd plant., Copeland has indicated that they would be
willing to build and operate the facility on 8 contract basis,
The conditions for such a contract disposal option would re-
quire thet the County siagn & long-term contract for sol.id
waste disposal or an acceptance fee base (with suitable
escalation clauses), Disposal of the wastewater and ash
would pe & County responsibility, Assuming the Lounty would
provide tne land, AMOCO would have to sign a long-~term contract
for stear on an interruptable basis, The Copeland representa=
tive also indicated that facility size could be larger to
accomodate a larger proportion of New Castle County Solid
Waste than that necessary to eliminate the landfil) leachate
source,

The technicel risk of such & system should be investiaated if
the County plans to own and operate its own fluid=bed inciner-
ator, Even if the County chooses the contract disposal route,
the technical risk should still be investigated, If the
syster fails to perform as advertised, the County would be
Jeft with a croundwater poliution probler from Llangollen
even thouch the County would not be financially Jiatle for

the fluid=bed system costs.

Black Clawson Hydrodisposal Svstem

Little published data is avallable concerning this system,
Weston personnel inspected the Office of Solid Waste Manage-
ment Program's funded prototype plant in Franklin, Ohio; how-
ever, the Black Clawson product manager has been unwilling

whibn
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to provide basic information about the system, We include
this option for consideration because fresh refuse need not
be tlended with the reclaim in order to destroy the
Llangollen Landfil] meteria), Also, since the process In-
cludes breakdown of the feed refuse in a water~filled
hydropulper, the naturally high-moisture content of the land-
filled material has no adverse effects on cost or on pro~
cessing technology.

The Black Clawson system is & recycle system with ferrous

and non-ferrous metals recovery, glass recovery, and paper
fiber recovery. Since one might assume that much of the
cellulose fiber in the landfill has undergone some degrada=
tion however, we would not anticipate that useful fiber
praducts could be obtained from Llangollen, The residue

fror the operation is dewatered and burped in & fluid=bed
reactor similar to the Copeland System, The economics of

the Black Clawson system may well depend upon the fiber
reclamation portion of the flowsheet but, at leas: for the
period of time that it takes to dispose of the Llangolten
refuse, there is little reason to believe that fiber recovery
is a viable option, The degradation that probably has taken
place in the landfill may well have destroyed the value of
the fiber for recvcle purposes, The Franklin system is

based upon 50-percent reclamation of the paper which con-
stitutes one of the largest fractions of raw municipal refuse,

We have been told by the developers of the system that
initial problems with the hydropulper had been solve? by
modification of the machine, We are also told that, because
of the presence of large amounts of paper fiber, the de-
watering press prior to burning in the fluid bed reactor Is
& relativels simple operation, considerably less complex
than the dewatcring of a sewape sludge,

Summary of Incineration Alternatives

Of the incinerator systems considered, all may require shred-
ding of the refuse (Union Larbide feels that their Purox
process may not require the shredding step),

Resource recovery concepts are considered as a major factor

in evaluating and selecting the type of incinerator for final
disposal of Llanaollen refuse, Preliminary evaluation of
marketing potential of stear or low btu fuel gas is favorable
due to the need: of the AMICO masufacturing plant, AMOCO could
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use more than twice the low-pressure steam or heat value

of fuel gas that could be produced in the proposed incinerator,
At this capacity, it would be convenient to sell all the steam
or fuel gas proauced at the incinerator to AMOCO as an
auxiliary source of energy, Selling steam or fuel gas to an
industrial user at its fuel dollar value will produce a

revenue that would help offset the total annua! cost of the
proposed incinerator,

At this level of investigation, we believe we have identified
L potentially usable incinerator concepts which should be
considered further for technical and economic feasibility.

With each of these systems, we would contemplate receiving
reclaimed and fresh material in storage bins equipped with
drains connected to the County wastewater treatment plant,
The material would be reclaiged from these storage bins by
bridae cranes and charged either to the furnace or to the
shredding equipment, The interim storage of the material
reclaimed from the Llangollen Landfill is an Indicated step
because we suspect that some excess water will drain from
this material, No credit for this drainage has been taken,
however, in evaluating the optians,

The Purox option vields @ residue which is minimal in bulk

and weight anc which might be suitable for beneficial use, The
fluid~bed option would rank next in terms of residue disposal
problems, and some portion of this material may be useful as

an agaregazte, Finally, conventional incineration wil

vield residue with the least desirable characteristics in
terms of organics present and the highest bulk and weight of
the four systers evalusted at this point,

Tris investigetion of incinerator options has been devoted
laracly to the ultimate solution of the Llanacllen leachate
proble~, We sugaest that, if the incinerator option is
selected for further consideration, its impact on New Castle
County's overall solid waste management practices be further
evaluated prior to committing the design criteria,
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ECONOMIC ANALYSIS QOF ALTERNATIVES

General Considerations

In the previous section, the different alternatives were eval~
uated on the basis of their technical merits and )imitations,
It was shown that hydrogeologic controls for isolating the
landfill lack certainty in the degree of leachate control and
would require pumping of groundwater for an indifinite but
probably long time period (greater than 20 years), The in-
cineration concept provides an absolute solution in a finite
duration, but uncertainty remains as to the technical feasi-
bility of certain systems, The concept of hauling and
disposal at another site offers an absolute solution to the
Llanaollen Landfill problem, However, uncertainty remains as
to environmental and political acceptability,

In this section, an economic analysis for different alterne-
tives is performed, In order to have a common base for
comparisor, the costs are discounted to their present worth,
Tne following assumptions are made in this analysis:

. Interest Rate = 6 percent
Life of hydroaeolocic controls = 30 years

, Life of incinerators = 25 years

Revenue from stear sales = §1,00/1,000 Ibs of steam
. Revenue from fuel cas sales = 51,00 per million Btu

1
2
3
L, Life of treatment plant = 2% years
5
£

Tables & through 10 list capital cost, operating costs, and
present worth for each alternative, Table 11 summarizes the
elements of cotte for different phaser of the project (i,e,,
during and after disposal of Llangoller refuse),
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Table 6

Economic Analysis of Hydrogeologic Controls

Capital Costs

Phase |
Dewatering the Pleistocene 400,000
Regrade and Cover Surface 500,000
Recovery Wells Re-Location 200,000
Recovery Wells Treatment Facilities ) 660,000
Electrical System 150,000
Pipe Line to Delaware River 250,000
Sub~Total Phase | $ 2,160,000
Phase ||

Infiltration Galleries in Landfill $ 1,900,000
Physical/Chemice!l Trestment Plant 300,000

Sub~Total Phase [I $ 2,200,000
Total Hyarogeologic Controls § 4,360,000
Operatina Costs

Operating Costs, Pnase | $ 320,000
Operating Pnasc 280,000

Sup-Tote! s 600,000
Amortizatior Cost/Year S 316,800
Total Annua) Costs S 916,800

Fresent Worth of Hydrogeologic
Controle §16,300,000
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Table 7

Economic Analysis of Purox System

Without Shredding
Lopital Coct

Incinerator Facility
Hydrogeologic Controls

Total Capital Cost
Annual (ost
incinerator

Excavation of Fefuse
nyoroaeoloaic Controls

Fue) Gas Revenue

Presert wortr of Purox Syster
Without Snredding

#Tr's figurc inzludes Amortization Cost

Table £

hnelysie of Furox Syster

hitr Snrecding

incinesator Facility
Refuse Snredder
hvarogeslozic lontrots

Tote! Carital Cost

Anauet (o
Incineretor
Shreaacr

Excavatior of Refuse
Hydrogeclogic Controls

fuel Gas hevenuc

Present worer of Purox Systes
with Shreazing

“Thie fogeres incluoes Amortization (ost,

513,500,000
1,300,000

$14,800,000

11,50/ ton*

400,000/ year
184,000/ year

600,000/year

§12,60C,00¢C

$13,502,000
2,800,000
1,330,000

§17,600,000

§ 1,507 ten:
$ - k03 rton:

5 k00,000 /year

§  184,005/year
5 600,00)/year

$16,300,000
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Tahie 9

fconomic Analysis of Steor
Generating (nzinerator

Capital Cost

Incinerator Fazilities §22,500,000
Refuse Shredaer L,00C,00:

Total incinerator Capital Cost 526,500,000
Amortization Cost 7.03/ton

Hydroaeologic Controls $ 1,300,000
Operating Costs
Incinerator © 6,08/ton
Refuse Shredder 2,14/ton
Excavation of Refuse and
Disposal of Residue 485,000
Hydrogeslozic Contrels - 18%,000

Stear Revenuc s 602,000

Present wortr of Stea~ Incinerator S\é,?OO.OOCF

Tabie 1¢C

Econaric Anelveis of Excavation ane
Hauting vlanaviien Refuse

Excavation, haw) anc Deean Dumrino

Excavate Llanaollen Refuse $ 3,600,000
Structural and Environmente! {ontrols 1,502,000
Hauling anc barging . 5,000,000

Total Cost 14,000,000

Excavetior, Hauling and Disposel
in hnother hew Lattle County Landfill

Excavate Llangoilen Refuse $ 3,500,000
Hauling Cost (10 miles) 1,500,030
Structural anc Environmenial Controls 1,500,000
Gate Chargc at New Landfill 3,000,003

Total Lost § 6,500,000

“1tis not likely that £PA would grant New Lastle County a
perrit Lo osean dump Llango!llen Refuse,

wiyiability of this alternative is dependent on the avail-
ability of enough capazity in an existing lendfill,
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hydroaeologic Controls

Hydrogeologic controls are divided into two phases, Phase |
is the attempt to hydrogeologically isolate the landfil) by
reducing precipitation and groundwater entry into the land~
fill, Phase | will include relocation of recovery wells
closer to the landfill, treatment plant construction, and a
pipeline to the Delaware River, Phase Il will include col-
lection of the concentrated leachate accumulated on the bottom
of the landfill, This phase would involve construction of
infiltration galleries and a physical/chemical treatment plant
for the colliected leachates,

Total capital costs for Phase | plus Phase || is estimated to
be $4,360,000, This capital cost is amortized over 30 years
at b=percent interest rate yielding an amortization and cost
of $316,800 per year. Annual operating and maintenance costs
for Phases | and || are estimated at $600,000, Total annua!l
cost is estimated to be $890,000, Present worth of this total
annual cost for an indefinite period (over 50 years) is esti~
mated to be $15,300,000, (Seec Table 6,)

Purox Sveter without Shreddinc

Capital cest of a 700-tpd Purox system without a shredder is
estimated to be $13,500,000 plus a cost of $1,300,000 for the
hydrogeologic program that must be conducted during the process
of excavation and incineration of the Llangollen refuse,

(See Table 7.)

Amortization of the incinerator capital cost including operat=
ing costs results in a cost of §11,50 per ton of refuse
processed at this facility, |In addition, $4,50 per ton for
excavation of refuse, disposal of residue, and hydrogeologic
controle is added tc the cost per ton, which becomes $1€,00,

Credit of fuel gas rates is estimated at Sh,00 per ton of
Llangollen refuse and 57,00 per ton of fresh refuse, The
total net cost per ton becomes 512,00 per ton of Llangollen
refuse and Sh,50 per ton of fresh refuse,

For the purpose of comparing and evaluating this alternative
versus other alternatives, the cost of removal and disposal
of Llangollen refuse (500~tpd for 8 years) is discounted and
espressed in present worth, The present worth of the costs
related to Llangol len refuse is estimated to be $12,600,000,
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Purox Svster with Shredding

Similar analysis of a Purox system wita shredding is shown

in Table 8, Costs per ton are the same as the previous alter
native, except an additional $4,00 per ton is added for
shredding refuse, Present worth of this alternative (based
on 500 tpd for 8 years at $16.00 per ton) Is estimated to be
516,300,000,

Stear Generating lncinerator

Economic analysis of a 1,000 tpd steam generating incinerator
with shredder indicates that the tota) capita) costs wii) se
$26,500,000 plus $1,300,000 for hydrogealogic controls, (See
Table 9,)

The total cost per ton of Llangollen refuse is estimated to
be S15,75; however substracting $h,00 for steam sales will
result in a net cost of $15,75 per ton, The present worth
of this alternative (500 tpd for B years) is estimated to be
$16,700,000,

Excavation and Hauling

Excavation and hauling to another landfill (10 miles away)
would reaquire ar investment of $9,600,000, Excavation, haul-
ing, anc ocean duinzing would require $10,000,000 of capital
coste, (See Table 10,1

Discussion

The above alternatives can be ranked according to their capital
cost requirements:

1. Hydrogeclogic Controls § 4,360,000

2. Excavation and Hauling to
another Landfill $ §,500,000

Excavation, Hauling and
Ocean Dumping $10,000,000

Purox System without Shredding $14,800,000
Puro» System with Shredding £17,600,000

Steam Generating Incinerator $27,800,000
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It should be emphasized here that the costs of hydrogeologic
controls and hauling refuse to a landfill or to the ocean
are 100 percent attrlbutable to disposal of the Llangollen
refuse, On the other hand, only a portion of capital cost
of the different incineration processes is attributable to
disposal of the Llangellen refuse, because these facilities
vwil) have an estimated )ife of 25 years, while only pert of
thelr capacity will be used to !Ispose of the Llangollen
refuse for the first 8 years of their Vife, In addition,
revenue is expected due to sale of steam or fuel gas from
these systems,

Better evaluation of these alternative can be achieved by
ranking the alternatives according to the present warth of
those costs associated with disposal of Llangollen refuse:

1., Excavation and Hauling to
hnother Landfil) $ 9,500,000

Excavation, Hauling and Ocean
Dumping $10,000,000

Puror System without Shredding $12,600,000

Hydrogeologic Controls $15,300,000

Purox Svster with Shredding €16,300,000
Stear Generating Incinerator $16,700,000

From this ayalysis, it can be concluded that the least cost
method is to dispose of the Llangollen refuse by excavation
and hauling to another landfill location or to the ocean for
dumping, However, there will be political and environmental
opposition to such an approach, Both incineration and hydro-
geologic contrels are in the same range of present worth,

The decision between hydrogeologic isolation versus removal
and incineration will be on the basis of their respective
effectiveness of leachate control and restoring the Potomac
Aquifer to its normal production,




CONCLUS 1ONS AND RECOMMENDAT |ONS

Conclusions

1. Hydrogeological Control

a, Uncertainty remains as to degree of leachate control,
b, Cost of control is competitive, but not commanding.

¢, Pumping and treatment is required for an indefinite
but prolonged period,

g, Aquifer restoration to unimpeded use is uncertain.

(ncineration Control

a, Uncertainty remains as to technical feasibility, but
this can be resolved,

b, Cost of control s competitive, but not commanding,
and high investment will be involved,

Provides an absolute solution and is finite in
duration,

d, Appears compatible with the master plan and is cost
effective with respect to transportation,

Ha.) ~ Dump Contro)

a, Uncertainty remains as to environmental acceptability
(ocean dump) and landfi)) acceptability (Pidaeon Point),

b, Lowest net cost,

¢, Provides an absolute solution ina relatively short
time period,

Recommendat iont

1, implement @ limited hydrogeological control program to
minimize Jeaching in the near-term,

Initiate immediate investigation of haul~dump (ocean and
Pidaeon Point) tn*tfa.s,

Initiate detailed concept evaluation of incineration

options,
AR101663
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Tne Llangsilen Lancfili is apout two miles soutnwes: of tne Cisy of

New Lgstle Deiaware, Tne lancfill was constructec in a workea-out

sanc anc gravel pit between 1980 anz 1968, 1t covers acoronimately 53

atres anc contains anoroximately two miilion cubic yaras (apout

tons) cf mixec municipail, commercial and incustrial solid wastes.
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inzine~siion ¢f .iangc ien refuse, gcean CisS0s&., fransport
irn ®igeon Point Lancfill anc renac!litation (rezon-

<angotien Lancfill,

is incluaec in Section Il

Summary of these aliernatives anc their costs

¢ this resors,

Recommences [oncer:
¢! the Llancsilen was rezommenged

\reconsirastlion,

on pezause it cifers: teennicei feasiciility, cost effect-
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encfite ¢ tne recommended concedt include: tecnnice’ feasisility,

<

cost effectiveness, control of ground water pollution, relatively short

time for completion, net savings to taxpayers over other aliernatives

anc rendering the finished areas suitable for beneficial uset,

gasis of selection of the renabilitation concept are discussed in

and v, Detailec presentation of the concest is included

fnvironmental

listec in Section ¥,
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, anc $200,000 per year for |
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the renesilitetion project, authorize the €nginEe’ing Cetigh &Iluire & New
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IRTRZZUCT IO

Tne .iangelien wanctiil, shown in Figure 2.1, is locatec: two miles

southwest of the (ity of New Castle, Delaware, Tne landtill was constructed
in a workea-out sanc and arave! pit between 1950 anc 1955, 1t is abproxi-
masely & ,0C feet long anc 200 to 90C feet wide, anc tovers asproximasely

55 acres; average refuse tnickness is about 25 ft, [t is estimated that

sne landfill contains asout two million cubic yares {approximately one

= ition tons) 0F ref.se,

Previous stucies &, Ady F, mecton, Ing,, under con:

tne leacnzte fror tne Llangollen iansfill has

£ ar important

8y pumzing 3-5 miliion gelione per cay of grouncwaler, the county has
pegn ot re futent migretion tawerce me cr well fieles in tne

water Lomsany anc AMIIT Themice! lorporation ,  however,
witn tnis neavy pumsing, soliutarts are stiil tnregtening croundwater
elity ant PPty inotne eres, Furthermore, continued pumping wastes

¥ neesce
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nition
Llanzciien lane?ill was constructed in a workea~out sanc ant cravel
The sand excavated from tnat pit was part of the Columpia formation,
The underlying Potomac formation censists of stream-aeposited unconsolidated
sancs, silts anc ciays, Previous hyarogeologic study, by wWeston, indicated
that immesiate'y beneath the landfill, clays and silt deposits are thin

anc loca'ly sandy or absent, which creates channels for leachate migration

intz tne fatomac ac.ifer,

¢ heavier pumzing fror tne Potomac acuifer by AMIIO Chemical
the east anc by tnhe Artesian Water Comsany (south of tne
nothe early 1950's loweres the local water tasle, espesiaily

tne jancfiil, wnere Potomac clay is aeners

LS 0eMOriirgting tne cirelt connection belween thne Lol.mi

rleozonnection fasilitates migra

ns illustrates in Figure 2,3, causes cf leachate formation anc migration
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Letere! Infiltrasion, Srom tne Pleistocene acuifer, Tnis infil-

tration takes place cue tc ine absence cf confining materials and

cue to high water tapie concitions {aporoximately I0 fee: apove

tne bottom of the fandfill. It is estimated that lateral ground=-

/oﬂ”roﬁcm~hxf

into the landfill is responsinle for

eathate per year,

Absence of confining lavers (clays) or other mzans of leachate

interception {'iners or ge'leries) is responsicie for migration
o° leatrate fro~ tne lanc?.il into tne Pleistozene acuifers, Tne
tnis aGuifer coes not create &
H £

in tne area, since all pumsing it frov

rOowever, contaminants couic

Azsense . Con

sourse of potatle water in this part 0f hew

te tnat
Tigration from tne . Plen landfil! into tne Folomac ad.
mE] LT wELEr users

contrul are implemeniez,  The lity a Hlavili ] wiler resvurces

SORYINUE LU CEEFECE N NS FEZION WREME & wEle flelt nes been forecast,
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Prllution

U

weston has for new Castle County several azlternatives for
vitimate abatement z ground waler pollution and aestnutics problems
of tne Llarzo!len

V., Hvdroceolozic Solution for the Landfill - The hydrogeologic program
would lncluuL measures tor recucing precipitation infiltration, measures
for reducing lateral infiltration of subsurface waters, anc measures for
recovery of contaminated ground waters, Such a program hat severs) dis-
aovantaces: (a, Incomplete stoppage of leachate migration into groune
waier; {c. neec for continuec pumping of around water for an ingefinite
perioc fover 50 yezrs ; (¢} waste of larce cuentities of grounc water

(5 million gailens/cey'y (d) high total cost,

Incinc~atior of L'ancoller Refuse = By mixing mined old refuse with
refuse 1o re...e moisture content,, the material now in the iance
ce~ de durnec, Stear or fuel gas can be recoverel, Several systems
pesn evalugted
ors,

cluding steam~genereting, Purds, end Torrax
¢ of ine incineration concent are. )
of Delaware Sciic waste Mansoenznt P
! cas markels in the lancfill a-es;

i
Ty witn tne Stete

Cisactvania
of stea~ or ¢

1]

=g Tiennsel

Llangoilen
Thic procedure ¢
urless otner ‘e

notoexiet we!

3 -3
o

noer O oD

r

oo

e . -

Fegonetey 5 g : j This alterng.
tive megns f o ] ..‘“' ! from the
ne we:er ang . oF U cuifer, Tnis
- more de

Vet
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ovjective of stuCy was Lo ceveios a contert for adating tne
grounawater osliuvticn anc relatec proolems tnat resuizec from leachate
migration from tne Llancollen Landfill, The New Castle County ana weston
realizec that the public interes: can best be served by
put an enz to continuing éraunonater potlution and

acnieve tne following objectives:

§owitrorec.ire:s

rFouncwatler and son
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inec one, to acthieve the stuuy
Sals anc odjectives, the wesion project team indlucec: enerOEmenta\
encineer, civil engineers, hyarogeoiogists, planners anc economists,
Section 1l of this report covers the development of the basic landfill
rerabilization scneme, Section 1V and Apoendix A cover evaluation of alternatives
iangfitl rehabilitation anc selecsion of the optimum clan, Section V
summarizes the pre~contept evaluation and development of hydrogeologic
ters for tne recommendec rehabilitation plan, Tne concept
cionec anc summarized in Section VI, Alternatives for
reuse are ciscussec in Seztion V1!, Environmente!
L are presentec in

Predininary cost estimates of the recommencec pian are

recommencetions are .ncluged in

AR10190%




renan bl s tconsicered in this si.c. constists of
remore’ ¢f refuse ans regiacing it in 5 controlled landfii! as means of
abating the subsurfasce water poilution by leachates from the Liangollen

Landfill,

General Consigerations

The rehabilitation, or resonstruction, scheme of the Liangollen Lancfill

1" Remove! of refuse from tne existing

-
o)

Tining tanc®il! areas,

comzaction, sovering anc finishing new areas,

leatnzte and &, Management ¢ s.rface ang

sansurface walers,

rzeines; 1) Fe-
tions of refuse from
Removal

contigu-

plan  sncold meet the foilowing onjectives:

subsurface anc surface water




concepts, the existing conZitions in

relationship 10 contamination of the grounds

waters were investigatec, Leachate generation anc

migration into subsurface waters can be attributed to the following factors:
e fExcessive into refuse layers due to the lack of acgecuate

cover, vegetation, final grade and drainage devices,

infiitration frav the Pleissocene acuifer
L adbsence of confi lavers or diversion aevices &

savie,

lavere or means

Tne remeinoer jeazngte migrales from the potioT

intsotne Sotomas Acuifer cue to the absense of confining lavers of

leacnate consainment anc collection

The ne: resuit of the existing concditions at

amounts ¢f leathate ant contamingtiorn,

tArestening municipal, comess:




(£ation

i1, several engineering anz environmentel recuire~
for renaz litation of tne lanafill nave to be mei; these inciuce:

Provisions for Minimizinag Infiltration, and consecuently leachate

generation, potential, This can be achievee by using; a) soil cover
materia! witn low permeability, b) special tecnnicues for reauzing
infiltraticn such as subsoil asphalt injection, ¢ adequate final grades
at maximizes runoff away from the site, 2! construction
lanary Grass)

or comnination of these

"
l

intercestions anc czliection

‘3w Stsunzaztens well be neazec

nVErLStatic zressures on tne liner,
rs ma, resaltoin unce'ancec
gwse 1ifling or even rupture, Subsurface w
centes ang directed to a path of least resistanze (e,g

as anh acsed

fees on ton
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csilezz’or anc Treztent will be achievec ov placing a

sanc anc perforatez o.des on top of the liner to crain
leachate “rom tne lancfill into sump({s) equippec with pumps that
discnarge the 1eac5anc into the sewer interceptor, .eachate will
be cischarged directly or after receiving pretreatmens, if recuired,
to the municipal sewer and will receive adeauate treatment at the
municipal wastewazer treatment facility,

Renazilitation of the Potomac hcuifer by recovery of contaminants

througn continuing pumping the recovery wells during the lancfill re-

construction sregram,  The cumsing program may be continue: for several

vears (5-7) until the groundwater cuality reaches accentadle limits,

na Surface sne Sunsurface water Quatity is

s7ui orogram. Monitoring wells will be consiruzted
tne grogram,  Samales from tnese wells as well ag from rezovery we!ls

the » disinerge oSints shou.¢ be frecuently ana'vzez .every =1 weeks)
ing tne consiruction o : iess frecuent zasis (13 monins)
gfner comzletion 2 gne rehabilitation program, Savr! continue
severa. years after cocmoletion of construction, ing the

ffeativeness of tne renasilitation program and the ne

of recovery weils,
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KOFILn RERAEILITATICN
of Alternatives
Four alternative plans were aeveloped for the rehabilitation of the
Llangoilen wandfill wtilizing tne criteria listed in Section 1II,

Basic Rehabilitation,

Alternative Plan & consists of transportation of an initia! auantity

Figeon Point Facility

of the renasilitatez Llangc!ie

Alterngtive Plap B oconsists ¢f transportation of

[

refuse TS a4 preparec Site at Ine le.awafe Sans

o tne renaiilitetec Llangellen Lenafiit

Alternzsive | consists of transcortation o

Guantity

¢’ refuse te a temporary storage Site at tne opposite enc of

Jdangeiien

with utilizetion ¢f the rehabilitatec wlangoilen as for ciszosal

of ail refuse,

slternative Plgn 2

N

A




Recsmmence: ~lterngtive

The recommencez alternative 1s Alternative

Jlangollen Lancéi! wWite Transport of the Refuse t0

Pttt for Landfilling., Alternative Plan D is cost-effective, technically

sound, utilizes the best available tecnhnology, is the most economically

attractive, possesses more positive and less negative aspects than

any other pian, anc satisfies the major prereguisite that it siop

pcllutant migration into the ground waters of the ares within a finite

time serioc, The acvantage tnis plan nas over tne otner

is tre visizility of tne 2¢ & & Fit, This visibility

ccunty TS arepare & tignt bic packsge anc contrastors te masz a fire

oiz pecause they can formuiate manpower, material, ans ec.ifment re-

cuirements anc schecvles for tne renabilitation anc lancfilling oorticns
on the pesis of what he measures &5 Ne inspedts

e a'ternative
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SUMMARY JF PRE~TONCEPT EVALUATION

Refuse Characgerization

In January, 1974 five pits were excavated in the Llangollen Land{ill in

order to evaluate refuse characteristics in the entire landfill, Table 5.

is a summary of the characteristics of the refuse excavatea at tne five "
sites, Flgure — is a graph which shows the relationship of in.reasing
bulk density with depih of the refuse for the same five pits, The bulk
density of the Llangollen refuse varies from 650 Ibs, per cudic vard for
unsaturated surface refuse to over 180C Ibs. per cubic yard for saturates
refuse at cesnth,

With @ variazle (5 o 20 f1.) saturated thickness, approx.mateiy 543,202
cubic yards of the tota! 1.98 million cubic vards of containec refuse in
tne landfill are saturated, While the volume of ¢ne saturatec refuse

will not acoreciacly increase Que to unloading during lancfiil excavation,

the unsaturated refusc or approximately 1,2 million cubic yaras will ex~
panc, The tota! volume expansion will be approximatelv 155 a®ter excavan~

tiony therefore, the tota! volume of the excavated refuse ~av e as much

ag 2,20 millior-cusic varcs,

Cite 5S¢ 2ction (riteria and Recommerged Location

The following criteria were considered in selecting the new site

Cu 3

b, A new site must have @ casacity to accept mofe than o m.i.ion ve” 0
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The new site must orovice adeGuate tnicknese of low permeanilisy material

petween tne nit potiom anc the top of the Potomac acuifer,

Tne new site shoule not be located in an area in whicn rufuse agposition

beiow stanaing water woula pe required,

The new site should be located in an area where the seasonal fluctuations
of the water table would have no adverse effect on a liner.

0. If possible, the new site should be located in a relatively isolatec area

thus providing visual and areal separation batween the site and developed
areas,

present site, twd DOTrow RPits were cansicgred:

‘

Tne W.iscon k anc tne Delavare Sand anc Gravel! Dit (DS & 4, uwnes o

tne soutn of the wlangelien Lancfill, Evaluation &f the tvwo sites on
tne above criteria indicatec that the 0 & &
he f¢liowing reasons: i) wnereas the
zanec anc is peing develioped as an ingustriai para, tne
cit is presently usec as an wnlines, wncoveres janctill,

rA e
.

ACCEES 20 INE WiisOM pie wOuLiC necessariiy require cressing ta
railroac tracks anc tne DS & G i oA larce numzer of borings,
observation weils and recovery wells, consiructec in the aree insicate that
the thickness of clavs and otner confining materials separating the Potomac

aguifer from the overlying Columtia  sands increass the so.theast of tne
present Llangobien Larcdfill, &) The OF hes a thicker layer
of condining material between the botiom of the pit anc ine tos of the

Potomac aauifer, C(lay thickness decreases rapicly to tne northwest anc ne

incicate tnat Ciavs anc sands of
rosence o clae

s0%tem 0f the revuse ir Séve




caused anc pernaps acceleratec migration of leachate fro- the refuse to
the Potomac sancs, ¢ Aveilaoie water level gata indicate tnat the
sgasona! fluctuasior of tne water table would have minimum effect on a
liner in the DS & 3§ pit, 6) The bottom of the existing Llangollen
Landfill is pelow the water table and as much as 60 million gallons

of highly contaminated water (leachate) may drain from the saturated
portion of the refuse, Placement of a liner will require lowering the
water table several feet below the pft and the liner cushion. Although
heavy pumpace car iower the water table during construction, tne limer
is likelv to fises cue <0 hydrostatic pressure when the pumps are of ¢,

The 284G sit does have areas where water is stanc.ng &ro in

places tne Floor 0 tne pit is pelow the wazter tatie, However, inese
areas can pe easilv aried by pumps anc backfilled with existing nearoy

spoils material, Tne water level in one ponc is maintained b

Army {reew, The remova!l o7 this dam would lower tne water ieve!

were Consideres environmentaliy wnsuitasie
Two large crave! pits locates around Route 27}, ac acent to
Triangle p:ll,

\

b' A tract of lanc new Dothinsville,

d} A tract of lanc near the Delaware National Guarc rAr-ory on Reate &

M
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Site Li~itations and Recormendes fontrols

in tne Llangollen fanc®i1! there are at least two distinct areas where the
Potormac rec clay has peen removed, proo&oly during the size's operaticn
as a sand pit, At these points, the underlying Potomac acuifer is in
direct hydraulic contact with the saturated refuse, The result is that
transport of contaminated water is proceeding directly into the Potomac
acuifer and being.incorporated into the flow pattern of the Potomac ground
water, If utilization of this site were to be considered, additional
liner security at tnese points will be necessary; for example, the areas
wnicn are not underlain by a Potomac confining layver woulc recuire acais
tions of eitner aacitional liper material or suitable clav back¥iil,

the Wilson crave! pit to tne north of the Llangollen Langsill it ic ‘elt

tnat because the pase of the pit is already at the top of the Polomac

Formatior, it is not recommended that this pit be usec because accitions!

twill be emplovec area: 1) tne southern

[N pit will e slesec 1o & suf
ficient decree as to be able to accept a liner, Z;
of water in the 56 pit will be
of an overail gracinc operation during preparation

1
!

these itere will pe accorpli.oned, Sufficient fill moterial renains
the Delaware Sanc & Gravel pis In our estimation o enés.e [he

consracter : moign tn THE 50LLM DOUNZET,

TARIDIOIS




pit varies between 3C and 4C feet in height and the side slopes are about

11¢° in mect cases, In some local cases, the sice slopes are almost

vertical, Bacwfilling of select material or common berrow in crder o

realize a minimum of 2.5:1 (horizontal, vertical) grade will be necessary,

Dewaterine of Existinc and Proposed Sitec

lt is estimated that approximately 563,000 cubic yards of refuse are

saturated, Water enters the landfill in two ways:




® indiltration throuen tne landfill surface fror airect precinitation,
. Lateral movemen: of cround water into the saturatec por:ion of tne

landfiil,

The average annual precipitation in the Llangollen area is bh incres,
Although water addition to the landfill from precipitation is sporadic,

it averages approximately 85,000 gpd (callons per day), Average ground-
waier inflow by lateral movement is estimated to be 150,0CC gpe, When a
cell has peen excavated, a single storm of one inch rainfall will, however,
adc aporoximately 27,000 gallons of water per acre of

Depencing upon the moisture-nolding canacity and specific yieic of refuse,
tne leatnate crained from tne satsratec volume of the refuse coula e &s

et gs 60 million callons

£risting Sise

the existing site will involve removal anz c¢ispesal of

‘matec weter, Whercas treatrent and c.spoza! cf the ieacnate
wouid depenc upor the degree of contamination, leagnale remova!
accomplished by a eo~sination of sumps, drains anc pumzing fro- excavated
cetls, The lanefili will be civided into cells and @ same will e installed
in eacr cell, The surpe will be constructed anc 2perates suin
cell is dewaterec as much as possible before excavatiorn of the

.1 shows a conceptual scheme of aewale~ing the exist=

ing Llangatlen Lanc?ill,

The jeathate purpes ¢ tThe SumDS anc exgavsases cell: ol rcltﬁ

101917

e TWmilipned

ment, e regln

L e
l‘|l|ll.,‘~




interceptor sewer for treatment at the Wilmington Sewace Treatment Plant,

Althougn the regulatory agencies may not permit, short~ternm release of lgachate

Army Creen will se the most economical method of disposal auring site

‘excavation,

Proposed Site
Dewatering of the proposed site (DS will be accomplished by
a combinasion of the following methods;
. Cleaning debris which is causing impoundment of water (Armv Creek
Dar’ in the Army Creek,
bell Aversanc penc,
out any stancing water in the DS & 5 pit,

Denatering the upser sand in the 28560 pit,

Since tne Army (reen impouncment is providing some treatment ¢ the con-
ta~inatec water pumpes Srom recovery wells, the Army Cfreen oam will not

5e reroves init /. Tne water standing in the S & G

namped out using one o large pumps, |f the

be dewaterec as leng the water level in the Arry Creex (s maintained

at the present elevation, it will be necessary to remove the ga= or inter-
cecs the grounc water setween tne Army {reek pont ans the cesigned lanatill,
The grounc water can be intercepted by a battery of snallow welis, De-
watering of the upper send is recommended through the 28 & G pit in
order to lower water tatle and to relieve pore pressure ro- tne boltter

of tnhe liner. Tne upses sand will be Gesztered Dy shalliow we.

‘e
(-




' » .
arsmnl
Lot $

y~& svarogesifoc':

Dewatering of the Llangollen tandfill will be continued until mast of
the refuse has been excavatec. In aodition Lo dewatering of tne lend-
£111, stormvater diversion perms will be neeaed both within and along the

outer parameters of the excavated cell.

in order to utilize LA pit as a lined landfill, it will be
necessary to replace all or some of those recovery wells presently located

in the pit. The existing recovery and observation wells which will be

ouries unger tne refuse must be sealec, AL least 16 anc as mary as 2%

weils wou!d re2uire sealing., In that tne recovery weils cannot ¢
shutzown for an exienced perioc, the repiacement recovery welis must te
installed anc operasing before the existing wells are sealed anc tne
tanciil) site ¢ presarex, The replacement recovery wells snc.lc e
ingsalied so.th anc east of the D¢ & & pit Instaiiation of
the replacement recovery wells will recuire access, acauisit

0f~wd. arrangements on proferty net owned oy luli Aversans,

be congtructec a¢ dounie-~cased wells, 1t g estimater thel new wells
wo. 6 be res.ired to replace the present Ra=l, Rw~l anf Ra-b,

~

P HA

cnder the existing conditions, surface runcf® accurulates in the D¢

PIT arounc anc southeas: of Observation well 13, 7This area also drains
to thelel! Aversano pens througn a coivert locates soutneast o weil 27,
Site prezaration snould include constructing berms for storm rungfy

;

diversion, In agdition to gewatering ine Jdelaware Sarc anc Grave! osone
- 1

P10 se necessary to cradt | atton . nhzt nn 5_r:'a:fﬂﬁ.1;0:'919




V=% Llancollen &'t Renapilisation

of the existing landfill site will include eitner back~

material or allowing the site to remain as essentiaily

watertilled pool, Backfilling the site with suitanle materials to bring
the bottom three to four feet above the water tabie would require a minimum

of 700,000 cubic varas of material, compaction and grading.

It is recommended, therefore, that upon completion of refuse exzavazion and
removal of leachate standing in the landfil!, aporopriate, less ser~eable

material should be usez o spread over the selectea areas ir tne tosio~ of

the excavatet pit wnere natural clay has been removes,

After botior preparation is completed, the berm tna: separates tne sresent
Army Creex impoundrment and the landfii! is broken ang the exzavaticr site
aliowad to contain with water, Tnus, the present landiil) necscres
for resreational purposes in time, 7

6 a'erg tne ra.lroac tracks norin of ine

AR101920




SECTION VI

CONCEPT ENGINEERING

Desicn Basis
The conceps design is bascd on excavating ang moving 1,980,000 cubic

yares (563,000 cubic yaras of which are saturated) of refuse in an

aesthetically pleasing and environmentally acceptable manner from the -

Llangotlen Lancfili to a new lancfill at the Dell Aversano Site/Delaware

Sanc¢ anc Grave! Fit (28 & G) (inciudes a smali tract of accitional lanc
adjoining tne site , This slan meets the ob ective of removing ine source
of groundwater contaninatio Llangollen anc¢ not creating any potential
for nollution at the new lancfill, The iancfill at tne nen site will conm
ntire 1,882,000 curic yaras of refuse in ar environmenta!ly

sounc manner ustitizin

operation

hew wanei’

1

tly linee witn @ synthetic impermeabie |iner

Provestive pacs for top and bettom of liner

Leacnate ccllection anc conveyance systenm
cuncwegter interceslion systes

Groundgwater monitor we'lls

anc vegetation cover
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Metnsos “or Apfuse manzling

Tne four types of refuse that will be encounterec curing ine excavation
¢ the Llangollen tandfill are the following:
Unsaturatec municioal and inaustrial refuse
Saturated municipal and industrial refuse
Bulky items

Isolated packets of hazardous wastes (industrial slucges, waste

oils, acicic/caustic wastes,,

2% tne refuse, with the excestion of tne nazarccus wastes, wiil pe
v reacily avallable, conventional neavy construction ecuipment
{e,c. front=enc Joagers, crawler tractors, clamsnells, cra

e

gracers, anc dump trucks), T ‘ orm

sne following sizes: front-enc loacer, 2,75 1o 5 cusic ya

Iraeier 1raqlor, Grost w

tan is feasitle with much larger equipment such as reclaiming wheels

ne electric snovels founc at strip mining operations anc se.f-prose. gz

movers (23 cubic yard scrapers) anc large cum: trucks (50 cubic yards)

ound &t highway construction sites, |If readily availatie anc if the trans-

sortation and set~up cOSUS are Jow then thic tyse of ecuipment woulc lower

" ARI0I92Y
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The majoritv ¢f tne refuse (1,420,000 cubic yares; is unsaturatec,
Excavation of tnis dry, comoactec refuse is an ooeratior similar To ax=
cavating eartnhen materials, Crawler tractors anc front~end lcacers will
be used to excavate and loac tne dump trucks, See Figure 6-3, The

remainaer of tne refuse (563,000 cubic yards) is saturatec; as much of

\he water as possible will be removed by the adewatering proceaures con-

tainec in Seztion V - SUMMARY OF PRE-~CONCEPRT EVALUATION,

refuse mining leachate present in Llangellen Lancfil! witl be
clies, Leacnate quantities will be recucec b
grouncwater inflom anc surface stormwater, anc vertical
rounanéter inflov, by interceztion utilizing channe's and remova! by
~ release 10 natura’ crainaqe cevices, FRemcva! cf concentrated
uratez tavers cf refuse will be accomnlisnes by
- SUMMARY OF

o

! sanitary

tne lenzfill reconsiruction
wESnes awiavw by SLorT 1 Most of these streams of contavinatec
runc®? snoulc be intercestec anc recyciec in
T3 tne sewer, However, is not rea.istic

waters will be intercestez~~scme contarinatec discnarges will find

intc surface waters curing the lansfil! reconstructicn, Zxca-

refuge wiil de dlsnes wsing eliner A’R:I‘Uiigazs




clamsneils woraing from tne top on a thin layer of unsaturatec refuse,
See'Figure b-n. Clamsneils agpear £0 be the more versatile piece of
ecuipment in tnhis tyoe of operation, Bulky items (e.5, venicles, tires,
appliances, furniture, etc,) are handled by the crawler tractors/clamshells

with an effort made to achieve size recuction in the hancling process,

Once a packet of hazardous wastes has been identifiec special excavation
and hanaling proceaures (to be included in the final design package) will

initiates,

I} of tne refuse, witn tne excestion of the hazarcous wastes, wiil pe
isacec onto dums trus«t, These venicles then haul the refuse on a specially

ConsIructec roac Over army Creek to tne new site for lanefiiling.

De necessarv arounc the perimeter 57 Ine extavetion
site, at the open exzavation face, anz at the loacing site f¢r tne dumd
TraCes, MeTnoss, ecuipment recwires, anc ecuipment sit.ng are containec

in Seccion VL, BN IRSNHIN

Tne new lancfill, at the DS & G Site, wiil be oreserec utilizing the dest

availasie technclogy in comnliance with the Zelawark Solia waste Disoosal

Regulation (3SalR), ' v & sl sC o in Such a

manner (maximur use of ané Qust ahasement MEINOCS, 28 to nave as

\

effest ¢ prsszinie on tne geners) tne &red Sule

AR101926
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The lanafill wil! be srepared in sections as neeaed: tne initial section
wil! be at tne east enc asproximately five acres in size, tne other
sections will progress to the west anc be two to three acres in size,

The final product will be & site that has been graded so trat all

leacnate generatec will fiow {by gravity) througn a collection system

2¢ the leachate sumpis) (possibly one sump, dependent upon a cetaileg
/ Y

survev, part of final design package), The site will be dewateres
naturally ty the removal of tne dam across Army Creex sy lovaring
tne ~ater level in the imoounament., This is expectez 10nE” LNg water
takie aporoximately Tne bottom will then de re
raises if necessery 2 meet the minimum three {2) feet resuire: detween
tne seasonzl nigh water tas'e
survey wili cenerate the infcormation recuirec
direc anc the amount of speii
nol enougn mMatérial avaiiatie witni
g tnen soTe materie! se excavatec from tne

i)

zore minimu~ anc 22 acres preferatie; anc placec on the sciio~,
Tne fina! six inches of tne preparec bottom will consiss of sand and
rounces materials ysreferably spoi! materials or areviscsiy uRmines sanc
forms a protective layer on wnich the liner res
Tnic laver protects the liner frov sns
roch fragments, or souleers that might runture the liner fror oelow curing

Incorooratec inte ris pac »il) B¢ Ine grouncwater




interczestion anc civersion syster wnich protects tne iiner fro- hycro-
static pressure, Tnese materials wiil be nlacec using normal construc-
tion metnogs anc equipment (e,g. dump trucks, front~enc ioacers, Grawler

tractors, anc a road grader),

Tne side siopes of the DS & G site are épproximately 1:0,1 {1 foot hori-
zontal to I,1 foot vertical) which exceeds the maximum aliowanle slope
of 2,5:1 (2.5 feet horizontal to | foot vertical) on which synthetic
inpermeadle liners ma. be placec (3:1 optimal), Materisl fror the adja~
will pe excavated and placec to rehatiiitéte tne sleoes, As
| from the acjacent tract is excavated to srovice renacilitation
or

material /cover material or stockailed, the excavatec slopes will not
exceec tne 2.5:0 maximum, Therefore, wnen the acjacent tract is presared

landfilling only the protective layer will be placec as rec.irec,
hext in tne lanc®il) precarasion srocecure s instalizt'cr of tne liner
Tne recommendec )iner sysiem is a syntnetic liner {e.g. nmyselen, Dufont 3110,
Pl exe, ;refer to Appendix A for getailec aescristien ¢f liners , This
type of liner is celiverec in rectangular panels that are rsliec or foldec
ints a transportable size, These pane's have te be slazed, unfolded or

unrslies, and soreac out to their full size, Once trev are positioned,

tney are scamec together in the field and constitute

fill line~ system, Laution must be usec when weraing under wingy conaitions,

anc a crew of uz to 10 men will be reguirec to wern tne larger panels, A}l
gzges, waetner fina! or temporary will be ancnzres o crae” o seen the liner

AR101928

in clace,

el

ERERRT N




Figure 3T fo -

Anchor for Leading Eage of Pane!

Y8aner Ton Frotective Laver

2SO mrg st . L

HEE R S / i

Lingr =¥

Unastutbes Sartn
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.
Tne ancnor systen consists of placing the )iner edge in & citcn {(approx-

imately one fool wiae anc one foct deen) anc backfilling wign earthen
Y ¢

material: temporary anchors should be marked to facilitate refocatior.

All field seams are inspected to insure that they are of the utmost
quality anc the liner itself is inspected for any rougn spots, tears or
holes, Any rough spots, tears or holes are patched,using patches of
the liner material and the appropriate cement or fixadtive, Improper

seams are reseamec, Installation and insobection of the liner are tne oSt

imncrsan in site presaration, The liner is the environmenial safe-

————

uars anc its intecrity has to be assures,
- ?

After tne liner pas beer placec, seamec, anchcrec, and inspesses, tne
nrosective layer for tne Liner tor is claces, This laver

the same materiais a$ inhe bottom layer, obtainec from eitner stoi~zilec
500t materials or previousiv unmined sanc Qeposits

laver averages IE incnes in ceptn and serves twe func:ions} H

a srotection against opjects that are lanciillec wnitn mignt punctlure
the liner if placec cirectiy upon it, anZ 5esond as a transoort media
througn which tne leacnate can flow to tne Jeachate collection sys:tem

" & gric of perforatec PVl pipe). (See Figures 6~1 ane 62", 1% is not
recomnended to drive or operate heavy construction ecuioment cirectly on
the liner; therefore, placement of the top protective iayer siarts a:
one edge of the site, with placement anc rough gracing moving outwars

from tnere SO that the ecuipment isalwayt oceraling on ine Fough gradec

arotective layer instesc of tnhe liner, “dter all ma:er[tﬁ f{]Jl&hgi]for

G g,




a section, the leachate coilection system is installec ana tne Sure
face final gracec, The section or area is now presarec for jancfilling

operations,

Monitor wells will be established to determine direction of groundwater
and
flow/ initial quality, anc to periodically sampie and cetermine the gualitly
of the groundwater, Since the County has already establisnec monitor
and recovery wells in the area witn extensive data available, it should
be possible to use this cata Lo oetermine the initial cuality an:
girection of flow of the grounawater, 3 on

acle, these we'!ls might be designated monitor wells,

Fiaure €-8 snows location of proposec monitoring points.

AT this time, it is recommences thatl an access rdac De consirutlec

rom Llangs'len Lancfil! acress Army (reek to the new site, re
will nave an a'l-weather surface anc be cagable of witnslanzing frequent
traffic comaosec of heavy construstion vericles, Minimer wicth will be
22 fect wnicn supports twomway traffic witnout congestion, Since tnis

crosses Army Creek, adeguate culverts will be includez 50 that

runo®f from g me or storm (2b hour, 1C year) will arain without backug,

carriec out in a 5:nc:;.:e:n ~:’r,0r’:291§d!manner

nooenirontenta’ tore tnet influencec




s.te nreparation and in strict compliance with the DSwIR, Exca-
vasez refuse from the Llangoilen Landfill will be transportec to
preparec areas anc landfilled by the area method utilizing the best

available technoiogy, Cells and lifts will be aelineate¢ and schedules

for landfilling operations formulated during final aesign, The re=-

sultant product wil! pe a contiguous mass of well compacted refuse
separated only by thin layers of daily cover., This operation pro~
vices a means ¢f cisoosing of tne Liangclien Lancfii! refuse, elimina-
ting znet source of pollution without creating any environmental

t the new site,

o refuse, with the excestion &f hazarzous wastes (1D De
“andies anc lancfilled separately), will pe transcorte:
Ceumn trecks, Five (B) tons (10 cubic yaros:
ne minimur effective size and approximately 25 to
tne maxnimum effeztive size for this operation consicering tne -

stance, and neec to minimize congestion reduirements, Trans-
cortation will be via a specially constructec, twerwvay trafic roac
from tne Llangellen Lancfili across Armw ree. 1o he 28 & 6
Tne roac wili have an albkweather surface Jesonait, gravel, esic,)
anc constructed t. hancle heavy loazs ¢f frecuent octcurrence.
refuse, resulting in seesace fro- <

hic roag grovisions for tre foiies




will DE usec an: saraying
srosleT areas wilh @r; i aicium chlorice; and/or spraying

areas witn he necessary gquantities of oil,

Unloaging Areas
Tne scale of operation for this nroject is of sufficient magnituce
to warrant multizle unloading areas. |t is recommended that a mini=-
1o four areas (one for each crawler tractor utilizez) be

nis type 2f layout effective’, elim=

| unloazinc areas will be cesignatec tne

anager Or Ris supervisors on & faily s re-

o effectively utitize tne cranier trastor,

furtrer tnan 30

large enougn for

than One

of the refuse is saturated; | k to achieve

nifermity of the lanc?illec material tne cry

wastes will be mires in the unloading area with the saturatec wastes,

Aomixing ratic in ne range of 3il to il ary refuse

This is paecicie sinte eriav




Tne mixing orocess is accomnlishec by the crawler tractor anc is
simsly & srocecure of pusning tne loacs together, with tnhe mixing

oceurring as tne refuse is pushed to the working face anc placec,

2lacement and Compaction

Placement anc compaction of the refuse is by the area metnhoc u;il
zing crawler tractors (or other suitable means of compaction; i.e
sheepsfost rotlers, landfill compactors, etc,), The size of the
working face o7 a cell is not to exceec what can be compactec ans
coveres gaily by the ecuipment, In general, the wictn shouic nct

100 feer for each crawler tractor, Refuse is soreac anc cCome

in tnin lavers not to exceed a depth of two feet {comnacltec
materiall, Maximum comdaction is ashiever by working the refuse un
the slooe of the working Tace anc naving the crawler

muitisle casses over the material,

Indivicua! cells, composed of tne compactec two~foor lavers, wiil not
exceec a total degth of 10 feet, A 1ift, by aefiniticn, is & laver of
cells of common elevation, (See Figure 6-8), Fina! siope
s to be greater than two percent, but less than 25 percent

Dust, odor, and vecltor control

programs will be initiatec as necessary as discussec in SECTION VI -

B/ IRONMENTAL CONTROWS,

| | | AR10193

nIowime TS5 10 de ok




cally Cover

At tne enc of eacn working cay an earthen layer of six inches (compacted

is to pe placec on the refuse lancfilled that day. The earthen

.

material snall pe of such character that it can be compacted to mini-
mize osercolation of water through the cover, will not crack excessively
when dry, and possesses nc putrescible material or large objects, At
the sresent, it is felt that sufficient cover material is contained on
the additional tract of land tnat has to be purchased; if tnis is not
the case then it will have to be brought to the site, All caily cover
wii, de periocicaily inspectes anc any Cracks, Eroces Or uneven areas
wili pe resairez, Any area or wnien refuse will not ne lancfiilec for

one year wiii receive two feet of cover material, 7 cover materia!

cf tne type cescribed above s unavailable, aeptns reacirez will oe

. /e

The nes lanctiti s & controliec danetilly all leatnate generatec is

tne lanc?ill by the liner anc cannct enter tné suf-
zec’ocic formation tani face croung-
The cquantity of leacnate generated {5 resucez by uwtilizing
s recuce stormeater infiltration into the lan
rozer grages, aspnait membrane  anc vegetationi, Tae
coilectec by a combination of tne protective layer for tne liner top
a aric of perferatec pines claces in that laver. Movement of

ieasnate sums or tuwmzi, From ot

ARTO193S




e is releasec ¢ the munictisal sanitary sewer system
eatment at the municipal sewage treatment plant. The above
contrs’ renresents the pest availacie tegh=
nology for municipal~type lancfills, Projected flows of leachate are
very smail when comsarec to tne daily treatment plant flow, much less
shan tne five percent of plant gaily flow that might cause plant opera-

tional proslems, 1t is expected that pretreatment woulcd be unnecessary,

het a surcharge will be levied against the landfil} besed on Bio-

Snvger De {EC.) &nc Suspenoecd Solids {S§) concentrations

anc the Cuantily e releasec, Tne Department of hature' Resources

recsires that leachate cuantity

te the Lezartmens when requestec; tnerefore, comclete recorgs

@5TE5 1 ISNES CuTING Site DPresaration wii. De M&inis.nes
anc
crations, Samples will! be tasen/ansiyaec,

esariment on @ Quarterly basis.

S.rsurface Wate” Manzzement

ietion of wne linec lancfill, it wi!l be necessary o continu¢
cortaminant rezovery sumping for several years until coniaminanis are re-
moves frov the acuifer, Luring constructior of the linec Tacility at the
Celi~Aversanc Site, & certain number of wells (maninmus of 25 woulc pos=-

sic', recuire se&ling ame anantoning, Since the coptinueiion of pumoing

AR101936




will be nesesse~n, & oian of contaminant removal well instailation
will be enactec based upon staging operations of tne landfill, Re~
covery wells will be arilled on a.one-at-a:—time basis as the need
arises, Tne stancard for cessation of pumping will be based udon
water Quaiity noted in passive observation weils, Wnen the water
quality in these wells approaches USPH standard limits, it will pe
rezommendes tnat recovery wells be shut off permanentiy. Recovered

thus allowing nature! "recirzulation

‘o ground water, if intercestec, will be gonzucies along
streaw cischarge point anc wili not come in

in the nen lanc?il’,

be pronibitec, Geles or barriers an¢ fencing wil' be usec
atless rofls to the Sité wnen operalions are not tein
Ir the aree. Otner means of limiting access to the ares w.

srovices as necessary,

AR101937
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COTMUr i SEL 10Nt

Telepnone or radio comnunications v’ be availatie at or reacily acces-

Fire Contre!
Necessary measures will be taken to prevent an¢ extinguisn fires; adeauate

ecuipment for minimizing fire hazards will be kect on-site,

ne snelter wiii pe proviaec for the em:loyees,

IR101938
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hooigent Freventior anc Szfetv

An operasion safety program will be establishec for the site, Al!
emplovees will be familiar with this plan,anc especially the emer~
gency plan for hancling aczident victims, In order to minimize the
nazards which might cause accidents it is recommended that the
following be included in the above safety program:
Special attention snould be directed towards control of
lancfill gases and fires,
ARy suBStances thal are suspectec to pe of & corrosive,
flemmadie or exclosive nature should be segregates ans
rancie:z secarately,
Reduse excavation, transpor: anc olacement ecuipment sheuic

be seieciec and operates in g manner that minimizes fire

SNMO..4 De PrOYECIES Dy $DECIG. CIOTRING 8N2 &delic.

tme lancil equipment
firstma’c equisment should pe
points on=site,

Frecuent inspestion anc tight supervision are & key e'ement

in meintaining acceptable safelty practices throughout

ane Scavencing

Tnere will e nt Saivate Or staventing Operslions

sate,

ARI01939




F'na' lover

A1l areas whicn are at final! grace will receive a final cover of
earthen material, 1nis material will have the same properiies as

the daily cover and will be compacted to a minimum thickness of two
feet, Final slopes will not pe less than two percent or greater

tnan 25 perecent, Al final cover will be seeaed with inc appropriate
vegetative cover to reduce cust, infiltration, and erosion, The fina!
cover wi!l be maintained so that no cracks, eroded or flat areas are
allowec tc aevelos or remzin, Tne final cover will pe unaeriain oy

an egscneltic memsrane to furtner minimize infiitration,

Tne fing! tooogrannic features of tne completec lancfill site (poth
.

the Llangollen Lancfiil anc the new size) will pe aeve'odve: in the

One concest s presentec in SECTION Vil « JOMP

zvion Consro!

until the new lanc?ill is completec anc the veaetative cover estaciisnes,
provisions for secimentation and erosion control will be provides, hew
nefitl areas will be aesignec in a manner thet minimizes entry ¢f run-
cff waters into active cells, Figure 6~ illustrates mesns of runoff
vater diversion away frow tne working areas, [rainage oevices consist,
pasically, of runcif civersion cnannels at the comgletes aress and civer-

c

sion crenne’s at the end of tne presared ares, Collecter ruacf! water

RI01940

wiliotnen be civer~tec ralosuriace waler ore
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|1 be aesigned in & manner that minimizes
ion anc¢ sedimentation proviems, The followine means of controls
are recommendec:
» Drainage channels, designed to handle the 25 yr,/2h hour
storr,
Terracing steep stopes (over 20%) every 25 ft, of height,
uction of sedimentation ponds for silt removal from
finished (and unvegetated) areas, at 0,6 inches per acre of
disturpes area, unti! vegetztion is estac!ishec,
finz! cover will be piaced on finishec lanafill areas, anc
vepetation cover will be establishec to minimize erosicn

cover,

gases is contrcliec oy tne liner
movement udware throuak the porous protective layer., Gases along
will pe ventec to the atmosphere through & series of
through tne final cover, into the sanc layer, A gric
fec over the entire surface of tne lanc”il)

in the ventinz ¢f gases,

ARTOI 94 |

"”1":(‘,‘”)




VII. COMPLETED LANDFILL REUS

Alternatives pf Reuse

Appendix D of this report includes a detailed discussion of alternative

reuse plans for the renabilitated Llangollen Landfill,

Four general objectives for landfill reuse were utilizec as evaluation
criteria: (a) maximizing site utility, b) compatibility with lanc use
plans anc regulations, (¢, assuring environmental®control anc & minimizing

cost of imalementation anc annuz! oneration,

“eior alternatives for reuse evaluatec include (3) recreationa' use (park
with or without a lake, aolf course or piten and putt course) (t zultural
incustria) or residential use (industrial park, resicential housing

or new lancill on the old wlangsilen site) anc(d) “ac neining' alternative,

Technice! anz economic evaluation of the above alternatives favors site

revse for passive anc active recreation, including lane anc’/or pon:,

Site Develooment
Site development anc relatec costs can be broken gown intc tRree categories;

Site Preogration ant lLandscapinc -~ Cost items wouic inlude

trees/revegetation, riperap at the iniet and cutlet of tne lake,

ditionag! cover materia! as neeoec, e€ts, Thesc item: reoresent

setween "0 oana 2T percent of tne total investmers, Al1| 0 l 9 h 2

N
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Attivities = Activities woulc incluoe items such as tralls,

‘ootpricge, sicnic area, spor:a&ielc. playfiele, tennis complex,

anc pernans & boat launch anc swimming beach, Renovating the
Grantham house in a historical context could also be considerec,
This category at cost would represent between 20 and 40 percent

of the total capita! expenditures for reuse,

Support Fazilities - This category encompasses items |ike roaas,
parking, maintenance building, utilities, litter baskets anc signs,

Tnese costs represent between 35 and 55 percent of tne totz! reuse

investmens,

is a tonceptua! Reuse Plan of the entire site, AS srhown on
site ¢f 101 acres wouic be divieed into aps-onimately

3k acres ¢f lane anc ponc, anc 8 acres of land,

Generaily, attivities atsociatec with active use intrease as oneé proceeas
eattwars o : ' T residents of Liangellen
ive use facilities ac acent to parsing anc
access road, Grantham Road, The nature area and slayfielas
O cue nortr of Llansollen Estates, Tne sporte fieids, tennis

comzlex and maintenance builcing would be north of the slanncd incustrial

uSe area, A wosaeT BICNIC ares would provide a bufie~ belween the pre=

dorirantly active~use &rce Lo the east anc the precominantly passive~use
Y

to tne west, The iinic are: woulc contain the On', extentive wooced

ARTO194g
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the lawe, Trnis localizes tne neec for incressec
on the new site, thus minimizing the comclexity of the

ring tne rehacilitation projecs,

A peaestrian and picycle trail circumscribes the lake and pond, thus
facilitating access te all points in the park, The land bordering the
railroac tracss exsends southward into the water areas at two points,
The extended lanc area on the west forﬁs the fish pond, and the one on
tne ezst Dreass ur tne mInotony ©f tne northern slope, Togetner they

acc ar aestnetice! . to peogle south of the lake anc en-
tizetion of the pars, A grassy mounc, lotatec
corner ¢f the parn, provices a visual parrier tc neighzoring

incusirie! cevelooment wnile functioning as a ''look-~out'' noin

ertire sa~x, Snow slezaing in tne winter would alsc ne possicie,

tne aesign anc acceptance ¢f &
visnes orior te design of the renasili
to asture economy in the entire program, (2 Tne sccuence of the renace
ilitation ooseration shoulc proceed in a manner wnich will enable parx
aeveidoment 1o ocZiur over & perioc of time, (3) At the comsletion of
renat.litation, tne clones will have been seeaec, Fars cevelopnent
nment cf the lake anc pond configurations,
truction of tne pecestrien ans tic

il

ter cevelooes efter revesctelion

~
-
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tne boat iauneh (for smell sailing craft) ana tne Swimning peacn would
best be accomzlishec last, and after tne lake anc porc have reached

ecuivibrium anc are proven safe,

In summary, site reuse and its development could commence immediately
after rehabilitation, Final development can occur at the discretion
of the Degartment of Parxs and Recreation and in accordance with the

County's desires, Final development may extend into the fifth year cr

ne comzletion ¢f the rehabilitation project,
L]

cf reuse asvelor st will pe an excellent gark resources~
can be prouc of owning anc ong the community anc surrounding

v for years to come,

IR101945
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Vit ERVIRONMENTAL IMPACTS AND CONTROLS

Genara ) mpguirements

Iz is most appropriate to call the Llangollen Landfill renabilitation

.

il

an "environmenta! control program’, since the sole reason for it is
tne apatement of groundwater contamination by landfiil leachate,
Lonsequently, high emphasis is placed on special environmenta! controls
through tne Janofill rehabilitation program, Several environmental
aratiens are envisiones curing lanc’il! construttion phases; odor,
leazrate, " f, fires, blowing litter, veciors, wilclife,
coerator safety, etc,, are of ma'or concern, This section of tne
rezors cefines such probleme anc recommencs remecies for their control,

Tne crite~iz for seleating various environmental cortrz!s was Sasec on:

econo~.ce, effective

inate whe propiems, but will rather minimize the'rs

the environmens, local residents ang comstrultion personne.,

expectec that,even with the controls, Some acverse impacis anc inzone

veniences will resalt fror relocation of the tlangcilen refuse, However,

with croper controls anc public relations

resioents anc environmental agencics will tolerate these temsorary

inconveniences, especially wnen tney reglize thal the £rograT will

i 1rEMCNCOGE ENVIFONTERt:  ENC BLSINELil DEAsTils 1D
ART01946
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neézse and {o~srol

te' consioeration in the Llangolien Landfi)
of maloosor from partially oecomposed refuse,

ve 0Cor controi program i$ necessary,

environmentai nuisance problems must also be considered,

fugitive dust, rat anc fire provlems,

Tne ocor problems that will be experiencec during the landfill relocation

gre of sucr an extent tnal coiiection anc venting the 0aors to contro!
cevices are not feasitie, The cost for cestruction of the malonors
atscrption would be unreasonably hign,
iy, it s not tezhnically feasicle to implement coitection of

eir volumes, (lounteracting the maloqors with chemicais

tecnniceily anc econsmiceiiy feasitie ocor control, hearly resicents

reening System between i

S fyinz chemice's,

gram nas been suscesefully completec

At this landfill, twe million cubic yards




The chericz) SCreening system g imciementec Dy vaporizing ocor-counteracting,
aromglic enhermicais througt orifices in nipe wnicn is laid arounc the land~
fil) perimeter between the ocorous sources and the residences. At
Lylangollen, approximately 4BOO feet of pipe (stove pipe) woulc be necessary
to imzlement tne cnemical screening between the landfill anc nearby

resiaences a2 Llangollen £states anc Wilton ape tpe commercial ana business
e pig wre e

establishments along Route [Z. Twenty-four hour per cav screening could
P

be implementec,

Tne GSl” osireening syster, sifaving the refuse wiin odor-

s IS aisc proposec as an integral part of tne positive
DE sDrayet with

¢ arohetic ecnemics' rixture, On'v on-site

nowever,

grpe-ienze for £iotale tne fredeens. of soraving tne coen

NI




.:nis spraving snowic te conauctec at the enc of eacn working aay, The
eavavetes mateérias shouit a.sC be sprayec after the refuse nas been
loaced onto trucks., 70 further reduce odor potential all loaas should
be coverec with a tarp after spraying, The roadway shoula also be
periocica ly sprayec with the chemical solution, This will pe necessary
especiatly after wet refuse has been transportec, The new lancfill
wOrking area may aiso need to be sprayed occasionally, AT tne end of

operating ecuinsment sneu'c De Sprayec

1,000-2,000 ga.ions capacity, containing the ooor-abatling
iution, must be availatie for use as neeczec,
be Sorayed anc thai he wirning

may need sorayinz ORly intermiztenti,

Sztel uLOn DrEvVIsLS BXDENIEnie, % hat been estimatec
ooLr-sounterastling chemical may be neze:sa~y

e exdavelel materian,

ARI019L3




iy eliminate 200 mal

retocasicr,  Tnus, westOn reCcommencs Severai Other measures:

The refuse in tne new lanefill must be completely covered

with clean soil each evening,

.

The tanc®ili relocation time snoulc be reguces as much as possiole,
eitner by working both enes of the landfill simultaneousiy
cr oy using more equipment to double the amourt of refuse

removel,

tationg effort shoulc be concutled among the nearty

r

exsigifn the shori-tern intonveniences {(i.e¢., maiogors,)
rorovenents i,e,, elimination of water ooilution,

an of a green

‘ronmenie .

truCkesir Orcer theél the roacs anc oper Qrount areas mey be ssrayed,

pesvieen the tancfills shoule be oilec and re-oiiec

oreve~t fugitive dust emissions,

The seconi snre 5 il fighting eauioment
fire fignting equisment
Siiut, Cut te

- ARI0J950
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waste 2iis anc chemicals that have been cisposed of at the landfill,
Frovisions for fire-fignting equioment Can readily pe made with the

5oray Trucks the landfill for ogor and dust control,

we also recommenc tnat

all loading equipment have air-conditioned cabs

for tne operators to protect against possible fire hazards, Acditionally,
trucn cdrivers anc

otner personne!l must not enter the working areas while

excavation and loacing is under way, This prohibition should be enforced,

cteztior but for genera! safety ressons,

is expestec the lancfill

is cisturbes, rofents, espelic i

These rats wii. invade nearby residences

ic implemenied, Tnus, it is netessany

conirol orogra~. A sublontrattor wne
tne rozent iness snoule te rirec for tne curation of

AR10195]"




ECOLOGICAL IMPAZTS AND CONTROLS
fcclocical Impacts

!, Shori-ter~ Biclesicel !mplieca:iont of relocation of the Llangollen landfill

and development offlake on local biological habitats will, understandably,

be adverse, Existing terrestrial flora and fauna will either be destroyed
or dispiacec tnroughout the arees of the proposed new lake and fandfill,
Sore aisturpance cf ecclogical systems adjoining tne project area will
Metile species such as small mammals, birze, repiiies and
migtEte 1O surrouncing wooclanss anz marsnes ¢
Se8ts, DUt sucr astion will genera.ly meet with

for gnace anc foor ang, thus, reaucec Overel.

cormurities will be acversely impactes by physice!l remove.,
Srownt welte® 1evElS Zurirz CONSTTUGLION, 4T Cuti SETETEL.OM,
lreen ana Pong wiii suffer nezitive
roacs, erosion fros the recpenes ianciii,,
cegresation ¢F water cualitly, Noise, and dust, However, severé) valuasle

mitigeting reatures ere aveiiatie for the Proposec prijEit whloh w

wid

mirimize or elininate asverse siciogica! effects,

Lo iSnceTpem Freirctpz]

e i




U, APy Boar e opresentiy ot & oacvances state of cylropnis
Cation: waler gue. ity i¢ p2ar; sez.menlation rétes oLre Riun; emergent
vegeiation covers tne upper 255 ©f the ponc; anc thick, orzanic cepos:tis
rencer most 0f the benthic environment adevoid of aguatic life,

Present aguatic species are limitec 1o carp, turiies, anc & few snakes

. il
P in

Assessment of Army Creen, 8 Decemper 167

The ponc and downstream arcas are obviously
Gaverse.y imp : nate from ine i "oty ceiressee
species civers. iy anc population asuncance, d : esent

yeare, soen

rege 15 POOT; Mitiget:

nitrate, pnospnhete, §

cspension of organic particles in tne witer
ior of rich secimenis fror

be aveioes

. o
Lane wiil




raturé. leacnate entering the loke curinc cevelopmenta: Stages. pre-
vertion of organic muc from Army Ponc entering the iane, estaplisnment

¢ snoreline~stac.iizing veaetation, anc stocking of sports fish,

Jse of lanc presently occupiec by the sand and gravei operation for

tne preposec new iancfill will entail few adverse environmental impactis.

Present lack of veagetation and wildlife over most of the site allows
for littie aisturbance of indigenous biota. Lining of the new landfill
prevent leachate from ertering Army
fror contaringsing neardy terrestrial hasitats, Seecing anc

fsher tancfil) will pe necessary IC provige renewes

w“ses of tne area,

procuctivity ¢f ine rew
lane, incoming weter cuaiily will have to be
hul7ienimricn waiers wouic acceierate growtn
&nC IndS Speed up the aging ane filiing~in ¢f tne lanc,
Furtner, sporte fisn suen as largemouth bass, surfisn, pe-cr, welleye,

fian enz otners v not long be able to encdre CORCILIONE as ure

igec by cORELruciior &F ONE OF MOrE OnE-acre

crougslreat of ne Lucn u»lﬂRlO |°9‘5l;




saspenges so.lce Lo setlie an g & mecnanism of nutrient uplahke

oy ! s jn these settiing pasins before sucn substances
fane., Also, water presently in Army Pong, containing

¢ilute pumpec leachate anc large concentrations of solids, must not

be ailowee 10 flow into the new lake, Rather, the pond shoula be

Wrainec vie the existing stream anc be alilowed to emply into tne

Delaware River,

i, Seoimenteticn,

~SuSDENSED DEriiCies wit), wiinowl Guestior, enter tre nes iaéne vié infiows,

to iR situ procaction of plankion anc

¢¥ great acvantage o Minimize  tne amount

er compiesion of lawne consirusiion, This

reiease notrie

. . " . -t cat
ant,  rutineT coenetithal

i remive. G the

Vb

e belavare Jesestment of mignwave élong the weftern ¢cie of

in¢ﬁaF,ﬂR$&1955

{li’:.a'}.',‘.‘/j




Terresiria)
[

~insofar as tne new!ly aeveioncs facilities wiil consist of a lene with

adjoining parx, &il possible efforts at minimizing damage to existing

wooclands anc vegesation shoulg pe exercised, Tree borgers, small wooen
lands anc fence rows should not be camagec auring construction, Not
only woulo existing woogs around the existing lardfill proviae valuable
aesthetic highiients to the lake and park, but such trees anc Shrups
will minimize erosidn, im . 5, provice overhanging

adna, herdor many

cemrietion of the project, Roac con-
Tane? 1l arees snoule be concucted

of ne site

Meintenence ©f @xisiing vegetatlel areas wi
nawnt ang owls presently re
projest arce,

as tne rodent popuiation

¢, lang snanes)

AR101956




feecing of tne avove. Sucn impact 1S unavoidabie, bul rot consiaeres
cf me cr conseguence cue to the stressec condition of the pond hacitatl
as a result of leatnate inflows, Many species will quickly find their
way from Army Ponc o eariy fragments of the new lake as the latter is
cug anc filles with water, Other species, notably fish and inverte-
srates, will recslonize tne lane from populations existing upstream and
aownstrean, Forage anc sports fish (bass, sunfisn, walleye, pickerei,
cctfisn, and otne s wiil, however, have Lo e impericc and stocked,

pesiEs gitner &2 ndY Inrive in the small Army Cregk of

intC the new ane from cown=-
fisn-ctocning program will have
fisr test atle to survive | nc 1o cevelop
siructures pest su,ted to their neecds, Selective

6° auuetic plants or emergent vegetalion cover

invertesrate spegies,

ARI01957




%C\,\ TON E
/Pre_hmmq\ u CD‘”‘ E:‘.\_T\W\CL
e O‘ Q‘% ES“‘\\“(\O.’TQ%

—F\Q QG\" e%\ \\\\Q\C$ LQ(‘ Xme. Vctommmé\cg Q\jﬂx V\U\s\\\c

. 2 b@i\'\ qc,po.\"c:‘; b\%iﬂ%\m C\lC\STQ O\"O\C\\\"'ﬁ—() QCOYY\
2 \\es TON CST\W\QT\\.Q 5@:}\0\'\ C—L»E\\\Q&m S \Q\\Q SO
L\Q\\%C‘L\m Qves, T\ xouou\mo QCf:TS Qre Q“e\mwx Staty
\ \ \
N O ey \QT% L»b\\\ \Q\, Q@C\)C\VQQ qumg

~

- ooy \ VA \ E‘.- .
SATTONTAGN O T2 \D\ R0 andl —\\\e l\‘ﬁQ\\

SR L B EPys \ -
"o . il U S S\O\’ G CCW%O\“% wncdude \w\wz LOéis

: - \-—-f‘/\ AN Px. \ \ e . . -L
Q‘\,\Qu @) u\".‘x\ T\\Q \ﬁ,\\)' QX \C)-\E C\\f\O \-x.«\k—‘- l‘p\\’\el‘/”\ i
L § \

-AQt.TQ\; fiOuTenGNE Cmu O\'\J&"‘\V\CS \)?‘\ Vg -yo

\ \\ \
W\c CC CQ’\:\QL\"L NN O \\“\\\\

AR101958

AHTIA




L ond onerathion (este

?\ 2eie Del \"2\\@(83\“0 %\'YC’.

o) %Q\’QC\\. \CIT\\”QM
166,000 ult @ 045 & iyt

L
\JQ\ \\*\:\.e e slopes

\\\KT';,\ \0.\ v\\Q\\ \\G_ O{\%

142,000ud% 6 140 Gnplod S0 200,00

AN \ \ -~ PN
0y Groprdiuss Tﬁx SraUISIoN

\.J\ 1—

\Y
AO@D \ne.,\r Yoo T Xr(‘@m&m
| "\i L
L Q.TT T\\\QC\ Loy &%

Qr u\%\\w S*Omc )
3020 MC "G ©.5D v/u’“\j

D Leadnate collechion

Lsamps & 100000

20,00x

‘ﬁ faenp> 200,00

) 5008 ot bl 120000
AR101959

oA \ A
\\,\”\l SR T < ﬂ\ ol

’ ll\.\ ;\./’\

muﬂg‘o

\\—\




. e NG UO\\CSJ\\Q\N

&\ CS-U\‘SGL
£1,00048 o s

) Sahuated \*e,& N
3000 o B Q813 g’

Visroral

e sa:)r—mm c- axco\\wc:l\\w TG
el ~<,\c:>\~ 5 Decon ;
15200 1B uf & 030 Sk

~oat <\
- Lo Coemmens T hew, e
1I000 o & 081 $h

A
Land cost
(05 Oures m\ (A‘B D&\( Ralersan0

20 odditiona) Frack) S 00,000

Ly Ay

, L\cmu.m =2 Cann G Sallpay Q‘CUQ)OOO

~ ) - ~ _L \ . : .
O JCer Comire AR:“ 0@@0@:\)
NNt A
:Q\ - ._\\J\ u\,,ﬁ,. ; \’_‘;:T;C‘ﬂ\. 3 {OD}/\“ 0

~ ' \
-~
Cu ~ < /l;"l

v




\PO@Q\\\’ No\'Js "oc o\ d\slm bed arens
0 awres @ 100 S/awse
C. M '\.ec@\\c\mo\xs (yecker conted) C\\xsr
wn \co\ FORA ,SENRC S c_hxm capnolr
ey 0 \NQ\

Ve

P
Il. C—C\A —T (\_\e\’\i\ﬁs \ E\'\AG\\’\QQ\ \V\%)\NC\Q\\

/‘ \

LG =N \\,-\\\"’ Q:‘—D.":

: \
'«\'\\\\'\P\ \_/r\‘\ ’T.\ k'\’ (\?m-,.'-%

) ~

A
h’D‘s H \\ |U\\‘Al:>\ \.«Jv(’:.)\\ \\f\.,\ , ‘S b C.:) |,/\\_,

2
\.-x.], czm:x..u. /\.w.w«.ww \w,wo

3\\\\,\&\\'\ Olex \'\,,\\(\\u(\"\\(,ﬁ AP

AR
LSS

Duene @ 10000 Q/uc;,w S{,0Q0.000

RN \ 0 -
\"\ Co=T O7 The ‘J\Q\g\j CNee *\"6 UECo TINe

\ ("\ -t

LY \ L TN £~
U‘\’D\l Q\ ﬁ\/\-C‘\\\"\'U CT e 2 Jmc\\ TOWLS ﬂmm\g

W
\wm Tre HiS Faree Lesre)

0071




AT RETOMMENDLTIONE

of the «langoiien tanciili is

the janafill, In spite of the
recovery programs leachate will continue to migrate towaras major

water users in inis region, where a water deficit has been forecast.

Grouncwate~ Po!lution can pest be controllec by removal of tne source

inaticn (.'ancollen refuse) and by recovery of cortzwinanis

Dy operating & sattery of

intluge nycrogeciogic isdietion of

inzireration of Llangcllen refuse, dispesal of refuse in

ans renatilitation

remavg !

VG

ine ﬂ.RD’ g 9’6?9

nantith




tancmiz Facsers Yaver tne belawere Sanc an: Gravel
ownes by Jell Aversanc, as the new

v
Ao
ivwd

ion for the
~lange'ien refuse,

Llancolien Lanc® !l Renabilitation

plans consist
of: preparation of & new site; transfer of refuse; placement, com-
attion anc cover,

collection and treatment of leachate; management

of surfaze ancd subsurface waters: and renhabilitation of tne Liangallen

THE New Si%e L2

is estimatec Valiiion
. engingering, and adriristrative coste, & $20C,00(
~al five years or recovery, leachate
meintenant

nanie,

coss effestivenass, ¢d

coct, reletively short time frame for completion, net
tasogyers Over otner alternatives and rencering tne firished
areas suitasle for beneficial uwsed (such as high~cu

converting tne nen fanciil)

Recreetiona!




srograT incluge ogor, dus

OnLFTIS Curin

rogert anc Tire contrei, maragement of surface anc subsurface

vaters, coifestion anc treatment of leacnate, ecclogical controis,

Ft naniiitation Procras, tne county wil!

After Lompietion ©

have 1o continue onerating tne recovery wells (for about 5 ycars),
maintain the lancfill surface oy

lilectet leashate ir &ne

rESOTTENIES that NG L0ty Tevien

v COTMTERTS 10 Ine wesian Frojes:

"

It is recommenaes that e County aulihorize

engineering design anc cid package preparatior

for tne renosilitetlion prejest.

asCuire 'anc, é&s

‘mreﬂﬂtaiﬁﬁg




Ps mEIoTRACCD ot tht SOumtv submit this report Lo
the selawere Desariment of halusal Resourtes, (ONR; for tneir review
ang ‘atprovaieireconcest't on tne renabiiitation program, Official
permic application can be sudmitiec to DNR during the engineering

gesign pnase of tnis project,

ARI01965
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ALTERNATIVES FOR

General

Four alternative plans were developed for the renabilitation of
Llangollen Landfill utilizing the basic considerations listed in
Section |11, BASIC REHABILITATION PLAN, Primary emphasis was
placed on the plan being technically anc economically feasible
while proviaing a permanent solution to the aquifer contanmination
probler within a finite time period, The alternative plans were
developed, evaluates in detail, and one plan recommendec, The
f20lowing subsections present the alternztive plans, tecnnical

evaluations, econc~iz evaluations, and the recomenced clan,

n of the foar alternetive Sians is techrically fessitle arc

v

correzt, utilines tne pest available technoloey for landfi!

1
coerztions, and complies with the State of Delawares reculeziont

howevEr, within each glternasive
tnere are positive {prost anc negetive {cons' aspec

listec in this section,

Alternative Plan & (Trars‘er Portion of Refuse te Pioeor Poirt)

This plan consists of transportation of ar
refuse to the Pigeon Point Facility for disposal with utilization

of a rehatilitated Llangollen as the lanzfil) site 7ur the remainger,
!

Sec Figures bt and k-2, Lancfil} rehadbilitation {rezorstruction;

wil! pe achieves, undes tric plen, as foliowns: AE]I 0 l 9 6 6




Bre

et

quantity of refuse (recormendec sterting
point west enc, surface arec aporoximately € acres/volume
300,000 cubic yards) transpor: over the roa? o tne Pigeon
Point Facility.
Prepare vacated area for landfilling operation (bottom
anc slope renabilitation, ground water interception system,
liner insta\la:{on, and leachate collection system,

£ e additional Llangollen refuse and landfill in newly

A$ New areas become vacatec, Drepare as 0esIribec above

fer future land?ill operations,

soraying .
stisnmert of vezetetive cover {lancsce
rezreztiong: qreer ares.

EDT

he adeitione! lane hat to be acquirec,

400 construztion and lanzfilling activities &% one site,
any environmerte! contrcls recuires {i.e., groand water
i

intercestion, leachete colleztion, osor, eis,. woule te

rini~izec ir COmDErisoh fe Operating twe

AR101967




e lonstruction anc rehasilitation procedures will not cause
any crange in the monitor and recovery well sysiers,

e This plan offers a definite solution to the aquifer con-
tarinetion problem at Llangollen, Upon comgletion of the
landfill, leachate can no longer enter the aquifer and
the acuifer will be cleansed by natural infilzration over
a period of time,

o (Cormolictec landfill will be a useful recreationa!

aree for arez and county resioents,

[ ‘cons)

e Hauling portion of refuse {15%) to the remote Pigeon Point
Facilizy upsets the econories of sczle cue U5 the use of

over-tne~rcsc naw) vehicles anc loss o a portier of Pigeon

o Cite cewzlering process hes to be comdlete anc continuai
areas will pbe cry enough for renanilizetion,
volumes of fill reterial will be purchases anc
raise the bottor above the water table /360,000

vde. ),

sige slopes have to be rehapilitated; photographs of

Llangoller pit before land®illing incicate siopes greatly

extees the recommended maximur of 2,51 (2.5 feet




iling operations witrin tne same
congestion protlems,

where the natural clay confining laver nes oeer dis-
ruptec or removed aoudle lining will be necessary,
Cover material will be purchasec (162,000 cu. yas.))
none available on~site.
Impossible to formulate a tignt bic package anc receive
fire bids fror contractors (bids will have to contain
coniirgencies t0 compensate for the possitiiity of un=

forseer oronlers

AR101969
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Cost CF Alternative Plan A

Site Preparation $1,790,000
Lanz®i !l Liner and Leachate Collection 1,660,000
Refuse Excavation

Refuse Transport~=Pigeon Point

Refuse Transport~~Lianso!len

~Pigeor Point

on, Cover

Ccor Consrol
Seeling Liangol ler

‘11 vegetative Cover

Suttone!

lantingencies, Enzineering, Legal,

maministrative {osts

Corziruing Cocte

810,000,800




tlternzstve Plam 5 ‘Transfar Parcior of Refuse sc 7€ & ¢ Ple)

Alternztive Plan B~ Trarnsportation of an initial quantity of

refuse to a prepared site at the Delaware Sand and Gravel Pit
v utilization of & rehapilitated Llangollen as the
arc®ill site for the remainder., See Figures A~3 and A=Z, This
concept will be achieved by the following steps:

hcquire a portion of the DS £ G Site [(minimum of 15 acres),

Presare § oescrises

&t wess enz  {approxi-

transpors o 28 4 G

. GUEES DEIOTE VELE
epErEtions,
titer a)) refuse has been excavatec and land®illed in a

renart litates wiangoilen, placement ¢ final cover, lanc-
g ,

scepe and prepare for final use,




conories oF scale are realized,

DS & G site is visible;this part of operation readily
defined anz evaluated,

This elan offers a definite solution to the acuifer con-
tarination protler at Llangollen,

Comnletes landfil) wili be a useful recreztional green

'

area,

lane {rinimar cf
Dewatering process has to be complete
DOTTO™ areas w.
L
ones exzeed
maximam of 2,50 |
Fill ~eteniat will be purchased to octain retuires sl
(182,000 zu, yds.),
Excavation and landfilling aperatiors within the Llangollen
site increases traffic congestion protie~e,
wWhere the naturs! clay confining layer has decn cisruntec

Rt
[

or removes at Llangciler dounle lining wiil pe necessary,
Cover material for be

hé /e O cOrst-uct

4
H




Construztion and landfilling will cause ¢ne rcwoval,
grouting, anc reiocation of some of tne monitor anc
recovery wells,

Impossisie to formulate a tight bid package anc receive
firr bidas fro~ contracters, (Bids will have to contain
contingencies to compensate for the possibility of unfore=

seen prodiems),

AR101973




Coer of Alternztive Plan B

Site Preparation-~DS & G $'130,000
Site Preparation~~Llangollen 1,790,000

Landfill Liner and Leachate Collection=~DS & G L5C,000

Landfill Liner anc Leachate Col]ection;~Llangollen 1,660,000

Refuse Excavation 870,00
Aefuse Transpors 680,000
Refuse Placement, lompaction, Cover

roOARS

Hydrogeologic Contrels 158,000
Cdor Contred Z50,u8l
Sealing Llange!ler

Langfill vegeztive Cover

Fiscetlaneoc.s

Zontingenzies, ingineering, Lecal anc horinictretive
Costs

Continuing Cests




Alternative Flan 0. [Temporg~ Sicrace of Poriion of Refuse

Alternative Pilan C - Transportation of an initial cuantity of refuse
to a temporary storage site at tne opposite end of Llangollen with
utilization of a renadbilitated Llangollien as the lancfill site for
all stne refuse, See Figures A=h anc A-l,
Excavate initial cuantity of refuse, recommenczed starting
point west enc, (approximately & acres/300,C00 cubic yards)

& temscrary storage site at tne

eN (recommenaes egst en ., wasles store:

will pe ) : veres, ant provisiont

eat ¢atm ¢t ace runcéy

in newly

The 50Ch: les




Congiruction anc renacilitation procedures will not cause
any changes in the monitor anc reiovery wel. systems,

Do not have any hauling to a remote site,

Ful! economies of scale are realized

Tnis plan offers a definite solution to the aquifer con-
tamination problem at Liangollen, Upon completion of tne
lancfill, leachate can no longer enter tne acuifer and the

aquifer will be cleansec by natural infiltratior over &

Comsleted langfi'! will be & usefu! recreationg’ green sree

for area ancd county residents.

heszt Tong’

o Dewatering protess has to be complete anc continua’ sc potiom

areas wiil be cry enougn for renabilitation,

(362,000 cu, yes,) wiil be surenasec anc plates (¢ rg’

tne boTtOY above tne water table,

Cide slopes have to be reracilitates) phetocracns of the
ilangollen oit before landfilling incicate slopes exceed the
rezomnenzec maximus of 2,511, F terias 220,000 cu, yes,)
wil! be purchasec and placec to obtain tne Z.5:1 siones,
Excavation anc landfilling operations witnin tne same site
increase traffic congestion prouiems,

wnere the natural Chay confining leyer nay been Il

couric irg wl L ore ne!l{iwliJ,




Materig.s tnat are temporetliy stooxsilec are cacble hancied.
Stockcile ar aocitional source of contavinates runoff ane
ogors anc will attract vectors, cirds, and wildlife,

Cover miteriei will be purchased; (160,000 cu. yd.)} none
availabie on-site,

Imzessicle 1o formulate & tignt bid sackage anc receive firm
bias fror contractors (tids will have to contain contingencies

to comoensate for the pessibility of unforeseen proslems),

ARI01977
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Alternat ve

Aefuse Transpers

fefuse Plgzement, lompaction, laver

2soman
250,000

[T
[RUSNaas

L mee ans
il

§8,2:0,008
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“iternative © . !Tra orefuse 1o DC oD Bien

Aiternative Flan D - Jtilization of a sreparec DS & 0 Fit (plus
some aacitional, adjacent land) as a lancfill site for the Llangolléh
refuse, See Figure A-5,

AsGuire the new site plus an accitional tract of lanc

acjacent to the site (minimum 10 acres),

Prepzre & portion of the DS & G Pit (bottom and slope

renatil tgtion, growns wate! interception svster, iiner instail-

te collestion system) sufficientiy large

tne start of landfilling operations {5 scres,

arect of DS & G Pit at wney are resz.irec,
¢ oexGavetion ODEraTIONE &t
GnC LOrrest areas wnere tne
testive ¢lay layer hes been removel cr Ci

jower tae infiltration rate ant %0 aliow Su. i

SR

(l(l,’l'ﬁ'"‘ 4

P
o




Full economies of scale are realizec,

Degree of cewatering is only that necessary to remove refuse

ne jandfilling

fecoroximately

noant COve” mEiEria

ne acuifer contamination

crecartel

) g6 wier comoletec v
arez anc Lounty

Site car become 8

TRt




hesative sspezte (fone!

o Accitional land (PS & G Pit plus & minimum of 10 acres from
an acjazent crooerty) must be acowirec,
have tc buile road network, .
Reauires removal, grouting, anc reiocaiion of many existing
resovery wells,
ClET, WheTE tne Neturs

fusiel or

ARI019g)




§470,000
Lancfil) Uiner and Leachate Collection 1,700,000
Re‘use Excavation £00,000
Refuse Transpons 680,000

Refuse Flacement, Compaction, Cover 1,160,00¢

Wysieogeclocizc Sontrols 250,002

AR101982




Rezommences ian
PLCECANL L SN L1}

The recommencas alternative is Alterngtive Figr 0 Excavetior of .lanaollen

o the Refuse tc @ Presarec DS & & Fit for andfillina,

costmeffective, technica]fy sound, utilizes the pest

is tne most economitally attractive, possesses more
less negative aspects than any other plan, and satisfies
it stor pollutant migration intc the grounc waters
time perioz, The m&jor acvantage

ne 28 5 G Pit,

ric patkage anc

anc measures as ne inspects tne




APPENDIX D

Compietes Landfill Reuse

Gene-~2) Consiceratzions

introduction

Reuse Ocjectives

General Acvantages of the Site
General Consiraints of the Site

with Land Use anc Resulations
Eavircamente! Control

tinirize Cost of Irplementation

Deteription

L2 IrLiementa

AR101 984
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APPERDIN D

COMPLETED LARDFILL RELS

r -
UENE"E

irtrocuction
many lancfill sites can be consicered to have three active lives, each
onc useful but serving ¢ifferent economic sectors., For instance, many sites
were initially sand anc grave! operations supplying raw materia.s 6 tne
construction ; the completion of mineral excavation, the sites were
converies S WoEtle facilities serving arce
cecan by lanegscaping fina! siopes te provice for

the SUTToUNEing area,

three~1ife use will alsc mete

nel/renovetion pn

after excavation for minerain een well plannec, if
~lannec wanaf. seloom weii plannec, it
iEpo~tant, however, 1o oesigh anc operate & lanafill

esign in order for maximun practical uti

fevaluating reuse alternatives, selelling one, anc pre-

Fewte MLl Do SOne

FeLsC CLY nel it Lerms such

Eoen. Qﬁ—.:[z@:LQBCS:FDZS,

(“vxll




“ties i : Touncetions., langfill design and

car procees in dn econdmicEl efficient manner,

Tnis section of the repor: accresses alternative concepss for reuse of
Ine new site (epprox mdieiy 55 acres,, Tnhe new site is locatec adjacent .
to the south of tne Llangsiien Landfill, Figure 7.) identifies tne

The SUrrOuWNCIn: vicinity,

TELE FEuSE SROCiI M G gL R the uses popula

It SurrOUnNC IR iel gommanity : IRSKELVTIE . L0y, OF

NCOFEAIONSNIE tetween ne feese paan o ant the foilowing tnree hay elenwnts

hew caitle Countv's Deparitict

AR101986

S *

“{1”7'} ]




GREATER Wit MGiQn

R

corffeae £7

APPORI

7

<
“Hates

.. Croeek

Llhtago 7 eay
LunlF.77
: .

Walwetngton Uagar -

Gordoen .

N
h

RNV L L

{vlawan ¥
S

irars &

New O

sstes

?
'

Gy




Slars gevelobes Dy hew castie Jounty's deparimen

impact on tne -lanceilen Estates resigential cevelozment

acjoining the site's soutnwest boundary,

In aceition, existing 20ning anc subaivision regulations must conform i0

the uliimate use plan or be appropriately changes,

Aesure Environmertal Control

lead peering capacily,
netwl e, the levey of ceve.opment for site reuse,
for any

which assures

enviren

lonversely, TNE Wwilimale use SN.IC
ceatrel of tne retabilitatec

[SH

cuantity of

P n
Veretlil

The capitel co converting the rehacilitatec ares inte &n cliimste use

SA0L ¢ be controlles within limits ¢f as ;acecwete site wia iy, Reuse

AR101988
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~z correcting the nrovier,
tation project, DPW responsidility will de
recucec to monitoring waier quantity and maintaining the environmental
corirel sysies,

cengral farctrairte pf smp Slrg

constraints o exist at the site which will influence ultimate

feLse;

ctect afjacent
the néw
ne Artesiar well ficlee,

result ir a grouncwateér rechares

Wi sno.ic be compensales for in tne reusc slan,

Tre wlangoiien are: is locsted in the Greeter wilmi

Airsory crash ngrarc zone classification of

, however, shouic no




Mterngtives o Reusc

ives “or reuse are now briefly ciss.ssec ang screéenec to

Alternat
o candicates for subsecuent evaluation, Reuse categories have

been broker aown inis recreationg!, cultural, indusirial or resicential,

anc Qo notning,

iternatives for recreztiena!

renati Lusve ANl seasong




Dusk Zotsioered was creating a gl course

or piten anc puti course, Preiiminary analysis incicates that tnis
alternative woulc res.lt in uncerutilization of tne site, oe inconsistent
wilh the recreational neecs, and be less cost effective than the park

alternatives, Goif courses require about 10 acres of lanc per hole.
A property size of just over 100 acres woulc accommodate only a nine-nole
golf course, Experience has shown that nineé-hole courses are not attractive

tiel use~ population, Furthermore, pitch and puit courses

are most successtil wnos locatec adjecent ¢ e full-sinec

Greennil) Go!f

' . . - ci o omee Aan
COL. L COEY &5 Mmuin Vi e wuv,

s¢oar :ﬂ.RI 01 9-92-

miwbG

Y]
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COLiIC be "enoveice i = hIstoricéil style appropriate for tne perioc in
whicn loionel Grantnar was a netes figure, This opticr wouwic also com-

plement tne Dasic recreationg. uses aiscussec above,

Generaliy cultural facilities snoule be located in areas whicn have adloining,

compatiple lanc uses anc wnich are conveniently accessicle to & iarge popu-
More than 5C percent of the area

or plannec ingcustr

use population

ne

large~ service aree,
SETVICe 5ize wou'e

imposec

-

hetove,

rease

inguetricl pe




Jevelopment

Pilings woula also be required at the new site prior to any facility con=
struction, The oic landfill site woulo alse require backfilling to grade

before any consiruciion activity couwle commence.

Resioentiol housing was also excludec from furtner consiceration for many

ire same reescns,  In ace

<

sronerty RmE.

housing,

consigeres for emnicving

¢ & aepin sufiicien er LN wEler

eachate colleltion sysie™ anc Git ¢oilectis

& precetermings Yinel

The souinerns pant

renat lizat,

ART0199Y
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artractive from the stancpeint
roreveswe ceneralor with ne severe iraffic or lanc

three factors ciscredit tnis approach, First, it is imperative that tne
e

nciential environmen: impact ofAreuse application be minimizec, Anotner

lanafill cperation woule compounc water cuality monitoring in tne areé,

The rehabiiitation project will be gone in @ manner to safeguarc all water
sources, nowever, tnere eaists another lancfill operation just cest of
amination,

minimize

Seednzlv, the new s, ; ; Weler
e

‘or the Arieiien

ccienzy wisulc

CT.Er MAlETiEl wiJLiC be &valist.e Tor Operfilifi ihe
@il 0Ll cubic vares woulZ be neecsec at ar aporoximate

Whe New enatiil alterna-

[RaTeR

the MEnIveil:l ARULO |=995

T4y




sup ecteq My wanst il site closing procecures aphiicavle in the

State of Jelaware. At & minimerm, this would inclune application of final
cover ang seecing On the New site, anc gracing tne excavatec area to prevent

neer to lrespassers,

only prozler with this eliernative is that it coes not mest tne objective

of maximizing site utility, While tnis alone woula not excluze tne option,

must be compares with competing alternatives, Such comperotive anclysis

rusr mere feviratle costepenefitl ratic wowid by reciizec

ceve SpeD.

Jeltives wete

rhasives

Siep Usitiny

Tne si Pty belween the aiLerndlive
are QULEOODr PAING with recreational itie The P cragtive woulg
contain more lang-or)

not eapeziec Lo overlooc

aiternative,
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The spesitic receest one’ faciiities plannec are Listes in ot

Conceptee! Aewse Plan, Tne basic cifference in the activities

woule be accitiona; poss.ve use (naiure areas, pienic areas, lanuscaping,

.

open fields, ete,) for the Park alternative, Suffice to say that imposing

tnis ariteria on cosn elternatives aoes not leac to favoring one over

wne olner,

hew lestle County

I

PR sc plan anc aevelop ¢

courts,

acres, Comiining the hew site

thig accitional acreage, DFA incicatec

%

The resson ‘ot this positior

whel,

PRI
T




ho swimming in tne river is

Cmmeiancen Farm, is located lest than twe miles south of
the Llangollen ares, Tne portion of the site southeast of State Route §
vabout 19C azres) s aimost square in shape and is bounaec on the south-

east by the peiaware River, While nc plans have been ceveloped by DPR,

preferences lean toward passive use (nature study area) and meybe a

marine on the Delawere River, The portion cof the site northwest of

Stete RoOnte & is mogn smalier (abcut 3= acres. and

geveloper Yoo very astive use,

Y ared, nowever, with the acauisition

were 1anc availasle for cevelzoment

ct parn to be-locatec at sne Llengelien Landfill,
incicetes that the ar~ee whETE NG hew Site wi
orepceed for ipcesirie) use (office researen. on ng west

atection ares fetreem valley, flood

use ares (snowh or the flennin




50uthwest poungary ac oins the Llango.len K¢

=iy resicential ceveicdment, wnich is now comslete.  Tnc price range

of the homes {almost 3C0) is petween $5(,000 and ¢1CC,C0C, Either candicate

reuse plan will proviae an excellent neighborhood resource,

it was not known whewner the existing
were consistent with ine reuse plan

are expested which woule delay imsiemen-

ecs on either recce &lternative
leachate collestior an
generated at
reuse enc

noaret where tetiieTnent wial be minime) or non-existent

rewse wiil be cellgne R interfere with postmrenchi
centrol sroceduress -
HOWGVET, §1%6 ewsE CAn Reve & Cires

recnaras 16 the unuergrounc

Pl




e Parw Alternetive, then speciel design elements would be recu’red
furthermore, precautions againc
wewic nave to be made, since the site is partially

in a flood plain,

of implementation

of imclementing various alternative slans is frequently
deciding factor cf seiection, This could very well be the case here,

censidering the twe rnative revse plans under question

fin Lane Alternative woule cost abeut §300,000,
> size of

e overgll styvle of : ! ¢ : Alternative would

S¢ million mare,

- the lenc area which wae oesignated

similar to tnhe

weula be responsinle for site reuse development

DPn would continue to pey for envircamenta)

rsettlement protliens,

reait provice fo

fte developmert




$ite Preparation and Lanascaring ~ Cost items woule include trecs/
revecetation, rip~rap at the inlet anc outlet ¢f the lang, aoditional
cover material as needed, etc, These items represent bejween

I¢ and 25 percent of the total investment,

Attivities would include items sucn as treils, foot-

ic area, sportsfiele, playfield, tennis compies, and
boat launch and swimuing beach, Renovating the
ristorica! context could aist pe consicered,
woold reoresent between 20 and L percen:
exdenditures for reuse,

nig category encompasses items |inc roads,

irvesLm

aroceecs
Istétes
¢ tnc existing

s owanlo be cue




contzin tne only extensive wooded ares not percering

the lane,  Tnis locelizes tne neec fc- increasec soll deatn on the new

comslexity cf the landfill operation during the

~ peaestrian and bicvele trail circumscribes tne lane end pong, thus
‘liteting access to all points in tne parn, The land bordering tne
railroad tracks extends southward into the water areas at twe noings,
Tne exsencec | arez on the west forms the fish pond, and the cne on
Togetner they
ing view ic pecdle south ¢f the lane and enccurage
the Darn, F s\ mound, lozates the southeassern
cerne” o 1re, SrOViIdes
cevelooment wnile fur : "oonmout

now tlezcing | u <

~ AR102003
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which wil! enacle pern development tc cctur over & perioz of time, rof
instance, if renadbiiitation operations commence 'in the western sortion of
the site, ithen tne pong area can function as & retaining basin for upstrean
anc uplanc area runcf? curing neavy precipitation periods, {iscnarge of
water fror the interim catch basis could be controlled to minimize renabili=~

tation operational proslems, With proper sequencing, the playfiela could also

be developec early to provide early usage to the neighboring community.
: Y 9 9 ¥

At the completion of renabilitation, the slopes wiil have been seedad,
Par~ develooment @t this time should pegin with the establishment of the lake and pc
by revegetation &nc construction of the pecesirien
ctivemuse aregs are beiier develcpes after revepgeté-
tion hes teer {irmiy ectaclished anc initial settling nas supsicec, Euilding
ine boat launcn [for smell sailing crefti and the swimming beacn woulc dest

isned last and efter the lane anc ponc neve reacned ecailisriu

ne its development could commence immezietely
if nct before in tne wessern aree, final cevelcd=
ine discresion of the Desartment of Parss anc fecregtion
in acccrcance witn the County's desires, Final develcpment may eatenc

into the fiftn year or later after the completion of the rehapilitatien

The vliimate result of rewse develpprment will be an excelient pare resource~-
be prous of owhing and one the Community angd surrownsing

for years e come,

AR 102004
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