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EVALUATION OF GROUND WATER AVAILABILITY AND PUMPING CAPACITY
LLANGOLLEN AREA

Problem

Leachate fron the old Lloncollon L a n d f i l l has entered the underlying
Potonac aquifer and is irovins in the direction of high volume wells
approximately 3,000 feet southeast of the l a n d f i l l , The leachate
contains high concentrations of dissolved metals, salts and organic
compounds. The taste and odor as w e l l as the objectionally h i g h
concentrations of c e r t a i n of the chemical species renders the
leachate t o t a l l y unacceptable for potable or nost other water uses,

Geologic Sot tin:

The ecology o" the Llansollsn area as it affects the lead-ate
prctlon has been described in an e a r l i e r project report. B r i e f l y ,
the area 'is blanketed by approximately 30 - 6C feet of generally
coarse sflf-dy sediments 0'" Pleistocene Age, This veneer has beer;
e x t e n s i v e l y cuarricd in tr; LlangHlen area, The L l a n g o l l e n
L a n d f i l l i t E o l f is constructed in SJCT. an old gravel p i t .

The Pleistocene sands d i r e c t l y overlie the Lower Cretaceous Ast
Pot err?: Forrst ic-".. Tne rjct?~ac wa< deposited by s l u g g i s h streams
a'ld consists of an intcrl.'j.'ded secuence of c l a y , s i l t and f i n e to
n'-.sii,-. sand w i t h s m a l l e r a-ounts of coarse sand end fine gravel.
So"c parts of the forr.c-'. ior, are prtdor"inant ly sandy and have been
devclocod '•'•.:' water s u c r - l i c s , w h i l e others are predominantly clayey
or s i l t . 1 a-,- ro'.ird the r-.verent of woter, In the L l a n g o l l e n area
tl"j upper pa;", of the PotU'".a: Formation is an a c u i l a r d which separates
the Plei5tc:-:r.e sands frc"- the deeper fotomac sancis. The aouitard
confines water in the f-'otorr,ac sands under artesian pressure so that
weittr in a v . v l l screened in the PotCMC sand rises above the level
of top of tr.e sans,

Large scale withdrawals fro~ w e l l s in the Potoir.ac aquifer have
lowered water pressure thrown the formation, The r e s u l t has been
to create a water pressure g r a d i e n t from the Pleistocene sands to
tl-.i PotOT.sc sands and -- once in the F'otomac acuifcr -- towards
the pu-.ping w e l l s , T h i s j i t u a t i o n has caused the m i g r a t i o n of
leacha'.c fror the l a n d f i l l into the Potomac aauifcr where the
aauitard is cb.ser,t and the front of leachate contaminated water, p i nt r-jr\
is roving toward thi o'istin;: major we l l s in the aquifer. HH I U I 0 I [}
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AC.UJ fer Eva!..':', ion

An extensive test d r i l l i n g program in the l-otomoc aquifer has
defined the approximate extent of leachate contamination 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 w e l l s
a contaminant recovery program has been I n i t i a t e d , The program
is intended to intercept and recover contaminants through properly
located we 1 1 s .

The recovery wells are being d r i l l e d in the part of the aquifer
which has already been contaminated to minimize the amount of good
water which Is removed. Ths recovery w e l l s must lo c a l l y reverse
the present water pressure gradient towards the e x i s t i n g w e l l s
so that all contaminants move to the recovery w e l l s , In order
that this be accomplished it was necessary to evaluate the aquifer
parameters governing water movement so that a q u a n t i t a t i v e ground
vvcter management program could be established,

Because l i t t l e q u a n t i t a t i v e information on aquifer t r a n s r i s s i v i t y ,
storage and Boundary c o n d i t i o n s e x i s t e d orior to the need to design
the recovery system, Ko.' F. Vteston undertook an aquifer evaluation
program, T i i i s progr.-- consisted of sur.cing anc recovery tests of
w e l l s d r i l l e c : for No.-. Cr.f.t U- Co1-.".!'/ d u r i n g iht contanir.cn1.
i n v e s t i g a t i o n and tnc- tj'.ittinu v.c'h belonging to the A r t e s i a n
Water Ccc.peny,

The a a u i f c r trnnsniss! vi t ;cs c a l c u l a t e d tro" these tests ranged
frrm fiO.CC'1 gp-i'ft. to I?0,000 gr'.'.ft. Stor^c coef f i c i c"-,:s ranged
fror. 5.7 'f, 1C"' to 5.t >• 10"', The transiri ?$i vi ties are greater
along the u.<is of the; old sand f l l l i ? : : chancel; ard across channels.
Average E!|i.ifc-r parameters used in the- ground feter man.~-.'̂ "';r.t
calculaticT were as follows:

1, along aquifer i t r l k e (i;w - SE d i r e c t i o n ) _,
transmissi vi ty = 7'i,OOG gpd/fl,, storage c o e f f i c i e n t = 2.S7 x 10

2, along aquifer dip (SV,1 - ','[ dircctio-.l _[
t r c n r - i s s i v i ty = ^C,OOC y p d / f t . , storage c o e f f i c i e n t = 5.7 x 10

Ground Wr.'.'.-r l''.3naoo"'.-r.t Plan for Ccrtemns r.t Pgc_py_f! r v

Any increase in wl thd''fli.^l of ground water from the a q u i f e r down-
gradient fro:r, the LI any: II en L a n d f i l l would accelerate the rate of
movement of the front, For exa^.pU', if the w e - 1 1 s in the ncarty
w e l l f i e l d : are pur'StJ at 3,000 g:v, the front could t r a v e l 1C? feet
in only 7-. d,v/E. On tl-.s other h,--",;:, the front could la-.e 2"6 days
to t r a v e l 10'j feet if the w e l l s are pimp ing at 1,000 g:>r. Inafjylt
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the velocity of contaminant movement w i l l increase as the' front
approaches the pumping centers, Although it does not appear that
the front Is moving at an alarming rate now, it would be a matter
of time before most of the w e l l s in the aquifer start pumping
contaminated water if present conditions were to persist. If
permeability of the aquifer material in a zone between the Llangollen'
l a n d f i l l and the nearby well f i e l d s is as high as 6,000 gpd per
square foot, which appears to be the upper l i m i t 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 c u r t a i l the large well
f i e l d s , presently pumping several m i l l i o n gallons of water froir.
the aquifer, If these w e l l s were to stop pumping as soon as possible
and not restart u n t i l most of the contaminated water has been removed,
the recovery operation could be accomplished wit h minimum withdrawal
and a shorter time span witn the absence of competing w e l l s .

In view of the increasing der.and of ground water during the incoming
summer, it may not be p r a c t i c a l to shut down all e x i s t i n g w e l l
fields, A reduction in the present pumping rates w i l l be necessary
to slow down the contaminant movement so that the i c t r i e v a l v . L - l l s
would be more effective in creating the desired ground water d i v i d e .

It appears that if the c x i s t i n c w e l l f i e l d s continue to pum;:. at
the present rates and the r e t r i e v a l w e l l s have s t a r t e d piimcin;,
a ground water d i v i d e would e x i s t at about 500 feet froir, w e l l ~3
along a l i n e between w e l l s ":•'. sr.d J-l (figure 1,2). Under thtsc
conditions, the gr a d i e n t s to northwest (toward l a n d f i l l ) and to
southeast (toward w e l l f i e l d ) of the ground water d i v i d e would be
approximately 7.33 x IO"-5 f t . / f t . and 'i.S'̂ i x lO"-1 ft, /ft., resooct i v e l y ,
Although the r e t r i e v a l w e l l s v.^uld crea'c local cones of d e p r e s s i o n
and gradients thereby causing the contaminant front to move u l t i m a t e l y
towards the l a n d f i l l , there w i l l be an o v e r a l l g r a d i e n t towards
southeast,

Conclusions

The main influence of the r e t r i e v a l w u l l s is l i m i t e d to a radius
of approximately 250 feet down dip in the a q u i f e r if the e x i s t i n g
well f i e l d s continue to pur.D nt the present rates. Movement of
contaminants downdip past this radius would probably not be reversed
to the recovery w e l l s . Thus, thy recovery w e l l s would have e
greater chance of success in recovering all contaminants if the
pumping rates of the e x i s t in:: w e l l s are reduced,

A R I O I 6 7 2
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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
w e l l s in addition to the pumping rates of the existing well f i e l d s .
Although necessary and sufficient data are not available a rough
estimate Indicates that approximately 6.83 x 10"^ gpd/sq, ft. may
be a v a i l a b l e for recharge from the annual p r e c i p i t a t i o n , Overpumping
the aquifer is 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 f i e l d s should be
reduced as soon as possible, In any case, no additional wells
should be allowed to start pumping in the nearby well f i e l d s ,

A R I O I 6 7 3
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Contaminant recovery program at Llangollen Proposed work schedule (Hay, 1S73)

I, D r i l l contar.inant monitor ('(") and recovery MO") wells -
Delmarva D r i l l i n g Company - i n i t i a t e d May 7th

2. Pump sar.plc all existing k and 6" diameter wells - Delmarva
D r i l l i n g Company - to start M.ay 9th

3. I n i t i a t e emergency retrieval of contaminants by installing
pump! in Well 'los. 2£, 29, JO, and 31 9 125 9?m each monitor
water l e v e l s and water q u a l i t y ,

'', Jet shallow ground water monitoring point? in the Pleistocene
sand around and down dip fror the l a n d f i l l • Econo Shallow
W e l l D r l 1 1 ing - to s t a r t May I O t h

5, Auger miitoring points in the; l a n d f i l l - Thomas Keyef • to
start I'.ay 11 th

6. Purp te:t and sa~:.'le coiita~: r,;-,t nonitcr arc recover; welU •
Delrsrvi: v r i l l l n ; . Co-pan/ - a; v / e l l s are corpleted

7, As \a*<i? recovery we'. I s ere co'pleled, s e l e c t 2nd i n - t c l l
permuriv-'. pu^pinc. cauipnent in order ;u i r i t l a t c the- r e t r i e v a l
sysi or-, as soon ,v. I.-CSF i b l c
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V;ells jetted in ir: Plei stccc-.i; sand only a few fret north cf tne landfill
tr,£r;:i'i a^pcrr u".:..v.'.,v.in;-:cd •ia-nli-i are unoernoir,% analysis 5t urcsonU.
WB..CI- levels li. tl-ssc veils appear hinl.'.-r than tha of Arr,y Cruck, Mtrvuc-
the jetted wells, icve not yi-t been surveyed and their measuring point «.• I ovations
are o'ily estimated. These two Unas cf evidence Indicate that water is moving
Into the l E n d v i l l from the- north and discharging out Into Ar-y Creek on the
south. Unfortunately, so-.a of this voter i n f i i t r o t s E through ti.e landfill
floor Info the "'Jtor.ac Aouifer. Hov.v.cr, It does net appear thft IcozhotR
Is rot iroui-.siid ir, the l a n d f i l l , which vould ourmlt It to outflcw in all
di !•(•!••.ions end Incre.-sc itr. vortical tjradUnt to the iquifer.

Twa wlls jct'ci'. into ths Pleistocene- along the borth hanl; of Ar\y Crer.4. near
well:. :? -:\:f. l\ eitou.M'.'ra-.; '.'aler lev.:Is f.t -0.5 end -3 ric-t bs'o'.s :ec l:vcl
rei,?;cti\£iy. •'; the srr.e U"L, •'•r,:/ Cr-c-i. h;d n, c.li-.vaticii f i v e to sly feat
abovu r,'...-. lev;!, fur the- C'slci.arc S:-,'J :. Gravel c.-s-i'.'.s pond •..•;.,: Leu.ten 0 eod
I fc'Ot ..Love ;.•-.-i^/K I, "I.!;- d ate I n d ^ c a t a s that ll>. P'lei :• t;.r.--.:- fonas alop'j
thu- tout:- t;-.i. of ' i-v Crv. :. is- loc;.ily l".e f.rtc of rest r;:'.-ii: a-chorc-; to
tht- ::c.:r:: L.-..\:'.:r, a'x: :• vcrti::1 lcaka:s tlircurh the !x-f.tv o,' Ar-y Crock
If. vi-rv sio'.". !..;!• a situ..', i.-.-, si-oul-; r.^r-it r;-.L-val of the r..',r.,-ri $;.̂ d r,
Cr,v.;' Co-;; ••.•': p:nd on ,'.:•-, urtsi. vi t.T.iut dn-iipi:is tne wct.rr itvil in the
d'-'..':c '_.;;• C..

Esti:-.1'.-.1 of :;••:.:•.:' wrtiv- .-•,; 1 !.:.i 1 i i .• in ':c\, t;^ It CouMv' ,-.-,: !'••: Dtir.-.srvi
PLi'.iri,''!,- hi'o .•;••-; c.tJL i. y.vic,..:',y !.. ir.vriSlic-; to, : of the U, ;. 'kf.lo ;icdl
S'Ji'vt-.,, '.!-t . ': rfi Csek-.v.ie i Surviy nr: pri'.M;- cu-iul: i.-; fir-s/' Using
esti':;t«5 frc- '•; aravi^j: ir.vst i.>-t io-.s z~a d;..- col itc'..•.•.- c..ri.ig ths
preson; | nv-jh1. ::, :io-i, i-v .yr.r.J wjter avei h - L - i i f i ; 1 t:-i: i- i ~ i s :cccn« ,ind
PotO'-ac ar.jifi-.i.. in '.'re 1.1 ;.-,nci 1 :•;•. aru.i is in the i-a-.ge of 5 tc 6 m i l l i o n
gallons ncr d,.y (.".2D' .

The presftrt •,J-.i1'. ussgr: i r, the area by the .'.rtesi.in Wfiter Co- ; any an; the
Amoco Cr.e^.Icc! Crrncrat ior- U eppro.vir.atily if.6 I'.'.'j, A systu" o: ret.-ii.vcl
wells hive boe:i tlcsicned to recover the contaninants, ThL nrc.::iscd yield
of ll-e rctrif.i.: v e i l s i/ir-n the systi:- is in f u l l operation •. ..' d so - to
6 mi I lion gallons a day.

Thu'.,, Artesian, /.r.rco end retrieval v e i l s , if allowed to PI.-.T. to:etl-er, would
be pumping 3 to 11 ir.it I iur. cation:, a day - a J'aytcjvj ihj1/- "-̂ jj;1' in.the
-,rr..̂  ...nulH nn> hf. R\. '^ ir c.,.-., f i P.. s||lcc t.he r c i r i e v e i oi con tc TTnan t s is
the i n t e r e s t of tiis present users, punping o' rtuicv?.! i . s l l s should be given
preference ever ulher useri. 11 seems iiroerat i-vc ttot .tl.c qugnli ty-ofjwater
pu-?^d by _ti '.osif-'i w a l l s shonhrbo rejiuTfTuT:

»• fee references
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It h,^ '.•c'.": t!o:.:-.-ntcd thai '.'it conlc-inrnts are 'roving in a southeasterly
a i r c c . i ; - - i c - : i .• Li a-;.:,- < i -• ; ' - a n c i i ' l and if the ce.-itr.-ii nents i.over.cnt is
not m-: !-"::, :. w i l l only L-U a natter ol t'<r.a u n t i l the contu-iinsnts would
;.rri\;. ft l.,c .'ru-ii.-:! v . ^ l l c . Analyri: of the purging test d:ta also Indicated
Ih.-i tk closer the fror.t r.. ts to the i-r fisUn, the hardc-r it w i l l be to recover
the coii'.i'j.i HE-US. "lit .->cti:cl oosition of the conceminant front is not known at
prosent, Hawevur, it is ti'tv.een Wells tos. 23, 2^, and the Artesian wells.

If the /rtesion Cor=cn" should be allo."2i! to pump ad d i t i o n a l w?ter, the data
cited i.'rc-u vould i.iJissrc overnu-ping of the aouifer whicliwould also r.euse
the f r r - t 'to '-:•:• fester jnQyi cfoaer t~thc v.-e II f i c I ri~7hTrUT?-!CTrrnr~
r?rr-?--T̂ ~.-~(X',:arinar,t; '••3r"(i! f; ic. 1 1 it nct MM? i !a HT ———————

On the other hnr,:1, if the present pumpage froir, ihn Artesian v t l l f i c l d can be
reduced to !P?0 •;••", the rnte of floo of contar,-,inii-.ls would be slo,.;ud down
and tre ci> •-.-.,-.-.! '.-••• : ,.o.:ld be recovered relatively easily.

/Tilv.i: .-•' t-c :-.:-^ir_. t e s t d a t e Riso i i i d i c c t e d that the ecu! i'sr in the
Unjfil' ,-r-u i.-r.:iJ not !"• .ii-le tc s u E l i - i f the prc^osed pu-sac^ of the recovery
».•;•! I i D.-I-; e.o,, t.-; present nu. .-'oce at /

Tne (.-• i ' s t i n c •.•,•'.•.•'• Ifi!' s ir ti'i A r t c: s i ; -i v?':lfic':' LrcLFrs s:, close to thj
tfr. i.:' t:j ar.,; • - :vc: lf ".-I I '.-'i ;\ r.;r.turtc.-!, tl'.:- v,^ter I .-.•.•<• I could ac
|j •'•:••.. •, jlov. t :e to:: of tl-.- s c u i f o r i- r. -,•:';•.•.•.- o' fi couole tl..," of

I: " i l l tc. in ;••;. v't'-r^; of the- '-:'t:-.;:P '.t::<jr Co^'vr.y tl'al t:..
puTr.;-- .• •• r..--..-e-j tc f. t-: f.z* 1.5 r.!'!ic.r, ?,- 1 U--.t c ccv r>u-:-!"-. rrc-fi-rcbly
frc- t1 ::.!-' •,•..••••;-•.•.::;.-:.:.-.. Thi: •:.•! I v v.u! Is, ":.-.:. 2,;. : . i IP the
o!.1 • . i I:' ' : 1.-, (.:•.:.•. :o j;i I . -.- r !• -: .•; s .^ ! =• •; i vc ,y sa" :'y tt ::.;;: :• ..:•, arc not
in I'"- }':•'.- : f. IT. i; .\---.ir (:•.- osit1'.-. or .-.,-. t . i r r l :'io;"-;iri; :, r i -' i i? -. t in
thi !',.;•--.: ir. , - :. io:. tc :r:;c-/.. c if r r i i . i . t Ic-. c- cinti-.i,--.-.f., r,-..J
Hoy c •..-,!:. a :?••.'.. -r.--.i-: ;c.rtio-, of '.I., !r ix-.tc-:' I re - '.Ivj un r i i - r i - , ir.g

.c-;.- e a-...' -. -.
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tfi'-ir-,;--- -.i..:c\t-ry Program at Lla.-.sol lun L a n d f i l l

Pro re. I.;- v-or'r. schedule for JUT.:, J u l y 1373

I. Construct and test (.Hot w e l l s at locations of proposed re t r i e v a l walls
!,'os. 'i - 10. - Dclr.-.crva D r i l l i n g Company (in progress)

2, lies I en and construct rr.tricvfi! w e l l s tot, 3 - 10 - Delmarva D r i l i i n c ;
Coiwany (in prsoref t''

3. liEjotiate rt-'ov-l of Dr. lav.:, re S?:i.J i, Gravel Co-nany dan on Arr.y Crvek
at eastern cr,-! of lr:r.-:f • I I . (In orogressl "his w i l l lower the wa'.or
table ir. tl-i I t-r :.'•':!' ; -i i and r.er:<it pore rr.zid e-'.l of cont£--.ir.:.r vs
-.ihich Jo enter t .'•.•:. c :•;•-• fro:-, the area of d!r-.:t reclicr-; tc t-.e Pulc-ac
aquifer.

It. Initi.-.te t - i r c L - c - - r-: • ritv,; 1'c.f cr^tcrinants; '•••-"• the Pot „:-;.-. f.G.if-.-r Dy
i n s t p l I i.-." .-..-••-"- •-' •"••• i i i n ? t.lf.:iricsl ;.-.• .- :• hDOkuus !-. '..';;!s l.ot, 27,
Ji'. ui', c1 :' ;'. *'•:: :••':'• cf cor •.;- ina-.ts wj-.'l'r r,o y.trif.tpc 10 /-ivy Creek.
(hv niJ-J-.iM.-- - ^] :.-,.-: u r i l l i " : Cc-OFiiy f..' Ices: '.'.. t i s i n ,
Cci-.trac.r-.-.

5 i:ecotijt(- '..it!-. r-,-e--. '. :. r^-"cri; ,\>- a-jr-ii ̂  Ic- tc re:" .rjct e i : l : i t .:•!
v e i l s h ':•-..•••', ',.'.! '.: . ' •'• a-r -'•'.•*'t;.r\ l?.::tr (.cr::v..n... ' = r.c-w 'vc I If ',-. .d ar.C
LftL-.-iii-r. ?..: f.-r:l /-ric: ' •' " .. ter C:- .'.--rv's old ',-.'. 1 1 ;' if. 1 -. 'c-r wat:r q u a l i t y
and v.ctsr U-.c-t -:).- ' • : . :";

6. C s l l s c t ar,:' ,-.-,alv;!«- .--. .r s.a-j.1;; frt- ill .. -. i I ;• cs they ore cr.-..j!(- v';i'
and.-'or et:..i!:-.,jd 'c- -.- ̂ r:.c": ,- p.,-:i;.;'j. (in

7. Jot vil! p o i n t s i"tr. t'-.j -'le^torene scr-...' sc. ...•'.'- c.' the l,-.",Jfil! F-.-.' in
the v i c i n i t y rr t'-c rr •••. c- i -.i.-r,t i •-.•: r!c val i . - o t c - for \.ctor live-1 c-d
v;ater (,u.-'i-.-, ,-:-:-.; t; ••:•... - L-:C-,O J h a l l c v . ', . ' ! r r i l l i n ^ Ccrn,-.ny (in
progress,!

E, Construct t-inc!i -..-s'i; i- '.'-,'-• I c - . d f i l l i t s - . e l f w'tn an air rotary t i r i l l
rlc for v. :t;:r Itvc-i . •-,! i5-i nc- ;::,;: p o s s i b l e conla'-lna;-:'. ,-ecovery,.
(Specif icptior.:. pr:. .--•:: for :i j;.

9. Prfiosrc l a i - J f i l l cos c-r in..: sn'.-c! f i c a t ions for L i a s (in progress'!

10. Cons,tr'.:T.t crrss-corr-..; t ic'-t bi-tw-ion ,'.r'.;rior, \v:tr:r Cor.::̂ ny and Wilmington
Suburbi-p V.'ster Cc-"-.-,, tc pro\i:!e f r.gd to t' e /.rtesian System - Artesian
Water Cor-pi'.ny fc: -nl-. '. !c-n '.v e-d -.'" Jure1-

A R I O I 6 8 I
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II, Co'-slote desic:- and s p e c i f i c a t i o n s for cross-connections to provide an
i.c Ji t io-e-l tr,-.",sfer u" i' > •;! fro" the l-.'i Imingtc-i Subur'.an Water Company
to tnc- ..'-rtesi.ir. We-ter Co-.r?-"/. (in progress1.

12, Con-jle'.-! cont5":inap t treetabi I i ty studies for potable water requirements,
(in progress1

13, Select a permanent trestre-^t process for u l t i m a t e contaminant disposal.

l'i, Continue the projra-. of biweekly wcter level monitoring from alt w e l l s
and surface water todie1: in the L l a n c i o l l e n arcu,

A R I O I 6 8 2
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P-q
• ROY F. WESTON

DAIE 31 July 1973

10 H. Haley H. Fiore 5. Kowalchuk
S. S i d d i q u i P. Harks 0. Clark
M. Apgar J. Weaver H. Hurd .
J. Dougherty A. Hadora T. Luce

FROM- W. B. Sattcrthwaltc

SUBJECT A l t e r n a t i v e s a v a i l a b l e for New C a s t l e w.O N?
County to be evaluates in terns of
overall impact In treatment schemes
fron Ltangol len Landfi 1 1

In the present situation, mover-cm of leachate fron the l a n d f i l l
Into the acuifer has been c l e a r l y documented. At the present m ,
leachate has roved over on.-n.1f tr,,- .1 nance between t e 1 1
and the A'tcsian w e l l f i e l d at one area, mother areas the extant
of contamination is much closer to the l a n d f i l l .

been accentuated by purpage fron the Artesian well field.

The proposed leachate c o l l e c t i o n system w i l l operate as a
program! The present emphasl; is di r e c t e d toward oachate «l
the a q u i f e r - a p a r a l l e l p r o a r a m w l l l enphasize col lect .on 0! leacnate
as | ' I roduced w h i l e s t i l l w i t h i n the l a n d f i l l or In the imned.ate
proximity to the f i l l . The leachate c o l l e c t i o n system for the aqu,fer
is presently under construction and w i l l be at best a precarious y

1 ced purpina System which w i l l reauire the «st distant retrieve
w e l l s to be w i t h i n 300 feet of the leachate t.-nt. The system ,s des, ned
to n i t i a t e pumping in the r e t r i e v a l w e i l s Innedlately atter construction
o reate a cone or e a s i l y v i s u a l i z e d as a trough in order to reverse he

direction and therefore gradient direction of leachate movement away ™
the w e l l f i e l d . If pumping is not i n i t i a t e d in tne very near future, it
w i l l c e r t a i n l y be necessary to d r i l l a d d i t i o n a l w e l l s closer to the
Artesian f i e l d and therefore lower the p r o b a b i l i t y of preventing con-
taminants from reaching the Artesian f a c i l i t i e s .

A R I O I 6 9 7



New C a s t l e County Proposal A l t e r n a t i v e s
Prige 2
31 J uly IT'73

At the present time, any pumping retrieval has been prevented
through the u n a v a i l a b i l i t y of electric power and the leachate
is presumably moving at higher rates through increased pumping
at the wellfield. The question of site access, power sources,
and treatment retirements must be c l a r i f i e d i mmediately so that
pumping can be-in.

A variety of a l t e r n a t i v e s w i t h h i g h l y varied p o s i t i v e and nega-
t i v e irnact must be considered above and beyond the immediate
proble-.s in order to determine a course- cf action tc be followed
in collectir.c ire' treating the Icac'.B'.e alro'c'y in the aquifer
and in the fssr. tc be ircplererted d i r e c t or ne-iiby c o l l e c t i o n
from the l a n d f i i 1 .

The a l t e r n a t i v e ; are o u t l i n e d below w i t h p o s i t i v e and n e g a t i v e
impact, If c-tner a l t e r n a t i v e s ars v i a b l e or worth consideration,
they should Le considered r,o,v.

Purp leachate from the acuifer s t a r t i n g i m m e d i a t e l y w i t h no treat-
ment o'' e- f f l u o i l tc be discnarred to -rmy Crc-t-!, w i t h u l t i m a t e flow
to and d i l u t i o n in the Delaware ';ivcr.

P o s i t i v e Irpact:
1. A necessary step in order to retain design b a s i s ,

m i n i m i z e the number of w e l l s , arc h o p e f u l l y reverse
leachale movement sooner.

2. U t i l i z e r e t r i e v a l systen presently under construction.

3. Reduce p o t e n t i a l of contaminants reaching the Artesian
we 11f i e1d.

k.

5.

6,

A R 1 0 1 6 9 8



New C a s t l e County proposal Alternatives
Page 3
3l"July 1973

Negative Impact:

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

2, P o t e n t i a l of i n f i l t r a t i o n and dispersion of con-
taminants into the Pleistocene aquifer.

3.

6.

Associated Cos:

Pump and treat to minimum standards, removing metals only.

Positive Impact:
1, A necessary sten in order to ret a i n design b a s i s ,

minimize the number of wells, and hopefully reverse
leachate movement sooner.

2, U t i l i z e r e t r i e v a l system presently under construction.

3, Reduce p o t e n t i a l of contaminants reaching thoAwpijejnO J 3
we I If i eId,



Hew Castle County Proposal A l t e r n a t i v e s
Page b
3l'July 1973

it.

5.

6.

Negative I m p a c t :
I, W i t h m e t a l s reroval, contaminants would c e r t a i n l y

affect Army Crea-..

2, Potential i n f i l t r a t i o n into Pleistocene aquifer.

3. Sludge from p r e c i p i t a t i o n of metals procedures at
present car. not be disposed of legal Is- (no per-
mittee: f a c i l i t y i n reasonable proximity).

5.

6.

Associated Cost

ALTERNATIVEJ

Pump contaminated water from acuifer (at maximum rate', treat for
metals and anvror.ia, release to Army Creek, and supply deficit water
q u a n t i t y to the A r t e s i a n Water Company fro:- other witcn U>Js()!if.s/Q Q

"i.J



New Castle County Proposal Al t e r n a t i v e s
Page 5
31 July 1973

P o s i t i v e Impact:

I. Fastest retrieval program, highest p r o b a b i I i t y of
retrieving the majority of contaminants frorr, aquifer.

2, The leachate w i t h i n the aquifer may not need a high
degree of treatment over a long period of time,

3. The next increment Increased cost of treatment f a c i l i t y
and operation.

It.

5.

6.

Negative Impact:
I, A r t e s ian Water Company w i l l need alternate supcly when

the majority c-r ,,-atcr is pumped in the retrieval program
and the w e l l f i e l d is shut down,

2, Amoco Chemical may need a l t e r n a t i v e supply when heavy
pumpage reduces water a v a i l a b i l i t y in t h e i r w e l l system
below present needs,

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

k.

5.

6.

f l R I O I V O



New C a s t l e County Proposal A l t e r n a t i v e s
Page 6
3l"july 1573

Associated Cost

U t i l i z e 1 r e t r i e v a l s\ster - design treatment to meet minimum standards
acceptable fcr direct Delaware f\iver discharge, provide al ternste water
source tc shut do.-.r, A r t e s i e n - l langol len f i e l d by means cf County securing
control of the p u b l i c water systems w i t h i n the county.

Positive k'p?ct:
1, Mir.iir.i:.;- treatment cost.

2. U t i l i z e h i g h pur:ing rate to m i n i m i z e removal time.

3, Or the b a s i s of present water companv es t i m a t e ; , other
companies could d i v e r t s u f f i c i e n t water to the L l a n g o l l e n
area tc replace t n i • f i e l d .

't. Would a lie..-.1 tire for e x p l o r a t i o n to secure a d d i t i o n a l
water sullies that could operate on a county bails to
u t i l i z e the p o t e n t i a l ground and surface water sources.

5.

6.

Negative Impact:
I, Opposition by private water companies.

2, Inter-connection problems.

3, Increased county expense to acquire water companies.

,, ARIOI702
5.
6,



New Castle County Proposal Alternatives
Page 7
31 July 1973

Associated Cost

ALTERNATIVE .6
U t i l i z e retrieval system at miiimum standards .acceptable for direct
Delaware River discharge; u t i l i z e reverse osmosis (R.O.) plant on
the river for a l t e r n a t i v e supply to be used in an injection well
scheme to f a c i l i t a t e more assured and rapid removal of contaminants
and supply the Artesian w e l l f i e l d ,

Posi tlve Impact:
1. Create a ground water high to assist in contaminant

reversal and movement to the collection system,

2. Achieve shortest retrieval time.

3. R.O. supply w i l l exceed drinking water standards.

li.

5.

6.

Negat ive Impact;

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

2. High cost of R.O. for a Delaware r i v e r sup'ply system.

3. Po t e n t i a l for loss of injected water Into the aquifer
(not all would be retrieved by the A r t e s i a n system). , •

it.

5.

6. A R I O I 7 0 3



New C a s t l e County Proposal A l t e r n a t i v e s
Page 8
31 July 1973

Associated Cost

ALTERNATIVE 7

Treat leachate In the aquifer and l a n d f i l l to drinking water standards
u t i l i z i n g a combination treatment program based on metals removal,
amonla and other contaminants removal i n c l u d i n g complex organlcs.
Treated voter would be either ,-iped directly to Artesian or preferably
u t i l i z e d in an injection system to provide supply for Artesian and
assist in adding rapid contaminant retrieval.

Positive Impact:
I. Entire water supply secured from Immediate area

as previous to l a n d f i l l problem.

Negative Impact:

1, Design construction and operation of two complex
plants.

2. Indefinite feasabi I i ty, capi tal cost of water
faci I i ties,

3, Exceedingly h i g h cost per 1,000 for drinking water
necessitating either greatly increased cost to the
consumer or the County.

it. Operation of facilities that w i l l require highly
sophisticated operator and program at all timtftR I 0 I

5, P u b l i c opposltion to d r i n k i n g treated leachaic.

6. .
I 5



New Castle County Proposal Alternatives
Page 9
31 July 1973

Associated Cost

ALTERNATIVE 8

Allow leachate to move In the aquifer to the Artesian w e l l f i e l d . Plan
to pump from present f a c i l i t i e s , County to pay for present facilities
plus value of water supply, T-catment plant at the Artesian f a c i l i t i e s
for either discharge to surface supply or as direct source of drinking
water.

Positive Impact:

1, None.

2.

3.

it,

5.

6.

Negative Impact;

1, Highest cost in terms of d o l l a r value,

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

3. Uncertain a v a i l a b i l i t y to treat at reauired stan-
dards for direct supply of drinking water.

it. Guaranteed longest term of operation affecting
largest p o s s i b l e area,

5.

6.
ARIOI705



New Castle County Proposal Alternatives
Page 10
31 July 1973

Associated Cost

ALTERNATIVE °

Allow leachate movement to Artesian w e l l f i e l d then cease water supply
operation a: the Artesian facilities essentially write-off the aquifer
permanently.

Po s i t i v e Impact;

I. None.

Negative Impact:

1, W i l l in all p r o b a b i l i t y not be permitted by the State,
Delaware R i v e r Basin Corrvnission, and other governing
bodies,

2, Uncertain area of u l t i m a t e d i s t r i b u t i o n of leachate
which could affect water supply presently considered
unrelated in Delaware and "lu.v Jersey,

_ . i r A R I O I 7 0 6Associated Cost



FlELD WORK SUMMARY

Monday, 7/16 '"'

Reverse rotary rig d r i l l i n g RW-5 at 51 feet, slow d r i l l i n g in red clay and
pebbles clog the b i t ; standard rotary d r i l l i n g machine f i n i s h e d <t8-A; pump
crew pulled'punp from RW-3 and installed in RW-'i; purped RW-'i from (t:'t5 to
5:^5; s t a t i c water level approximately 20 feet; pump set at 80 feet - screen
85 to 115 feet; pur-ped at approximately 800 gDin - approximately 77 feet water
l e v e l ; pumped at approximately 600 gpm - approximately 70 feet water l e v e l ;
pumped i)5 minutes - no surging; ptimoei 15 minutes - approximately 10 gpm;
collected <tO g a l l o n treatment samples; water sample from RW-'i - Temp, l't.5

Water Leve's - Froir Ground Surface
3lp 20,90' water Level
28p 25,10'
as 29. y-

No. II E l e v a t i o n 2.23 16.7' • 'op of gray cap
18.0' • top of stake

3C 19.65' •
A-10 Dry
A-9 21.8'
A-8 21,9'
A-7 21.75'
A-6 ' 20,57'
A-5 H.6I'
A-<< 13.03'
A-3 13,O1
A-2 19.82'
A-t 27. 'iV

5? I8.91
tip 27,53'
3P 21.77'
2p '-. 9.65'
I-C 1.1'

Stake near RW-5 8,62'
• !_§_'

5.82' Water Level

A R I O I 7 0 7



Standard rotary d r i l l i n g machine completed development of 'iE-A and moved to
<i9; blowing apr.rcxiir.Jteiy 3? cr~ frcr. ',8-A; made access road and cleared
d r i l l s i t e w i t h back hoe; Reverse rotary r i g s t i l l d r i l l i n g RW-5; hung u p
on boulders and gunmy clay; depth approximately 55 feet; Roy F, Weston
representative delivered two probes to Artesian Water Company; they began
t h e i r pur-pins test around I l : ' i 5 ; set up recorder on Mo. 23; changed charts
on N'os, 22 ana 26; changed c h a r t s on Nos. 30 and 2'i also later that after
noon; collected water sa.-.rle from 'iS-A.

Water Levels 7/I7/73

No. V.V'ter L c v f l Time
2'i 69.25' 2:^5
25 65.23' 3:00
y 70.73' 3; 15

R',-:-? .̂73' 3:30
RW-'i 22..2V 3:'iO

Wc-dnesc:..', ?•'': '":

Check or, d r i i ' i n : : crr.-res: or" ?;.;-5 ans '.:, «••; end o'" the sav ?.W-5 - 105 f>et
and l.o, M-' - 60 feet; '..-5 a-: ',:. '-'- ;h::L'la coth to cir: icte; i r the a a r l y
afternoon or i a t e r.orr.in.; arran;.;- fcr S c h u l t e s tc Ice hc'os; chance chart on
No, 30.

Water Level? 7/'3/73
l__. Wile- Lcvgj Tiro
25 69,32' 1:30

RW-3 'tS.'.V \;W
30 70. M' 2:00

•RW-« 22.8V 3:^5

A'rtesian pur-p. t e st on E-l c o n t i n u i n g ; c o l l e c t e d water sanple fron E - l .

Thursday, 7/':""3

Supervise d r i l l i n g ; Standard rotary d r i l l i n g rachinc co-ple;ed MO. It9 to
a depth of 165 feet and hole was logged by Schulles; hole was screened to
105 to 155 feet, coma-it 70 fee: to surface; i n i t i a l b l o w i n g of w e l l less
than 30 gpr; water had no n o t i c e a b l e odor, no foa-inc; development w i l l
be completed tomorrow a.id a sample w i l l be c o l l e c t e d ; A r t e sian pur.p test
on E-l ended at 1 : 1 0 - pu~;inn about 325 to 35^ ?-"", collected a water
sample from E - l ; Reverse rotary rig completed Rw-5 at !<:30 - T.D, H5 feet,
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Thursday, 7/'f'''M (c?ntQ

Water Levels: from top of casing

No. Water Level
3B 19.93'

3lp 16. V,'
31 21.30'
39 '1̂ 69'
28p 20.56'
28 30.63'

L a n d f i l l W e l l s - Thursday afternoon 3:00 to 6:00 - from ground level

A-l 28.02'
A-2 IS.M'
A-3 13.0?'
A-'i 13.10'
A-5 11.53'
A-£ 20,67'
A-7 21.13'
A-£ 21,80'
A-9 21.62'
A - I O Dry
2p 10.0'
3P 21.55'
<)p . 23.9?'
5r- IB.90'

Water l e v e l s dc not ar.ccar to have changed much since Tuesday - mostly in
the range oft ,1 foot.

Fndav,

Collect water sample fror lio. ty after blowing for 6 hours; water level
measurements:

No_, V/ater Level
26 63.90' - (this well had about 2_ feet of draw-

down from start to finish of E-l pump
test)

25 68.22'
2<i 69,1)7'
23 59,85' (during E-l test, f a l l from 59,08 to

60,80)
22 73, ItO' (during E-l test, f a l l from 73.0 to

21 63,03' 7M) A R I D 1 709



F r i d a y , 7/20/73 fcontj

No. Wat or l.evc1
I|8-A 12.30'
1)8 12.1)3'
8 25.81'
5-B 21.70'
5-A 8.1)5'

RW-3 1)9.07'
30 70.05'
'il 22.1*0'
1-B 17.70'
t-A 17.21'
I-C 2.30'

27 22.26'
2-A 28.07
2-E 27.68'
2-C Dry

RW-1 20.c5'
36 16.22'
't" 66,25'
1)6 i';. 73'
1)6-A 1)5.97'

Standard rota--y d r i l l i n g machine moved to No. 50; Reverse rotarv rig com-
pleted RU-ii; F.oy F, Wester. rc:rt-£c-.tat i ve pointed out s i t e for RW-s (next
to 3"A) for reverse rotary ri:.
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Roy F. Woston, Inc.
31 July 1973

A PROGRAM QC PROCEDURES TO EE U T I L I Z E D IN REGRADIHC, COMPACTING,

v-Riii:, A'in SEA:. 11;: o17 THE LLANGOLLEN LANDFILL. NEW CASTLE COUNTY, DELAWARE

Statement

An Investigation program relative to the Llangollen l a n d f i l l in New Castle County
has determined that the l a n d f i l l occurs in the geologic condition where leachate
excapes from the l a n d f i l l d i r e c t l y into the underlying fresh water aquifer. A
portion of the leachate seeps fror. the side wall of the. l a n d f i l l directly into
Army Creek, The q u a n t i t y of leachate generated at the present time is undoubtedly
a very substantial Q u a n t i t y , since the upper surface of the l a n d f i l l Is composed
of a variable but normally highly permeable material, In addition to allowing
direct i n f i l t r a t i o n throucn the cover m a t e r i a l , settlement has occurred on the
l a n d f i l l surface a l l o w i n g water to accumulate and more readily enter the l a n d f i l l .

In order to m i n i m i z e the q u a n t i t y of leachate production, a necessary program
outlined in these specifications w i l l be recuired to regrade end seal the surface,
thereby a l l o w i n g , naxir.u-, run-off p r i o r to entry into the l a n d f i l l ,

Purpose

A four-step program w i l l be- r e q u i r e d in order to adequately seal and m i n i m i z e
water entry into the l a n d f i l l .

The f i r s t step w i l l u t i l i z e heavy construction and comoaction equipment in a
limited grading oro;:rc-- to locate the supsidencc- areas, compact the present
cover m a t e r i a l , and e s s e n t i a l l y s t a o i l i z e the present top for as long a period
as possible,

A second step in the program would u t i l i z e grading m a t e r i a l and heavy construction
equipment to create the miniru-. slopes necesssr,- to conduct p r e c i p i t a t i o n run-off
from the seal cover and theresy prevent conla'.in.-.t ion. In t h i s project step
v e n t i l a t i o n ports w i l l be i n s t a l l e d in the l a n d f i l l cover to prevent gas pressure
bui I d-up.

A third step of the program w i l l be based on provision, grading, compaction of a
sealing material of sufficient thickness, to reduce the permeability of the cover
to m i n i m i z e water entry, The proposed s e a l i n g m a t e r i a l can u t i l i z e a lo c a l l y
a v a i l a b l e clay wnich s h a l l be placed in thin layers in s u i t a b l y dry state to allow
maximum compaction resulting in a final one to two foot thick seal over the entire
surface of the land:" i 1 1 .

Upon completion of the clay seal and testing to assure sufficient compaction and
reduction of p e r m e a b i l i t y , a f i n a l vegetative supporting s i l t loam s o i l cover
w i l l be i n s t a l l e d in the fourth and f i n a l step of the program. At the present
time a final cover of approximately one foot in thickness is visualized as being
necessary to prevent cracking of ins clay seal cover, fl fl I 0 | 7 I I



-2-

In order to construct a t i g h t clay seal to prevent p r e c i p i t a t i o n entry Into the
l a n d f i l l , it w i l l be necessary to use special procedures, construction and
compaction equipment, d a i l y inspection and t e s t i n g , and supervision of construction
by the county or its designated consultant,

The program which is described herein is a basis of procedures, materials, equip-
ment and inspection, The program is based on f i e l d inspection and cooperation
with the construction operation to insure rapid response to changing or unforeseen
conditions. The construction work w i l l u t i l i z e the described procedures unless
modified by the county cr its consultant,

A R I O I 7 I 2



DETAILED PROGRAM

Step.J - Compaction and Grading Present Surface of the L a n d f i l l

A program to compact and rough grade the present l a n d f i l l surface in order
to achieve readily a v a i l a b l e settlement and surface grading to allow pre-
c i p i t a t i o n run-off.

The contractor s h a l l provide acceptable heavy duty earth moving equipment
which w i l l be u t i l i z e d in compacting, rough grading and achieving r e a d i l y
a v a i l a b l e settlement on me present l a n d f i l l surface,

Construction equipment s h a l l be of s u f f i c i e n t size to p a r t i a l l y a chieve
compaction in a prop'-a- of d i s c i n g , compaction, ond rough grading. Com-
paction equipment s n a i l be of s u i t a b l e size and should i n c l u d e sheep's
foot and/or vibratory ca-.pactors. All cons truct iof equipment should be
of an approved standard or type and any such equipment which is unsafe
s h a l l not be used on t h i s project,

In that settlement ha; continued in sone portions of the l a n d f i l l in the
time since completion of the Hached p l a n , t h i s sea-isnt of work s h a l l be
coordinated by the county surveying crews and/or the consultant, "ne com-
paction program shall continue u n t i l r e l a t i v e s t a b i l i z a t i o n of the l a n d f i l l
surface has been attained as determined !v the surveying crews on-sitc.
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DETAILED PR

Stop 1. - Rough Grading and Gas V e n t i l a t i o n Program

In order to prepare the top for the seal cover, a rough grading and construction
of the gar v e n t i l a t i o n svttc- w i l l be .ccompl i shed. Tne roug'i grading of the
seal should be accorp!isnui in coordination w i t h the compaction program in order
to achieve a rininu.-, slo::c of the surface on the l a n d f i l l of one-half percent
the minimur s l c c e in th-.- depressions and run-off channels s h a l l be in a direction
away from the f i l l art-r,,

The r c - c r a d i n g and cor?*:!ior proc-a- siia1 1 u t i l i z e a d d i t i o n a l gravel f i l l material
In the eve-it of exposure of ;'••:• a c t i i o l l a n d f i l l m a t e r i a l of where necessary to
a t t a i n the minima' slopes cu: iir.Bd above-.

Gas Venti 1,-it ion; In that a dense clay car is ^lai-ed for i n s t a l l a t i o n over the
e n t i r e l a i d f i l l surface, it w' 11 te necessary to i n s t a l l gas vents to prevent
pressure b u i l d ur. w i t - i n tr.c i a - r - ' i l l . Tne ens vents w i l l be staggered on a
200-foot s e p a r a t i o n ir tw: iir.c; across trio i a r . d f i l l , Gas ve"'.s s h a l l be con-
structed o' a li-inc'- galva-, i zed steel p i p e and eqjipped w i t h a "U" on tr.e top
to prevent wateivei-t r-., The vents s h a l l protrude i n t o the l a n d f i l l to a suf-
f i c i e n t depth to os t a i n s t a t - ! ' ! tv. O p e n i n g s s h a l l be provided in >n» vent pipe
to allow eas. ci'.r., c:' arv .;:•:• = productior into the vent pipe. The vc.it pipe
s h a l l protruce at l e a s t 1C- i'c-;.'. ai-ovc the f i n i s h e a l a n d f i l l surface to m i n i m i z e
the p o t e n t i a l for explosion ar;.-cr f i r e ,

Where the cover r a t e - r i a l surrounding the p r e s c r i b e d vc-.t i I at ion device is com-
posed of a low D»rrea:le r.ateria', the surface nateriai shall be removed and,
replaced w i t h a gravel m a t e r i a l surrounjinc the vert to allow easy entry of
gas i n t o the vent.
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Step 3 - Provision, Construction and Compaction of an Impermeable Seal Material

Step 3 w i l l include provision, i n s t a l l a t i o n of a compacted clay seal cover to
m i n i m i z e water entry into the f i l l , A m i n i m u m thickness of one foot of clay
seal is to be placed over the entire surface area. Should the q u a l i t y of clay
or compaction conditions indicate, It may be necessary to i n s t a l l up to a two
foot thick clay seal in order to Insure minimum precipitation reaching .the
l a n d f i l l .

The .proposed cover material shall be subjected to sieve analysis and qualified
in accordance with the U n i f i e d S o i l Compaction System (USCS) in order to be
considered as an acceptable m a t e r i a l (see Figure I). The proposed material
should contain at least f i f t y percent clay size particles, The total of clay
and s i l t size p a r t i c l e s should represent at least 70 percent of the total
volume. A sieve analysis report, estimate of a v a i l a b l e quantity shall be
furnished as a part of the submission by each bidder, The exact location of
source material s h a l l be indicated so that the company and/or its consultant
may v i s i t and inspect the site prior tc selection of a contractor.

After the subgrade has been prepared as hereinbefore s p e c i f i e d , the m a t e r i a l
shall be placed thereon and b u i l t up in successive layers u n t i l it has reached
the required elevation.

Layers shall net exceed six inches in thickness before compaction. The layers
s h a l l be s l i g h t l y dished toward the- center, In general, the f i n e r and less
pervious materials s n a i l be placed in tne center, and the coarser and more
pervious m a t e r i a l s , upon the outer parts of embankments,

Each layer of m a t e r i a l s h a l l be compacted by the use of approved r o l l e r s or
other approved means so as to secure a dense, stable, and thoroughly compacted
mass. At such points as cannot be reached by mobile mechanical equipment, the
m a t e r i a l s s h a l l be thoroughly compacted by the use of s u i t a b l e pov-,er-driven
tampers.

Previously placed or new materials shall be moistened by sprinkling. If required,
to ensure proper bond and compaction, No compacting s h a l l be done when the material
Is too wet, fron either r a i n or too great an a p p l i c a t i o n of water, to compact it
properly; at such times the work s h a l l be suspended u n t i l the previously placed
and new materials have dried out s u f f i c i e n t l y to pe r m i t proper compaction, or
such other precautions shaM be taken as may be necessary to obtain proper com-
paction.

Compaction of each layer of the cover s h a l l be compacted to a uniform density of
not less than 90 percent of the maximum density obtained by modified A.A.S.H.O,
method of compaction testing, "Moisture-Density Relations of So i l s using a 10 Ib,
Rammer and an 18" Drop" (TI80-6I) as v e r i f i e d by density control test in the f i e l d
as directed by the owner,

Should the density of the compacted m a t e r i a l not meet the specified requirements,
the m a t e r i a l s h a l l be rccompacted u n t i l the density requirement i50Tf{t|£Q

•and replaced with other cloy m a t e r i a l .



Stop 3 - (Continued;

The county s h a l l have the right to suspend worl due to weather conditions in
the event that the cover mat e r i a l is v i s u a l l y determined as not meeting
specifications, The county or its representative s h a l l have the r i g h t to
reject such ma t e r i a l ,
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Step 1) - Final Vegetation Cover

Upon completion and compaction of the seal cover a f i n a l cover of s i l t loam
or other vegative supporting cover s h a l l be placed to a minimum thickness of
eight (8) inches with an average cover thicuness of one (1) foot.

The f i n a l cover matcral s h a l l be essentially a s i l t loam 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 should be submitted as
a part of the proposal,

The f i n a l coyer s h a l l be i n s t a l l e d , grtJed and prepared for seeding,

The Contractor s h a l l renove loam and topsoiI, "loose vegetable matter, stumps,
large roots, etc., fror, the areas upon wnich m a t e r i a l w i l l be placed for
f i n a l grading, .The supgrane s h a l l be snaped as Indicated on the drawings and
shall be so prepared py forking, furrowing, or plowing that the f i r s t layer of
the new m a t e r i a l placed thereon w i l l be well bonded to it.

On paved surfaces, the contractor s h a l l not use or operate tractors, bulldozers,
or other power-operated ccuior-.ent the treads or wheels of which are so shaped
as to cut or otherwis^ da-age such surfaces,

All surfaces which have been damaged by the Contractor's operations s h a l l be
restored to a condition at least eeu.nl to that in which they were found
immediately p r i o r to the b e g i n n i n g of operations, S u i t a b l e m a t e r i a l s and
methods s h a l l be used for such restoration.

During the- progress of the work, the Contractor shall conduct his operations and
maintain the area of his a c t i v i t i e s so as to m i n i m i z e the creation and dispersion
of dust. If the company dec i d e s that it is necessary to use- c a l c i u m chloride
for more effective dust control, the Contractor s h a l l furnish the m a t e r i a l , load,
deliver, and spread it as directed,

A R I D 17.17
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BQV f. WBHTON, INC.

INTER-PFFICE MEMaR ANDUM

DATE 30 October 1973

'0 r ro_ec t F . les

F R O M j.A. Weaver, Assista-.t Project Engineer

SuEjECT L i a n g c - l l c - n L a nsfi 11 Treatment Alternative;.,*' ° Nc ^J-IO

Attacr.ei is an Inter!" i\eso:'t cetai ', ir.;:

1, Eco.",o-ic estimates for i~pi! t-ent ing vario»s t r u - = t -
rr.er, i a l t e r n a t i v e s ,

C. Tcc".-.icj! res cr . a t i c~ : u;j;. ' ic^:. .e t.- (./.c-. a i t L r n a t

;. E s t i m a t i o n of the re~:, ir.i ng data a c c u i s i t i o r . stcos
nectssary for f i n a l ceterr i n.ilion of r.o=t f e a s i b l e
treatment r.etios.

;.. El ir.inat io". of Ce'ti't-. a l t e r n a t i v e ; .
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'•<. fc.l l.ji.'-.:. rc-rcrs o'' tl-.i' Staff of Ro-, ", WeslD" na-,c
p a r t i c i p a t e : ir tic p l a n n i n g and preparation of this report.

Tticr.'iS E, CuCn'nl laotr Concept Tec-.nology D i v i s i o n
r r.' L- c t '-' f: -. a'.: L r

.-a"v: A, v,!.i-.c-r Concept Itciin.-..la:. D i v i s - i o " .
A i s i a t a r ; Jr;.,act t-.gir.ee

".icnijol f-. A p a r Geo,ogicai So-vices '.'-.i-;lon

Tn:-,-.= •, Tt.\l;r E-.ii neeri r; Jesic" C l . - i s l c r .
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.'•- ir.tf!" :••:;:.."'. p r c s c - t s economic and t e c h n i c a l r a t i o n a l e
lor i n i ' . i o . rcjuCtijr. of the number of p o t e n t i a l a l t e r n a t i v e s
for treat ir.j tne L l a n g o l l e n L a n d f i l l in order to prevent its
cc.-.ta-ir.rtion cf a r.a.ior potable water a e u i f e r ,

rjrtrn.-r c- f i n i t i. ~ is r,f,ce of future data acau is i t icn rL-r-Lirc--
rents nucessar-, i c" u l t i m a t e s e l e c t i o n of l a n c f i l i treatment
met no-.

Total ha.'a.c c'' l a n e - f i l l m a t e r i a l s to a nc,,- s i t e , as v.e 1 I as
l i n i n c t-A l a n d f i l l bolto" have been rule: out as v i a b l e
s:i ut ions. Furtnc':-.?re, certain options of control lin:.
...;ter ir fi ! t r a t !;.- '-.a ,-t been discusses anj rat ic.-a 1 i :e::,
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Inter!? Report

Llangollen Landfill Treatment Alternatives

IN"COJCTIC!i

Genial

The Llangollen L a n d f i l l is s i t u a t e d in New C a s t l e County,
Delaware at snown in Figure 1. Previous studies conducted
by Roy F. Wtston, In;, under contract tc New C e s t l e County,
r.c.t sni,-.-, that the leachate fro- the Lianaollf. I an;: ill
I-;; causes raj or contamination of an inpcrtant so-rcc- cf
s:-.6ili; grcuna-.-.aler,

••'•';". tc re-cove- leachste conta-.i nat ion sirs-;:.- in the
iicjife- is c u r r e n t l y unae'-,-,ay, hGwe-vur , el i-ina: it" cf future
ccnta-inatio-i w i l l r e q u i r e f u r t h e r a d d i t i o n a l r.e = - u r e s
d i r c c t c ; it co- . r c l l i n c leacnatc- generation a! l"v L i a n s c l l e n
U-:fill i t s e l f .

.5 :::•:• a": C:. :!r:

I" a" e f f c r t tc t i i - r i n = fj t"t- Llar.gcl Ur. lar.:'';il
cf ac-iifei- conta-ina-. ion, Ne,., Castle County he.- r
F.o. F. Koiton tc determine tne me it f e a s i b l e rL=r.s f;.r t r e a t -
ir.c or re'-o.otinr. fie Llanoollen l a n d f i l l as pi", cf tr.v.
gi-.e-al e f f c r t being undertaken.

= . rjtjii a.}'-es-ienl, tht scc^c cf tr.ii stjj; i-;lj::.;;
vc.-i ice-aticr, cf a brcac stloctlon of p:ttr.ii;l s:u---.-i fo-
Sitisfa:;;- i I . ftc-tin.: thi Lla".:.; I kr. U - ^ r i l i . i; pa-t cf
l-c overall a.;tcri7.in = tion cf a "cst f e a s i t l e tcl-tion.

jc .'.:lcp-i-:-.t of r a t i o n a l e s.'ficient fc- accur...ti
cf pc ton lia I l a n d f i l l trestient .lie-natives na:
ir. co-pi I at ion; of both eccnor.ic f ea; it i I i t ic; en: te-cnnc loii -
cal appl i c a p i I i ty of the various al te'nat i vei.

Tri:. inttri.T. rope", is Intended to document f.e
effc". expended tc date, K v-,e 1 1 as present prc-l i"i nary
finrin.j; r e l a t i v e to the various al U-rnat IVC-L. Fur t her.-,:, re- ,
e s t i m a t i o n is presented of inn re-./ii r.inc, esil-.-at icr-. effort
rcc-i'-td for f i n a l dutc-rir.inat io-. cf ire most ftir.ifU
.lurr.ti,-,.. A R I D 172 5
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?•:$.:» D E - I H I T I C ; ' ,

D e s c - i p t i c - -

The Llangollc-r. l a n d f i l l was constructed fror, 196: to 1561.
The l a n d f i l l is approximately MOO feet long, 2$: to SOO
feet wide- and approximately 30 feet thi c k , containing an
e s t i m a t e s ? m i l l i o n c u c i c yards of m u n i c i p a l an= i n d u s t r i a l
refuse note-rial .

Test borings conducted during tr.t month of Gctoc-er I??- have
developec a more accurate p i c t u r e of the exact l a n d f i l l depth
and thickness and are presented in rough sketch form in
Figures 2 a-.: 3.

Tr.e san; •: - c a v e l c d f<-0- tnt •;*-•{-, ws= p a r t r f-e - i e i s tc:o-c
Cclurttia F: ---i-ticn, f U v i a l a e p c r - i t v."l:h cc-iist: p-e:.c-
0!" ne-iu" tc coarse sane hifi gravel beds, |n ;-,.; Ll a- :•: 1 i f,
a-ea, t n i a ;.a-,d, the Columbia rcr-.aticr, fo-r-; a m.-s-lv ccr-
linuo^s i u . - f l c i s l cove' a:> tc 63 fc-tl in tr i :.:-,ir:i . "-e pssc
of tne fc---j-.ior ranges frcr atc^t 1C fo~t £t:v:- t; 2C fiet
below riui-, sea le/el in the vicir.it, c" t-. i a - ; f i l l .

Tne urce'-:.!^:; Poto-ac For-jtic- cc-,;ists c-' i • t-e-s--:...-:-..; i te:
uncor.scl irfr'.rr: sane;., s i l t s air c l a y s cf Lc ... •• :-e;t = ;•:•'. J= -:.•:-.
T*-.; s=n; ..-it; =rt cr=nne i -s-;:e ; , w i t " c.\t-;r,.-i -.-. i".. 't-.-::.::
!en:e; c-' : ; • - . - a-d s i l t v.r.l;-. i.cj-.Ut-.: c- i-;^--t f ,;.-.j:- 'ii -
an: estui' '.;, T"e Pete-;: Forr.sticr. t r . i c k n ^ i r ar . ;i;; t;...i."2
tne sojt:iL-j:-t at app-oxir-ate ly ^O t: 1-0 f-j-;t pi" -,! k i..:se---
riott and lc..errost Deis r e s p e c t i v e l y 1 ir r.e slucv s'lS.

Hy^-cloci : = 1 !-,- the cene-ai I . ccarst- Ccl^-:is ;..-:•:;!•,•. i;--.c
3; sr. i^;i i t r a t i c - i anc rec"a":e cillc-',- '.i' t".o -etc-;: s;-:;.
G'0'.ir.,-; v.it •. •• in t''-c ritc-i: iari; tc:;".:.- conf i:--.-: :s"t;:';:"
t •.-•: = •.' ••. I ; t i v o l v i-?er-,e;:: le fce-:.- cr c l e > £•-.. s i l t i., i:
t-B.L-U ;-.::..;-;: aov.-, cip. in tr.e l'c,-~.at ic.r. , ~: •. K: •;...,; - ite-
tf.ickne-i: t f tne Pctcr.ac cor.fininc. u^its i"ve-i attl • te-uSf-.
f.L C c l u - . t i i se-,3: are she,.-. Ir, Fig.-e 2, I -,•••. :.i £-.--• I .- tc-.eitr.
the i a - c ' i l l tne = e clay a-: s i l t Co.; it: a-... S-.L!!;'.., n.ir.
or--in t"c D-ea cf ft icuthts- 1 cc-nt- t: t: • f i 1 l--i

. - s t r u c t Jo-,

Tne crave i pit i n w r . i c r the L l a n p c l I or, U - d f i l l is cor.s trjcted
was e/.cavotL= him a d r a g l i n e do.-.n tc a "h = -c zc.ne-'--co-,e -a I h
non-cementec r.ongclnerate Raking the ba:e of tr.t Cclu.'-.tii a--or

... ARIOI727







re: PctOTic c l a , ,.as encountered. Clay was net removed during
the sane ans gravel operalion, because ii would have interfered
him tr.e viaiiMnr. process, Aerial photographs taker, in ihe end
cf tr-.e late 1550's and early IJoO's shov, large pools of standing
water on the floor of the sand p i t .

Vihen l a n d f i l l i n g operations commenced around IJoO, refuse hii-,
du-ped rathe-r haphazardenifrly, starling at lie easlern end ac.d
p-cceecin; Back tc.-.aras the pit enterance en the west. All
types cf writes., i n c l u d i n g l i q u i d wuste chemicals and o i l s ,
wc"e' dump..-: at the site. The existing ponds were f i l l e d witr.
refube, an.: compaction anc. covering of Ihe refuse was generally
poor.

Refuse cc»..--inc cot-rations were condjcled by thej quarry operator
t.Hnr. tne s u a r r y i n ; equipment wr, 1:1- was a l r e a d y or, the- si e.
All i n t e r - i is-.: cover m a t e r i a l v.a: cPtaine: w i t h i n tne P t
frc- *;;•.-. i l e = and f i l i a t i o n b a s i n s , As time- procrc-sse ,
cove-" r,a'.-.'• el anc l a n d f i l l space beca"e c r i t i c a l l y deple a:--
a s i ' . M u t i ^ " v.-i-.ich encourage: deeper excavation or. t'-.e- wes e:'n
e-,c cf t"-. c i t . Tnis excsvatior re-raved sois--ano in a f •..
places B"c:.j:lv all--cf tr.e confining cla.- en top of the c-.:~ac
Sc".:..-. iu:-. conci tiers pernitle: d i r e c t a::e-£i tc tr.e Po c,-.ac
s^r.c: ty leu:", = l-:- frc- r.e l a n d f i l l .

U.--C.J"; wat-.r, ir.fi I " r a t i n g sj'face v.ater cr c j-.Dlnat ior of
Lctr i...''eri movin; through l a n d f i l l s - c l i a ws.-tei, rejj't; in
t'if. p(-c.-.::t ior. cf a complex s o l u t i o n of d i s s o l v e d ar.d s^s-
per.ce:: m ^ t e - i t i en: is kno,.n corh^r. 1 y as le£,;r-.ate.

r-. ::i,..-- lane1'! II , it it centrally re;..,-|-e: tr.e-t io",c-
f i l l ; n : - - - ; ! l . . >••:,'<. a ce-t = i-. aof ini tu r e t L - t icr, c a p t : i t , -
fe- le:-:1-;-.-: t^cr that unlei; tjrfo;e ,wtv- :-: griui^
v.,:-.-:- l r . f i I t - s t l o n i s s u f f i c i e n t l y nig", n: le-oChate w i l l
uct.^'. iy U;.e me la.-,:f i II s i t e .

F:-tie..U-l . hicr. levels of ground v.ater inf i 1 fation arid
i-rtice v-.ite- i n f i l t r a t i o n are i n d i c a t e : as ::-i'-,e causes of
iut. t a n t i jl le;,i-.a"e cf leachate fro:-: the U - v j f i l l into the
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TECHNICAL EVALUATION 0- LEACHATE
CONTROL A L T E R N A T I V E S

Technical Approach

It was r'-'dconized that widely different schemes could poten-
t i a l l y achieve the desired objective of leacnate control, It
was simultaneously recognized thai Ihe aggregate of these-
a l t e r n a t i v e solutions would span a broad range of recuired
d o l l a r expenditure. Furthermore, depending upon respective
t e c h n i c a l r e l i a b i l i t y and adequacy, a divergence in the- cost-
effecliveness for any given allernalivc was expected.

Consequently, i n i t i a l efforls were directed towa-'ds cost and
a:-..;ja:.- analyses for a f u l l l i s t of a l t e r n a t i v e s , w i t r - tne
i n t e n t i o n that rr.any would be e l i m i n a t e d fron further ccr.-
<• i c e r a t icn.

f - e s c n t a t i c n of A l t e r n a t i v e s

Consideration was given to a bread l i s t of concsi vs::ic relhc/ds
fcr leacnats control, Some- al te'net i vus were e I ir.i nate:
r e l a t i v e l y q u i c k l y cue to iheir lack of a v a i l a b l e tecnnoloc-,
c- u n c e r t a i n adequacy.

E..,a~r)les of solution; f a l l i n c ir.tc t h i s Cotegc-y -..c-e;
1) cc~ r I1-'••-• fj:if. cf la-.:'' i 11 -,ate"'ial i r, c- pel ,-.-•:-• i: r e : ! - -
2'. cht-ical a d d i t i o n tc tne l a n d f i l l , in s i l i - , to 't-n:e- it
t o t a l l y i n e - t tc leachint; reactions, Tne f i r s t C'-a-.ple v.as
e I ir.inoled p r i m a r i l y on the basis of Known insta-.ces where
tie polymerized resin a c t u a l l y conlrioutec signifies-.1, level:
cf Icachal" It- contamination. In the second case, el i-i na: icn
v.its .Tod-: in.-Co--it c- f.e lack of any cr.e-.icol ireif.i" t aae:j;te
for i c t i l l . p r e v t - n l i n g Ihe leachihc process.

Tre- l i s t cf ul tt'r.ot i vet reT.oini'-.c i-.as as folio,-,;;

1, Total rc--;vil of the Ur.cfill an; h a u l tc he., s i t e .

2. F..j-ic.-al of the l a n d f i l l , l i n i n g of tr.e e x i s t i n g sit-:,
an: reploCe-"ient of the l a n d f i l l .

3. I n c i n e r a t i o n of the l a n d f i l l , and l a n d f i l l of the
res i due-,
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It, Hydroae-clodi c Control of all walei i n f i l t r a t i n g the
l a n d f i l l .

5. Acceleration of the rate of decay of leacnable
r.ialer i a l s .

W h i l e various sub-oplions are recognized for all of ihe allerna-
t i v e s , a l t e r n a t i v e nû t..':V|wa.- e s p e c i a l l y in need of furine-
breakdown whicr. was made as follows:

-. hyd-o.-.ec l o g i c ccn.rol of all water i n f i l t r a t i n g tne
l a n d f i l l .

a, LaU'al i n f i l t r a t i o n control

1 , ^. center, i te wal I s

:, u,- BiViorated d r a i n pise

3. cy v...-il " Gint syste™

L. s.-face v.ite- i n f 1 1 t r a t i o n

1 , regre..:-, and recover

2, c"en. i £ t i c " schemes

c. De-sat -irat ic-, of the l a n d f i l l

1 , i nf i 1 t r at ion gal 1 a." ies

2 , v-.'. 11 pc i r, t sys terns

L:c,-^:.-ic Dr'.d Te:'-r.i:al Cc-s i de r a t i C".:

/-. su-rary of t".u cconc"ic and technical considerations of tne
various o l t t r r i o t i v e s is presented in Task- 1,

E s t i m a t i o n s of a l t e r n a t i v e costi we'c derive; rj, ma,.ing reascn-
at:k- eslinalcs. of tr.e qua-ill l i e s , mair.eijrt, an: relate:: exsthse
ite-.s aiSC'ciiiU-d i',itr, i.-,p leir.enlat icn o'" e-ach a l t e r n a t i v e - . It
rust be nctc-d nowcve' that in c e r t a i n insta-cui, co^ts were
dope-nrleit upon i te-"; such a> s h i p p i n g d i s t a n c e , which were not
f u l l / determined. Reasonable approximations nt-re "ade in these
i nt tii- ..-•;. ond i d e n t i f i e d s p e c i f i c a l l y .
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It is furthc- ncted that casts do not reflect ncn-predictable
price fluctuation typically attributable to problems of
r.fituria! aw.i lab i I i t> , Interest rate increases, local labor and
ove-rncad enargt- , heather, elc. W h i l e - these c-le-ients remain
undetermined, it is fully expected that tne final cost estima-
tions for each alternative are sufficiently accurate to permit
tne neede: co-parison of relative expenses. More specifically,
sue'' co-.parisoh would I sad to I) e l i m i n a l i o - cf tne obviously
dispropo-tionc-itel;' expensive alternative;, and 2) definition
cf furtne- analysis required for rationalizing alternatives

a:-i;r: clcsc in cost.

General t e c h n i c a l adequacy was si so evaluated w h i l e no attempt
was ir.adt- ic cp.tlmize f i n a l de-sic-. para-ieters such as volume or
m i g h t , fc" parl i c u l a - - c n c i n e e - i n c aspects cf '."•. various
ol-.crr.ot i ,-e iclulicr,;, It is felt :* ~: the C'-n.-cd sur.na-y »i II

js.cf.,lly I- ,•.,.•! g-ir.j a i tc r hi ; i ve des i 'at i i i t,- an: dC'-'ining
"ec.i re,-e- 1; .

In scr-r CoSci , It is rc:;:ni:ec thit s i g - i f icj-t ciffe-e":e; In
cc-it r-j. a r i s e - due- :; except icr.il aevi at icr.- frc;- ihe lull for
e s t i m a t i o n {su:r. It-.gtr. cf ho.-l;.

Ir. ;'•••:• p a-f-r-ipj-s fcl 1 1.-. ir.; , scrt a t t e - p t !: -.a:t- tc ci:Cj;i
s p e c i f i c case: i.:-e-e p c t e n t i a l e x i s t - fcr except lor:;l ceviiticr.j
i' ire cert c - l i - c t i c - ij i i i . Fu ' t".e r -c r •. . it iy rtalizs: tr.it
i.-..-:;-1.!-! :,r. si.i-.;: -.a , :••: '-eeli::;: L- 'L-. t •.•:--'.-;-•
u'ticicuted" pe--fo-"u-ce cf s p e c i f i c p'e-c.-ric •• e-.::i nttrin: ta'ks.
Effort i- a; kue-. mad-j tc i d e n t i f y such case: as w: i 1 ,

A' •.•:-.". "J .... I. "Tct^l F.i?-cvol cf L a n d f i l l tc I,?.. Site"

C-C!.S u - l . L - t o i - ' t i c : e..':t ir t..: ite-";. "r.= !l -:..! ' hi
L- li'-teJ .'-. Si,0:.;,::: or t-i- Loi is c- Cj.tct ic- frc,- (-._
••-.-: Ce- t -L.-I f.i MT..J; cf «.-p fcr tay pc-h; c: - c t e r i a ! hi.U-
;;: r i l e : ,
L.'t'.i- i , jr.;..- t; i r t , v- i s t i fl: t: thv £--, c-i I a: ! 1 i t -, cf lie..
si :-.•-. •*•••- a; ,-, :;,-:.:.••. for e':ll?,atiic the expense cf d i s p c s i l ,

' •;„. yd. ha:- used.

"Exca\ott, Incinerate, Lanrf 111 re-si due"

It is ntct- !:•:•••/ tc e-.pha! i:e- trjt tre stite: cccitol expenditure
of S:jO:,C% cov. net reprover-, thv i n i t i a l ir.- toi lot ior. cost,
Rathe- t i ' i t figure represents 7/25 this of the i n i t i a l cost,

R R I O I 7 3 6



or Sc,2C:,0:>;, wMcr Is the rough proportion of the total plant
l i - e wl-ich would be d e d i c a t e d to incineralion of L l a n g o l l e n
l a n d f i l l n o t e - r i a l .

It has been estimated that by burning a 50/50 m i x t u r e of wet
(LlangolleM refuse and dry (new) refuse, incineration of the
entire Lloncollen l a n d f i l l could be- accomplished in about
7 years, him ihe sir.l taneous benefit of having e l i m i n a t e d
an equal ar-:.jnt cf ne,-. refuse that would have been I and:'! li e d
c Ise-v.he-re. Operating cosls are estimated at approximately
SSiO.OOD/ycar.

Furthermore:

1. Cc-sts g i v e " ihclu:o ux3er.se fc' Air P c l l u t i o " , Ccr.t-ol,

:, ji r,;-t - t f l e c l savings r e alized ir. dispo;;.! cf n;--
Ll ancc I ler, m a t e r i a l ,

;, The -•;-.•_- cf i r.: i r.e "at i o- cf L lance I I en n - ; t e - - i a l -.a-, EC-
sigr.if ic = - l i y l-.c-Ci-s:, depend In; user, c l c s e " e. t i-.c-ticn
Cf the ruc..ire: "ate: cf cry tc wet refytu.

•'• 1 1 •: • r ,-. 1 1 ..•: = I1, a: a- :_ IV :•; , "Ft "for ate; r i p e , : l an: 'Veil
rciht iys •. = -•'

it is r-,;t •..- f:: :;;-,-"'• r^- '̂ •'-'- ' dr. •.--.. f:11 : - ; - " i " ; :::ti !h
insloMat icr- cf tr.«. pcrfcrete: d"aih pi-v tc Pu r-- aic---;: the
Ic:-:. nc"."e--n en: cf f.f li-.df||l, anc s i t - o t t d epproxlr ".e I ,-
JO feet c-.-.c. It is f e l t thst i s u d b t a h t i i l r c c - e i i c r . in iris
figu-e r.:,l; r... cbtiinej s.- p"ic" deiot -rt : i :/- cf •.:••: i.-c-j tc
b^ txtavf.tc-.-. t,- uie of thv ,-.ell point sysler es:i-:;.t-.; ir.
i l t - . - ' - c t i - . e I, =;, as 56:, OC;. FJ- t"e--::-e , it is r ::.-.; t-:t
i p:rt io:. c; f e S: ".,:."-: -.:• . t.. :̂ ..--: : i nc-. it r..- .. t-_ ;>„•-:
t'r.ct f- - .vjll; o".; a c i M o l i , - neeru: t. p.e"fc-"- t.-.-; ct.--.-t. rat ion.

Alte-'-cti-.c IV .cl "In; iltrolicr, G a l l a - i t : ah: ,-,vl 1 pc i r.t: "

F.tug-ly ?=•;." ,D:: hui te-c-n e':ti:-,clc: for a S.-ste- -. f ir •' i I fct ion
G n l i a r i e ? ( a c t u a l l y CD-.P stor.i: f i l l e d trencht-:; and ,-.e i Ipc ints
,-.."ic'- v.-u.;k- c c l l - j c t le-acr.o-n; o i r e c l ly in t'.e l a r . d f i l l , cr as
he-.-l.- sc a. p o b s i t l c . The e-iii-.ate is Dosed c-n t"e s a t u r a t i o n
cc^citicf^: cbse-ve: at p-esen; ah; sinc-j it is i:.-.pe:lej tnat
-.-L Situ--jt ' - . c h a r a c t e r i s t i c s w i l l chance r.ari,f.:ly once
IHC--C,! v.i-ter and Surface uctf i n f i l t r a l i e n 6-c prevc-Mus,
suL-slar.tial savings r,6y be- affected nerc ai well.
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Alturnativ.. IV c? " I n f i 1 i r a t i o n G a l l e r i e s and Well:, In
Conjunction w i t - Leachate Recycle"

Leodhate reeve I e- is being considered as the most appropriate
means for accelerating refuse material decay rates. The i n f i l -
tration callaries and wcllpoints system describe; in the preceding
parac-wr would provide the leachate collection system that would
per-il reeve le cf uu Ic-acf.ate onto the l a n d f i l l surface by a
spray scr.e-.c-. Since such recycle would preclude- any centre! of
ra i n f a l l cr of...--- su-face water i n f i l t r a t i o n , it Is considered
that no size re;:~:ti.h: could be ,T,aoc in the collection syste-
as deserit.ec prc.icjsly.

Several „-,:..•-t = i r.t ic-i, e A i s t relative tc the t e c h n i c a l csol ica-
t-iiity e.f f--. ••-.-cycle syste-r, that red.ire ac.ii t ien-.ol r'-^-rcr
aid peT.:-;-.- itst. Currcr.t data indicate t h a t r e c y c l e of lt;c: ate
re:,cle na, z'c.idt ac c e l e r a t e d bic-dedradstie- of re'uie .-.ater i a l .
ho.vev:-, rcc'.-t re-e-;';-. in this a-ei s".o..= r e c y c l e ci. n:t
greatly s.-ic'te- ire uit i-L-te oe-ic: rc-jirec fc'- tclal Id.-.jf ill
degrade l ic-n, in.; r-^"e r e f r a c t o r y r.-.". e r i a I:, co-. tin. ing tc exist
at l e a s t o ene" icsl cxygcr. cu-.and fcr sort ti-.e.

A d d i t i e - . j ' -cse-vctic":. exist o-. = r existence of d-a-l; tie;, cf
p.lent!all/ tcxic cr harmful suPitaice: deposited cy i r c u s t r i a l
cr co—e-ci;! users ef l.-.e landf i II. T'.ese m a t e r i a l s r;..
cj-rc-t i .. C...1- : ir 2-. i.r.;;Ttct-jd stat; v.-icr cc.ld be =1 te.-=:
L. o r c C i r C u l i t ' . r ^c"e-e, =.ecirc.',ctie,- cf i^-- .".-;•.:••! :i:
would apipcar u-..ui! -;,:. ie.
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CONCLUSION; A',:' RECO","iEKjAT IONS

As a consecjence of tne er.one/mie and technical f e a s i b i l i t y
study wrii.ch"4conductedj several allernalives are el iminatable:

1, Alternative I • "Total Removal of Landfill to New Site",
on the b a s i s of very h i g h cosi, and unceriainly of new
site location.

2. A l t e r n a t i v e II - 'Txcntave, Line, and R e f i l l " on ihe bei.is
of nigh cost and uncer-ain performance of l i n i n g m a t e r i a l .

3, A l t e r n a t i v e IV si Bentonite W a l l - North Side on the basis
of mo-e economical means of l a t e r a l water i nf i I t "ol ion control
fcr the nc-'t" s i c e cf the la — f i l l .

r u-lhurrcrc, a ncrt d e t a i l e d c-dtrins of me rt.-.cini '.:. a l t e r -
n c t i v e s v.1. de-rivcc, Tr,i'_ orde"in:: is r-.t-itl-. cr.rcnc lc;i Ca,
or.;' "eflects tnal c e r t a i n a l t e r n a t i v e s st-.culd be tej-r, i n i t i a l l y
i r, order to "i hi"-.i PC- sud-seguc-nt exp/er.di tu--t-s for ctr.c" a1 tei'nst i ves.
r.-tnerrcre, decisions, on several al ternaii vet r.usi te ccferred
u n t i l mere datu i s c o l l e c t e d ,

A su'-.-'E'".' cf \'\: c'dering is p-re-ser IL. in - i .....--e 2S. Ir, j d c l t i o n
c ce t c i 1 ed l i s t c ' the require: c-j t a od-. i s i 1 1 -p. -.e^ : « " e -. . C"
detc""in i nc f i n a l ce.-se- cf actic-. I- p"ti-;-.-,s.' Ir TK!.. 2,

At t h i s pc.l"t i .". t"..- Jc-jcl !c-r | j - - . d f i i l tr ..•;•'. --.". t MJC/ it
i: not poi.-ible tc assigr. s p e c i f i c pt'fcrt.ahce -;'.•:•: tcr all of
tne data ccl l e c t i c- -.c-oi-jre: wrich are
oe:isich cf t"-, -id it fe;;i
fiit 5 -"-.ere acc-jrate d e f i n
a-r. cohi-e.-. _c---it 1 v ti"-- ir.v:-

le tre:-'.-...nt ."et".c.:, It i.- t..p-c:tvd
tic." cf !!••.- fccp'e- cf v.-C'i. "e-S'Tini
ved w i l l be D c s s i t i e «;'.•.-• '••..-is..

a- d co-i-ie-'t cf I", i.- currer: f i r d i r . c s is "".'.-. :•'. tr,; utci-.: ;C,
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SUMMARY

Llangollen Landfill, in New Castle County, Delaware, is a possible

source of contamination of ground\vater 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 M3D fron: the aquifer in order to prevent further

spraadint; of this contaminated zone. Previous studies have indicated

that the contaminated groundwater was amenable to physical-chemical

treatment for the reduction of dissolved metals content. Consequently,

Roy F, Weston, Inc. was retained to develop a conceptual design for

the required metals removal treatment plant.

Results of the treatability studies and conceptual design by Roy F.

Weston, In:, have confirmed that the groundwater pumped fro:- the

recovery wells is amenable to physical-chemical treatment for the

reduction of metals, Based upon the treatability studies, the

recommended treatment process includes the following systems:

1, Oxidation/equalization, to oxidize ferrous iron to

ferric iron, and to equalize wastewater quality.
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2. Chemical treatment with lime to a pH of 9.0.

3. Flocculation-clarification, using Dow A-23 as

a floe aid.

4. Post neutralization of the clarifier effluent

to a pH of less than 8.0.

5. Vactiu": filtration cf the thickened clarifier

underflow sludge.

The capital cost for these treatment facilities was estimated at

$1,251,000. Annual direct operating expenses are estimated at

$207,200.

S-2



CONCEPTUAL DESIGN REPORT

Lime Treatment Facilities for Treatment of Groundwater

LLANGOLLEN LANDFILL
NEW CASTLE COUIiTY, DELAWARE

INTRODUCTION

Background

The Llangollen Landfill site was a countywide solid waste disposal

site near Hen Castle, Delaware, operated by the New Castle County

Department of Public Works from, approximately 1960 to 196S. The

landfill location is shown in Figure B-l. The total area of landfill

operations was approximately sixty (60) acres. Currently, leachate

from the landfill is entering an aquifer and the contaminated zone is

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

studies have also been performed , from which the conclusions were

made that lime treatment could be used for the removal of metallic

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

Delaware River, A R I O I 7 i * 9
IT)

Roy F. Wccton, Inc. Interim Report, "Leachate Treatab1,lity Study,
New Castle County, Delaware."



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 Information from previous studies, the following approaches

were taken to providing a technically acceptable, reliable, and

economical solution in the development of a process for treatment of

the contaminated grouns,,'a:er:

1. An analysis cf well records was made in order to develop

an effective sampling program which would provide

representative raw wastes for treatability studies.

2. TreaUl'-ility studies were performed to develop a lim-e

treatment process tc remove metals and control pH of

the contaminated groundwater, These studies included

oxidation of ferrous ion to ferric ion, addition of

lime for metals precipitation, evaluation of polymer

flocculation aid;, settling tests, sludge tests, and post

neutralization,

A R I O I 7 5 0
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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 metals concentrations and control of the groundwater pH

prior to discharge to the Delaware River. Conceptual capital and

operating cost estimates for these facilities are also included,

-3-



PROBLEM DEFINITION

Wastewater 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 pumpi.ng is intended to prevent

the spread of contaminants into the aquifer,

Wastewater Sans!ing Program

In order to determine the points at which representative water

samples could be obtained 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

data, 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-l.
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The four wells indicated above were chosen as representative sampling

points specifically because of:

1. 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 from inactive test wells,

2, These four wells cover essentially the entire

landfill frontage across the aquifer, Con-

sequently, the water quality of composites

obtained from these wells would represent the most

concentrated conditions which would normally be

encountered. Thus, treatment of samples 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 period, One (1) additional

grab composite sample from Wells 2 and 4 in the landfill itselfftvBsl 01753

-5-



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 5 gallons from each well. The

landfill wells - 2 and 4 - were also combined on an equal volume

basis, prior to dilution with 20 volumes of the composite from Wells

27, 28, 29, and 31. All samples were transported daily to the Roy

F, Weston, Inc, Laboratory in West Chester, Pennsylvania for analysis

and treatment.

Wastewater Ch£re:t6"ist.1f.s.

The preliminary findings developed in the Roy F. Weston, Inc, Interim

Report entitle:, "Leachate Treatability Study, New Castle County,

Delaware", indicated that, for those parameters which are amenable to

>ime treatment, suspended solids, total iron, copper, and silver

concentrations, and pH, were in excess of allowable criteria for

discharge to the Delaware River, Consequently, all raw water samples

were analyzed for these parameters in order to establish a basis for

performance evaluation during treatability studies,

The results of the individual analyses for each raw waste sample are

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

copper concentrations are now extremely low, but that the totffllniran I 7 5 L

concentrations uniformly exceeded the Delaware River discharge

-6-



criteria (also shown in Table A-l). 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 50f; probability-of-occurrence level (the level at which

50« of the time, the parameter is 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 90f.- 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.

A R I O I 7 5 5
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WASTEWATER TREATABIL1TV STUDIES

Approach

Prior experience indicated that several 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 pH; coagulation by inorganic and/or organic

chemical addition; sedimentation; filtration; and, various combinations

of the above. The present treatability studies were conducted tc

confirm the preliminary studies previously cited and to provide a

valid basis for the sizing and conceptual design of required treatment

facilities.

Consequently, repetitive was conducted to develop reliable information

relative to lime (che-icel) dosages, clarification rates, post

neutralization acid requirements, and vacuum filtration rates. In

addition, a brief analysis was made of the recalcination requirements

for possible reuse/recycle of the lime sludge, The data obtained was

then subsequently used to develop the conceptual design outlined in a

later section of this report,

A R I O I 7 5 6
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Treatabilitr Results

The treatability studies outlined above were conducted in the Roy F.

Weston, Inc. Laboratory at West 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 197?. The results of these treatability

studies are outlined below,

Oxidation of Fe'-rouf. Ion

Soluble iron four.c1 in grouncVster is normally present in two Ionic

states: ferrous and ferric. Only ferric iron will form a readily

insoluble precipitate when reacted with lime. Consequently, all

ferrous iron must be converted to ferric iron by .oxidation, Determination

of the concentration of ferrous iron is also difficult and requires

immediate analysis 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, It should be noted that, prior to aeration, the

samples were essentially colorless, Upon aeration, the wastewater

samples developed a brownish color indicative of the oxidation of

ferrous to ferric iron, Consequently, aeration to provide oxidation

of the ferrous iror, appears to be required, /IR I 0 1 757
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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 lime 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

levels of lime, 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 lime 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 approximately 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 I 0 I 758
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JI
Figure B-3 is a probability-of-occurrence plot for the iron concentration

which was achieved using the treatment to a pH of 9.0 - 9.5 and

, po.lymer addition. From this plot, 1t can be seen that the average
i
1 effluent concentration of iron (indicated as the BOX 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 pK to 9.0. The average (50?;

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

Floccuiatior-Clarificatic-i:

A series of five (E) flocculation-clarification rate tests were conducted

for each of the two chemical treatments previously described. These

tests were condjctc-d urine; an B ft. high sedimentation column. Figure

B-E shows the overall suspended solids reductions achieved using

chemical treatment to a pH of 9.0 and polymer addition as related to

the clarification overflow rate. The average effluent suspended solids

concentration achieved in these tests was 64 mg/L, well below the

required effluent limitation of 100 mg/L. The clarifier underflow

suspended solids concentre ti on was found in the range 1 - 3?;.
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Effluent Neutralization

The maximum allowable pK 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 50 mg/L.

Vacuum Filtration

A series of vacuum, filtration tests were performed using thickened

sludges obtained during the clarification tests. For the sludges

obtained using chemical treatment to a pH of 9.0, Figure B-6 shows

the filtration rate versus filter feed suspended solids concentration

for Buchner funnel tests, The average filter cake solids content was

30!;.

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 typical filter cakes obtained during vacuum

filter tests to determine the concentration of metals and the -nrn



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 costs for

disposal of filter cakes and use of virgin lime was substantially less

than that required for recalcination. Consequently, recalcination of

the filter cake to recover/reuse lime was not included in the conceptual

design.

A R I O I 7 6 I
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PROPOSED WASTEWATER TREATMENT FACILITIES

Design Basis

Lime treatment facilities were designed on the basis cf the expected

wastewater flow and characteristics and the current treatability study

results, which were previously discussed. The major processes include

equalization/oxidation, chemical treatment using lime to a pH of 9.0,

coagulation with a polyelectrolyte (Dow A-23 (? 1 mg/L), clarification,

post neutralization with sulfuric add, and vacuum filtration of the

clarifier underflow sludge. Table A-5 summarizes the design parameters,

sizing, and expected performance of the proposed treatment units.

A schematic flow diagram of the recommended treatment process is 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 detail below,

Process Description

Groundwetor Col lection/Pump Station

Groundwater pumped from the individual recovery wells (shown on Figure

B-l) will flow to a wet well at the collection/pump station. The pump

station, equipped with three 1,650 gpm horizontal centrifugal pumps,

would be provided to transfer the combined groundwater from Ui& , o

-11-



recovery wells to the 4-hour oxidation/equalization basin. No 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 Ban'n

Aeration of laboratory samples was shown to be sufficient to oxidize

ferrous iron to ferric ion, as shown by the subsequent removals of

iron during chemical precipitation. Since no laboratory efforts were

directed at determining the oxygen requirements for this wastewater, a

theoretical analysis, coupled 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 chemical reaction:

4 Fe"12 4 3 02 •) 6 1^0 ————IN- 4 Fe (OH)3

A R I O I 7 6 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 laboratory samples 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 oxidation 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 Ibs 02/hour. This oxygen transfer rate is more than adequate to

supply the required oxygen for oxidation of ferrous iron. Two, 25 HP

aerators are necessary, however, to maintain all the suspended solids

in suspension in the oxidation basin.

f l R I O I 7 6 i f
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Lime Treatment
i
I

The aerated wastewater would flow by gravity to the Flash Mix Tank, which

j has a four minute detention time where lime would be added under pH
control to a pH of 9.0. This pH level was found to provide satisfactory

metals removal. The average lime dosage is expected to be approximately

! 140 mg/L.

F1Peculation-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 lime would settle to

the bottom for subsequent removal and dewatering. Provision for sludge

recycle to maintain maximum, effluent clarity and floe settleability is

included,

The clarifier zone is sized on the conservative basis of 1,000 gallons/

day/ft2. 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,
A R I O I 7 6 5
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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 than

8,0 by addition of sulfuric add 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 a 3,BOO gallon storage tank under pK control to the Post

Neutralization Tank.

Because of the largo amounts of lime required (4,670 to 7,670 Ibs/day as

Ca(OH)2) for wastewater treatment, a quicklime (CaO) storage and slaking

system would 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 55' hydrated lime slurry

to the Flash Mix Tank. These facilities would be located at the Control

Building, as shown on Figure B-8,
ARIOI766



Sludge Thickening

The underflow from the Flocculator-Clarifier (at about 1-3X solids) would

be pumped to a Sludge 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 underflow 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 Sludge 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 - 3X to 5« or more, and provide storage and equalization

for the thickened sludge prior to feeding to sludge 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 positive

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 BoxEHJlfcO I 767,

storage before final disposal. Filtrate would flow by gravity to the

firm;')?!



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 Ibs 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

The Control Building would have an area of approximately 3,000 ft,2.

This building would contain the Polymer Feed System, Lime Slakers,

Lime Slurry Tank, Vacuum Filters, Control Systems, Motor Control

Center, and miscellaneous equipment,

AfllOI768
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COST ESTIMATES

The capital cost estimate for the required treatment facilities is

$1,251,000 (1973 dollars). This cost estimate is summarized 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 limits of the treatment plant, 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.

A R I O I 7 6 9
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CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the treatability studies, the following
conclusions can be made:

1. Groundwater from the recovery wells at the Llangollen

Landfill site are amenable to physical-chemical treat-

ment for the removal of dissolved metals,

2. 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-clarification

using Dow A-23 as a coagulant aid; and, post neutral-

ization, The clarifier underflow would be thickened

and dewatered via vacuum filters.

3, The required treatment facilities would cost

approximately $1,251,000.

4. The annual direct operating cost for these treatment

facilities would be approximately $207,200,

A R I O I 7 7 0
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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.

A R I O I 7 7 . I
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TABLE A-l

Llangollen Landfill
New Castle County, Delaware

SUMMARY OF RAW WASTE ANALYSES^FRO'-I GROUNDWATER RECOVERY WELLS

Total Suspended Cu, Ag,
Sample No, Date Fe, im./L Solids, mg/L mg/L mg/L jrt

1 9/23 3.6 40 O.OB <0.05 7.8

2 9/2', 2G.6 41 <0.05 <0.05 7.8

3 9/25 21,0 45 <0.05 <0.05 8.5

4 9/27 7.5 46 <0.05 <0.05 7.8

5 9/2E 18.P 41 <0.05 <0.05 7.8

6 9/30 10,5 33 <0.05 <0.05 8.3

7 10/1 11.5 40 <0.05 <0.05 7.6

8 10/2 5.9 ' 40 <0.05 <0.05 7.7

9 10/3 20.6 3E <0,05 <0.05 7.8
(2)

10 10/3 B.B[, 314 <0.05 <0.05 7.6

Delaware
River Dis- 1.0 100 0,5 0.1 8.0
charge-
Requirement

(D
Raw waste is an equal volume composite of groundwater
pumped from Recovery Wells 27, 28, 2S, and 31.

(2)
Raw waste is composite of wells 27, 2f, 29, 31, and
Wells 2 i 4 (inside- the l a n d f i l l ) . Tnc- volume ratio for
co^sito is 20:1, ARIQI7.73



TABLE A-2

Llangollen Landfill
New Castle County, Delaware

SUMMARY OF IRON REMOVAL RESULTS BY CHEMICAL TREATMENT

Sample
Date i ChemicQ Treatment Conditions Total Iron Concentration. mg/L

Adjustment witn DOI-. A-23 Polymer
Lime to p'i Dosage. mg/L Raw Treated % Reduction

9/23/73 10.5 0 3.6 0.3 92
9/24/73 10.5 0 26.6 5.0 81
9/25/73 10.5 0 21.0 0.3 99
9/25/73 9,0 1 21.0 1.8 91
9/27/73 10.5 0 7.5 1.6 79
9/27/73 9.0 1 7.5 0.6 92
9/28/73 10.5 0 18.8 0.5 97
J/28/73 9.0 1 18,8 1.0 95
9/30/73 10,5 0 10.5 <0.1 > 99
9/30/73 9.0 1 10.5 <0.1 >99
10/1/73 10.5 0 11.5 0.2 98
10/1/73 9.0 1 • 11.5 0.7 94
10/2/73 10.5 0 5.9 <0.1 >98
10/2/73 9.0 0 5.9,., 0.4 93
10/2/73 10.5 0 45,C 0,7 98
10/2/73 9,0 1 15.5'1' 0,2 99.6
10/3/73 10.5 0 20.6 1,0 95
;0/3/73 9,0 1 20.6.,. 0.9 96
10/3/73 10.5 0 8,9 < <0,1 >99
10/3/73 9.0 1 8,9'2)<0.1 >99

(D
Raw composite sample from Well #2 and M in landfill,

(2)
Raw composite sample from. Recovery Wells 27, 28, 29, 31, and
Landfill Wells 2 and 4. The volume ratio between sample from
Recovery Wells and Landfill Wells is 20:1,

ARIOI77!*



TABLE A-3

Llangollen Landfill
New Castle County, Delaware

SULFURIC ACID REOU1 REHEAT? FOP, (1)
NEUTRALIST IP,1, 0- TREATED i-.o TESTER SA'-'.PLES

Sample No... H^SO/iJsed. ml
] 3.8

2 5.2

3 1.1

4 5.2

(1)
Sample volume: 50 ml
Sulfuric acid concentration; 0,02 li
pH Adjustment to 7,5 from 9.0 - 9,5,
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TABLE A-4

Llangollen Landfill
• New Castle County, Delaware

SUMMARY OF SLUDGE RECALCINATION TESTS

ANALYTICAL RESULTS
Heat Content

Sample Ca,ng/ar Ma. mg/gr Fe, mo/qr Cu, mg/gr BTU/lb,___

1 - Dry Sludge 200 90 113 0.065 0
Ash " 61.5 27 106 0.065

2 - Dry Sludge 224 124 BO 0.024 0
Ash 60,5 34 42 0.024

3 - Dry Sludge 200 136 27 0.098 0
Ash " 111,5 57,2 49.2 0.098

4 - Dry Sludge 19', 134 25 - 0.024 0
Ash " 60 41.5 32.6 0.024

ARI01776



TABLE A-5

Llangollen Landfill
New Castle County, Delaware

SUMMARY OF DESIGN BASIS AND MAJOR UNIT SIZES

DESIGN BASIS

A. Wastewater Characteristics

1. Total Expected Wastewater Flow, MSD
Average 4.00
Maximum, 1.75

2. Influent Suspended Solids p/L_ Ibs/day (Average Flow)
50» Probatility-of-Occurrence "40.T 1,33k
90!. ProbaMlity-of-Occurrence 45.0 1,501

3. Influent Iron
50!.- Probatility-of-Occurrence 14.4 480
90!.- Probability-of-Occurrence 42.0 1,401

4. Influent Copper <0.05

5. Influent Silver <'0.05

6. Influent pH, Range 5.6 - 8.5

B. Delaware River Discharge Standards mg/L_

1. Suspended Solids 100

2. Iron 1.0

3, Copper 0.5

4. Silver 0.1

5. pH 8.5

C, Recommended Chemical Treatment Raise pH to 9.0 with Lime
(150 mg/L avg.) an
(Dow A-23) - 1 mg/



TABLE A-5
(Continued)

D. Expected Concentrations and Loads Discharged
to Army Creek After Treatment mg/L . Ibs/day (Average Flow)

1. Suspended Solids
50« Probability-of-Occurrence 64 2,135
90S; Probability-of-Occurrence 118 3,936

2. Iron 50!.: Probability-of-Occurrence 0.54 18
90:.: Probability-of-Occurrence 1.75 58

3. Copper <0.05

4. Silver <0.05
5, pH 8.0 - 8.5

E. Expected Sludge Production
1. Quantity Ib/day Dry Solids y^

Average TTTR 4.4

2. Clarifier Design Underflow Sludge
Concentration, Average 3!.
Gallons/day, Average 31,000

3. Sludge Dewatering
Filtration Rate, Average 5 lbs/hr/ftz
Filter Area 260 ft? x 2
Expected Filter Cake Solids, ?; 30

Ibs/day Gallons/Day as
F. Chemical Consumption (Based on Average Flow) as Cat OH)? Ca[OH)p at S?; Slurry

1. Lime 50!: PrOuobility-of-Occurrence 4,760 11,200
90?; Probability-of-Occurrence 7,672 20,800

2. Polymer (Dow A- 23) Ibs/day Gals/day P 0,2!; Solutio;
Dosage '5174 " 2,376

3. Sulfuric Acid ll̂ .Mw Gals/day P 100,!.
760 116 ^.
.

Average Dosage 1,760

A R I O I 7 7 8
,

Maximum Dosage 2,G31 173



TABLE A-5
(Continued)

MAJORJINIT SIZES

A. Wastewater Pump Station

Wet Well
Dimensions 22' x 10' x 20' deep (101 SWD)
Capacity 16,500 gallons (2,200 cu.ft.)
Detention Time Five (5) minutes
Material of Construction Reinforced concrete

Dry Well
Dimensions 22' x 10' x 20' deep
Space 2,200 cu.ft.
Material of Construction Reinforced concrete

Pumps
Function To pump raw wastewater to the

oxidation basin
Number of Units Three (3)
Type Horizontal centrifugal
Capacity Three (2 constant, one variable

speed at 1,650 gpm each at 50' TDH)
Control Liquid Level

Oxidation Basin

Function To convert ferrous iron to ferric
iron and equalization of
wastewater quality

Number One (1)
Dimensions 71' x 100' x 17' deep (15' SWD)
Capacity 791,700 gallons (106,000 cu.ft.)
Detention Time Four (4) hours
Aerators Two (2), 25 HP Surface Floating

Aerators
Material of Construction Reinforced concrete

C, Flash Mixing Tank

Number One
Dimensions 17' x 15' x 10'
Capacity 13,200 gallons [U
Detention Time Four (4) minutes
Mixers One (1) at 3 HP (constant speed)
Material of Construction Reinforced concrete



TABLE A-5
(Continued)

D, Flocculator-Clarifier
Number Two (2)
Dimensions 65' diameter x 14' deep (12' SWD)
Capacity 297,700 gallons (39,800 cu.ft.)
Detention Time 2.0 hours at maximum flow
Overflow Rate 1,000 gals/sq.ft./day
Material of Construction Reinforced concrete
Sludge Collection Unit provided with sludge raking

mechanism (sludge raked to center)
Flocculation Zone 15' diameter x 6' skirt

E. Clarifier Sludge Transfer Pumps
Function To pump the clarifier underflow to

the vacuum filter and recycle to
clarifier inlet

Volume of Sludge, Average 31,000 gals/day at 3f;
Number " Two (2) (one alternating stand-by)
Type Non-clog centrifugal
Capacity, each 100 gpm
Material of Construction Abrasion resistant
Control Manual, using Flow Meter

Dry WellDimensions 7' x 7' x 10' deep
Material of Construction Reinforced concrete

F. Sludge Holding Tank with Mixer
Number One (1)
Dimensions 20' diameter x 16' high (13' SWD)
Capacity 31,000 gals (4,150 cu.ft.)
Detention Time 16 hours
Material of Construction Steel
Mixer One (1) at 10 HP

G, Vacuum Filtration Unit
Number Two (2) AR I 01 780

>•">' 260 sq.ft. pei- each
Filter Feed Pump
Norr,.al Operating Time, hours/day

i'l-.'i:)?:.Pump i no Rate 33 epl;'



TABLE A-5
(Continued)

H. Sludge Storage Container

Number . Two (2)
Type Dempster Boxes

1, Lime Feed Facilities

Storage Bin
Number One (1)
Detention Time 30 days at average, 20 days at

maximum
Dimensions 12' diameter x 40' high
Capacity 3,160 cu.ft, or 71 tons CaO
Material of Construction Epoxy coated steel

Lime SI alter
Number Two (2)
Rate 1,000 - 2,000 Ibs/hr

Lime Slurry Make-up Tank
Number One (1)
Capacity 4,000 gals.
Detention Time Four (4) hours
Dimensions 9' diameter x 11' high
Solution Strength 5!;
Control " Tank level control on dilution

water and slaker feed rate
Material of Construction Steel

Mixer
Number One (1)
Capacity 5 HP

Lime Slurry Recirculation Pump
Number Two (2) (one stand-by)
Type Centrifugal circulating pump
Capacity 100 gpm
Material of Construction Abrasion resistent

J, Post Neutralization Tank
purp05e To adjust pH ARiJsfleJia?^ (to 8.0 -
Number 0|1D ("
rifltpntinn Timr- 10 minutes
S2 ™ 21' x 21' x 12' deep (10' SWD)
Mixer One (D 'n 15 HP
Material of Construction Reinforced concrete I'M! ).•„



TABLE A-5
(Continued)

K. Sulfuric Add Feed Facilities

Storage Tank
Capacity 3,500 gallons
Dimensions 7' diameter x 12' long

Concentration of Stored Acid 96%
Material of Construction Steel

Feed Pumr
Number Two (2)
Type Metering Pump
Capacity 0-30 gph
Control Automatic

L. Polymer Feed Facilities

Day Tank
Nu:.-iU'r Two (2)
Capacity 3,000 gallons each
Detention Time 24 hours each
Mixer Two (2) at 2 HP

Feed Pump
Number Two (2) at 1 HP
Capacity 0-100 gph

Concentration of Polymer (Dow A-23) 0,2'.
Solution

M, Control Building

Number One (1)
Size 2,400 sq.ft.

ARI01782



TABLE A-6

Llangollen Landfill
New Castle County, Delaware

SUMMARY OF CAPITAL COSTS
GROUKDWATER LIME TREATMENT SYSTEM

Process Units Installed Cost, 1973 $

Wastewater Lift Station $ 68,800
Oxidation/ Equalization 178,000
Chemical Feed Systems 84,400
Flash Mix Systems 21,000
Flocculation-Clarifiers (2), including Sludge Station 208,000
Post Neutralization 25,100
Sludge Dewaterinc, Including Sludge Holding Tank 138,400
Electrical Substation (600 KVA) 11,300

MAJOR SYSTEMS SUB-TOTAL $ 735,000

Yard I. Mechanical Piping (? 15;. of Major Systems $ 110,200
Electrical !, Instrumentation P 12': of Major Systems 88,100
Site WDri: (? 5:. of Major Systems __36,700

SUB-TOTAL $ 970,000

Buildings - 3,000 ft.2 $ 90.000

TOTAL CONSTRUCTION COST $1,060,000

+ Construction Contingency and Engineering 191,000

TOTAL CAPITAL COST $1,251,000

A R I O I 7 8 3



TABLE A-7

Llangollen Landfill
New Castle County, Delaware

SUMMARY OF DIRECT, OPERATING COSTS
GROUHDl-.'ATER LI HE TREATMENT SYSTEM

Operating Cost 1973 Dollars

Labor
Operating - 2 men P S5.00/hour $ 87,600
Supervision - 10;: 8,800

Utilities, Average Usage-
Electrical HP P $l31/KK/year (l.Bc/KWH) 15,600

Maintenance
3J' of $ 970,003 29,100

Chemicals, Average Usage
Sulfuric Acid - 1,780 Ibs/day PS40/ton 13,000
Lime (CaO) - 4,733 Ibs/day P £20,'ton 17,300
Polyelectrolyu- - 33,4 Ibs/day (? SI.50/1 b 18,300

Sludge Disposal
16 yd3/day P 3/yd3 17,500

TOTAL DIRECT OPERATING COST '$ 207,200

RRIOI7.8!*
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New Castle County, Delaware

Total Iron Concentration in Raw Ground Water
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New Castle County, Delaware

Lime Requirement to Raise pH to 9.0
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New Castle County, Delaware

C l a r i f i e r Overflow Rate vs. Suspended Solids Removal
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New C a s t l e County, Delaware

F i l t r a t i o n Rate vs, Influent Suspended Solids
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SUIWARY

llangollen Landfill, Ir, Ik-,-,- Cast lo County, Delaware, is a
potv-htial scv.: ••;.•: of contar.inat ion of ground water in that
area, The contarinau-d .-.one of UK- underlying aquifer is
spreading to-.^ra the- He- 1 aware River. Recovery w e l l s with an
estimated fit).-.- of A,C i.tid from the. aquifer arc planned to
prevent furrier spreading of t h i s contaminated zone, anc most
are a I rend, in oi>cr,-,t ior,, Fiqurc - I shows location of recovery
wells, and tiv;- l a n d f i l l . FrevioJb studies by Roy F, Weston,

'I n c , i n - J i c a t e d l'lu-.t the- contaminated ground water was
blc to physical-civ..^: i c c l treatment.' for reduction of dissolved'
metf-ls. ( p r i i - . J i r i l> ii'or,''. Also, Weston was retained to de-
velop a conceptual e-.sign for the required metals-removal
trcut-ont Hi-"-,: . LII-... tre.v.rer.t ffic i I i t i e s - would require
i:rrr; ..Ir :-..;- is • ',; •. ..[.': ;':' construction and appro>;ir..alcly
JiCO.fX ,-',-.:: cK'crtt '-.; c,.;.t. After ere i iii;i nu'y rev Is-.-.- and
tvi-iu;.1. i c : . ty ',. .",-!-. It County E n g i n e e r s - , Wsston was asked
to suL--it c-, L.-civ-ot iti'i of tnc f c £ i i u i l i t \ c,f gravity s e t t l i n g
cf iro-i , ::-.-• •-•:' fi. i- . ;.ct o n w a t t r q v , t l l t y and the overall pro-
iect cost? c; su:n ,-- ' ii-..i| i ficct ion of the proposed treatr.ent

Lalirratory it", t i n e , cr, one cor^oiite f a - p i e of recovery-well
v,.-.tc.-, ir.'Ji:,--.. J -.:,.-. it i; urlmi cal ly ftcsil'. le to reduce
the iron it, ;:-: :.':;-.
by the pro;.;;(-: rt:,..
Ho.-.evcr , . lit.-; or.^i
future, '•.-,

ly H
c--'! h.'.;r,: tc the 2,0 p.o/L level , es ict

;.-. i.-'i-, for tiisciiarye in [)e-Ini-.aro s t r c . - . - f .
i.-.- t,aci.-u: ; ytter r.ay be- needed ir the
;'£;! I i t it- vould consist of: c) ar.

aeration L a - t i n to o/. : i ::c- ferrous iron to ferric iron; L.i two
scttlin:: t-:-:ini f;.r re- :• -.',-. I of f e r r i c iron and suspended
solid:-. c,v.- cj t..: slucj-c- holdinc: usins for thickening and
storoai. o:' i,lud:.c. 51u;:;iv rer.Dv; i would bo via a motile \:\ -
oraiMic d-cJ;c or,:c cr t . i c c evc-r-. year. Slucae holdins
f a c i l i t i e s -,. jt Ic ha-.-o ;..-, estii;,atcc l i f e of 10 years.

It it reco.--.c-'i'.'vd •.-:•-. further v e r i f i c a t i o n of design perai:,c-
tcrs be p v r f o r i - i d in ;-.•. la!?-ntory, using m u l t i p l e composite
sarples for oil recovery v.clls, uricr to engineering design
and construct ior. of ti.c f a c i l i t i e s . A 1C-acre s i t e v.ould be
selected or \r.; ta? is of ill location and hydroaeologic
c h a r a c t e r i s t i c : . Eri^inc-er ing dc-i;in of p i p e l i n e and booster
pui-pin; s t c t io-,, if r.c'.ccd, v.ould folio..- f i n a l selection of
the s i t e for trcc'.rtr.t f a c i l i t i e s ,

Total c a p i t a l cc-tl is e-tt ir.^te-:' at S6cO,000 and annual opcr-
•il ing C D t t s ,-rc o; t i r - s t i d r.t n".,OOC, h^.-.ever, these cost
figures d:- n:,t ncl-c-. tne cffluer.t pur.pinr, Elation or the- n
e f f l u c r . t tiscr.,--:... : i : c l i r . c U ti-: Le la..-art R i v e r , A11 I U I /98



jKTpX'C'ION AND l-ACItSF.O'JliD

Thy Lat.^fj IJ

The Llantpl len L a n d f i l l site, f, county-wide solid waste dis-
py&cl site nser Kf.v. Castle, Delaware, operated by the Hew
C a s t l e County Department of F - u b l i c Works from approximately
1SiO-l£-o£, is sho-.-.-n in Figure- 1. The total area of l a n d f i l l
operation was approximately sixty acres. The l a n d f i l l is
apr>ro:..ir.;.tc'lv 'i,iiC;;. feet lone, 250 to S03 feet wiae, and ap-
pro>.ii;.,-.tely i? feet thick, and contains an estimated 3 ir.il lion
cubic yarcs cf ir.-Jnici p.:, I and i n d u s t r i a l refuse m a t e r i a l ,

Hv:'":.'s:-'loc-" or t!;. L a n d f i l l Arcf

T'.c si,,;' in t:,. Llf-r,:..-. 1 le;i .iri; , of the Pleistocene Columbia
Fo"r,;:'. i; - , crn'iMf. of til lv.--.-i;: i deposits, which arc prifcwi-
nil-it I1. ;•.-:: if. to r c. ••: r s {.• send, with grf.-e-l, T h i s formation

l', cor,tihu^.j- sur'icisl cover up to 60 ftet in
Tiv: tat-: :.' this- forr,::tio:i ranj.js ab?ut 1C fcc-t

afc.-v; t; I.-C- feet Lc-b..• irsari sen level in the. vi c i n i t y of the
lf.r,.fi II. The ir,:i-:-rly ing Pc.tn,uc Forr.atior, consists of s'.rea-:
C|L-;,: : i ;•.•_' unii-.seil ic'f.cc: Sur,;iL , t i l t s , and clays of Lo,-.-:ir
v>ei,-L'..',.:s- !•:•:, Trie send u n i t s are chcnnc-l-shsscc1, w i t h e>.-
icr.ri... ihtc-.-L-t;^..-:.' Ur;st-« cf cli.> and - . i l l which f.cctruiated
or ;;r;:'!r-. f |D?:II',;. in: EI: estuaries. The- Potona: Fc-rr.aiion
d i r ; to..firo tlv: s,o.!t"e.-aEt at f.pnrt,>:ir,ately ItC to I'iC- feet per
pi I'- ('.".re-rr::! t i,:-.:. lo.-.::'no:.t be-cs r e s p e c t i v e l y ) in the study

H-, drn ::'.:*. io'. i cf. 1 ly , the oene-ral coarse Co I until a dcrosits serve
as a-, i'.'i ltr;t io1-. :-.; recharge c o l l e r y for the Rotor..-..; sancs.
Gro. • -•;! ,.:'..;r ir, the F'&tc—.ac sanils becomes confined (artesian)
be-,:-;-.,. <\ \L: ivc !-, ir.pe- rreat le b:-cls cf clsy and s i l t as It
t r a v e l s :,t;...;--e' c.-.TI c!ee.-i in the formation. The appropriate
tnic,.',-.fi ^:. the i-.-'t:-.'* cc'r.fininc; uriits it'-idi ate ly benesth
tr.e Cc.'-.:-:ie !.f.nds rit.cet fror, 10 to JO feet, Imediate'y
bents'.i the- l E r - d f i l l , these clay and s i l t deposits are
slifil lo-,.-, t h i n . , or ats-c-M (ir, the southeESl corner of the
f i l l ' / ,

UP:' -. :•: c G ene-r r'. i c-1

'o'r.rr- crai.nd wst':-, 'r.f i ! t ret in:; surface wster, or a corbl nation of
L'-.'. r;..-es throj?h the l a n d f i l l ' s s o l i d wastes, it produces a
CO": lo. solution of dissolved and suspended material (leachate),
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H i g h levels of c.'t\um;l-,..nrr i n f i l t r a t i o n end surface-water
i n f i Im'tiar, , as w e l l as aLsrnce. of confining layers at some

-,! i-:x;th the landfi 1 1 , are prlr : causes of substantial
e-f lead. ate- fro'- the Llar.gol len landfill Into the

Poio:,,'C aquifer.

Crm-r/;-.;M(-r Cu; I i t y Problcr-

Scarcity of prt,-'-lt va-c-r in Hew Castle County has made con-
tif si.f.-i \-;. luahlu resources essentir.l. Pollution t>f

a P,»';or ae-,.ifer (i.e., the iclo-ac aqulfnr) by leachate from
Ih: Ll.-ngai lev, l a n d f i l l wi 1 1 r.t.sult in loss of a major supply
of h i g h - q u a l i t y pou.Me wcter unless corrective measures arc
Ur.eii tu ha 1 1 the progress of contaminants through tin- aquifer
to.- res •.'-.. v.-ater sucnlic-r. F,ecove-ry wills for the purpose of
v.-ith:'- ... .ir,:: ti : cor. -. ;• i r,:te C • port ior of the anuift.r have al-
re, •'.-..- L-e-e- ir: ; ,-• i IK a for tl.ii, purpose, i.n:: r,,ost o" the'- are
alre-r.d. r-u-T-ir,;. . Currently, tne- recovered contarir,«-tcc
CM-O..-I:: ..ate-r is elischargcc d i r e c t l y tc, the- Arr.,- Cn-il;
ar,d t' i na i I \ ri:ici-,:s thu I" e l f . .a-c F.ivtr. The r.;..ior object lor.,
by re.rvil.-t;-.- ;•••'. n; ie ; , to t'i scht.rf inc. the I'l-coverea ground
v.-;-:ci- v. it h :-:.:'. -.-•:,:•.-::.; i: tin rtlathe-1', high iror, cor.tent,
v-'iiri; aver ,-•;.: -1 ;-:.;L. T"-c- lie la-,.-an Stole Departr-.--nt of
Nut-.;:-;-! F i - s -.-:•.-.-. ( d i v i s i o n of Er..- i ronr ;,v.s I C o n t r o l 1 h=s re-
cent Iv ;:.r( -.•••.' ; ne.. rogulftlo". 0". e '"fluent disrh&ree- Into Vlu-
btftc. '\i-.er:. 1r.it r'o:-:;.er -:-.-.ilctie,r, Includes a l i r . i t cf
2.C- -::•'. c-f :-.'.r.\ ir:ir. ir, «iy cf; lucr.t to be disrharced inte-
tne state -..r1.:-' s. Su:r, rc-c;uii-cr.cnts dictate tht nscd for a
trc;.f er t ;,-•:'' !'.\ f:.-- re.ce -.-•:- re- c: gro.n:: v.ctcr prior tc its
dis'.h,-.:-:-: in t:,v ['e ic.-.j"e F. i v e r or an, of i ts t r i b u t a r i e s ,
c.e . , r'-rr . :>•: ... .

-.t f. Kc ̂ : re- • -.:•

This irvest ir--1. io-, is base^ on the- assjr.pt ion tlut iron re-
r:,.;-l is tr; :, -• i •- r- r v tar.,.', of the tre-.-)tr;e-nt faci l i t i e : .
HO..-.-V. •-, i n c i o e -.'..-•.'' rer :-.;.! of Pctr. Is, suspcndec st'lids, and
colcr i.aule' i.1::; bu achieve? In the settling basins. Labo-
ratory. tea Ic sc.tlir.:, , b\ gravity, was found to be capable
of r e d L c i n r - i-D-. eo-.Lentrr; i ;,-, belo,-, the a l l O h S t It l i r i t of
2.0 -.-.'I, Gra.'if, :reci; i tat ion of ae-rateri ground water Is
exutctcd to re-: t , on the average , the criterion for.dis-
cr,;,r;v-; ir. lit.. S t r t e -..f.te:r%. hD-.-.e-ver , i. back-u; s\:te- :on-
s i s t i n ; of c?'-.tir.ujjs or ra-iual lir.vj ft-edinr may be rcauirud
to insure ;.e-r ;";:•,-;-:•;. of sett i in; lagans under adverse
crou: d-..,-'.er cDnc.i t itir-.: , such at lo,. ptl. Such a back-up
syste-. !r.:i..lc-, be co-is lek-ruc only if, after construct Ion of
the ft/.; 11 tic , trc tff lue nt fro- the sett I in; be: ins ex-
ct-'..;': t--.. el ic. .,-.: It cisc-..-.-- = e l i r i t : . or, iron.
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WASTEi-'ATrt Tf.iATAj. I LITY

In i. p r e v i o u s report :•',- Ro\ F. Westor,, Ir,;, to New Castle
Co.ints ' , a concert cie--. ign for rt-n.-jvi.! of iron fron- coiil.in-.i-
nate-d ground water \.r.:. presented, T r e a t a b i l i t y studies, in
that rer'H't confirmed that iron could be t craved e f f i c i e n t l y
usinc lii.; nrc: i pi tat ion. Ho-.-.'svor, as an alternative approach
lei line t r, .--tnynt, u:.-.-i the- re-quest of Hew Castle County, a
conposile sa-,,-. Ic of tno recovery w a l l s that arc already in
operaiifir, was tested for t r e a t a b i l i t y without the aid or
I In:.

Tnr co.-tvC'site ianplu was aerated fur one hour and then left
to Si-tiU: by i:r«ivily. Th-_ composite sample coma i nee1 'iO i'--y/L
of let c'l I r . - r i-.nj M r.j.'L of suspended s o l i d s , and had a pK
cf ';,", S-.'.: •: iced :i'i t ' s ar.c1 ;,v.?l iron in the tv-'pernatsnt
i.-:re cc'. err I'.: i ar;; :• i:, 111; c- i'-. Figure- '.., Inte-rprc tr.t ic,"'. cf
I Ebort-t '.--;• d;.t;- in:-i::.ted thtt an overflow rate of ;T> a&r per
sc: ft is ioetiucte for re-due in-., iron concentration to firpro>-.i-
p.i-tc 1^ i.C .-;.':. anc ''cr reducing r.usi cndec.' s o l i d s ir, the
suDvrn;'..""'. ir cfjut :.0 r r - L . b:'/.?var, :. stftie-up factor of
3.C i; u.-vc: tc. iccc^r.-. for a c t u a l porforr.;-:ict in the '.-cttlinc
b a s i n aiiei to s i l o . - , for turbulence, the-1", c i r c u i t i n g , Mid
i r . l e t-e-.it In Isss-:;. T h i s sc=,le-uo factor inak'-.-s the desien
ovet'i' Ic-.-. rate \', c-'i/sq ft.

Tiii I r': n.' 11 c." y £.f.-:'c sncj.-.ed !;ooc s c t t l i i g charoCter i s; ics and
6 c l i s l i n r t inter;',-;Ci betweer. supernal tit ants settled sludge.
Such e::.- reM:'t' ; re- C'.ne'Cted as long ;.s tnc ground v-,;ter is
on the- all.; - ' . 1 ni. sic;-, -..nich is expected to be true- in rnst
case-; r.-r-t of t!ie. tir.e., riowc-vcr, a s i m p l i f i e d scher.:- for
adding li r e - to inc.- recovered ground water n.ay be needed us a
back-u." syster in Cuf.e g r a v i t y s e t t l i n g does not meet thi ef-
flu e n t rc-cuircnents, for d i s c h a r g e to the Delaware Mvsr. T h i s
report t:;.et- not In:.'.us-: a design for such a back-up syste-.,
tv7C6u:.e tne: d.-r. i s i'.-i regarding such a systeir. shciuld be- de'.'er-
rcc, u n t i l the f a c i l i t i e s are- constructed a-itl actual perfor-
mance data arc ev a l u a t e d , A d d i t i o n of lire treatment prior
to the- tier;.', io.-i basin should tie evaluated if the gravity oys-
K-". (-.-.• it r out lii-c-i f a l l s to r.c-et ihe effluent q u a l i t y reouire-
penu, Li"-s trcfltr-ent f a c i l i t i e s , as nr, "add-on" feature,
may be operated on a continuous basis or, if. life is needed
0-.I-, a:cu: io n t i l ly , c nanjal i'e-ed of I im= at a known rate to
the aeration basin nay prove to be p r a c t i c a l .

'"Cor,:.rti.;.l Otsici F.tsort, Lime Trenre'iit of Ground,.aler",
Llf:',::t-l len Lai.:f i 11 , l,c-,-. C a t t l e Cour.tv, Delaware, No verier
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It should be mentioned he-re that the concept design presented
in the f o l l o w i n g section is based on the testing of one com--
posite s-arole, Tr.is design is preliminary and is presented
for the purpose of assessing the concept of treating the con-
taminated ground water without aid of chamicals. However,
before the engineer inr, dssign phase, It is recotimendtid that
a labor;.;ory com'in n; ion on design para-n-:ters be performed
using several samples. Also, sludge solids content prior to
and after thicki-ni:..;. should be- determined; t h i s should be done
after all the recovery \.ells arc operating, to get a true- com-
posite that reflects tl.s combined characteristics of the
recovere-d arounc wc.u-r.
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DESC.R IPT I CD OF THE. PROPOSED
TftEATKEUT FACILITIES

Figure 3 is a plot plan and flow diagram for the proposed
ireairc-nt f a c i l i t i e s . Ground water w i l l be pumped from the
recovery w e l l s at an average: rale of 3.0 mgd (and at a tnaxi-
r.-.irr. rate- of 'i.O mgd at Ihs peak elenand on ground water at the
surn.nsr nonius), ke-covere-d water from all the operating wills
h i l l L.{ cor.bincd in one force mf,in and pu,~iped to an aeration
basin. The aeration basin w i l l be on earthen basin lined with
claj , wiiich is locally a v a i l a b l e at the site v i c i n i t y , The
aeration basin v.-i 11 be sized to aerate- the maximum rate of
flow for tv.'O hours and w i l l have two mechanical surface aera-
tors. Aeration of laboratory samples was shown to be effective
in oxidizing ferrous iron to ferric iron, as shown in Figure 2.
Cr.e hour of aeution was sufficient in the- laboratory, but
prior cvt-riencc I-,.--- indicated that a ore suitable detention
l i r : for f u l l - s c c l e - oparcting f a c i l i t i e s is approximately two
hour:, Ferrous iron is oxidi;-./d to f e r r i c iron as shown in
the- ft,! lowing s i m p l i f i e d chonictl reaction;

', Fc 'H' -i- 30?. + 6 H2 C) I* Fe (OH)v

In order to provide; sufficient oxygen for completion of this
reaction, ai-proxir,;.'.? ly 53 p'.M'cent excess oxygen should be
su".; 1 l e c i vit the i:.:chariiial aerators. For E flow of *t,0 mgd
;.t ;. ir.sv.ir.ii-r. i ro". concent ret lor. of 60 ircj/L (assured to be all
in :r,.: ferrous stale), the slriichioT,.;u ic quantity of oxygen
required to drive this reaction to completion is approximately
3c pounds per hour. Consequently, an oxygen at s rate of
57 Ibs/hour should be supplied via the mechanical aerator.

The acrfuiori (oxidation1 basin w i l l b; equipped with two
25-Hr f l o a t in: surface aerators, which would be capable of
t r a n s f e r r i n g approximately 6? Ibs Oj.'hr, Thus, the oxygen
transfer c a p a b i l i t y v . i l l be p-ore than adecuale to supply the
oxygei, required for oxidation of ferrous iron. However, such
large- aerators arc needed to keep the recovered water com-
p l e t e l y mixed in the aeration basin and to prevent the sus-
pended s o l i c s fro-: p r e c i p i t a t i n g in the basin.

After f.c-ration, the flow w i l l be divided In a sp l i t t e r box
and w i l l flo.-, by gravity to tvo settling lagoons. The set-
t l i n g la;oDis w i l l bo sized on the basis of an average flow
rate of 3,0 r-.ce! and an overflow rate of 15 gpd/sq ft; there-
fore, the- rc-c-.v-ired overall lagoon area is 't.6 acres, Each
cf th: iw-j l,-̂ -,oois w i l l have a surface area of 2,3 acres and
an b-(t side v.aler depth, with 2 fl of freeboard,
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The |-.ru;r. i-tlor.t rf tnr lagoon prc not fixed at this stage of
the- d;-i.i.vi, tt- allei.-. for f Ic-xiL i I • ty in selection of a suila-
nble s i t e . i>.; l e c t i o n of the s i t e v i l l be based on the overall
area re-c;. irir-.-nts c-.icl en its location, topography, and hydro-
geologic chrractcrisiics. The settling lagoons w i l l be earthen
basins with c l a , lining. Th; lagtons w i l l bt constructed by
exc.-.vatic-i of part of the lagoon depth and by using the exca-
vation r.-,;,tc r i a l s , for b'.iilding th? dikes nround the lagoon,
Rasic p h y - i c a l rei.uirer.ents of Hit site for the: se t t l i n g la-

:. tre- as foi lo.;; :

1, Aoc-cuale o-.-vrall area (approximately 10 acres),

:, A,.;..ro'..i-;.ttl', level topography,

;, i/..;,--t io--. c.n rs :!lrr-ct ;• line- f: possible teue-en tne
recovery v.. :',< an:: the point cf i.i:,ch;'-ge o- the
be I ;.,-.-; "c- i,iv; r ( this is to ir,inii..i : c the p i»t line-
tin r rifi,it-,-f-..:\ costs* ,

'i, !>v,.ru-'le I-. :'ro3c-3lri:ic- characteristics, ir, ore!?-
to '-i'-.ir i:-: tne p: t e - i i t if 1 for ciro.tnd-wau-r cd-it;.-:-
natic.i, r;.., .1: inr: fr,- l-.-,ii,?ci:- of ths sctllin'1 L:.iins
or of in:- r'l.o,;).. I;,;:);-.:, The perfect site would be
uri:-;-rli.i:, :. (.lay at ; fe feet be-lo.-, the surface
;.:r.; wou'( t.- ; n.v.e a hit-1, rater l,-,l)le. If cl.-.y is
n: t r.- re- sent r.e-sr t'v.- iurftc-. , the b;isin «o-jlu have
to I-, line-:: ,-.il:i elf,, Iran; tM'tce froi- its nearest
source, ;nc tne r,a<'.i;-.j::. liig'i water table- should be
;.t l e - t i t tcr, feel be lo. surface-.

Suspended sitir.: v-.l II b-:- 1 1 I owe d to settle in the s e t t l i n g
basin:, forrin; sii.::. 0", the botto" of these basins. N:.
laborato-s d,v.<. n;v. '.-e-en octaincc for the so', ids cor.lcr.t in
the scf. ice <_ l u : - r : . h:...e-vc r , bf-=ed on our previous study on
lime- trea;,ti l i t \ , tie solids content is expected to be about
3 perce.v, , Further,- r-rt it is expected thf. sludge w i l l thick-
en at in-; hat to- o,' fit basins and the*, its solids content w i l l
substar.-. i.-.lls ir.creas.e, Ho.-.-evcr , for lad, of ver if icpl ion, a
conservative t o l i e ' s c-.r.tent of 3 percent is used for e s t i m a t i n g
the. rate of sludge tui Ic-ur.- in the basins, Cased on this as-
sui;-.:tiori, it is e-Lti-r.ted that the lo.vcr tvio feet of the basins
waulc' ne-e-d tc. be drudged approximately once every 6 months.
In a c l u f l opera: icn, lr,c- dredging of the sludge (2 feet on the
botto- of the resins'! nay be as infrequent as once a year,
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Sludge w i l l tt- el r e el g -.-:', st freciucn; ly as needed, via f. m o b i l e
hydraulic dredgiM'. Tne hydraulic dredge w i l l float on the
v.'Ctn- suricc.'.- ,-,nu pui.;;1 out the hot lorn layer of the basin,
T h i s re-t:;:..: g-.--r.iri-1 ly consists of u s i n g a rotating cutterheac!
of the c!rt:i:> to brcek-up any connected sludge:, which is then
pumpe^d through ii floating suction line to the edge of the
basin where .-. sun ior,f.n p i p e l i n e carries it to sludge thick-
cniiitj b a s i n - , A r,-,3biie dredge would discharge an overage of
30 cu yds p: r hoiir (thus, approximately 250 hours to dredge
on? of thj U.-o s.ettliiK basins). Hydraulic dredging woule!
not riisru;-; o:err.tion of the basin. However, if other methods
of dredcir,: are u t i l i z e d , the flow should bo d i v e r t e d to one
basin w h i l e the se-con;: is being dre^dgc-ri.

Sludge- w i l l be <i I lowed to thickc-n in two sludge holding basins,
n-,:l •.!•: s-,,:.-.-:i;.tC:nl \ . i l i L-e returned to the ae-ration basin i.nd
ri.v.-c v . i t ! , t',: ir.c:r-'iirj recovery waltr for further treatment
ii, tl.e set i i ii-i'- f;ici I It ies. The sludge holding basins arc
d2fic.r-.e-.-. Vor ar, t <• t ii :-.e-ri l i f e of aniM'oxir.ately 10 years, Ho.v-
(•vc. r, it" t nc r e:.-...'e'•-,. tc'-.e-r-. continues for more than 10 years,
a d d i t i o n a l : . : : i i - ; cr.ulJ I :• constructor., or me- thickened slucjge
could DC- rc--.v. c-ci fro-:, tiv. be.: ins by r-ians of e clar shell End
hsulc--.! a,.;- I-.-, du:-..- trucks for f i n r - l dic»ciSt.l in an adequate
elispC'Sui si'.v., Tne tv.1.'. : luc'j: h.ildinn basins w i l l also be-
e;.'-;ht.r, b.--'.;i- c onstruct ior. with clr.y l i n i n g , Each basin w i l l
hove an e f f e c t i v e ;..r-,';,-£ .-''02 of 0.9 acres fnel a side water
depth of e ie-it plus ." feel of freeboard,

The e f f l u c ' t fro-, tne s e t l l i n : ; b a s i n s w i l l be disposed of in
the t-el«.-.-: re River just belo... tiv- Army Creel. Tidcl G.-te. It
is not r.ossitli. i'. t h i s time to determine the- configuration
of the tfflu. - - n t l i n e fro--, the s e t t l i n g basins to the- f i n a l
point of a i s : c - ; - a l , becf.use of the lack of knowledge of the-
exact loc;-. ion c-'" tr,e ireatrisnt f a c i l i t y , However, Efte"
selection t;-' a suitc-ii.il-. site, it w i l l bt possible to design
t h i s nipelir... pr.:-, if tvce-C'e-d, a booster pur.pin; station, The
neea of an r.f-'Kiint pu--.ping s t a t i o n w i l l be d i c t a t e d by the
location of the- trc-atrtnt f a c i l i t y and the general topography
of the siu relative: to the final discharge- point. It should
be erphas izod ncrt that the es t ir,;,te:l c a p i t a l costs and opcr-
alinc: costs d:. rot reflect the cost of either the- effluent p i p e l i n e
nor a booster purging station,

A s m a l l b u i l d i n g or c t r a i l e r w i l l be needed for effluent
sailing sr,r! -,,;ier q u o l i l y men i tor ing as w e l l as for office-
space an; fa:1 l i l i e s for the plant operators. The sa^e
trailer conic: r.-e sis; used for housing the electrical con-
trol systi:-. t-id ri set I lane-ou;, sr.,-: 11 equipment.
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' SUMMARY OF DESIGN BASIS
AND MAJUH UNIT SIZES

De-sir- ITS if

A, Re-cove re-:! G.'-ou'-.ri-WuU"- Characteristics

I . Total Expected Flow, mod

Avr-rfiqe 3.00
|-,axir:ur, <|.IW

'!.. lnflu..-:,t Suspended S o l i d s , Average 60 mg/L

3. I n f l u r i . t Iron, Averf.c;c . AO mg/L

I*. In' Kant Cr.--.--:r <0.05 mg/L

;.. Influ.-.-. S i l v e r <0.05 mg/L

t. li.fl-.-.,-;-. p!;, hc-r,.... C.5 - 7.5

D . r..ffU:i:v. rytc-.'f. '":;•_ Ir;.-,

•;-.' 1 • ', t-. " 1 ;• t -.- I - :;.v,are Slf-lc
:.;t."c i ;-.e :•:.••.: rce-f ,

D i v i s i o r , c-f fnvir:--,- c:.:oi Control 2,0 n.g/L

C. keep---:-::- r ' -e • -.-•••r'.

Aerate rc-covere: c-o.i'i- v.ater to convert fcrrex-s iron to
fe-rric ire-.. S e t t l e eeratec1 influent to precipitate iron,
hydra-He;. '-I-, crerge sttt I ing b a sins , ana thicken the sludge
ir, £ slu.-p-c t.-:S Ir .

<r' Lof-c'ir.ri- -• Trcatec: Groundwatrr

mg/l Ibs/dfy (tveracc Flow)

1. SUEHV:,:!C.: S c i i c s 2,0 500
2, Iror. 2.0 50
3. Corner <O.OJ
'i. S i l v e r <0.05
5. p.-l fc.O-E.O

- I I -
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E . Exi-'Cc'.cC

Fror Settling f-c.-ins, 3,l-'5 Ibs/day dry solids

Lint

A. Ac rat ion Ea; i

[: une
ction To convert ferrous Iron

to ferric Iron
Surface- Area (r. id «:;!-.) 0,13 acres
Denh 8' SWD + 2' Freeboard
C;.r.;,city 33,'iOO gal (li,500 eu ft)
De-te-t ion Tire Two hours
Ac r, t o r s Two 2l>Hr' Surface- Float-

Inc Ac-rotors
Con:;--L.;tic; Eartnei. basin with clay

lining

C. S e t t 1 - : . :,i:ir!

lijrb-. - Two
Fun: t io:-, Gravity prcc !ni ttt iori of

ferric iron are: sus-
pended ;oI ids

Sv.rff.-e A'-e: •.- !.: c:.r\': 1.1 ;crcs, t;,ch
('!.(- total area)

in .".i, B1 swr 4 2' Ft
Own" I:,.-. l.;te 15 g?d/sc| ft
Co-ruti/:: -1'itrr; !:r, Tip:

bfi'.•-".' or. A,.r;,.-.-; F lo.. 'i days
el t\, let; I 12 m i l l i o n gallons

c i l - n Earthen basin with cla)
lining

C. Slu:1/;, T-ii:;.-;-.:- ; insijjs

Nur.;-.er Two
Functio-. To thicken and store sludge

dredged fror settling
bosins

Surface Arcs (t-ld jeplh'l O.S acres, each
(1.6 acres total area)

Depth B1 SWf> + 2' Freeboard
Capacity, totsl ^.7 m i l l i o n gallons
Apf-rcxir.atc S!»:;-.

Storarj-i- Life 10 years
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D, pier'-inr tqji|j-.~n;

hobi'.c r.ydraulic Drcdc,ih«
Ee)uipr..r.t To be rented as needed

Frequency of Dredging of
S e t t l i n g t.csins Every 8-12 months

F.. E f f l u e n t P i n - r l l n e - find Booster Funpinci Station

Hot covered in t h i s report
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L l a n g o l len Laridf I I I
Ne-.. C a s t l e - County, Delaware

I ror, Re-nova I Fac i I i ty

SUMMARY OF CAPITAL COSTS

Earth Wori (Cut, F i l l and haul Excess) $325,000

Clay L i n i n g of casins 96,000

Mechanic;..! Aerators (Two at 25 HP) 23,000

Access Ro;-s lu,000

Major Sstc'r s Sui-Tr,;,-! ' $'(60,000

Yard E .: ,".;.-•-.;-,'ci-l ' ir.ir.r;
ft U :'' ".'.'or S i s t e r " 65,000

Y'crc i: lee: r ic; ': '..c-ri. 6,000

E lcr.tr ice.-!- Si.:--s ;;•: ic-. 10,000

E^i It ing :'.:;: sc f t - or T-E i ler r__,':7,000

To-.s! C o n s t r u c t ic-n Cost S57',,000

Constructor. Continge-r,:y 60.000

Totf-l C a r i i a l Co;t S6CC..ODO

••'.'Cost of c-t.-ier L i n i n r , M u t e - r i a l

Asp1-.;. It L i n i n r $122,000
Ruct-er L i r . i n : 3'iO,OOCi
P l a s t i c L i n i n g . 150,000

•.'••'Capi te-1 cost does not i n c l u d e land purchase, p i p e l i n e ,
booster r-u-.ning s t a t i o n , or engineering costs,
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L l a r g o l l e n L a n d f i 1 1
Lew Castle County, Delaware

Iron Removal Faci l i l y
January 197'i t)ol lars

SUMMARY OF OPERATING COSTS

Lal :,r

Operating (i men" at S5.00/hr) $ 31,200

Supervision r.t U'... 3,200

I". I ! i t i i - s , /---eriic..- l sage-

t l c - c t r i c i l EC- K!' at S131/w:,'year 't.SOO

Kair.ter.ance

h y d r a u l i c Drear.in;, 59,000

P i p i n g E; : 1 ̂ OO

i l e c t r i c , - 1 ot V.. 800

l-.echL.nic; 1 Evuirrit-.i at £:. 1 j'tOO

SiructL-rt-s Et l-: , 3,100

Tctf-l Otjerating Cost

-.'-'1 it.an/sni ft, 2 shi f ts/d£"> , 7 d?ys/v.k
Three- operators required,

5105,000
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APPENDIX A

State of Delaware Effluent Limitations

Efflue-n! Lir.ital ic-ns Pr.Spd on e Practicable Level of P o l l u t a n t Removal
lechn" lory, Lulucnl lirit,nio-^ imposed vinde-r t h i s section shall be
expretsed in tc'rs cf average d a l l y loadings, and maximum d a i l y loadings
or instantaneous ir,axir.u-i concentrations,

a, V'fiste water fio.-s cortaininc' adiJc-d pollutants which are subject
to l i m i t a t i i r . s h a l l be S'.;c-i-tsated frc-r flows not subject to
l i m i t a t i o n to the naxinun practicable extent,

b, l.nstcv.-Bter flo-vs containing adc'ed pollutants shall be- at leas;
treatec So r;- not to o.rc-ec; the fol Ic-.-.int: I ir.-i tat ior-s for the
l i s t e d pc-;- ;;c-r:.;

(1) KDDr 30 irg'L
(2l, Susi-e-.:.';-;.' Sol ic; 30 Mg/L
(3) Cad-r.iu- C.'5:- nc 'L
(L,) Chro'-.iu-- (total '. C',150 r=/L
(£'' Lea:! 0,1 =G' i-:,/L
(6! l-c-rcur.. C,0"j rj.'L
(7; Corner 1.0 m;./L
(c'.; Iror (total . 2.0 r-.-j/L
(9) N i c k e l 1,0 rl.'L
(10' Sijleiii.- ' 0,020 r'..'L
(11! Si I v e - 0,10 r.ii'L
(121 Zinc 1,0 nr/L
(15) Cyavce 0.050 r:-'L
(U) F l u o r i e c 1.5 m:,/L
(15) Oil !. GreES.. 10.0 r::/L
(16) Phenollcs 1,0 r:./L

The concentre::.: 'eve'.: iric-sec h e r c i r slu'l'i t c- u t i l l z e c 1 to
e s t a b l i s h c v c - c - c t d a i l y l o a d i n g I ir-,', tut i o-^s, HcsfurciicnlE to
d e t e r m i n e cr.-"lian:t v- i t : - the above rcpui ro-.ents shall be taken
at a point i-fte-r ireetr.Eit as designated by th;- Department,
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SUMMARY

Leachate from the LlangolI en Landfi 11 , N:w 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:

• Hydrogeologic isolation of the landfill,
• Removal of the Llangollen refuse material,

with final disposal to a new Incinerator,
another l a n d f i l l , or to the ocean,

This investigation concluded that It is uncertain whether the
hydrotj-.-ologic isolation of the leachate would be effective
enough tc restore the anu'fer to its previous purity, Hydro-
geologic isolation would also require th» operation of pump-
ing ana treatment f a c i l i t i e s for indefinite but prolonged
periods,

Removal of tne- Llangollen refuse anc1 Its final disposal would
provide- an absolute solution in a r e l a t i v e l y short period,
Locating a nev, incinerator at Llangollen for disposal of the
old refuse as w e l l 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 f e a s i b i l i t y of certain types of incinerators.

Removal of the Llangollen refuse and its disposal to another
l a n d f i l l or to the- ocear. would provide an absolute solution
in a relatively short time; however, the uncertainty of
p c l i t i c s l anc envi ronmentE-l a c c e p t a b i l i t y remains,

The cost of hydroaeclocic control is in the same range as
i n c i n e r a t i o n ; costs for h a u l i n g and l a n d f i l ! or ocean disposal
are- s l i g h t l y less than i n c i n e r a t i o n ,

This report makes the following recommendations:

1. Implement a l i m i t e d prograr of hydrogeolog'c
controls to minimize the present leachate migration,

2. Investigate the f e a s i b i l i t y of "haul and dump"
alter n a t ives.

3. I n i t i a t e a d e t a i l e d concept e v a l u a t i o n of
.alternative methods of i n c i n e r a t i o n ,

A R I O I G 2 4



INTRODUCTION

General

The Llangollen L a n d f i l l is situated approximately two mlles
southwest of the City of New Castle in Nsw Castle County,
Delaware. (See Figure I.}

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 groundwatcr. Efforts to recover
leachate contamination already In the aquifer are currently
underway; however, elimination of future contamination w i l l
require measurer, directed at controlling the generation of
leachate at the l a n d f i l l Itself.

In November 1973, New Castle County authorized Weston to
investigate the feasibility of different alternatives for
e l i m i n a t i n g leachate from the Llangollen L a n d f i l l . The major
objective of this study was to recommend which route should
be followed to assure minimum adverse effects to the ground-
water suppl ies.

From a number of alternatives, Weston ide n t i f i e d two routes
which offered promise: isolation and removal, I solat i on of
the l a n d f i l l by hydroqeologic means would leave the Llangollen
L a n d f i l l intact, but would reduce the migration of leachate to
the aouifer, Remove I of the refuse presently w i t h i n the land-
f i l l would curtail leachate at its source, but would require
u l t i m a t e disposal via incineration, l a n d f i l l i n g in a more
s u i t a b l e s i t e , or ocean dumping,

Scope and Or. ieet ives

This report is intended to discuss in d e t a i l the l a n d f i l l
characteristics and physical setting and to evaluate the
alternatives by which leachate generation from the landfill
can be mi n i m i z e d and controlled so that use of the presently-
impaired aquifer can be restored to f u l l e r use In the future.

The alternatives considered for e l i m i n a t i n g the leachate poten-
t i a l from the Llangollen L a n d f i l l are the following:

« Hydroqeologic isolation of the l a n d f i l l by reducing
i n f i l t r a t i n g waters both from precipitation and from
the P l e i stocene Aqui fer.
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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 disposal In
another sanitary l a n d f i l l or In the ocean.

Investigative Approach

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

• Problem Identification,

History of the Llangollen Landfill.
Physical setting of the l a n d f i l l .
L a n d f i l l construction.
Groundwater i n f i l t r a t i o n .
Water entry to the l a n d f i l l .

• In v e s t i g a t i o n of Hydrogeoloqic Control for Leachate
Control.

Reduction of precipitation i n f i l t r a t i o n .
Interception of groundwater.
Collection of leachate inside the l a n d f i l l ,
Rccirculation of leachate.

• In v e s t i g a t i o n of In c i n e r a t i o n Processes for Ul t i m a t e
Disposal of Llangollen Refuse,

C o m p a t i b i l i t y with New Castle County's solid
waste management plans,
Technical evaluation of the i n c i n e r a t i o n of
Llangollen refuse,

• Economic Evaluation of Alternatives,

A R I O I 8 2 7



PROBLEM IDENTIFICATION

History of Llanqollen Landfill

The Llangollen Landfill was constructed In a worked-out sand
and gravel pit between I960 and 1968, It is approximately
't.'tOO 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
landfill, and Figure 3 shows the refuse thickness.

Physical Setting of the Landfill

The sand excavated from the present l a n d f i l l 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 s u r f i c i a l 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 level In the vicinity of
the landfi II,

The underlying Potonac Formation consists of stream-deposited
unconsolidated sands, silts, and clays of Lower Cretaceous
Age, The formation is approximately 600 feet thick in the
v i c i n i t y 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
s i l t deposits are interbedded with thin lenses and thick
blankets of clay and s i l t which accumulated on ancient flood-
p l a i n s and estuaries. The Potoroac Formation thickens and dips
towards the southeast at approximately *tO to 1^0 feet per m i l e
(uppermost and lowermost beds, respectively^ in the study
a res.

Hydrologica I ly , 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 s i l t as It
travels seaward, down dip in the formation, Figure it shows
the elevation of the top of the Potomac clay in the vicinity
of the l a n d f i l l , Immediately beneath the landfill these clay
and s i l t deposits are thin and locally sandy or absent,
especially on the eastern half.

ARIOI828









_Landf III Construction

Th* gravel pit in which the Llangollen L a n d f i l l 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 quality of the sand and would have
interfered with the sand washing plant process.

The gravel p i t , 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
t h e landfi 1 1 ,

Refuse placement, compaction, and covering operations at the
Llangollen L a n d f i l l were carried 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 5, All types of
wastes, including liauir) 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 land f i l l became unsaturated.

All intermittent cover material was obtained within the pit
from residual sand, t a i l i n g p i l e s , and siltation basin
deposits, As time progressed, cover material and l a n d f i l l
space became c r i t i c a l l y depleted; this situation encouraged
deeper excavation, especially on the western end of the p i t ,
This excavation removed some, and in a few places maybe a l l ,
of the confining cloy on top of the Potomac sands, This
practice probably created direct access routes for the leach-
ate from the l a n d f i l l to enter the Potomac sands in places
where routes may not otherwise- have existed, However, the
lithology of the upper part of the Potomac Formation ni-ar the
l a n d f i l l (as illustrated in Plate 1) is so v a r i a b l e that It is
probable that at least some natural sand channels in tht Pnto-
mac were in d i r e c t contact with the overlying Columbia sancs,

A R I O I 8 3 2
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The initiation of heavier pumping from the Potomac Aquifer by
the Amoco Cherr.lcs! Corporation (to the east) and the Artesian
Water Company (south of the landfill) in the early I960's
lowered the local water table especially south and west of the
landfill where Potomac clay Is generally thin or absent, thus
demonstrating the direct connection between the Columbia end
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
Gravel Pit just south of the Llangollen L a n d f i l l .

Water Entry to the Landfi 11

Water which now enters the l a n d f i l l originates in two ways:

I, D i r e c t precipitation on and i n f i l t r a t i o n through
tne landfi 11 surface,

2, As l a t e r a l groundwater movement into the saturated
lower portion of the- l a n d f i l l ,

The water leaches dissolved organic and inorganic chemicals as
it percolates through the refuse. The resulting h i g h l y -
polluted solution is c a l l e d "leachate". Although any l a n d f i l l
located in the hurid temperate c l i m a t e , as p r e v a i l i n g in north-
ern Delaware, w i l l produce leachate, the high rates of both
surface and grounowcter i n f i l t r a t i o n to the Llangollen Land-
f i l l hove greatly magnified the rate of leachate production
there,

E l i m i n a t i o n of the L l a n g o l l e n L a n d f i l l as a pollutant source
w i l l reauire stowing all water addition to the l a n d f i l l , or --
if t h i s is not possible -- m i n i m i z i n g the inflow and c o l l e c t i n g
leachate either in or beneath the l a n d f i l l . To this end, a
more- d e t a i l e d d e s c r i p t i o n of the magnitude and location of
water infiltration sources follows,

Analysis of water inflow to the la n d f i l l is best done by
d i v i d i n g the l a n d f i l l into two sections, as shown in the
water table map (Figure 6), Section 1, the western section
(760,000 souare- feet), receives both surface water and ground
water inflow, and has a generally continuous clay floor of
r e l a t i v e l y low p e r m e a b i l i t y . As a result, the zone of
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saturation in this section of the l a n d f i l l Is thick (Figure 7),
and some of the leachate seeps out on the surface along the
western and southern margins of the l a n d f i l l ,

Section 2, the eastern arid older portion of the l a n d f i l l
(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 v i c i n i t y of the eastern part of the l a n d f i l l . Here the
Potomac clay deposits are relatively thin, sandy, or absent,
Water in the Columbia sands moves downward to the Potomac
Aquifer rather than laterally to the l a n d f i l l . In addition,
the Columbia sands have been excavated northeast and south of
the l a n d f i l l , and the elevations there and In the marsh to
the east is lower than that of the l a n d f i l l surface and, in
places, lower than much of the Llangollen Landfi11 floor.
The result is that the refuse is less saturated, and major
leachate seeps are not v i s i b l e at the surface.

Pr e c i p i t a t i o n I n f i l t r a t i o n

The surface of the l a n d f i l l is pocketed with depressions re-
s u l t i n g fror the differential subsidence of the refuse,
These depressions prevent stormwater runoff from the l a n d f i l l .
The- l a n d f i l l 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-
deoression areas ponds in the depressions rather than running
off the l a n d f i l l , These ponds slowly i n f i l t r a t e to the land-
f i l l or evaporate, Because of these conditions, at least
50 percent of the precipitation which falls directly onto the
l a n d f i l l surface i n f i l t r a t e s through the l a n d f i l l cover and
percolates through the- refuse,

The annual p r e c i p i t a t i o n in the Llangollen v i c i n i t y averages
Mi inches per year, Assuming 50 percent of this precipitation
i n f i I t rates to the l a n d f i 1 1 , the average input Is 10.6 mi 11 ion
gallons per year (2&,000 gallons per,day) to Section 1, and
I£.6 mi 11 ion gal Ions per year (51,000 gel Ions per day) to
Section 2,

This input is very sporadic; sometimes there is none for
months, e s p e c i a l l y during the warmer summer months, But
50-percent i n f i I t r a t i o n 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 p r e c i p i t a t i o n does occur, the i n f i l t r a t i o n
amount fro- any g i v e n storm is h i g h l y v a r i a b l e and depends
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upon the storr intensity and duration, form of precipitation,
temperature, plant cover characteristics, season, and o r i g i n a l
s o i l moisture conditions,

Groundwater In f i l t r a t i o n

Figure 6 shows a water table map for the l a n d f i l l and the
Immediate surrounding area made from data collected on 7 De-
cember 1573. The contours on the map arc drawn through points
of equal groundwater elevations, Groundwater flow occurs
perpendicular to the contours from higher to lower elevations,

Trie figure shows that lateral groundwater infiltration to the
landfill is occurring on the northwestern margin of the land-
f i l l , i.e., in Section I. Here the water-table configuration
is s i m i l a r 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 cf the materials through which the
groundwater is moving, and the hydrologic gradient along the
direction of groundwater flow, Using approximate measure-
ments of the cross-sectional area and hydrologic gradient and
making an estimate of the p e r m e a b i l i t y of the m a t e r i a l s ,
total groundwattr inflow to the refuse is estimated at
between 100,000 and 200,000 gallons per day, 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 hydrolooic
gradient and saturated thickness of the earth materials, is
r e l a t i v e l y steady and continuous, e s p e c i a l l y when compared to
the prr:ci pi tati on inflov-,,
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INVESTIGATION OF HYDROGEQLOGIC CONTROL
ALTERNATIVES FOP. ISOLATING THE LANDFILL

Precipitation I n f i l t r a t i o n Reduction

If the la n d f i l l surface is re-graded and covered with material
suitable to retard i n f i l t r a t i o n yet support a plant cover, up
to 80 percent and possibly more of the direct precipitation on
the landfill surface can be prevented from infiltrating to the
refuse, Such a result can be obtained by one of several
methods, These are:

I, Re-grading the l a n d f i l l and covering it with a heavy
loan- soil material. The final grade plan would be
designed to conduct precipitation from the l a n d f i l l
as surface runoff. This would be done either by
means of smooth even slopes or by crenulating the
l a n d f i l l surface and constructing lined runoff chan-
n e l s , The flat surface would probably be most advan-
tageous for future land use while the crenulated
surface would probably be more efficient in conduct-
ing water off the landfiII.

2. Re-grading and covering the l a n d f i l l surface as
above and injecting an asphalt membrane beneath the1
s o i l cover to retard vertical percolation of moisture
which has i n f i l t r a t e d the soil cover. This hclds
moisture within the root zone of the plant cover and
permits the plants to transpire away more of the
water, This procedure has been tested on the 4-to 6-
acre land'ill of the University of Delaware in Newark
with reportedly favorable results.

3. Synthetic covers could be u t i l i s e d but would be
costly, would require more maintenance, and would
prevent vegetation growth and l i m i t reuse of the
property,

Reduction of the amount of direct precipitation which i n f i l -
trate-s the- l a n d f i l l to 20 percent would mean that an average
of 32,000 gpd of water (22 gpm) would enter the refuse, As
explained previously, input would not be uniformly distributed
through t i m e , because p r e c i p i t a t i o n events are sporadic. When
plant cover is active (late spring to early f a l l ) , the evapora-
tion rate is higher and the s o i l s are generally d r i e r , More
i n f i l t r a t i o n would occur durinq the cooler months,
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Interception o' 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 welI-point system.

2, A series of larger diameter wells, each equipped
wi th submersible pumps,

3. A perforated drain pipe.

k, A gravity-run recharge well system screened In both
the Columbia and Pleistocene sands.

5, Excavation of the Pleistocene sand, resulting in
groundwater interception and drainage through a
surface conduit around the landfill,

Well Points

A well-point syster would consist of a series of small-
diameter (1-l-j") galvanized pipes with short (31) screens
and drive points attached to their bottoms, These points
could be jetted to the top of the Potomac clay along a
2,000-foot line froir. boring Bl1* eastward to B2^. The i n d i v i d -
ual w e l l points would be connected to a suction header.
Water would be pumpec from the wel! points by suction l i f t
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 feel above the top of the- pumping level or water
would not be raised. In the situation where maximum dewater-
ing is desired -- not only to prevent groundwatcr inflow, but
to reduce the water table in the l a n d f i l l -- the distance
from the suction header connection to the top of the well-
point screen would have to be less than 27 feet.

If the w e l l points were placed in the same l i n e as completed
soil borings north of the l a n d f i l l , 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 required.
The trench would have to be a minimum of 5 feet wide at the
bottom and would require shoring to prevent sidewall collapse,
However, if the well points could be located along the PRR
railroad cut (where the elevation is less), l i t t l e or no
shoring would be re q u i r e d ,



Each 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 l a n d f i l l , 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 w i l l probably be only half of that amount.

Water table lowering at the well-point network would also
reverse the direction of the water table gradient between the
landfill and the well-point systems, As a result, highly
contaminated water in the l a n d f i l l would be induced to move
to the well points. Perhaps after the volume of leachate
stored in the landfill 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, If
the well-point discharge became contaminated by drainage from
the- l a n d f i l l , the quality of the recovered water should Im-
prove by d i l u t i o n as the reservoir of leachate in the land-
f i l l is depleted. At worst, the quality of the water pumped
fror- tne well points afte- maximum lowering of water levels
in the l a n d f i l l should be better than that pumped from the
contaminant recovery w e l l s operating in the Potomac Formation,
Thus, the well-point discharge could be piped, if necessary,
to tne- treatment facility being designed for water from the
Potor.a: contaminant recovery wells. The volume of water frorr
the we-11-point intercept system should not exceed 5 percent
of the li mgd total design flow rate of the wastewster treat-
ment f a c i l i t y ; thus, this volume could be easily handled.

If the water quality from the- weII-point network were accept-
able for direct surface discharge without treatment, it could
be pu~ped to the- Army Creek marsh past the- eastern end of the
l a n d f i l l , This w i l l prevent any return seepage to the land-
fi 11 fror the creek,

The well-point system alone w i l l not dewater the entire land-
f i l l , because the Potomac clay surface atop which the w e l l
points w i l l be completed is everywhere above sea l e v e l , while
parts of the l a n d f i l l floor -- especially on the far western
end -- are be-low sea level, However, the well-point system
Should be capable- of stopping v i r t u a l l y all of the ground-
water inflov, to the refuse,
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D r i l l e d Interceptor W e l l s

A line of k- to 6-inch wells d r i l l e d to the base of the
Columbia Formation north of the landfill could be used to
Intercept part of the groundwater moving into the refuse,
The wells would each be equipped with n submersible pump,
Again, drawdown Interference between wells would have to be
sufficient to prevent water from passing through the line of
wells to the l a n d f i l l . Higher pumping rates from the wells
than possible from the well points might reduce the numbtT
required to Intercept refuse-bound groundwater. However, the
limited available drawdown (less 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 l i f t
(maximur 27 feet) system u t i l i z e d 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 Columbia sand prior to its reaching the well-
point system were desired, several d r i l l e d wells could be
economical ly employed in the project.

Perforated Drain

A perforated drain pipe could be constructed to intercept all
water flowing through the- Columbia sand into the northern part
of the l a n d f i l l and to desaturate the sand north of the land-
f i l l , This pipe- would be i n s t a l l e d in an excavation conducted
tc an elevation corresponding to the lowest Columbia sand
channel. Where the Potomac 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 gravel designed to act as a water-
tra n s r i t t i n g f i l t e r media to keep the slots in the pipe from
becoming clogged with fine soil p a r t i c l e s , The remainder of
the trench would be back f i l l e d with the material removed
duri nc the excavation,

The- pipe would be s l i g h t l y sloped (1 percent) to collector
sun-ips 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 p i p e l i n e to the Army Creek
marsh east of the l a n d f i l l . This collector system would
permit uniform and s l i g h t l y 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 vicinity of Well 56 westward to the
edge of the l a n d f i l l , The excavation depth would range from
20 to 40 feet and would average about 30 feet. Well points
would be required to dewater the proposed drain section so
that the excavation would stand open with a minimum of
shori ng.

Unfortunately, the excavation operation (involving dewatering
and/or shoring) would be quite expensive, Another major dis-
advantage is that, if the pipeline became clogged or broken,
it would be inaccessible for repair and would have to be
enti rely reconstructed,

C o l l e c t i o n of WDler I n s i d e the L a n d f i l l

Some water w i l l enter the refuse and stand in it regardless
of attempts to intercept Inflow and to drain the l a n d f i l l by
external controls, Tne water on the refuse floor w i l l slowly
seep into the Potomac Aquifer unless it is collected, How-
ever, in those places where much water is standing, it does
sc- because the r e l a t i v e l y low permeability of the l a n d f i l l
floor acts as a b a r r i e r to vertical movement. This low per-
meability is usually due to the presence of clay beneath the
l a n d f i l l , However, a bacterial sl i m e formed during refuse
decomposition further reduces the vertical permeability,

Much of the standing leachate could be collected by drains
constructed inside the l a n d f i l l , These drains would consist
of perforated p l a s t i c 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 (1/4 or 1/3 hp)
submersible puip.

If the present groundwater inflow rate to the refuse- could be
cut 9D percent and the surface water inflow reduced to 20 per-
cent of the direct p r e c i p i t a t i o n , then total water inflow
would average 44,003 gpd (30 gpr), Several snail pumps could
e a s i l y hencle t h i s volume of leachate, fit) I n i p [, o
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The d r a i n lines could be l a i d in a grid over the entire land-
f i l l floor or in a concentric fashion from sumps located in
positions where the l a n d f i l l floor Is suspected to be a 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, Sump:; with
radiating arms should be located In areas of suspected leach-
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 l a n d f i l l w i l l be
highly contaminated, although relatively small in volume.
This water could be fed directly Into the discharge pipe to
the wastewater treatment f a c i l i t y constructed to handle
contaminants recovered from the Potomac Formation. Alterna-
t i v e l y , the recovered leachate could be recirculated Into the
l a n d f i l l , but, as w i l l 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
di sposed of,

Although the internal collector system appears necessary to
minimize leakage of contaminants to the Potomac Aquifer, its
construction should be sequenced to follow that of the w e l l -
point system, This w i l l allow the impact of the external
dewatering system to be assessed separately and w i l l permit
design of the internal collectors based on the resultant
lowered water levels on the l a n d f i l l ,

Red rculat ion of Wete-r to Speed Chemical S t a b i l i t y

Attempts to isolate the l a n d f i l l fror. all water Inputs have
severs! shortcomings:

I, Sone water w i l l enter the l a n d f i l l regardless of the-
external controls,

2. The system requires continual maintenance and
operati ng costs.

3. The operation has no apparent time l i m i t after which
the l a n d f i l l w i l l be chemically stable.

Th» last point is the most bothersome and has led to investi-
gation of alternative schemes which would stabilize the
refuse- in some d e f i n i t e time frame. A d d i t i v e s which would
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fuse or chemically stabilize the refuse do not exist. There-
fore, the only apparent solution is to purposely add water,
perhaps enriched with nutrients, to the l a n d f i l l 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 w i l l be expensive, However, con-
siderable re-grading would be necessary in any event to
el i m i n a t e 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
w h i l e spraying, bacterial decomposition in the upper soil
layers, chemical adsorption on soil particles, and chemical
uptake by plants,

Unfortunately, spray i r r i g a t i o n of leachate would have
several major difficulties or potential difficulties
i n c l u d i n g :

I, AIrborne odors,

2. P o s s i b l e chenlcal toxicity to plants,

3, Clogging of surface s o i l pores and plant stomata by
i roi and manganese precipitates from, the oxidized
leachate.

4, C l o g g i n g of surface s o i l pores by a s l i m e derived
fror- the highlv organic chemical loading in the
leachate,

The h i g h l y concentrated nature of the- leachate would require
it to be sprayed or, the l a n d f i l l at rates considerably lower
than the 2-inch per we-ek g u i d e l i n e for treated domestic
wastewater on permeable soils, If the leachate were recycled
by spreading through i n f i l t r a t i o n g a l l e r i e s on the l a n d f i l l
sur ice, clogging of these galleries by aerated leachate
p r e c i p i t a t e s would s t i l l be a problem.

A d d i t i o n of water to the- l a n d f i l l would generate larger vol-
une-s C/ conta-i hated water; sone- o' it would inevitably leak
throuc-1- the land"! I I floor to the Potomac Aqui for. » Mso-"ii I U j Bk



water a d d i t i o n would raise the zone of saturation in the
l a n d f i l l , causing outflow of leachate to the Columbia sand
north of the l a n d f i l 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 l a n d f i l l ,

Thus, water addition can be expected to increase the volume
of polluted 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 cr i t i c a l question
arises, How long w i l l it take to stabilize the refuse, or
w i l l water circulation have any beneficial impact at a l l ?

One landfill study (Dobson, 1964) concluded that refuse decom-
position in a l a n d f i l l 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 L a n d f i l l has
shown the moisture content to range from 40 to 70 percent.
Thus, refuse decomposition might be proceeding just as quickly
now as if water were to be purposely added to the l a n d f i l l ,
Even if the refuse were desaturated, thi: f i e l d 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 l a n d f i l l study (Apgar and Langmuir, 1971) showed
that the concentration of contaminants in leachate fror an
eight-year old l a n d f i l l c e l l that had been constantly satur-
ated with water was often higher than that of a nearby un-
saturated two-year old l a n d f i l l c e l l . Weston's own experience
with water leaching through a 40-foot thick l a n d f i l l In the
midwest has indicated that no confident prediction can be made
of the time when the l a n d f i l l w i l l not produce contaminants,

Thus, w i t h no assurance that recycling water into the l a n d f i l l
w i l l appreciably speed up the achievement of chemical
s t a b i l i t y 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 i n i t i a t e d ,

Dooson, A,S,, "Microbial Decomposition Invest igalions in Sani-
tary Landfills", Ph.D. Thesis, Department of C i v i l Engineer-
ing, West V i r g i n i a U n i v e r s i t y , 1964.

Apger, p. .A, and D, Langmuir, "Ground-Water Pollution Pokegtii »j i q (. C
r' f " nd Wfter \f^*1 U ' D 4 °oro L a n d f i l l Above the Water Table", Ground Wfter
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INVESTIGATION OF INCINERATION
ALTERNATIVES FOR THE ULTIMATE
DISPOSAL OF LLANGOLLEN REFUSE

C o m p a t i b i l i t y of a New Incinerator
with Nev. Castle County's Plans

While the most pressing solid waste problem in New Castle
County Is abatement of leachate movement In and away from the
Llangollen L a n d f i l l , 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 a Solid Waste Management Plan. Weston has been,
and is, assessing the impact of any Llangollen solution on
long-term s o l i d waste service needs in the County,

An incinerator at the Llangollen L a n d f i l l would serve the fol-
lowing dual purpose:

1, Burning "in-place" refuse at the l a n d f i l l , thus pro-
v i d i n g a sound, confident solution to leachate produc-
tion,

2, Simultaneously processing fresh refuse from selected
portions of the County (Pnase I),

Fresh refuse acceptance would have a step-increase upon comple-
tion of the Llangollen reclamation (Phase I I ) . Phase II opera-
tions would thus automatically p a r a l l e l the increasing waste
qencration r e s u l t i n g from growth of the County's population
and econor\ ,

C o m p a t i b i l i t y of a L l a n g o l l e n 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
Plant.

2. The a v a i l a b i l i t y of sufficient refuse following the
removal of the refuse at the L l a n g o l l e n L a n d f i l l ,

3. The incinerator's effect on New Castle County's ex-
penditures for solid waste management.
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Sol id Waste Quant ity

All three considerations involve determination of solid waste
q u a n t i t i e s , sources, and distribution, New Castle 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 1973 (2.61 pounds per capita
per day) was determined from weighing records at the Pigeon
Point L a n d f i l l . 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
employment-sector breakdown into two groups: Manufacturing,
and Commercial/Industrial Services/Community Services (C/IS/CS).
This level, at minimum) 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/IS/CS
group.

The application of generation rates per employee to associated
employment w i t h i n a group or a specific firm identified by its
Standard Classification Code (SIC) enable the determination of
total waste generation. Generation rates used for New Castle
County are based on detailed survey results from a county in
the northeastern United States of s i m i l a r 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 by BO percent.

Fourteen currently-operated and two recently-closed landfills
are l i s t e d in Table 3. Nine of the e x i s t i n g sites are owned
and operated b> manufacturing corporations and accept internal
manufacturing waste on-site; three are privately owned, and
accept employment-related wastes; anc two are publicly held,
E x i s t i n g State records do not include l i f e expectancies or de-
gree- of conformance with sanitary l a n d f i l l operating procedures.
On-sitc surveys and interviews are necessary to evaluate the
degree to which existing f a c i l i t i e s w i l l contribute to total
disposal requirements for the County, both now and in the
future. The trend has been for increased direct participation
and closer monitoring of private waste disposal fa c i l i t i e s by
p u b l i c agencies to the extent that privately-operated businesses,
e s p e c i a l l y manufacturing corporations, are looking to their
local government for disposal services.
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The Pigeon Point Recycle 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 w i l l have a maximum-rated capacity of 1,200
tons per day and a six-day weekly operation. Figure B i l l u s -
trates that, by 1977 (earliest date for Pigeon Point Recycle
Plant and Llangollen Incinerator openings), an estimated 2,200
tons per day (tpd) w i l l be generated, or 1,000 tpd In excess
of the capacity of the Pigeon Point facility. A 1,000-tpd
Incinerator at Llangollen, processing equal weight-quantities
of fresh refuse and reclaimed waste from Llangollen L a n d f i l l ,
could accommodate one-half, or 500 tpd, of the excess refuse
generated, The balance (500 tpd) could be disposed of in
privately-operated f a c i l i t i e s meeting State and County Regula-
tions or could be landf11 led directly by the County,

E, 19S7, the 1,500,000 tons of reclaimed refuse from the
Llangollen Landfill w i l l have been processed, allowing the
Llangollen Incinerator to accept 1,000 tpd of fresh refuse,
Pigeon Point and Llangollen Incinerator w i l l then collectively
provide disposal capacity for 2,200 tpd, while estimated gener-
ation w i l l reach 3,000 tpd, Maximum waste generation less
disposal capacity of the two f a c i l i t i e s occurs in 19B6 and
200C-, and is equal to approximately 1,300 tpd.

S o l i d Waste D i s t r i b u t i o n and
Transporiat ior Costs

The savings in transportation costs afforded with two f a c i l i -
t i e s instead of one w i l l be part o' the L l a n g o l l e n Incinerator's
effect on New Castle County's expenditures for solid waste
management expenditures, To determine transportation cost
differences, 193; wastes were allocated to 10 planning d i s t r i c t s
(as defined by the County and the City of Wilmington), with
the New Castle planning d i s t r i c t d i v i d e d into a north and south
section and w i t h the Kiddleton/Odessa/Townsend area south of
the canM d i v i d e d into three sections, In a l l , 1*« sources were
used in the analysis. (See Figure $,)

Twelve test cases were studied: six for all waste (residential,
manufacturing, and C/IS/CS) and six for residential waste, The
methodology employed is that of Weston's "Solid Waste Allocation
Model" (SWAM), a sophisticated computer prograr for s t r i k i n g the
least costly balance among the variables of cost for hauling and
cost for disposal, (Tne skeletal amounts of data a v a i l a b l e and
the time constraints of t h i s project precluded actual application
of the SWAM model however,)
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• Direct Haul Alternatives;

1, Pigeon Point Recycle Plant - Transporting the
waste from all sources directly to the Pigeon
Point Recycle Plant.

2, Llangollen Incinerator - Transporting the waste
from all sources directly to the Llangollen In-
cinerator.

3. 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:

k, 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,

5. Llangollen Incinerator - Same as Alternative 2
with tht addition of the transfer station,

6, Optimal - Each source's wasie is transported either
to the, transfer station or to one of the two final
processing facilities so that total transportation
costs are minimized; same as Alternative 3 with
the addition of the transfer station,

A unit haul cost of 5^.^0/ton-hr/trip (based on a 24-cu yd,
rear-loading packer truck with a 3-man crew) was used for the
packer trucks; SO.BO/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 fror State Highway Department records. Results
of the analysis, presented in Table b, indicate that Alterna-
tive 3 (Direct Haul, Optimal) results in a 12-percent savings
in total transportation costs over Alternative 1 (Direct Haul,
Pigeon Point) when considering all waste. Furthermore, adding
tht transfer station results in additional savings in all
comparable alternatives, Alternative 6 (Transfer Station,
Optimal) results in a S3BO,000 annual savings over Alternative k
(Transfer Station, Pigeon Point), equivalent to approximately
SO,86 per ton sent directly to the Llangollen Incinerator.

A R I O I 8 5 5
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W h i l e 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
w i l l 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.

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 w i l l contribute posi-
ti v e l y to transportation economics and to residents' conven-
ience. While the degree to which private disposal facilities
w i l l assist in meeting future needs is uncertain, we can be
assured that a significant portion of C/IS/CS solid waste w i l l
continue to be collected together with r e s i d e n t i a l waste,
thereby increasing the waste disposal capacity expected to be
provided by the County, More County-specific information and
investigation are needed, however, to I n s t i l l confidence in
the decision-making process.

L a n d f i l l Refuse I n c i nerat lor-

Excavation and incineration of refuse is one means of removing
the source of leachate from the Llangollen L a n d f i l l , The refuse
in the l a n d f i l l was expected to be high in moisture and in non-
ccnbusilble content (due- lo the cover material), There were
no data available in the literature that would assist us in
determining the f e a s i b i l i t y of incineration; therefore,
arrangements were made to obtain samples so that the quantity
of water, inerts, and combustible material in the l a n d f i l l e d
refuse could be determined,

A d d i t i o n a l information needed included the bulk density of the
refuse in place and after removal from the l a n d f i l l , and also
the bulk density of the residue afte.- combustion. Another
de s i r a b l e data elenent was the degree of organic degradation
(loss in combustible content) that hae1 takiin place since place-
ment of the refuse in the l a n d f i l l as determined in terms of
the net E t u / l b of combustible material on a dry, ash-free
basi s,

-33-
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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
w i l l 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-
i s t i c s on the MAF basis, however, showed such a great v a r i a b i l i t y
that it was concluded that the samples (only 1 gram of material)
used for heat content determinations could not be considered
representative. However, visual inspection of the refuse showed
that very l i t t l e qearadation had taken place. Thus, raw refuse
MAF heat content war felt to be an acceptable estimate of the
landfilled refuse characteristics. If the incineration route
were selected however, the combustion tests should be repeated
to obtain adequate data.

The moisture, residue, and combustible characteristics (taken
with kilogram q u a n t i t i e s of refuse! were reviewed, and the
values are- considered believable, Since the summation

HjC t Ash + Combustible = 100
if the- values for H-,0 and ash "feel good' , then the value for
combustible is acceptable,

From the results obtained in this l i m i t e d sampling program, it
was e v i d e n t that most of the samples were too wet to be burned
in conventional inc i n e r a t i o n equipment. This conclusion is
apparent from the data presentation of Figure 11, Only three
samples fell within the self-burning or autogenous zone of con-
ventional incinerator operation (defined as refuse which at
150-percent excess air exhibits a flame temperature in excess
of 1,200°F), 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 tht l i t e r a t u r e -
reference (Hotti, G., "Montreal Incinerator Is Two-Fold
Innovator", Power, January 1966) ,
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NEW CASTLE COUNTY, DELAWARE
LLANGOLLEN LANDFILL

REFUSE COMPOSITION • COMBUSTION DIAGRAM
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Because the basis for Figure II was unknown, we proceeded to
derive a heat balance for a conventional rftf rectory wall in-
cinerator so es 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 Is based
upon a series of test reports prepared by the Office of Solid
Waste Management Programs (OSWHP) 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,BOO Btu'lb, with an average of 8,960 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 1J relates the moisture and residue to a variable we
can control in operation: the amount of excess air to main-
t a i n a furnace- exit temperature of 1,600°F. Note that a
dotted l i n e at 80-percent excess air (1.8 times the theoretical
combustion air; i; plotted, This value represents the approxi-
mate minimum excess air that has been achieved on steam
generating incinerators and, therefore, constitutes a possible
minimum for e refractory wall furnace, In accordance with
this curve, if the residue quantity is approximately 20
percent, the maximurr water that can be present in the refuse
is 52 percent a'. 8C percent excess a i r .

Figure 13 confirmed the data presented in Figure 11 wherein
it is shown, thEt the b u l k of the refuse to be removed from
the l a n d f i l l is too wet to burn well by i t s e l f , The moistur--.
content of tne- Llanaollen refuse varied from ^2,5 to 76.5
percent and averaged 5c percent,

It was thus concluded that an a u x i l i a r y jel would be necessary
in order to dry tne material to a theoretically combustible-
state. As fresh refuse- was knowr to be a v a i l a b l e in the County,
the use of f o s s i l fuels was ruled out as a source uf a u x i l i a r y
heat,

Fresh refuse tan vary in moisture content from approximately
20 tc> 50 percent de-aendinc 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 practice.; for instance, the County might dictalc
that all refuse be placed in p l a s t i c bags which would shield
the refuse- frorr Ihc- effect: 2f inclement weather, However,
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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

3.5

; c
I . E

C E

C C

W.0.46312
. .AC.

^

-

[

*v

-

^
—

REFU
F.G,

\
\?

\%
\-

SE K.
TEMP

^
\

V, =
, =

2£V v
Tt\
L \

B9BD
BOO0

—

1r

8TIK

—

IB, If

—

(IF

—

: ;c s: c 5: EC TC E: s: i
flRl

REFUSE mtF. - PEF.CEN1

M POV F. we
IffiiS

DC

01861,
FIGURED

ETON , INC,



I
jj for purposes of this feasibility review, an average value of

26-percent moisture was selected, and various blends of re-
claim and fresh refuse were tried before a r r i v i n g at a one-
to-one mixture of fresh and reclaimed refuse. The one-to-
one blend would exhibit average properties as follows:

Landfill Fresh Mixed
Proximate Refuse Refuse Refuse
Analys i s Average Average 1' I

Percent Water $6 (0)* 28 (0) A2 (0)
Percent Residue 19 (W 21 (29) 20 (W
Percent Combustible 25 (57) 51 (71) 38 (66)

"Figure; In parenthesis are on dry basis,

Witr. a one-to-one rix of reclaimed and fresh refuse, the mix-
ture i; theoretically combustible in a conventional incinerator.
Some- cfi 1 culat ions were made in an effort to use the waste heat
fro" the Incinerator as a means of drying the reclaimed refuse,
To avoid odor emissior problems, the criteria was set that
the d-icr vent gase; nut: pass through the furnace high tcr-
peraturt sons before- being exhausted, The pract ir.el i ty of
t h i s was juoged poor because the degree of drying that could
be a:nievcd was minirr.al, and there are several major technical
p rob lens involved in m i x i n g e large quantity of not gases with
a large quart! ty of d'ier exnaust gases (needed to insure that
odorous oases do not pass unourned throucn the combustion
zone of the incinerator'), Therefore, this concept was abandoned
a; e p r a c t i c a l means of c o n t r o l l i n g refuse moisture- content,

Tne theoretical r.'murt of average raw and average reclaimed
refuse y e i l d l n c a combustible mixture must be tempered by the
fact that both the raw and reclaimed refuse w i l l vary in
m&isture anc inert composition with time; therefore the
calculations show only the average conditions, and operation
of the f a c i l i t y would have to compensate for d a i l y v a r i a t i o n s
in the q u a l i t y of the- refuse to be burned,

Anothe- probler exists in that good mixing of the reclaimed
and raw refuse must be accomplished in order to insure complete
co-nbustlor. in an incinerator furnace, It was judged thai the
or.l\ rea"S of acHcvinc a satisfactory mixture of the- two com-
poner'.s was tc feec both the- r e c l a i m e d and rai-. refuse to a
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shredder and blend before charging the furnace.

W i t h 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 cou'd be segregated and not charged
into the incinerator, the time span might be as short as 8 years
or an long as 12 years depending upon the quality (heal
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-generatinc types. In both cases the typical practice
is to burn the refuse as received on grates, Burning or.
grates is t y p i c a l l y 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 properl/
a p p l i e d ir the design of the f a c i l i t y ) but, even with an ex-
cellent design, the operating personnel must learn to cope
with the variable nature of raw refuse as received.

Mass burning incinerators are occasionally plagued with the
probler of receiving and trying to burn wc-t raw refuse.
Because the probler. does not exist all of the time, there
are few, if an\ , incinerators that are adequately designed
to cope with the wet refuse problem, The practices of
incinerator operators in attempting to cope with wet refuse
have beer, surveyed by Stevenson ("burning Wet Refuse", Pro-
ceedings and Discussions of the 1972 National incinerator
Conference, ASKS). Operator practice includes reducing the
furnace charge rate and the depth of the fuel bed, physically
a g i t a t i n g the fuel bed, and the use of a u x i l i a r y fuel to
maintain adequate furnace temperatures. Systems have been
designed so that an a u x i l i a r y fuel such as heavy oil can be
introduced into the refuse as it is fed to the furnace, and
some designers recommend that the undo, rf I re air be pre-heated,

It is also possible to burn the refuse in suspension, This
is now being done in St, Louis, Missouri (the only U.S, u nit)
in a u t i l i t y b o i l e r , However, Bi to SO percent of the heat
at the Si, Louis plant is being provided by the combustion
of a conventional f o s s i l fuc-' (cool;. 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 traveling 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 surface
itself. Tne Hamilton installation has experienced problems
w i t h material handling and shredding but, reportedly, burn-
ing of the shredded raw refuse is not a problem,

No one fror the Weston organization or the County has seen
the Har.ilton, Ontario installation, (Sutin, G.L., "Solid
Waste Reduction Unit Promises to be a Better House Trap",
Publ ic Works, February, 196S,) We understand, however, that
there are several mass burning incinerators handling shredded
refuse in the v i c i n i t y 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 orate, We concluded that it would be-
imoractical to aiternale grapple loads of wet and dry material
and that we could not accomplish a satisfactory mixing of the
two materials by any commercially a v a i l a b l e m i x i n g device.
This l a t t e r consideratior. involves the heterogeneity of the
refuse as received and the impractical Ity of blending large
masses of dry and wet material. We concluded lhat 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 fi r i n g , In
attempting to feed two stream; of refuse to o shredder, con-
trol problem shiuld be an t i c i p a t e d as should clogging
problems in the snredd-:r dje to tht presence of wel m a t e r i a l ,

V: wsulfl anticipate that the shredding operation, the m a t e r i a l s
handlinj c-obleirs, and the f i r i n g and burning problems would
re:.irt further investigation although, at this point, we
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conclude that a 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 d a i l y collections in New Castle County.

The residue from a conventional incinerator based on a one-
to-one mix of raw and reclaimed refuse w i l l be approximately
0,7 Ib of residue per 2 Ibs of feed to the furnace (0.7 lt>
of residue for every pound of Llangollen refuse burned). As
it is unreasonable to assume total hum out of the refuse,
the residue from the furnace must be properly landfII led as
the u l t i m a t e disposal method,

The concept of energy recovery was considered in evaluating
different incineration processes for disposal of Llangollen
refuse, Aside frorr the technical f e a s i b i l i t y of recovering
heat fror tht incinerated refuse, other important factors
are the following:

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

2, A v a i l a b i l i t y of a market for recovered stear, and'or
fuel-gas: A preliminary evaluation of the amount
and condition of steam that could be generated in a
steam-generating incinerator and consultation with
AMOCO "lecnnicaf staff indicate that AMOCO could
use (and pay for) all the steam generated at the
proposed incinerator. The overall quantity and
quality of stear generated at AMOCC boilers would
allow the u t i l i z a t i o n of the steam generated at the
proposed incinerator even on an interrupted basis.
The same investigalive approach was conducted to
determine the m a r k e t a b i l i t y of s e l l i n g low Btu fuel
gas generated in a gas-converting incinerator (such
as Purox by Union Carbide). It was found that
AMOCO could f i r e such fuel gas in t h e i r boilers in
conjunction with oil and pay for the fuel value of
this gas,

If the llangollen Incinerator were to be of a steam-generating
type, f i r e s i d e tube wastage must be investigated (and is being
i n t e n s i v e l y i n v e s t i g a t e d by a number of organi zat ion^and, , nrn
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i n d i v i d u a l s ' , Evidence to date indicates that as long as
stearr pressures are not too high the corrosion problems
that have beer, encountered are controllable, Since AMOCC
has a need for a large quantity of low-pressure steam, this
would seerr to be tht indicated conventional Incineration
route to follow as steam generating incinerators are
capable of operating at lower excess air rates, and exportable
stearr. has a d o l l a r recovery value.

Recent experience with steam-goncratinc incinerators indicates
that they are no more expensive and possibly less expensive
than refractor', incinerators, and the steam generated could
be used to operate incinerator a u x i l i a r i e s and to heat the
underfirc- s ' ' which is one of the recommended procedures for
combust io" cf we*, refuse,

Tnt-refore, i* a conventional type Incinerator is the indicated
i n c i n e r a t i o n syster to be Implementec, we suggest that , w h i l e
fu-tner Invest igat lo- is necessary, the steam-general i nc type
is the most feas i b l e selection giver, the conditions o u t l i n e d ,

Otho- Ire! ne-'a'.O'- Approaches

lr edi'l'O- IE the conventions' i n c i n e r a t io" concepts d i s -
cussed apove, several new syste~s are now undo" development
or ir protctvsc use that have m e r i t arc snouic be investisalcd
a; si le -nat ; -,e on-s:te processing methods.

union. Ca'bide has operated a 5' tor. per day (tpd p i l o t u n i t
S;nce- 1J70 i r- t h e i r Tarrytov/r,, New >ork Technical Cente". A
20C'-tpd svster '• s under constructior at tne'r South Charleston,
West \i rein's Mant wi t r a forecast 3' March IS71- start-up
date. Tht Souf Cha-lestor. prototype svster w i l l burr, m u n i c i -
pal re-fuse fror the Surrounding corrmunity, Union Carbide
ad-. 1 ses tl-.at they have four plants that they expect to b u i l d ,
pe-dir.c successful operation of the South Cnarlestor, f a c i l i t y ,

Tnt r-,.rO) syE'.e- uses pure oxygen (9£ to 95 pc-rcer: to burn
a ?or;ic,r. of tne refuse- to generate high (2 ,EOI-3 ,0j.l°r j ten-
pe-'eture-E in the lower regions of the furnace. The products
of t'-e process are a black sand residue and a low Btu fuel
:as the', ca- be eoorted and burned in boile'S reportedly
v"!'.r or!. r;nor changes to the use's' burner Evstem,
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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 car, be used to compensate for a high moisture
content in the refuse feed, Union Corbide 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 s t i l l useful as a boiler fuel.
The off-gases from the Purox system are largely particulattt-free
carbon monoxide and hydrogen and, because the fuel gas is ex-
ported, the only air pollution emission from the system, If
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 e five-to-two ratio of re-
claimed to raw refuse should yield *t m i l l i o n Btu's per ton of
mixed waste feed in exportable fuel gas. They state that
they do not believe shredding or intensive m i x i n g of the re-
cla i m e d and raw refuse is necessary, but, pending operation
of the South Charleston prototype Installation and further
investigation, we- feel that th<> shredding and mixing of the
refuse should be considered a possible processing step until
adequate evidence exists to the contrary,

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

1. The potential to eliminate the shredding process as
a pre-processinc step,

J.. The residue is a black glass sand; l i m i t e d tests
i n d i c a t e it to be inert (no: leachable-'' and m i g h t
be used as an aggregate in the construction of
Counts bituminous paved roads,

3, The potential to product a nitrogen by-product,
AKOCO presently uses an inerl gas atmosphere in
t h e i r operation; thus manufacture of a second
s a l a b l e product would be indicated if such would
improve oxygen manufacturing economics.

k. The capital cost of the oxygen plant can be eliminated
if Linde, Airco, or another firm COL-Id be persuaded to
develop a merchant gas production f a c ' l i t > in the area.



While this would reduce the i n i t i a l 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-
c i a l venture and sold to the County at a profit,

5. The five-to-twu mix minimizes the amount of fresh
refuse that would be necessary for destruction of .
the Llangollen material. This minimizes the demand
for fresh refuse (possibly more compatible with
New Castle County Solid Waste Management Plans).

6, 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 •
b e n e f i c i a l usage in l i g h t of current fossil fuel
energy concerns,

Some- disadvantages of the- Purox system are:

1, The process has noi been proven on a commercial scale,
but the 200-tpd plant is presently in its startup mode.

2. Tht process requires construction and operation of
an oxygen plant in addition to the incinerator un-
less merchant ess production for the area car, be
encouraged,

J. Shredding of refuse ma\ prove to be required,

F l u i d - R e d I n c i n e r a t i o n

Copeland Systems, Inc. is promoting the i n c i n e r a t i o n of munici-
pal refuse in a fluid-bed reactor, This process requires
shredding of the refuse and separation of ferrous metals before
feeding tht shredded materials to a fluid-bed unit, Heal
recovery (steam generation) is possible with such units and

.can be economically advantageous, The fluid-bed unit is
capable of handling wetter refuse than conventional incin-
eratior because the desian requires a minimal amount of excess
a i r . In sludge incinerator practice, the fluid-bed units have
a demonstrated c a p a b i l i t y of burning sewage sludge with approxi-
mately itO-pcrccr.t excess a i r , Referring to Figure 13, at
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JtO-percent excess a i r , a one-to-one raw to l a n d f i l l refuse
ratio (55-percent moisture, 20-percent residue) could be
sat isfactorily 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
m i n i m a l amount of fossil fuel is required. Wet scrubbers
are t y p i c a l l y used on fluid-bed units as the means of air
pollution control; most of the inerts w i l l pass out of the
reactor in the gas stream and w i l l be collected in the scrub-
bing system, Those inerts that remain in the bed can be
drained from the bed periodically and w i l l be largely sterile.
The l e a c h a b i l i t y characteristics of such residue is not known,

A prelimina'-y Quotation has been requested from Copeland for
a 500-tpd plant. Copeland has indicated that they would be
w i l l i n g to bui l d and operate the facility on a contract basis,
The conditions for such a contract disposal option would re-
quire that the County sign a long-term contract for solid
waste disposal or. an acceptance fee base (with suit a b l e
escalation clauses), Disposal of the wastewater and ash
would be a County responsibility, Assuring the County would
provide tne land, AMOCO would have to sign a lono-ttrm contract
for stear on an interruptable basis, The Copeland representa-
t i v e also indicated that f a c i l i t y size could bt larger to
accomodate a larger proportion of New Castle County Solid
Waste than, that necessary to eliminate the landfill leachate
source.

The- technical risk of such a sysierr. should be- investigated if
tne County plans to own and operate its own. fluid-be d inciner-
ator, Even if the County chooses the contract disposal route,
the technical risk should s t i l l be i n v e s t i g a t e d , If the
systerr f a i l s to perform as advertised, the County would be
left wit1- a groundwater pollution problem from Llangollen
even though the County would not be f i n a n c i a l l y l i a b l e for
the fluid-bed system costs.

Slack Clawson Hydrodisposal System

L i t t l e published data is a v a i l a b l e concerning t h i s 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 u n w i l l i n g

.1,6-
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to provide basic information about the system, We include
this option for consideration because fresh refuse need not
be blended with the reclaim in order to destroy the
Llangollen Landfill material . Also, since the process In-
cludes breakdown of the feed refuse in a water-filled
hydropulper, the naturally high-moisture content of the land-
f i l l e d material has no adverse effects on cost or on pro-
cessing technology,

The Black Clawson system is a 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 l a n d f i l l has undergone some degrada-
tion however, we would not anticipate that useful fiber
products could be obtained from Llangollen, The residue
from the- operation is dewatered and burned in a fluid-bed
reactor s i m i l a r to the Copeland System, The economics of
tht Black Clawson system may well depend upon the fiber
reclamation portion of the flowsheet but, at least for the
period of time that it takes to dispose of the Llangollen
refuse-, there is l i t t l e reason to believe that fiber recovery
is a v i a b l e option, The degradation that probably has taken
place ir, the l a n d f i l l may well have destroyed the value of
the fiber for recycle 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
I n i t i a l problems w i t h the hydropulper had been solved by
m o d i f i c a t i o n 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
a relative!-, simple operation, considerably less complex
than the de-watering of a sewage sludge,

Summary of Incineration Alternatives

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

Resource recovery concepts are considered as a major factor
in e v a l u a t i n g and s e l e c t i n g the type of incinerator for final
disposal of Llanaollen re-fust. Prel irr.inars. evaluation of
marketing potential of slear or lov. Blu fuel das is favorable
due to the needt of the AMOCO manufacturing 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 produced at the incinerator to AMOCO as an
a u x i l i a r y source of energy, Selling steam or fuel gas to an
industrial user at its fuel dollar value w i l l produce a
revenue that would help offset the total annual cost of the
proposed incinerator,

At this level of investigation, we believe we have identified
A pot e n t i a l l y 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 reclaimed from these storage bins by
bridge 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 w i l l drain from
this material, No credit for this drainage has been taken,
however, in evaluating the options.

The Purox option yields a residue which ii m i n i m a l in bulk
arid weight anc which might be s u i t a b l e 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 aggregate, F i n a l l y , conventional incineration w i l l
y i e l d residue with the least desirable characteristics in
terms of orcianics present and the highest b u l k and weight of
the four syster.s evaluated at t h i s point,

This, investigation of incinerator options has been devoted
larotl> to the ultimate solution of the Llanciollen leachate
proble-. We suggest 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 ANMYSIS OF ALTERNATIVES

General Considerations

In the previous section, the different alternatives were eval-
uated on the basis of their technical merits and limitations,
It was shown that hydrogeologic controls for isolating the
l a n d f i l l lack certainty in the degree of leachate control and
would require pumping of groundwater for an I n d l f i n l t e but
probabls- 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-
b i l i t y of certain systems, The concept of hauling and
disposal at another site offers an absolute solution to the
Llangollen L a n d f i l l problem, However, uncertainty remains as
to environmental and p o l i t i c a l acceptability.

In t h i s section, an economic analysis for different alterna-
tives is performed. In order to have a conmon base for
comparison, the costs are discounted to t h e i r present worth,
Tne following assumptions are made in th i s analysis:

1, Interest Rate = 6 percent
2, Life of hydrogeologic controls « 30 years
3, L i f e of incinerators °= 25 years
^, Life of treatment plant * 25 years
5, Revenue fror stearr sales » 51,00/1,000 Ibs of steam
t, Revenue fror. fuel gas sales = 51,00 per m i l l i o n Btu

Tables 6 through 10 l i s t c a p i t a l cost, operating costs, and
present worth for each a l t e r n a t i v e . Table 11 summarizes the
elements of costs for different phases of the project (i.o,,
d u r i n g and after disposal of L l a n g o l l e n refuse),
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Table 6

Economic Analysis of Hydrogeologic Controls

Capital Costs

Phase I

Dewatering the Pleistocene 5 1*00,000
Regrade and Cover Surface 500,000
Recovery Wells Re-Location 200,000
Recovery W e l I s Treatment F a c i l i t i e s . 660,000
Ele c t r i c a l System 150,000
Pipe Line to Delaware River 250,000

Sub-Total Phase I $ 2,160,000
i

Phase I I

I n f i l t r a t i o n G a l l e r i e s in L a n d f i l l S 1,900,000
Physical/Cherical Treatment Plant 300,000

Sub-Total Phase I I 5 2,200,000

Total Hynrogeologic Controls S It,360,000

Operat ind Cos- ts

Operating Costs, Phase I S 320,000
OperatInc Phase 280,000

Sub-Totcl S 600,000

Amortization Cost/Year S 316,800

Total Annual Costs S 916,800

F-rcsent Worth of Hydroocoloai c
Controls " " $15,300,000
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Table 7

Economic Ann Iyiis of Purox System
Without Shreddinp

C o g i t a l Cost

Incinerator F a c i l i t y $13,500,000
Hydrooeologlc Controls 1.300,000

Total C a p i t a l Cost 51^,800,000

Annual Cos;

Incinerator S 11.50/ton'--

Excavntlon of Refuse S l(00,000/year
hyoroaeolooic Controls 5 lW,000/year

Fuel Cas Revenue 5 600,000/year

Prefer; wortr. of Puron Svster
Kitnr-; Snreddinc 512,60C,OOC

-..-Tr's f i o u r c i n c l u d e s Amo",iiation Cost,

Ewior'c A n c l y s i s of Furox
v> i tr Snre-cdi nc

C E . - - I C ! :;;:

Intinc'-ftor Fa: i I i is

h.3roc^olo:ic Controls

To-.ol C a r i t f l Cos; S17,60:,OX

Â ni;,̂  Co1. :

I n c i n e r e t a r s 1 1 ,50-'to-. •
Snreoac-' 5 . <t.O:'toT--

Excavat ion of Hefusi- 5 WO,OOD/ye,v
H>drooeolocic Controls 5 lBii,OOD/ye«r
Fuel Gas Kevt-nuc- S 600,0u3/yco'

Prtstnt Wr-tr- of Purox Syitt:t
witr. lnn.-c:inc ' 516,300,003

in:i^ac-i A-ort i:at ior. Coil. A R I 0 I 8 7 7,



Table 9

Economic Ann l y s i s of Stca"
Generating Incinerator

C a p i t o l Cost

Incinerator F a c i l i t i e s , 522,500,000
Refuse Shredder >,OOC,Ouj

Total Incinerator Capiul Cost 826,500,000
Amortization Cost 7,03/ton

Hydrooeoloqic Controls 5 1,300,000

Operat i ru: Costs

Incinerator 5 ' 6,06/ton
Refuse Snredder 5 2, lit/ton
Excavation of Refuse and

Disposal of Residue S 1*85,000
Mydroqeolojic Controls 5 18*1, 000

Stear Re-venue 5 600, ODD

Present Worth o' Stea" Incinerator 516,700,OOC

Tub It 1C

EcoiD*ic Analysis of Excavation and
H a i - t i n q i lona^l len Refuse

Excava-. io'.j ha-l anc Ocea- [miring

Excavate L l a n a o l l e n Refuse S 3, $03,03:
Structure! an si Enviranr.e-'.tol Controls- 1,503,001
H a u l i n q one torginc • 5,o:i.' .033

Totfil Cost £11,03:, 03:

, hau I i n;: and
in Ansthe"- NL-.^ Cns; If.- COJP-.N Landf ij!' " '

Excavitte Llongoilcr. Rcfuai- S 3,533,003
Haulinq Cost (10 miles) 1,503,033
Struc;urol nnc Environmental Controls. 1,503,003
uate Charcic at He* L a n d f i l l , 3.033,033

Total Cost 5 5,503,003

' v|; is not l i k e l y that [PA woulc! qroni New Castle County a
oerr.it to ocean dunp L l a n g o l l c n Refuse,

•"'.-Viabi I Ity of tnis alternative- is dependent on the a v a i l -
B t i l i t ^ of e-nouah capacity in an e n i s l i n g l a n d f i l l ,
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hyd'-prieolooi c Controls

. Hydrogeolugic controls are divided into two phases. Phase I
is the attempt to hydrogeologically isolate the l a n d f i l l by
reducing precipitation and groundwater entry into the land-
f i l l . Phase I w i l l include relocation of recovery welIs
closer to the l a n d f i l l , treatment plant construction, and a
p i p e l i n e to the Delaware River. Phase II w i l l include col-
lection of the concentrated leachate accumulated on the bottom
of the l a n d f i l l . This phase would involve construction of
i n f i l t r a t i o n g a l l e r i e s and a physical/chemical treatment plant
for the collected leachates.

Total capital costs for Phase I plus Phase II is estimated to
be 5^,360,000, This capital cost is amortized over 30 years
at 6-percent interest rate y i e l d i n g an amortization and cost
of $316,800 per year. Annual operating and maintenance costs
for Phases I and 11 are estimated at 5600,000, Total annual
cost is estimated to be S890.000. Present worth of this total
annual cost for an i n d e f i n i t e period (over 50 years) is esti-
mated to be S15,300,OOC. (See Table- 6,)

Purox Syster- without Shreddinc

C a p i t a l cost of a 700-tpd Purox system without a shredder is
estimated to be 213,500,000 plus a cost of 51,300,000 for the
hyarogeolocic program that must be conducted during the process
of excavation and incineration of the Llanaollen refuse.
(See Table 7.)

Amortization of the Incinerator capital cost i n c l u d i n g operat-
inc costs results in o cost of $11,50 per ton of refuse-
processed at t h i s f a c i l i t y , In a d d i t i o n , 5^,50 per ton for
excavation of refuse, disposal of residue, and hydrogeologic
controls is added to the cost per ton, which becomes $16.00,

C r e d i t of fuel gas rates is estimated at $^,00 per ton of
L l a n g o l l e n refuse and $7,00 per ton of fresh refuse, The
total net cost per ton becomes 5)2,00 per ton of Llangollen
refuse and S'l.SO per ton of fresh refuse-,

For the purpose of comparing and e v a l u a t i n g t h i s a l t e r n a t i v e
versus other alternatives, the cost of removal and disposal
of L l a n g o l l e n refuse (50Otpd for 8 years) is discounted and
espressed in present worth, The present worth of the costs
related to Llangollen refuse is estimalcd to be 512,600,000,
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Purox System with ShreddInc

S i m i l a r analysis of a Purox system wit.i shredding is shown
in Table 8, Costs per ton are the same as the previous alter-
native, except an additional S't.OO per ton is added for
shredding refuse. Present worth of this alternative (based
on 500 tpd for 8 years at 516.00 per ton) Is estimated to be
516,300,000.

Stcarr Generating Incinerator

Economic analysis of a 1,000 tpd steam generating incinerator
with shredder Indicates that the total capital costs will be
526,500,000 plus 51,300,000 for hydrogeologic controls, (See
Table 9.)

The total cost per ton of Llangollen refuse is estimated to
be SIS.75; however substracting S'l.OO for stearr, sales w i l l
result in a net cost of $15.75 per ton, The present worth
of t h i s a l t e r n a t i v e (500 tpd for 6 years) is estimated to be
$16,700,000,

Excavation, and Haulinc

Excavation and hauling to another l a n d f i l l (10 m i l e s away)
would reoui re an investment of $9,500,000. Excavation, haul-
i n g , and ocean dumping would requ're $10,000,000 of capital
costs, (See- Table 10,1

Discussion

The above e l t e r n a t i v e s can be ranked according to their capital
cost requi rements:

1, Hydrogeolocjic Controls $ l|,360,000

2. Excavation and Haulinc lo
another L a n d f i l 1 S 5,500,000

3. Excavation, Hauling and
Ocean Dumping 510,000,000

it. Purox System without Shredding SI1!,800,000

5, Puro> System w i t h Shredding 517,600,000

6. Stear, Gene-ratine 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 attributable 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 Llangollen refuse, because these facilities
! will have an estimated life of 25 years, while only part of

their capacity w i l l be used to Jispose of the Llangollen
refuse for the first 8 years of their life. In addition,
revenue Is expected due to sale of steam or fuel gas from

j these systems.

Better evaluation of these alternative can be achieved by
''. ranking the alternatives according to the present worth of

those costs associated with disposal of Llangollen refuse:

1. Excavation and Hauling to
Another Landfll I ' 5 9,500,000

2, Excavation, Hauling and Ocean
Dumplnc 510,000,000

3, Purox System without Shredding 512,600,000

It. Hydrogeolooic Controls $15,300,000

5, Purox Svster with Shredding $16,300,000

6, Stear Generating Incinerator 516,700,000

Frorr 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 w i l l be p o l i t i c a l and environmental
opposition to such an approach, Both incineration and hydro-
geologic controls are in the same range of present worth,

The decision between hydrogeologic isolation versus removal
and incineration w i l l be on the basis of their respective
effectiveness of leachate control and restoring the Potomac
Aquifer to its'normal production.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1. Hydrogeological Control

a. Uncertainty remains as to degree of leachate control.

b. Cost of control Is competitive, but not commanding.

c. Pumping and trfcotment Is required for an Indefinite
but prolonged period,

d, Aquifer restoration to unimpeded use is uncertain.

2. Incineration Control

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

b, Cost of control Is competitive, but not commanding,
and high Investment w i l l be Involved,

c. Provides an absolute solution and is finite in
duration.

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

3, Ha.1 . pumr; Control

a. Uncertainty remains as to environmental acceptability
(ocean dump) and landfill acceptability (Pidgeon Point),

b, Lowest net cost.

c, Provides an absolute solution in a relatively short
time period,

Recommendat ions

1, Implement a l i m i t e d hydrogeological control program to
minimize leaching in the near-term.

2, I n i t i a t e immediate Investigation of haul-dump (ocean and
Pidgeon Point) t •' ! r..,s,

3. I n i t i a t e d e t a i l e d concept evaluation of incineration
options..
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Tne Llanosiler. L a n d f i l l is about two miles soutnwest o; tne City of

Nev. C a s t l e Delaware, *ne l a n c f i l l was constructed ir. a workeo-out

sane anc gravel sit between ISoO an: 196E. It covers assroximately 55

acres anc contains aooroximately two m i l l i o n cubic yaras (aoout i m i l l i o n

tons) o; n-.ixec m u n i c i p a l , commercial and i n c u s t r i a l solid wastes.

s"evlo..< 'rives t i cat ions 0-, Re-. ". nef.or,, In:, inestor. unctr cc-tract

'.: :nc '.c-,-. C a s t l e - Cduntv Oesartnent cf P u b l i c Warns.(tre County) nave-

sr.o-.vr, tnet ca-.ts~insr.ts v'eacn.ate fro.-r tne l a n c ' l l l are po'lutir.t tie

cr3jn,3,.,£:e- in, the ares,

E.- s-jT.cinc ; to 5 r-i 1 I I or, c e i ' a n s se - ca> c' grouno«ate- iC--!nc tnt

scS". tr.ree vesrs tne cou-.'.v r,as oeer a:;e to re:arc sc'iLtsr.ts - i c - e t i o -

".0,.,6'c ~.c'cr «e! ' f i s l e s in tne area, however, ever wlf. heavy ;UT.". i n c ,

siilutar.'.s a "e t n r i i t e n i n c croundwster q u c i i t y anc uses,

Furthermore, it is exoectec that leacnate w i l l continue ts ir.icrate fro~

tne _. ar.gc' le-r, L a n c f i l l towa":s msjar grounc/.cter use's in tne a'c-a.

Tne D u a l i t y an:: eive i l a & i I i tv G'" groundwater resources v . ! i , continue- t:-

Gecract; in, a re;'or, wnare a water ae-ficlt has been forecast,

Sever.- ,,t,rnai;,,s ̂ 'tl.te K̂ r, ĉ rou,.,,- -j"̂

r.eve set' eva l«f.:e: . Tnest ir.c'uce: hvc-;:c:' c.; 1: I.-: .0: ';~ ".r :rt



i a n c f i l i , inc i ne-atior. ;•' .ianac1 ier, refuse-, ocean disposal, transport

tc- anc processing ir, -igeon, P o i n t L a n d f i l l anc renac 1 1 i tat ion (recon-

struction'1 o; tne „'.an;ol len L a n d f i l l , ^

Summary o*' these a l t e r n a t i v e s anc t h e i r costs is Include: in Section II

o' :nls resort..

Re cam-Tie nee: Concert

Renac '' i tot i on. iretonstrjc: lor, c: tne L l a n c c i l e n l a n c f i ' l was re-conner.aec

for i-^le-itn-.sl i or. Because it offers: tecnnicai feas ic 1 ' 1 :y , cost e-'fect-

ivenc-ss, crnfi'- ;: crojncwate-r contamination, mir,irr,d' cc-erstlng effort

ans cost, r'ir . l t e - aj'atior, fo- construction anc restirin: c-ouncwsier

c . a l i t - . , net savi-.c o-.-e- anv cthc-r a l t e r n a t i v e , an; 'ipisnec aress s u i t a b l e

•'c- recreat ion.a 1 uses .

"n.c- . l a n c c ' l e - .c'.c'l'l rer.at i '. 1 tat lor,, cr re-cons'.-uct lor., c l e n c o n s i s t s

i', :re;a-a t icn. an: l i n i n g o: a ne^ i a r , c f i l i area adjacent ta tne-

cresent s i t e - Cielawa-e sand anc aravel pit ;

(2) Trar.sfs- :••' rot'ust tc tne pressrec a-ec;

t; c lacemen; an: CD~,caction of the- refuse in tne new ar;;.;

f-' Ci! l e c t i o n an: treatment or" leachate-;

''5; ManagsTitnt c.'' surface anc subsurface w£'.e--s; a""-
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Benefits "° tne recomended concco: in c l u d e : technics', f e a s i b i l i t y ,

cos: effectiveness, control of ground water pollution, relatively short

time for cor.plc: ion,, net savings to taxpayer? over other a l t e r n a t i v e s

anc rendering the finished areas suitable for b e n e f i c i a l uses.

Basis of selection of the r e h a b i l i t a t i o n concept are discussed in

Section i l l a n d I V . D e t a i l e d presentation o f ' h e concest i s included

in Sec:ic- ', ;, Environmental I i m i t a t icr.s anc controls rtiattc tc tne

r e h a b i l i t a t i o n srcjec: are discussed in Sections V and V I I . 1 , A l t ernatives

for co~:letec U n d f i l l reuse- are developed ir, Section •. :.. Conclusions

an: reco"~.er,S£t ions for project imrjle-raer.tat ion art- listed ir. Section, x,

Direct anc incire;: costs -e-lafec ti r e l o c a t i o n of the- Liar.:;.! i en Lar-.c'ill

arc- pressrtec in Section IX, i n l t i e ! cost of tne p-oaoiec :Un is estimated

as Sc r i i l l o " . p i t s Si r . i l l l o n fc-r contingencies and e.ncinee-" ir.c end legal'

anc 6dr.ir.st re: ive ccs-.s, an: 5200, CCC per year for ,'sr acc'tisn.a! '-, years)

fo' 3cl l-tants reccve-y, leachate treatment and l a n c f l l l rr.e 1 ntenance.

It is re-cor.mendec tns: tne county review t h i s report, rccues-t funds for

the r e h a b i l i t a t i o n project, authorize- the enginec' ir,r. :es i 9:-,, tec-ire a new

si:e, anc SjBrr.it a Dtrrri: a c s l i c a t i o n to the De-law^'t ~..\", Ficure- '.,! is

a scnec.le- o'" a e s l c n anc construct lor o"' trie- re-",s:. ' 1 1 U t ic" crc-c-a-.

01895



1 1 , INTR::J:*IOI.
LacNsrounc

Tne . i a n g c l l e n t a n c f l l ! , shown in Figure- 2 , 1 , is locatec'two m i l e s

southwest of- the C i t y of New C a s t l e , Delaware. The l a n d f i l l was constructed

in a wornec-out sane and gravel pi: between ISsO and 196s. It is aoproxi-

ma:ely t-,.%OC fee: lone and 200 to 90C fee: wioe, anc covers asoroximately

55 acres; average refuse :nickness is about 25 f:. It is estimated that

the l a n d f i l l contains asout two m i l l i o n cubic yarcs (approximately one

r 1 1 1 ion :ons; o* re-'.se.

P r e v i o u s s t u c i e s t. Roy F. nestor,, I n c . , unoer contract to Ne». Cas'.ie

Ciu-".'-, nave- snown :na: tne- leacnate fraT tne L l a n g o l l e n l a n s f i l l has

cause: contamination of an imsortant source of cotstle c*3jr.sne:er (tne

5i:a-,£C acjifc-') in :ne v i c i n i t y of :ne l a n d f i l l . Efforts tc recover

ieacna'.e contarrinatio". airea:-, ir tn.e- afulfer a-e alreac> ur,cerv,ay; F i g u r e

i. I snov.; l o c a t i o n ;•' r^jc- recover, w e l l s an: status o; scl iutsr.t rr.icrotion

in tne -^ttor.aC c C M i f e r ,

Ey purr,; inc 3-5 n l l i i o r , g a l l o n s per cay of grounswa:er, the county has

Dee' ot:ie ti re:arc c c ' l i - t a n t m i g r a t i o n t.o.var:s .7,sjcr we'! f i e l d s in tne

area ,A-;esian 'r,6ter CD~,;an'. anc AM,OCC Che-rica! CarsErstior, . r-o.vever,

even w i t n t h i s ntav, our; i n c , o i l i u t a n t s arc- s t i l l tnrea'.eninc groundwater

Q u a l i t y anc u S u b i i i t . - in tne a'ti. Fur:r.t-r~,: re , cor,t:r,ued pj~sinc waste-s

larse- viluTies c* crojncv.att' an: i n n i w l : s tn.e LSC z' neiv-c-c ootac.e water

r-"-'=«=. AR 181896
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P.ct p.a- :• !he Liar.;: :e- Land-,., a-,: inc-1!.:, ,vei, sir,:v,,-..-
conliimir.iilion r;o!tM,;i



Tne L l a i s i ' i e n l a n d f i l l was constructed in a worKeo-Out sane anc gravel

B!:. Tne sand excavated fror, that pit was part of the Columbia formation.

The u n d e r l y i n g Poto-nac formation consists of stream-deposited unconsol idated

sand's., s i l t s and c l a y s , Previous hycrogeologic study, by Weston, indicated

tr.at irmeciate'y beneath tne l a n d f i l l , clays and s i l t deposits are thin

and l o c a l l y sandy or absent, which creates channels for leachate m i g r a t i o n

in:: tne- Pi:o-r,ac sc.ifer.

Tr.e i n l t l c t i c n c-' heavier ou~,:ing fro? :ne Potomac a c - i f e r by AMOCO Chemical

Cirso-a'.lo" -':c the east; anc By tr.e Artesian Water Comsany (soutr of tne

lanc'i!!,' in tne e a r l y IJsC-'s lowerec tne local water t a c l e , e s p e c i a l l y

sa.:r. an: ftes: o" tne i a n : - ' i i l , wnere co:o.~,ac c l a y is g e n e r a l l y t n i n ir

acser:, :nuS oemon; tra: i ng tne c i r e c t connection oe'.ween !ne Cc'...".cic anc1

;c:o~.sc sancs, "rls connection f a c i l i t a t e s m i g r a t i o n of leacnate- frc- tne

l e n c ; i i l i r t c tne- pi:o~cc ac.i'er, wnicr, is tne sourie of so'.acle water

SUB;!ies 1- tne area,

As i l l u s t r a t e : in F i g u r e 2,3, causes cf leachate formation anc rrigra:Ior,

car &e s-—,a-l:t: as fc'lows:

I, EACC-: ; : v.:- I r.f i i fat io', due to inadecuate- l a n c ' i l l r^ver anc final

graces anc U-CK of v eaetatlon, These factors r e s u l t i r, low

run"'"' an;'c" io.-. e-vasc-t ran-: 1 rat' or l o i i fro- tne iar,;-''i! cover

ani, :ie-rc-'o"e, r. ,c-,tr 1-•'1 ' t-at 1 on. ir.:c rc'ute, wAlV |lQ [(Q̂



"., -ate-re' Inf i lire: Jan., fror. tne Pleistocene acuifer. This i n f i l -

t r a t i o n taKes place due tc tne absence ;•' c o n f i n i n g m a t e r i a l s and

cue to high water :acie conditions (approximately 10 fee: aoove

the bottom of tne l a n d f i l l . It is estimated that lateral ground-offKaiiMwj
water i n f i l t r a t i o n into the l a n d f i l l is responsible for/to**£5"

m i l l i o n gallons o* leachate per year,

3, Absence of c o n f i n i n g lavers (clays) or other means of leachate

interception (liners or gal'eries) is responsicle for migration

o-' leacnau ;ri~ tne l a n d f i l l Into tne Pleis:ocene acui''ers, Tne

c o n t a m i n a t i o n of t n i s acuifer aoes no: create a threa; To water

su;clies in :ne area, since all pu~.sing is frorr tne PI'.OT.SC acuifer.

however, contaminants coui: further migrate into tne Pi'.oma: acuifer.

-,, Acsence g-' C3n''inin: 'svers (clays/ cr otner means of leecnate

intercec: ion a: the to:tor B*' :he l a n c f i l l is ressar.s I s l e •';"

iea;na:e ~.icre:ior, froT tne l a n d f i l l into tne rotoT.ac acji f e r ,

wr. icn is tne majc- sou'Ce if potable water in t h i s part o; New

C a s t l e Caj'ty.

n/crocec io: ic an: e n g i n e e r i n g i n v e s t i g a t i o n s incica'.t tna: tne leacnatc

T.ig'ation frorr, tne LlangcHcr, l a n d f i l l i n t o tne sotorr,6C aa.ife-r, to^arcs

7,aj:r v,a:er users in tne arta, w i l l continue u n l e s s ;osl:ive r,£a-,: if

dar.tri! are irr.B le.-ntr. te:, Tne- D u a l i t y an: a v a l l o i l . i t , c'' grojr.dnater 're sources

v. 1 1 , continue :s cecract in '.rls rer.ion wnere e v.atc-' :e-''clt nas oe-t.n forecast.
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p ; ' l L - E i 3 " Cr-tr: - t e r n a t i v e s

weston has evaluated far New Castle County several a l t e r n a t i v e s for
ultimate, aiatenent of Ens ground water p o l l u t i o n and aesthetics proclems
of tne L largo Her. L a n d f i l l .

1, Hvdroec-olccie S o l u t i o n for ;ne L a n d f i l l - The hydroaeologlc program
would induce measures for reducing p r e c i p i t a t i o n i n f i l t r a t i o n , measures
for reducing l a t e r a l i n f i l t r a t i o n of subsurface waters, and measures for
recovery of contaminated ground waters. Such a prograr. has several dis-
advantages: (a: Incomplete stoppage of leachate migration, into ground
water; iV. neec for continued pumping of ground water for an i n d e f i n i t e
period (over, 5C yeans ; (c) waste of large c u e n t i t i e s of ground water
(5 m i l l i o n g a l l o n s / d a y ' ; (d) high total cost.

2. I n c i n o - a t i o n of L'ansoller Refuse - By mixing r.inc-d old refuse with
fresr. ref.sc- :i rec.-re moisture contend, tne m a t e r i a l now in :he lane-
f i l l ce- at surnec, Stea- or fuel ess can oe recovere-c. Seve-ra! systeis
have Been e v a l u a t e d i n c l u d i n g stea-.-ge-ne-e: i ng , Purax, a-,: Tcrrax inci n -
erators. C-lsac-vartac-es cf :ne i n c i n e r a t i o n concept are-; .'e' ir,co~iia:i-
c i l l t y v-.-itr. the State of Delaware Si! id waste- Kar.agener.t P l a n ; (c' uncer-
t a i n t y of s:ee~ or fuel gas markets ir, the l a n d f i l l a-ca; (: hie1-. :c:a!
CiSt.

1. Exeavetisr ;•' .Icncc'len ".c-'u-se an: C i s o o s a l > the .'-t'cs-t'e 0:e=n -

Tr.is ca- 06 achieve: sy excavation a*" L l a n g o l l e n refuse-, tr-c.; anc Bargt
r.a.'.inc, an:, -'Ira''-,-, ocean djncinc. This procedure Is r.at ac:es:ai'c-
t: tne E-virir.isr.tcl :rctectior Aoendy (EfA; unless other 'easib't a l t s r n -
ativS; -'i" aB6".in; tni c i l i - t l o n sriiler-, cc not e x i s t ,'w-'cn !i nit tni
CcSS .

-, £x:?v;:" '• :•' .' ,---r:' U"- r.c--'ust- arid Proses sir.; ft t-.e Pjeej-. sc!r.t Land'11 '
Tr, is c-DC6d.ru v.-:-.l c c'.acc unacc-ic-:a: le ae-r,ancs o- tne m~,t 1 r, i nc c a p a c i t y of
:ne =': = iri 'i'n: Lan:-'!!;, arc would res-.!", ir. several adverse e-.'i'•anner.tal
ircac'.s cji tc trar.s'er c' :ne refuse fror Llangcller, tc clg-.-o- "ilr.E.
F^r:ne-, r.cjc- te;-.-';:! prccle-ns anc na:a'cs a"e expected in tne- pricesslnc
of :ne- L'anci! Ion re-'use.

____' ' t at i 0" '* f~ :c" s t -* jit! on 0* L! ancc-l ! e-- Lf-'' ̂ f '• ' ' - - T h i s alterna-
tive cf'c's i 3osi:lvt -.i.-a"s far s:c3pinc pel i utan: micra'.iO' fro- the
la'.cT! ir.tc craur.c ivate-r anc fo" r e h a b i l i t a t i o n of tr.c- a c u i f e r , Tnis
concfeEt is cls;.-ssi:d in mire d e t a i l in f o l l o w i n g section'.,

Survr.ery f" tnesc- a! te-r.e: ive-s is l i s t e : in "ar.lc- 1 . 1 .
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acooe a-: C: ' ect'ves

Tne osje::ive of :r.is s:ucy was to oevc-lop a concept fir aia'.inc tne

grounovs-ater i c l l u t l i n an: rela:ec problems :nst resulted from leachate

m i g r a t i o n fror, tne L l a n g o l l e n L a n d f i l l . The New Castle County and Weston

technical staff realise: that the p u b l i c interest can best be served by

Drams: ac:lon to put an cnc :o continuing ground-water p o l l u t i o n and

aenieve tne f o l l o w i n g opjectives:

• 5r::ec: in: an; restoring tne c..a!if. sf the court's water

•esiurces,

• ^ro-.lcinc pri-.-a'.e, i n d u s t r i a l , anc mun ic ise l users v. i:r roc,ire:

cuar.:i;ie-s ir" sc:ap-le water.

• s.::inc a t i m e l i m i t on the i n d e f i n i t e recove--y p-ic-ar anc Its

associate; ess: ti :ne county,

» f.e: savin::, in tne ion: run, to taxpayers o.er renac' i :te: Is-

:; g "i. .".:,-.£ :e- s.ip'ie-s if ni contr;': are I.T.: le-.e-tec,

Tne c - ' t e r l a "i." d e v e l o p i n g an a cceptacie rer.ap 11 i ta: ion. pis." 'or :nc

L l a r . g i ' i e n .anc''ll! i n c l u d e ;

• i*c r a v i n g anc m a i n t a i n i n g crounowa'.er ane sj-face wa:;- cua'!:-, ,

• Co-:-e''fec: iveness,

> Practical''.-,, anc ease- i-' Imp lementat iin,

• - i l i t l c a ' a n : pjt'ic. a:ce::ab 11 I t y ,

, P.e3.:fe-.:r-. a c . n c v . c c e p t a - l l t , , ar: fiRIO|903



> "da".; :a: c- g* tit : t j- .

~ne prs'e:: has oeen a t r u l \ r.ul: i -c, i sc i p! inec one; ti a c h i e v e :ne stuuy

dials an: apjectives, :ne *es:on project team include:: environmental

engineer;, c i v i l endineers, hydrogeoiogists, planners and economists,

Section III of t h i s report covers the develosment of the basic l a n d f i l l

r e h a b i l i t a t i o n scneme, Section IV and Apoendix A cove- evaluation of a l t e r n a t i v e s

l a n d f i l l r e h a b i l i t a t i o n and selection of the optimum elan. Section V

summarizes the pre-conces: evaluation and development of hydrogeologic

anc ceslcn pararne:ers for tne recommendec r e h a b i l i t a t i o n plan. Tne condept

en; i nee-i re is c-c-.-c-i oe-e-: anc summarized in Section. VI, Alternatives for

c;-:!e:ec i a n c f l l l reuse are ciscussec ir. Se::ion V I ! . E n v i ronmenta'

sar.tro's necessary for e successful renac 11 i tat ion plan are presented ir.

S e c t i o n vlll. fre-i ir.inary cos: es:im,a:es cf the recommence c p l a n are

s u-.~,6' 12e; In S e c t i o n ;).. C o n c l u s i c n s anc reco-.-,encet ior.« are include; in

See: I in )..
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Tne B a s i c -ena: ' 1 i ta: lor. conces: cons leered Ir. t n i s st.c; consists of

re-.Dvs' ;•' refuse an: r e p l a c i n g i: in a controlled l a n d f i l l as means of

a b a t i n g the subsurface watur p o l l u t i o n by leachates from :ne Liangolier,

Landfi1 I.

Genera I Cg"S laerat ions

The r e h a b i l i t a t i o n , or reconstruction, scheme of the Liangolier, L a n d f i l l

c o n s i s t s c- trie f o l l o w i n g tasks: 1' Removal cf refuse from :ne e x i s t i n g

s i :e, -.. - r e p e - a t i o n anc l i n i n g l a n c ' i l l ar&as, 3) Trans-'er c*' re'jsc- :s

preoaree areas, - Placement, compaction, eovering anc f i n i s h i n g new areas,

• C a l l e c t i a r . enc tre-atmen: ;•' leaena:e and £.. Managemen; i'' s.r'ade anc

sjssurface waters,

Tne lane'"'! rer.a; ' 1 i :a: i a- car Be achieve: by several ae: riac'ic-s; 1) f~e-

ci-.s: rue: 1 i- o'' L'.ansoi ier .an:'!!' I t s e l f , 2) Rexava' cf si":ior,s of refuse from.

L l a n g c l i e n ane c i s p o s a l ir. another !sca:ion (e.g. Pigeor, 5oin:;, anc 3) Removal

p'" refuse an: placeie".: in a S B e c i a ! l \ aesignec anc cans: r^-ctes area Cintigu-

0-.-S :P tie Llangil'.e- L a n c ' l l ! S!:e,

An aicep'.aple renac 1 1 i tat ior olan snc.ld meet the- f o l l o w i n g o p i e c t i v e s ;

I) Impri.-in: anc me Ir.te Ini ng Subsurface an: surface wate- C u a ' i t y , 2) Cos:-

E ''fectiveness , ;'• :ruCt ica 1 i:, , * \ J o l i t i c c l anc r - - » p l l c acctr-ta; i 1 1 ty , 5) Re:-

u l a t s r y aae-ncies accep'.a- i 1 ' ty, ane c) B e n t f i c i a ! use ''i' :ne recons t rue:ee

A R I 0 1 9 0 5



Ex i s:i ne C on:'t i ons

In oroer :c develop r e n a s i 1 i t a t i o n concepts, the e x i s t i n g conditions in

J L l a n s a i l e r .anefil! and :he-ir r e l a t i o n s h i p to contamination o'" the ground-

waters were In v e s t i g a t e c , Leachate generation and

rr,!ora:ion into subsurface waters can be attributed to the following factors:

• Excessive i n f i l t r a t i o n Into refuse layers due to the lacK o: aoecuate

dover, vegetation, f i n a l grade and drainage devices.

..c'.c'al in'" i 1 :ra: ion fre-r :he Pleis'.ocene acuifer in:c tne l a n d f i l l

due tc aosence of c o n f i n i n g layers or d i v e r s i o n devices a: :ne l a n d f i l l

s i t e - a n c c u e : c n i d n wa: e - : a P i e,

9 ^or:ions if leachaEe m i g r a t e fror tne Pleistocene acui'er c.-e to

spse-cc- ;•' ci-'irinc lave-s or means of leacnate In'.e-eept' a" at tne

a n e * 1

• "ne re-,c;r,3e- tf ieaenete -!:na:es from the oo::o~ if tr.t l s r , : f l l l

i n t i :ne so:omac Acti^'cr due to tne absence of con'"inin: l a v e r s or

r.ean.s of ieaenate containment anc c o l l e c t i o n at tne l a n c f i i ' ,

Tr-.e net result of tne existing conditions a: the L l a n g c l l e n L a n e f i l l is

escape i; s i g n i f i c a n t amounts c' leaeha:e anc con'.a-inat Ion, t.f groundwaters

at the are;, wrier is t h r e a t e n i n g m u n i c i p a l , co-ne-s:!e ane i n e ^ s t r i a ! water
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Se:..' -e-eits *':r Rer.aE ': • ;at Ion

As i l l u s t r a t e d in "Igure 3 . 1 , several e n g i n e e r i n g are environmental reauire-

mcr:s for renai11 i:ation of tne l a n d f i l l nave to be met; these inciuoe:

Provisions for M I n l T i z I n g I n f i l t r a t i o n , and canseouently leacnate

generation, p o t e n t i a l , This can be achieved by using; a) s o i l cover

m a t e r i a l w i t n low permeability, b) special tecnnicues for reducing

i n f i l t r a t i o n sucn as s u b s o i l asphalt injection, c; adequate f i n a l grades

(3 - 3s";) tr.a: maximizes runoff away from the s i t e , d! construction

;•" e-ainage ce-.-lces are e! proper vege:a:!on cove-" e,g, Ret: Canary Grass)

:c maximize evasst rar.s: i rat ion. sr complna:!on of tnesc- m.e-as.rc-s,

C:-ta :--»nt ;•' .eaer,a:e ,-,i:nin :ne lan.e'll! is necestar., since i: Is

L.nrealis:ic :c exiec: complete e l i m i n a t i o n ;:" rain ar.e suBSj."'ace

wa:er in,'1 ! :rat i or in:o tne land'"i!l, An Impervious l i n e - s-i^le ba

L t l i l p e : as^means ;o- seca"a:ing refuse rra- s.:s,r''act waters anc for

lea:~a:e intercap; ions anc c;!ie::iar,.

C ' . - e - s ' i - :'" :'c''i.-. Z 'ijn:...;;e-s w i l l be- neece: in ireer ti r e l i e v e

"vcr:s:s:ic pressures on ;ne l i n e r , Any s igr.i •'i;ar,t pressures dje ts

Su:Su""aee wa'.ers ma. rctn.1: in unia'ance: forces on tn.e- l i n e - and

ca.ji: i!'':Ing or ever. rup:jre. SjiSur-'ace waters sni.':c Be Ir.ter-

ce::u-c ant! dircc'.ed to a pair, of leas: resistance (e.g. in"'i 1 :ra:i on.

g i l ' e r l e s , a^o1.- frx the laiof i I I . ) A l s e , as an ac.-,e: sroEfte: ion, leachaEe

sniulc te a! I awe: :o aceumuia'.e to severa' fee: or tor, o'' the- ! i n e - r

ti Ciun:eract an.v nveirasEat ic pressures,
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.ead-.a'.e C p i ' e i t ' i r anc Treatment w i l l oe achieved u-,- p l a c i n g a

laver if sand anc perforate; pises on, top or" the l i n e r to c r a i n

leacna:e 'rom tne l a n d f i l l Into sump (si ecuippec wi:n p^mps :r,at

disdnarge tne leadhate- Into tne sewer interdeptor, ..eachate w i l l

be discharged d i r e c t l y or after receiving pretreatnen:, if reouired,

to the m u n i c i p a l sewer and w i l l receive adeouats treatment at the

municipal wastewater treatment f a c i l i t y ,

R e n a i i 1 1 tat Ion oc the Potomac tcjlfer by recovery of contaminants

througn continuing pumping :ne recovery w e l l s during the l a n d f i l l re-

construct ion pricram. Tne CL.mping program may Be- continue: fir several

vfca-s (5-7) u n : i l the groundwa:er d u a l i t y reaches acceotaale l i m i t s ,

":"l::-!n: Surface sr.e SuEsur-'ace .-.'ate- Q u a l i t y is a r,e-. step ;:r

Success:'-.; progra", Mor, i:;r in: w e l l s w i l l be cars: r.c:ec as a Par:

if ;ne program. Samples '"rom these w e l l s as w e l l as frar -ecoverv w e l l s

anc o:ne." c'isc-arge- a:lr,:s sr-.au Is- Be frecuently ar.al-.-je: ever-. I-C wfieks)

d u r i n g :ne car.s:ruc: ion pn.ases and at a less ""ree^cn: pas's !',-; min:ns)

a^ter eo~:!e:ion ;•" :ne r e h a b i l i t a t i o n program. Sa~;!i-: s",i-.!c dii:inue

for several ye-ars after iir.pletlon of construction, :: de:e--ine :ne

effectiveness if tne rer.as i 1 i Eat ion program and tne ne-e-c for can:inuin,g

caeration, of recover-,- w e l l s ,
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iv. ALTERNATIVES F:?, LANDFILL REHABILITATION

•Lis: ing of Al terna: ives

Four a l t e r n a t i v e plans were developed for the r e h a b i l i t a t i o n of the

L l a n g o i l e n L a n d f i l l u t i l i z i n g t n e c r i t e r i a l i s t e d i n Section I I I ,

Eas Ic Renaoi I i tat ion,

A I terna: ive a l a n k consists of transportation of an i n i t i a l Quantity

ar" refuse ti the Pigeon Point Fas! I its far -recessing an: e i s p c s a l ,

w i t h u t i l i z a t i o n of tne renas i 1 i tates Ll a n c i l i e r , s i t e for d i s p o s a l or

:r.e r e m a i n i n g refuse, .

A ' terne: ive- 3!ar, : consists s? transportation o'' an i n i t i a l Q u a n t i t y

of re-'jse- tc s, prepared s i t e a: tne Delaware San: and Gravel -','. iDS i G'i

-.-.-i:n u t i l i z a t i o n o-" :ne rena;! ' i ta:e; L l a n c o l l e r .an:'"!!! -'ar c l s p i s a !

i'" the remaining ref.se.

A l t e r n a t i v e P l a n ". consists of t rans:o-:at i an of an i n i t i a l duantlt'.

c'' refuse to a temporary storage s i t e at tne opposite en; or" .langillen

w i t h u t i l i z a t i o n of the r e h a b i l i t a t e d ulancoiler. as tne s i t e for c i s p o s a i

o f a i l refuse.

A ' terr.at :ve 5!an D consists of preparing the Li i o ;!t i s l u s same ac e i -

t i o n a l aejacent lane' as a lane'!! I s i t t far the _!anc:''e- ref.se,
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Tne recommence: alternative- is Alternative glan 2, E*:avat!i- :'"

.lar.ap'ler .an:'"1!! wl"- Transaort i'' tr-.e Pe''use ti a ^rerj

°it for Landfi 11 :ne. Alternative; Plan D is cost-effect ive, t e d h n i d a l l y

sound, u t i l i z e s tne best a v a i l a b l e technology, is the most economically

attractive, possesses more pos i t i v e and less negative aspects than

any other p l a n , anc s a t i s f i e s the major prerequisite that It stop

p o l l u t a n t m i g r a t i o n into the ground waters of the area w i t h i n a f i n i t e

time p-erioc, The maji* advantage tnis plan nas over tne otner plans

is tne v i s i B i I I ty of :ne CS & G P i t . This v I s ib i 1 i :v ... 1 ' ' encP 1 e- tne

ci.-nty ti prepare a tign: sic package anc dontraetars ti mass a firm

pi: Because tney can formulate manpower, m a t e r i a l , sr.e ee.lpme.n: re-

quirements anc schedules far tne r e h a b i l i t a t i o n an: i a r . c f i l l i n ; sarticns

of tne :!an an the oasis of wna: he has seen anc measure: as nc- inspects

tne site. T n i s tvpe' o'" v i s i b i l i t y is not a v a i l a e l e far f.e a l t e r n a t i v e

plans ...nlen u t i l i z e - .langilien as tr.e prixar/ l a n d f i l l s i t e - .

A d e t a i l e d d e s i r i p t i i n i'" tne r e h a b i l i t a t i o n ee-neee: is prese-nte: in

tne fsl li,.,inc se-:: 1 :n,
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SECTION V SLWARV y ^RE-CONCEPT EVALUA'I ON

Refuse Characterization

In January, I??!* five pits were excavated in the Llangollen L a n d f i l l in

order to evaluate refuse characteristics in the entire l a n d f i l l . Table 5.1

is a summary of the characteristics of the refuse, exdavatea at tne five

sites. Figure — is a graph which shows the relationship of increasing

b u l k density with depth of the refuse for the same five p i t s . The b u l k

density or" the L l a n g o l l e n refuse varies from &50 I b s , per cusic yard for

unsaturatec surface refuse to over I60C Ibs. per cubic yard for saturatea

refuse at ce;:h.

W i t h a v a r i a p - l e (5 to 2C ct.) saturated thickness, approximately ;iJ,ICC

cu b i d yards of the total I.98 m i l l i o n cubic yards of contained refuse in

tne l a n d f i l l are saturated. W h i l e the volume of tne saturated ref.se

w i l l not a e s r e c i a p l y increase due to unloading during l a n d f i l l excavation,

the unsaturated refuse or approximately I.-2 m i l l i o n cubic yards w i l l ex-

panc, The total volume exsanslor. w i l l be approximately 15:.- a;;er excava-

tion; therefore, the total volume of the exdavated refuse -ay Be us much

as 2.2C mi I ! i o n - c u s i c yarcs.

S 1 t e Si act ion C r i t e r i a and Recommenced Location

The- f o l l o w i n g c r i t e r i a were considered in selecting the new s i t e :

1, A new s i t e must have a capacity tc, accest more tnan C -.ll'.ior vc of

A R I O I 9 I 2
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3. The new site r,.st arovise adequate tnickness of low permeapility material

Between :ne pit Bottom anc the top of the Potomac aquifer,

«. Tne new s i t e should not Be located in an area in whlcn refuse deposition

below standing water would pe required,

5, 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.

6. If possible, the new site should be located in a r e l a t i v e l y isolated area

thus p r o v i d i n g v i s u a l and areal separation between the site and developed

areas.

ir view o; tne a r o x i m i t y :o tne present s i t e , two Borrow p i t s were cor.sicered:

Tne W l i s a n pit ti tne nortn anc tne Delaware San: and Gravel sit (3 S & 3, owned s-.

Aversa.no :; :ne soutn o'" tne L l a n g c l l c n L a n d f i l l , Evaluation of tht :v,c sites on

tne BBS'S o'" tne above c r i t e r i a indicated tnat the DS i G

sit snauld :e the pr'-.arv s i t e for the fc! lowing reasons: !; v,-,e-eas tne

W i l s o n pit is zoned and is oeing developed as an i n c . i s t r i a i parr,, tne

D: > 3 pi: is presently used as an unlinee, uncovered l a n d f i l l , 2;

Access to the U'lson pitwQ-.ic necessarily require cross ir.: tne renr.sy Ivania

r a i l r o a c tracks ane tne OS ;"• G pi: w i l l not, ;! A large n-jm.per of borings,

observation w e l l s and recovery w e l l s , constructed in tne area in;!ca:e that

the tnickness of cla-.-s anc otner confi n i n g m a t e r i a l s separating tne Potomac

adu'.fer fro- the overlying Columbia sand1; increase ti the southeast of tne

present Llangol'ien L a r d f i ' l , H) The OS i G pi; has a. thicker layer

of confining m a t e r i a l bet-weer the bottom of the pit anc tne top of the

Potomac ao.ifer, C l a y thickness decreases r a p i d l y tc tne northwest and tne

u n d e r l y i n g aauifer Is close to tne lane surface. A l s o , ' lele geclagic

investigations indicate tr.at cia-.-s anc aar.tis o'' tne "ota-as rtrMtvor.-cicw out

1- parts, o* :ne v,i!sir p i t . Apsenit: o- c l a - s iet,-,ee-- t-.e- "Ct^-a: Sancs and

t",e potto- o*' :nc- re-'"-se ir pa-'.s 3-' fu ex!s:!nc _ l a r c ; It" Lane-1':', nas



caused anc pernap-s accelerated migr a t i o n of leachate fro- the refuse to

tne Potor.ac sancs, '-. Availaoie water level data indidate tnat the

season;-! f l u c t u a t i o n of tne water table would have minimum effect on a

l i n e r in the DS i G p i t , 6) The bottom of the e x i s t i n g L l a n g o l l e n

L a n d f i l l is below tne water table and as much as 60 mi 11 ion gal Ions

of h i g h l y contaminated water (leachate) may drain from the saturated

portion of the refuse. Placement of a l i n e r w i l l require lowering the

water tabl e several feet below the pit and the l i n e r cushion. Although

heavy pumpage can lower the water table during construction, tne l i n e r

is l l k e l v ti float cue to hydrostatic pressure wnen the pumps are off,

"; The DS i G sit does have areas where water Is stancln: ane in

pla:es tne ''loor o'" tne pit is Below the wa:er taele. however, these

areas dan oe e a s i l y d r i e d sy pumps and B a c k f i l l e d w i t h e x i s t i n g nearoy

s p o i l s m a t e r i a l , ~ne water level in one pone is maintained bv d-d—Inc

Army Creek. The removal cr t n i s dam would lower tne water ieve1 in :ne

D e l l Aversani :!_:, E 'ne two sites are almost ecua'ly space: fra~ deve'oBe:

areas, a*033« Ease: ar. are! im! nary e v a l u a t i o n the f o l l o w i n g r.earsy areas

were considered e n v i r o n m e n t a l l y u n s u l t a s i e

a' Two large gravel p i t s locate; around Route 273, adjacent ti tne

Triangle f = 1 1 .

b] A tract o"" lane new D o b b i n s v i I le,

d) A tract of land near the Delaware National Guar; Armory on Route J.
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Site L i- I tat ion; and Recommended Controls

in tne Llangpller. lane-'il! there are at least two d i s t i n c t areas where trie

potomac red clay has Been removed, prooaoly d u r i n g tne site'i operaticn

as a sand p i t , At tnese points, the underlying Potomac aq'uifer is in

direct hydraulic contact w i t h the saturated refuse, The result is that

transport of contaminated water is proceeding directly into the Potomac

aquifer and being incorporated into the flow pattern of the Potomac ground

water. If u t i l i z a t i o n of this site were to be considered, a d d i t i o n a l

liner security at these points w i l l be necessary; for example, the areas

wn.icn are no: u n d e r l a i n by a Potoxac confining layer would recuire assi-

tlons of eitner addi:ional liner material or suitable clay b a c k f i l l , in

the W i l s o n gravel pit to tne north of the L l a n g o l l e n Land-'ill it is '"elt

tna: because tne base of tne pi; is already at the tap of the Potomac

Formation, i: is no: recommended that t h i s pit be used because ad:i:ione!

protection m a t e r i a l would prosaoly be reduired ir, a larger area, Ir. tr.e

DS J. G pi: :nere s t i l l remains, '"or :he mcs: cases, a:

lees: f i v e t: 1C feet z' C i i u m p i a sane overlying tne Foto~a: "irma: iin .

Important s i t e controls tns: w i l l be emplove: area; I; tne soutne-r,

canr'ining w a l l of tne C-S i G pit w i l l Be ilcsc-f to = s.f-

f i d i e n t degree as ti be asle to acdest a l i n e r , 2', large star.cir.g Bodies

of wa:er in the C2 > G pit w i l l be b a c k f i l l e d , f.'. part

of an o v e r a l l g r a d i n g operation d u r i n g prepara:ion af tne s i t e , mos: of

these i:e--s w i l l Be accoirp 1 1 .ned , S u f f i c i e n t f i l l r.o:e-ia! remains in

the Delaware Sand I Gravel pi; in o-.r e s t i m a t i o n to er.a-.le the

contractcr ta as:s~;l is", tr.is, Tne so-.tr. BOwnear., w i l l a'' f.
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pi: varies between JC and »0 feet in height and the side slopes are about

11C0 in most cases, In some local cases, the sice slopes are almost

v e r t i c a l . B a c k f i l l i n g of select m a t e r i a l or coxmon borrow in order to

realize a minimum of 2.5:1 (horizontal, vertical) grade w i l l be necessary.

Dewaterir.c of E x i s t i n g and Proposed Sites

It is estimated tha: approximately 563,000 cubic yards of refuse are

saturated, Water enters the l a n d f i l l in two ways:



0 i n f i l t r a t i o n :nroucn :ne l a n d f i l l surface from d i r e c t p r e c i p i t a t i o n .

f. Lateral movement of ground water into the saturated oortion of tne

la n d f i I I .

The average annual p r e c i p i t a t i o n in the L l a n g o l l e n area is Mt inches.

Although water a d d i t i o n to the l a n d f i l l from p r e c i p i t a t i o n is sporadic,

it averages approximately 30,000 gpd (gallons per day). Average ground-

water inflow by lateral movement is estimated to be 150.0CC gpd, When a

d e l l has oeen excavated, a s i n g l e storm of one inch r a i n f a l l w i l l , however,

add asoroxir.ately 27,000 g a l l o n s ef water per acre of tne ex:avatec ares,

Deserdlng upin the moisture-nolding casacity and specific y i e i c of refuse,

tne leaenate d r a i n e d ""ra- tne sat.ratee volume of tnt re'".se di.!;: ie as

~,ucr. as 6C m i l l ion ga I Ions,

£>1 si Inc ?!:e

Dewatering 0'' the e x i s t i n g s i t e w i l l i n volve removal an; cissc-sal if

n i g - l y eon:a";na;eo wa:er, wnereas treatment and c!soos.a! cf tne ieacna:e

would desend usor the degree of contaminat Ion, le-scnate removal w i l l ce

accomplished BV a co-si nation of sur.ss, drains and pumping fro~ excavate;

c e l l s , T h e l a n c f i l ! w i l l b e d i v i d e d into d e l l s a n d a s u m i v . i l i B e - i n s t a l l e d

in eadr d e l l , The su-ps w i l l be construc:ec ane aperatee sucn ;nat eacr.

c e l l is dewaterec as n-.ucn as possible before excavation of the d e l ! is

star;ed, F i g u r e 5.1 snows a conceptual sche-.e o; aewate-inc tne exist-

i n g Llang:! l e n Lane*" i l l ,

"he leachate B...-DC-d ''ra- tne Sumos ane exsa/ated c e l l ; .-.I1' re.n.nri rtrpKI "7

men:, ;: is reca-,-t-.:ee tna: tie- leacnate p-e :'ses t: t-.e -_-'c'p:l



interceptor sewer for treatment a: the Wi Imington Sewage Treatment Plant.

Although the regulators' agencies may not p e r m i t , short-term release of leachats

Army Creek w i l l pe the most economical method of dlssosal during site

exdavat ion.

Proposed S i t e

Dewatering of the proposed s i t e (BS -1 G) w i l l be accomplished by

a combination of the f o l l o w i n g methods:

I, C l e a n i n g d e b r i s which is causing impoundment of water (Arms- Creek

Da-; ir. the Army Creek,

2, Pumping D e l l Aversanc acne,

3. Pumping out any standing water in the DS & "j p i t ,

<*, Dewatering the upser sand in the IS I- G p i t .

Since tne Army Cree,\ impoundment is p r o v i d i n g some treatment to the con-

ta-inated water pumpe-e -'ram. recovery w e l l s , the Army Creek cam w i l l not

pe remove; i n i t i a l l y , Tne water standing in the DS i G pit w i l l be

Sumped out u s i n g one or two large pumps. If the SS 0 G sit cannot

be dewatered as long as tne water l e v e l in the Army Cree* is r-a i n t a i n e f i

at the present e l e v a t i o n , it w i l l be necessary to remove the oa- or inter-

dep: :he ground wa:er aetween tne Army Creek son: an; the designed l a n d f i l l ,

Tne ground water dan be intercepted by a battery of snallow w e l l s , De-

watering of the upoer sand is recommended through the CS '• G pit in

order to lower water t a u l e and to r e l i e v e pore press-re fro- tne bottom

of tne line.-. Tne uppe- sand w i l l be de,..a;eree Py shallow w e l l s ,
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Dewatering of the Llangollen Landfill w i l l De continued u n t i l most of

the refuse has. been excavateo. In addition to dewatering of tne land-

f i l l , storm-water diversion oerms w i l l be needed both w i t h i n and along the

outer parameters of the excavated c e l l ,

in order to u t i l i z e DS J G pit as a l i n e d l a n d f i l l , it w i l l be

necessary to replace all or some of those recovery w e l l s presently located

in the p i t . The exist ing recovery and observation we 1 Is which w i l l be

s.ried unoer tne re'"use must Be sealed. At least Ic anc as many as 2;

w e l l s wc.ld res-.lre s e a l i n g . In that tne recovery w e l l s cannot ;e

shutdown, far an extended perioc, the replacement recovery w e l l s must Be

i n s t a l l e d anc operating before the e x i s t i n g wel Is are sealed and tne

l a n d f i l l s i t e is prepare;, Tne replacement recovery w e l I s snc.ld ae

i n s t a l l e d so-'.n and eas: of tne 3S i, G pit i n s t a l l a t i o n of

the "eplacement recovery w e l l s w i l l require access, a c e u l s i t l o n or rign;-

o'"-v.a. arrangements on property net owned sy Cull Aversar.c. Tne, wells w i l l

be constructed as douple-cased w e l l s , it is estimated that new w e l l s

wo.ld be req.iree- to replace the present P.V.-1, R»,'-", and F.,s--,

L'r.der tne e x i s t i n g c o n d i t i o n s , surface runof* accumulates ir, tne DS i, 3

sit aro-r.d and southeast of Observation w e l l 13. Tr.ls area als- o d r a i n s

to tneCc!'. Aversano ocnd triro-.gr a culvert located southeast o'" w e l l 27.

c,lte p r e p a r a t i o n sno.ld include constructing berms for star- runoff

d i v e r s i o n , in aadit'o". to dewsterInc tne Delaware Sane ane Crave! oond,

1: . . . i l l oe necessar-,- tc o-a;t its tot to- sucn tnat ni s-rfasfl

acc.-.lates i r. It an: ftre Is se.'e'ul feet cf !e-i aermeaplt; - a t e - i a '



V - s Llar.sai l&n "'•. Reiapj I i t a t i or.

The r e n a o i i i t a t Ion of tne e x i s t i n g l a n d f i l l s i t e w i l l include e i t n e r pack-

f i l l i n g w i t n select m a t e r i a l or a l l o w i n g the site to remain as e s s e n t i a l l y

a water:'i I led pool. B a c k f i l l i n g the s i t e w i t n s u i t a a l e materials to bring

the bottom three to four feet above the water table would require a minimum

of 700,000 cubic yaras of material, compaction and grading.

It is recommended, therefore, that upon completion of re;use excavation and

removal of leachate standing in the l a n d f i l l , appropriate, less permeable

m a t e r i a l should be use; to spread over the selectee areas in tne so::o~ of

tne excavated pit wnere natural clay Mas been remove:.

After botto- preparation is completed, the berm tna: separates tne present

Army Creek impoundment and the l a n d f i l l is Broken and the excavatisr s i t e

allowed to contain w i t h water, Tnus, :he presen: l a n d f i l l aeco-es e son;

anc can De used for recreational purposes In t i m e , 'T'ls ree.l't-. rec,'a:!ng

tne s:eee ienns a'or; tne railroa: tracks nortn of :ne !a-:-'l!l.
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SECTION V I
CONCEPT E N G I N E E R I N G

Desidn Sasis

The concept design is based on excavating ana moving 1,980,000 cubic

yards (563,OCC cubic yards of which are saturated) of refuse in an

a e s t h e t i c a l l y p l e a s i n g and environmentally acceptable manner from the

L l a n g o l l e n L a n c f i l i to a new l a n d f i l l at the Del I Aversano Site/Delaware

Sane and Gravel Fit (IS t, G) (includes a s m a l l tract of a d d i t i o n a l land

a e j o i n l n g tne s i t e ' , T h i s p l a n meet; tne objective of removing tne source

of groundwater contamination at L l a n g o l l e n and not creating any potential

for p o l l u t i o n at the ne,v l a n d f i l l . Tne l a n d f i l l at tne new s i t e w i l l con-

t a i n tne enti r e 1,3;2,000 cutic yares of refuse in an environmentally

sound manner u t i l i z i n g tne Best a v a i i a s l e technology for p.-esaraticn and

operation o"' a l a n d f i l l ,

• F u l l y l i n e d witn e synthetic imrjermeaB ie l i n e r

• 5rite::!ve sads far toa and botto-. of l i n e r

• Leacnate ctl lee: ion anc conveyance system,

• Griun;.-.uter in:er:a;tior system

• Griundwater monitir w e l l s

• F i n a l anc veee:a:iin Civer

• Gas con:r;!

Set Fic- r e ; o-! an: :-C, AR 101921.
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nane.inc

Tne '"i.r tyses of refuse that w i l l Be encaunterec curing tne excavation

of the Llangollen L a n d f i l l are the following:

• Unsaturated municipal and i n d u s t r i a l refuse

• Saturated muni c i p a l and indus t r i a l refuse

* Bulky items

• Isolated packets of hazardous wastes ( i n d u s t r i a l sludges, waste

o i l s , aside/caustic wastes', ,

A!' 0'" tne refuse, with the exception of tne hazardous wastes, w i l l De

naneie: By r e a d i l y a v a i l a s l e , conventional heavy construction ecuismer.t

(e.g. front-end leasers, crawler tractors, c!a~,»ne! Is, crag'ines, rcac

graoers, anc ciums trucks), This plan was formulate; wi:r ecuisment of

tne f o l l o w i n g sizes: front-enc loaoer, 2,75 :; 5 cuil: yar: Bucket;

:-3.-.ler tractir, grass weignt 66,000 to 39, OOC sounds; c ia-.sr.e ' Is , ' ta B

euplc yar:s; d r a g l i n e s , 1.5 to 5 c u b i c yards; and, dump tr-u^s, 1C to 30

dub Id yards ,

T n i s p l a n is f e a s i b l e with much larger equipment such as r e c l a i m i n g wheels

an; electric snivels founc at strip mining operations ane se ! f-prose! lee

ear'.n .movers (23 cubic yard scrapers) and large cum,: trucks (50 cubic yarns)

found at highway construction s i t e s , If r e a d i l y a v a i l a b l e anc if the trans-

portation and set-up costs are low, then this tyse of equipment would lower

cot', tne iis:s ane time re-culree for excavation, A R I O I 9 2 4



The m a l o r i t v ;•' :ne refuse (1,^20,000 cubic yards) is unsaturatec,

Excavation of t n i s dr> , camsadte: refuse is an oaeratior s i m i l a r to ex-

cavating eartnen m a t e r i a l s . Crawler tractors ana front-end loaders w i l l

be used to excavate and load tne dump trucks. Sue Figure 6-3. The

remainder of tne refuse (563,000 cubic yards) is saturated; as much of

the water as p o s s i b l e w i l l be removed by the aewaterinc procedures con-

tained in Section V - SUMMARY OF PRE-CONCEPT EVALUATION.

During refuse m i n i n g leacnate present in L l a n g o l l e n Landf! 1' w i l l be

csntrclle:, Leasnate quantities w i l l be reduce; t-. -.ir.imlzing i n f i l t r a -

t i o n , Bctn lete-a! ground-water inflow anc surface star-water, anc vertical

c-aundwa'.e- inf low, ay interception u t i l i z i n g channels and removal by

pumping w i t n release to natura' drainage devices. Removal cf concentrated

leacr.ate "'ram tne saturate: layers cf refuse w i l l be accomplishes By

sumsin; at s t r a t e g i c !o;a:iins as :is;ussee in Sestior, .' - Su"-v'AF,Y OF

S-.E-CC',C£" E'-.'ALJATlI1. an; r e l e a s i n g :he lea:.na:e ti tr.e m u n i c i p a l sanitary

sewe- system.,

Cu"!r: tne l a n e f i l l recinst.-uc: iar., s m a l l volumes ;"' leacnate may be

wasned awa-.- By stirm runoff, last of these streams of contaminate:

run;'"'' sr.au I c be Intercepted anc recycle; into tr.e e x i s t i n g l a n d f i l l sr

ti tne se«,er, nowever, it is not r e a l i s t i c ti ex;e:t tr.at all contaminated

rune''f »,u'.e-s w i l l Be interse3te;--some cantar inatec discna"ges w i l l f i n d

t n e i r way inta surface waters curing the l a n d f i l l reconstructicn, Exca-

vation, :f tr.is re'".se w i l l Be asc;~: 1 isnes usln: e't-.e' S rri ci'rf. <)-r



c l a m s n e i l s wor,sinc from tne top on a thin layer of unsaturatec refuse.

See Figure 6-1, C l a m s n e i l s appear to be the more versatile piece of

equipment in tnis tyse or" operation. Bulky items (e,g, vehicles, tires,

appliances, furniture, etc.) are handled by the crawler tractors/clamshells

with an effort made to achieve size reduction in the handling process.

Once a packet of hazardous wastes has been i d e n t i f i e s special excavation

and handling procedures (to be included in the f i n a l design package) w i l l

be i n i t i a t e ; .

All of tne refuse, w i t n tne exception of the hazardous wastes, v.iil ae

liased onti dump trucks, Tnese vehicles then haul tne refuse an a specially

constructed raae over Army Creek to tne new site for landfi 11 inc.

Ocir contri! w i ' l Be neeessar-.- ariunc tne per i m e t e r o"" tne excavation

s i t e , at tne osen excavation face, ane at tne l o a c i n c s i t e fsr tne dum.s

trucks, Methods, equipment required, anc eduipment s i t i n g are contained

in Section V I M , E',. I ?;3:,U,E \TA. CONTROLS.

S i t e p-e:.ana: iin

Tne new l a n d f i l l , at tne DS t G S i t e , w i l l be srepa-e; u t i l i z i n g the pest

a v a i l a s l e technilog-, in co-pi lance w i t h tne Delaware Sol is v,as:e Disposal

Regulation (C-SnC?,). Site preparation w i l l Be accam.;! isnt: in such a

manner (maximum use of noise and dust abatemen; me:nacs as to nave as

!it:':£ ef-'ec: as p c s s l p l e or tne ser.era! en-, ! r;n""t--: i' :ne- a'cs aur-

A R I O I 9 2 6



The l a n c f i l l w i l l oe prepared In sections as needed; tne i n i t i a l section

wii1 be at tie east end approximately five adres in size, tne otner

sections w i l l progress to the west ane be two to three acres in size.

The f i n a l product w i l l be a site that has been graded so that all

leacnate generated w i l l flow (by gravity) through a collection, system

;; the leachate sjrr.Bts) (possibly one sums, dependent uson a detailed

survev, par: of f i n a l design padkage), The s i t e w i l l be dewateree

n a t u r a l l y by the removal of tne Jar. across Army CreeN ir sy lowering

tne water level in tne i.maounoment, This is exoectee tc lo.-.e- tne- wf.ter

t a b l e apsraxi.ma te iy twa feet. Tne bottom, w i l l then oe re:-ade: an;

raise; if necessary t; meet the minimum three (3) feet re;.-i--e; Between

tne bcttom of tne refuse anc tne seasonal nigh water ta;'e s;- CSnCR,

Tne d e t a i l e d Survey w i l l generate the i nf cr.-r.at ion res. ire: t; salculate

tne d u a l i t i e s o"' f i l l recu'lred an: tne amount of s p c i i a v a ' l a p l e ti

prepare tne Sittim., If tnere is nit enougn m a t e r i a l a v a l i a P i e - wi;r.ir.

tne s i t e , tr.er, same ~,cteri-a! w i l l Be excavate; frsm tne a d c l t i a r . a i tract

{1C a;"i- .-. ir, iir.u- an: 20 acres preferacie; anc placec on tne- actto-.,

Tne f i n a l six incnes of tne prepared bottom w i l l consis: of sand and

riu-ndec materials ',preferaily spoil materials or previously ur.~-.inc; sane

dep o s i t s ^ tr.at forms a protective- la.yer on which the l i n e r rests, See

F i g u r e 6-1 an; o-2, Tnis laver protects tne l i n e r fro- sr.a-p projections,

rock fragments, or souloers that m i g h t ructure the l i n e - r fror je I aw during

lane"" 11 1 i n; ape r a t i o n s , I ncc-rsoratcc ir.ta t r i s s=e .-.111 it tne graundwater

A R I O I 9 2 7



I n t e r c e p t i o n anc c i v e r s i o n system which protects tne l i n e r fror hydro-

static sresiure. Tnese m a t e r i a l s w i l l be place; using ir-rmal construc-

tion me'.nocs an; equipment (e.g. dump trucks, front-enc loaders, crawler

tractors, anc a road grader).

Tne si d e slopes of the DS £• G site are approximately 1:1.1 (1 foot hori-

zontal to 1,1 foot vertical), which exceeds tne maximum allowable slope

of 2.5:1 (2.5 feet horizontal to I foot v e r t i c a l ) on which synthetic

impermeable l i n e r s ma-, be plae.ec (3:1 o p t i m a l ) , M a t e r i a l from the adja-

cent t.-a:: w i l l Be ex:avated and place: tc rehael i itate tne slises, As

m a t e - i a l from the adjacent tract is excavated ta provide r e n a s i 1 1 tat ion
ir

m a t e r i a l ,-' caver m a t e r i a l or stocks! led , the excavatec slooes w i l l not

exceec tne 2.5:1 maximum, Therefore, wnen the adjacent tract is prepared

fir land: i 11 ing, only the protective layer w i l l be plaeec as rec.irec,

Nex: in :ne l a n e ' " i l l preiaration procedure is i n s t a ' l e t ' s - of tne l i n e r ,

"ne recammendec l i n e r system is a synthetic l i n e r (e.g. rysalon, Duront 3110,

P'.'C, e t c , ; refer to Appendix A for d e t a i l e c d e s c r i p t l c n cf liners , This

type if l i n e r is d e l i v e r e d in rectangular panels tr.at are r p l i e c or folded

inta a transportable size, These panels have to be p l a c e d , unfolded or

unrilie:, and ssreac out to their f u l l size. Once tney are positioned,

they are seamed together in the f i e l d and c o n s t i t u t e - :ne :on:inuOuS land-

f i l l l i n e - System. Cautlan must be used when wcrsin; under windy conditions,

and a crew of us ta 10 men w i l l be require; to «crk tne larger panels. All

esses, wnetner f i n a ! or temporary w i l l be- ancncre: i" ;r;e" ;a see; the l i n e r
A R I O I 9 2 8 '
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Anchor lor Leading Eage of P.inel

,a iticr o;: --oieciivc L.n-e-

Uno.siuiBtc sa'in
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Tne ancnor system consists of placing the liner edge in a citcn (approx-

imately one foot wiae ane one foot dees) anc B a c k f i l l i n g witn earthen

m a t e r i a l ; temporary anchors should be marKed to f a c i l i t a t e relocation.

All field seams are inspected to insure that they are of the utmost

quality, and the l i n e r itself is Inspected for any rough spots, tears ar

holes. Any rough spots, tears or holes are patched, using patches of

the liner material and the appropriate cement or fixative, Improper

seams are reseamed. Installat ion and inspection of the liner are tne most

Imae-tant steps in s i t e preparation. The l i n e r is the environmental safe-

guard ane its i n t e g r i t y has to be assure;,

After tne liner has been slacee, seamec, an;r,ore;, and ir.saestes, tne

crotective layer far tne l i n e r tac is alacec. This !a---e* 's composed of

tne same r,a:eriais as :ne bottom layer, obtained fro- el :ner s:ocss! lee

SBO! i materials or previously unm.ine: sand deposits, Tnis protective

laye- averages Ic incnes in deptn and serves twc functions'; f i r s t , as

a protection against osjects that are l a n d f i l l e c wr, icn mien: puncture

tne li n e r if placed directly upon it, an: second as a trar.sasrt media

through which tne leasnate can flow to tne leacnate collection sys:em,

i a g r i c of perforated PVC pipe). (See Figures 6-1 anc 6-2-, It is not

recommended to drive or operate heavy construction equlsmtnt d i r e c t l y on

the liner; therefore, placement of the top protective layer starts at

one edge of the site, with placement anc rough grading moving outwars

from, :nere so tnat tne ed.ioment is always operating on :ne r:ugr, graded

p-i'.estlve layer insteac of tne l i n e r , .'-fter all materflefi iiMlac34jfor



a section, the leachate c o l l e c t i o n system is i n s t a l l s : anc tne Sur-

face final grace;, The section or area is now prepared for landfiI!ing

operat ions.

Monitor w e l l s w i l l be established to determine direction of groundwater
and

flow/ i n i t i a l d u a l i t y , and to p e r i o d i c a l l y sample and determine the q u a l i t y

of the groundwater, Since the County has already established monitor

and recovery w e l l s in the area witn extensive data a v a i l a b l e , it should

be possible to use tnis data to Determine the i n i t i a l cuality and

direction of flow of the groundwater. Alsi, if their location is favar-

a c l e , :hese w e l l s m i g ht be designated as tne o f f i c i a l tor. i tor w e l l s .

Figure 6-6 snows location of propose; monitoring saints.

At t h i s time, i: is recommended that an access road Be constructed

from Llangi'.len L a n d f i l l across Army Creek to tne ne... s i t e . T n i s road

w i l l nave ar, a'1-weatner surface cine be capable of wi tni tan: ing frequent

t r a f f i c compose: af heavy const ru;t Ion v e h i c l e s . Mir.imu- w i c t n w i l l be

22 fee: wrier supports two-way traffic witnsut congestion, S i n c e t n i s

rsa; crosses Army Creek, adeouate culverts w i l l be include: so that

runo'"f from a major storm (21- hour, 1C year) w i l l d r a i n without badkus,

Cone"

Lari5''ill oacrations w i l l Be Carrie: out in 6 senee-.l

adnerin: ta :ne sane a e s t h e t i c an: en1. ! rorver.ta' f a c t a r s tna: influenced



s i t e preparation and 'in s t r i c t compliance w i t h th^.CSn'C',, Exca-

vate: refuse from the L l a n g o l l e n L a n d f i l l w i l l be transported to

prepared areas and l a n d f i l l e d by the area method u t i l i z i n g the best

a v a i l a b l e technology, C e l l s and l i f t s w i l l be delineated and schedules

for l a n d f i l l i n g operations formulated during final design, The re-

sultant product w i l l oe a contiguous mass of w e l l compacted refuse

separated only by t h i n layers of d a i l y cover. This operation pro-

v!:es a means c; e l s a o s i n g of tne L i a n g i l l e n L a n d f i l l refuse, e l i m i n a -

t i n g :na: source of p o l l u t i o n without creating any enviranmenta1

hazards at tne- new site,

T-anspirtat ion

A!' excavate; refuse, witn tne exception, cf nazarcauS wastes its be

handle; anc !anc""illed separately'., w i l l ce transporte: :e tno ne-.-.

site s.. du.m.s :,-u;rss, Five (5) tons (10 cubic yares',- is :orsice-ee

tne m i n i m u m effective size and asoroximately 2- tins (;C ;„;': yares/

tne Toxirnur e f f e c t i v e size for t h i s operation cons ice.-in; tne m . e p l l i t y ,

s-.crt nau! di s t a n c e , and need ti m i n i m i z e congestion rc-e. i rements. Trans-

pirtation w i l l be via a s p e c i a l l y constructed, two-was t r a f f i c riac

tnat runs from tne Llangollen L a n d f i l l across A--.- Cree>. ti tne- .S i G

S i t e . Tne roac w i l l have an a II- weather surface >SD.V, it, g r a v e l , etc,)

an: s-e designe: ane constructed t. h a n d l e heavy liads '.' freeuen: oocurrence

Since saturate; refuse, r e s u l t i n g in seesage- fro- tne :ru:^, w i l l BO

r.a-led over t h i s -;ae, provi 5! or.s fi- :ne sol lest!;- :'" n~Z.:f' w i l l ic
A f i l O I
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w i l l Be use: an: eonsis: of ail or same cf :ne f o l l o w i n g : ssraylng

prci-lem areas w i t h water; a p p l y i n g c a l c i u m c h l o r i d e ; and/or spraying

areas w i t n tne necessary quantities of o i l ,

U n l o a d i n g Areas

Tne scale of operation for this srojec: is of S u f f i c i e n t magnitude

to warrant m u l t i p l e unloading areas. It is recommended that a m i n i -

mum of ;nree ta four areas (one for eadh crawler tractor u t i l i z e d ! be

esta: 1 i snes, (See Fig.re 6-7',. Tnis tvoe sf layout effective!, e l i m -

inates -;st sf :,he ;anges:ior. In tne l a n d f i l l ing areas and a l l o w s far

smarj:ner oaerat ior.s. All unloading areas w i l l oe designate: p. tne

l a n e f i l ! :se-a:lons manager or nis suservisors on a d a i l y or as re-

Oulre: b a s i s , In oroe- ti e f f e c t i v e l y u t i l i z e tne crawler tractor,

tne .nliaein: area Is n;; ic oe furtrcr tnan 3» r'ett from tne working

face, Tie area Is ti be large er.ougr. for tne s l.m.' taneouS a r r i v a l ,

ur. i a a c i r . g , an: ;.;;ar:.re of mare tnan one i1" :he t rar-.ssortat iar,

ve-n is les.

f i x i n g c'' Excavate; Wastes

Apsriximately 2; percent if tne refuse is saturate:; in ar:er to achieve

better comaaction one u n i f t r m i t y of tne l a n c f i l l o c m a t e r i a l tne cry

wastes w i l l be nixec. in the u n l o a d i n g area w i t h tne saturates wastes,

A mixing ratio in tne range- of 3:1 to 2:1 cry refuse ti saturate;

re""use- ,-, 1' i Be a t t a i n e d , T h i s is p o s s l c ' e since exCovst'-;r. cf iitn



~ne m i x i n g process is accomplished by tne crawler traitor anc is

s i m p l y a procedure of pusning tne loads together, wi tr tr.e m i x i n g

occurring as tne refuse is pushed to the working face anc places,

"lacement and Compact Jan

Placement and compaction of the refuse is by the area metnod u t i l i -

zing crawler tractors (or other s u i t a b l e means of compaction; i.e.,

sheessfoot r o l l e r s , l a n d f i l l compactors, etc,). The size of the

wcr*inc face a: a del I is not to exdeed what can be com.sactec and

coverec s a l l y by the equipment, In general, the wictn should net

ex:ee: 100 feet for ea;n drawler tractor. Refuse is spread and com-

pacted in t n i n lavers not to exceed a depth of two feet (samsactec

m a t e r i a l * , Maximu- co.msaction is acnievee by working the re;.Si up

the slosc of tne working face anc having tne crawler ;rae;;r .make

mul'.isle passes over the m a t e r i a l .

I n d i v i d u a l c e l l s , composed of tne compacted two-foot laye-s, .-,'!! not

exceec a total depth of 10 feet. A l i f t , b y cef ini t iir,, 1 s a layer of

d e l l s of common el e v a t i o n , (See Figure 6-8), F i n a l slope if tne l i f t s

is to be greater than two percent, but less tnan 25 percent ti ale in

l i m i t i n g i n f i l t r a t i o n and erosion, Dust, odor, and vector control

programs w i l l be i n i t i a t e d as necessary as discussec in SECTION V I I I -

Eli.'IRGNMENTAL CONTROLS.

A R I O I 9 3 1 *
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A: :ne enc of eacr working cay an earthen layer of six inches (compacted

oestr,;, is to oe placed on the refuse landf i I led that day. The earthen

m a t e r i a l s n a i l oe of sudh character that it can be qompacted to m i n i -

mize se-colation of water through the cover, w i l l not crack excessively

when dry, and possesses no putrescible material or large objects. At

the present, it is felt tnat s u f f i c i e n t cover m a t e r i a l is contained on

the a d d i t i o n a l tract of land tnat has to be purchased; if tnis is not

the case then it w i l l nave to be brought to the s i t e , All d a i l y cover

w i l l ae pe.-iaeica 1 ly inssectec an: any cracks, eraeee o." uneven areas

w i l l ;e repalre:, Any area on wr.icn refuse w i l l not Be l a n c f i i l s c '"or

one year w i l l receive two feet of cover m a t e r i a l , I"" caver m a t e r i a l

of tne tyse ceseribec above is u n a v a i l a b l e , deptns recuirec w i l l pe

ind-easec ti i P t a l n ci-.para: le prope r t i e s ,

Tne ne.-. lane'"!'! is a car.t r a i l e d l a n s f i l l ; all leacnate generate: is
t

dentaine: w i t h i n tne l a n d f i l l bv tne- l i n e r and cannst enter tne Sur-

riuneing Si!! an: gsi'igic farms; ions, car.ta-.'nat In; surface an: graunc-

wate-a, The q u a n t i t y if leacnate generated is reduce; by u t i l i z i n g

means t; reduce stirmwater i n f i l t r a t i o n into the l a n e f i l ! (final Civer,

proper graces, assnal: Tie-it rant an: vegetation), T.-,t leasnate is

c i i l e e t e d by a esrrib inat ion if tne p r o t e c t i v e layer for tne l i n e r tip

an; a gri: of aerfaratec pises place: in that l a v e - , Ke-vemen: of tne

leacnate- is th-oug-. t n i s svste- t: i ieasnatc sur: ir s--.:s, From tre
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sumps tne ieacr.a'.e is releases t; tne m u n i c i p a l sanitary sewer system

fcr treatment at tne nunlcisal sewage treatment plant. Tne above

means if leacnate ear,:.-;' represent:, tne Best a v a i l a b l e tech-

nology for municipal-type l a n d f i l l s . Projected flows of leadhate are

verv s m a l l when compares to tne d a i l y treatment plant flow, mucn less

than tne five oersent of plant daily flow that might cause plant opera-

tional proslems, It is uxsected that pretreatment would be unnecessary,

but that a surcharge w i l l be l e v i e d against the l a n d f i l l bcsed on Bio-

sne-isa' Cxvee- De-.ancs (BCC} anc Suspended Solids (SS) consent rat i ans

an; tnt euanti:> i'" leasna'.e released, Tne Department of Nature! Resources

an: Environmental Contri' r e q u i r e s that leachate quantity ane q u a l i t y data

ce suB.-r.ittes to tne Cesartment when requestec; tnerejire, complete records

w i! . se ma i nts i ne;.

Tne -.an its' p i.nts es tai 1 i s^c-s c.-;ng s i t e sreparatior. w i i . Be mainta.ne:
anc

;ur inc an: after l a n s f i l ' operations. Samsles w i l l be ta*en / anslyzec,

anc data suB~i:te: tc the Desartme-nt on a quarterly basis.

5-i:surface Wets' ".aiaqe^pnt

upon completion of :ne linec l a n d f i l l , i: w i l l be necessary to continue

contaminant recover- p u m p i n g for several years u n t i l contaminants are re-

move: -'ram the ac.iftr. C u r i n g construct ior c' the line: f a c i l i t y at the

C-e I l-Aversant S i t e , a certain num&er of we l l s (maximu- of 'iri\ would oos-

s i a ! - . re-dulre s e a l i n g an; atar.sar.lr.g, Since tne- con: in,at Icn if sumoing
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w i l l be ne;essa"., a p l a n of contaminant removal w e l l i n s t a l l a t i o n

w i l l be enacted based upon staging operations of tne l a n d f i l l , Re-

covery w e l l s w i l l be d r i l l e d on a one-at-at-time basis as the need

arises, Tne standard for cessation of pumping w i l l be besed uson

water d u a l i t y n;te; in passive observation w e l l s . Wnen tne water

q u a l i t y in tnese w e l l s approaches USPri standard l i m i t s , - It w i l l be

re co-menoec tnat recovery w e l l s be shut off permanently. Recovered

water w i l l b e pur-pec t c A r m y CreeN, thus a l l o w i n g natural "re:Irculation"

ti a:;.r, S n a i l aw ground water, if intercepted, w i l l be canductec along

na'.-ra! drainage paths ti a stream discharge point and w i l l not come ir,

contast w i t n lea;nate- in tne new lane*"'!'.

Aeces: tc :ne en:ire s i t e (Citn L i a n g o l i e r , Lcins-'ll! an: ;•£ •, C- S i t e )

.-.ill be l i m i t e : ;: employees an: tnose persons sse: 1 f i;a 1 1 -, a.trsrlze;

a;:ess tc tne s i t e ; access by unauthorized v e h i c l e s or oe-sons w i l l

oe pror.ibltec, Gates or b a r r i e r s and fencing w i l l be use: tc block

a ' access rofds ta the s i t e when operations are net B e i n g conducted

in tne area, Otner means of l i m i t i n g access ti tne area w l l i DC

srivice: as necessary,
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C 3"—.ur ! C£ t 1 ons

Telephone or raclo cam-run ice: ions v.' l ! be a v a i l a b l e a: or r e a d i l y acces-

s i s l e to tne s ite .

F i r e Control

Necessary measures w i l l be taken to prevent and extinguish fires; adeouate

eculpment for m i n i m i z i n g fire hazards w i l l be kept on-site.

Sanitary Fae i 1 It ies

Adequate sanitc'y f a c i l i t i e s and snelter w i l l Be provided for the employees,

A R I O I 9 3 8
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Aecie-e-r: c-even:ion and Sa'"e:v

An ooera:lan safety program w i l l be established for the s i t e , Ail

employees w i l l be f a m i l i a r with t h i s plan,and e s p e c i a l l y tne erner-
l !, gency plan for h a n d l i n g accident victims. In order to m i n i m i z e the

hazards which might cause accidents, it is recommended that the

f o l l o w l n ; be included in the above safety program.;

• Special attention should be directed towards control of

l a n c f i 1 1 yases and f i res.

• Anv supstances tnat are susoectec to oe of a corrosive,

flcmmaoie or explosive nature should be segregated ane

nane'e: sesara:e!s,

• Refuse excavation, transport and placement ecu lament snsulc

be seiee'.e: and oserate: in a manner that m i n i m i z e s '"Irei
sn: explosion hazar;s,

• Cpe-ati'S sr.a.l: Be protected cy ssecis! ciotr, ing an: s p e c i a l

c a p l r s in tie lane'"!',', equipment.

• Alarm, an: f i r s t - a i d eauioment should be a v a i l a p l e a: several

poin:s on-s i te,

• Freducn: inspection anc t i g h t supervision are a key e'ement

in m a i n t a i n i n g acceptable safety practices throughout ;r,e

p nj ec t,

Snlvas-e- an: Ssaver.cln:

Tnere ,-,11! Be r.i s a l v a g e - ir scavenging ope-atiins at :ne ne,-, s i t e ,
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All areas w-nicr, are at f i n a l grace w i l l receive a f i n a l cover of

earthen material. This material w i l l have the same properties as

tne d a i l y cover and w i l l be compacted to a minimum thickness of two

feet. Final slopes w i l l not be less than two percent or greater

tnan 25 percent. All f i n a l cover w i l l be seeded with tne appropriate

vegetative cover to reduce dust, i n f i l t r a t i o n , and erosion. The fi n a l

cover w i l l be m a i n t a i n e d so that no cracks, eroded or flat areas are

allowed tc oevelop or remain, Tne final cover w i l l oe u n d e r l a i n oy

ar. espneltic mem.prane to further minimize infiltration.

Tne final tooograonid features of tne completed l a n d f i l l site (co:h

the L l a n g o l l e n L a n d f i l l ane tne new s i t e l w i l l Be deve'ope: in tne

•'Ins! design. One conceit is presentee in SEC'ION VII - CD'-'.'uETE.

.Al.CFI.L RE.'SE,

Erosiar ane Sediments:Ion Contrcl

U n t i l the new l a n d f i l l is completed and tne vegetative- cover e s t c P l i s n e e ,

provisions for sedimentation and erosion control w i l l be provided. I.e,-,

l a n d f i l l areas w i l l be designed in a manner that m i n i m i z e s entry cf run-

off waters into a c t i v e c e l l s . Figure 6-E i l l u s t r a t e s me-ans if runoff

water d i v e r s i o n away from tne working areas, Drainage devices consist,

B a s i c a l l y , if rur.iff d i v e r s i o n channels at the- complete; areas an; d i v e r -

sion cnanne's at tne en: of tne prepared area, Col!e:te: runoff waters
A R I O I 9 4 0...ili tne-, be C',-e-te: to n a t u r a l s.rtace water crair,a:e streams, - .-



Complete: l a n d f i l l areas w i l l Be designed in a manner that m i n i m i z e s

erosion and sedimentation protierns. The f o l l o w i n g means of controls

are recom.-nenoec:

• Drainage channels, designed to handle the 25 yr,/2'i hour

storm,

• Terracing steep slopes (over 2tT;i) every 25 ft, of h e i g h t ,

t Cons true; ion of sedimentation ponds for s i l t removal from.

finished (and unvegetated) areas, at 0.6 inches per acre of

disturae: area, u n t i l veoeta:lon is estaslishec.

• F i n a l cover w i l l be placed on f i n i s h e s l a n d f i l l areas, and

vegetation co>-er w i l l be established to m i n i m i z e erosion

;•" '"ina! cover,

Tne- f i n a l d e s i g n (sasec on f i n a l t SB-OS raphic features; w i l l i n c l u d e

tnese pri.-i s ions; once tne vegetative cover is estaslisne: these

c -a-,11; i i".s is" Be e l i m i n a t e : ,

.atera! "icratior, if oecomsos i: i on gases is control iec c\ tne l i n e r

w i t n movement uowar; through the oorous protestive layer. Gases along

tne pe"ime:er w i l l Be- vented to the atmosphere tnrougr a series o'"

p i o e s p l a c e d through tne f i n a l cover, into the sane layer. A g r l c

o'' verts w i l l be instance over the entire surface af tne- l a n e - ' l l l

ti aic In the v e n t i n g if gases,



inc

• V I I . COMPLETED LANDFILL REUSE

A I t e r n a t i v e s of Reuse

Appendix D of t h i s report includes a detailed discussion of alternative

reuse plans for the rehabilitated Llangollen L a n d f i l l ,

Four general objectives for l a n d f i l l reuse were u t i l i z e ; as evaluation

c r i t e r i a : (a) maximizing s i t e u t i l i t y , to) c o m p a t i b i l i t y with lane use

plans anc r e g u l a t i o n s , (c) assuring cnvi ronmenta I'control an; fc; m l n i m i z

cost of imalementation anc annual operation,

Major al t e r n a t i v e s for reuse evaluatee indlude (a) recreational use (park

with or witnout a lake, golf course or citcn and putt course), (:' c u l t u r a l

use,(c) i n d u s t r i a l or r e s i d e n t i a l use ( i n d u s t r i a l park, r e s i d e n t i a l housing

or new l a n e - i l l or, the old L l a n g a l l e n site) and(d) "at nitrine" a l t e r n a t i v e .

Technics! ane econarr.ic evaluation o' the above alternatives favors site

reuse for p a s s i v e anc astive recreation, i n c l u d i n g lo,\t anc'or sonc.

S i te DeveIosment

Site development and related costs can be broken a own into tr. ree categories:

• S i t e Preparation an: Landscasinc - Cost items would i n c l u d e

trees/revegetation, rip-ras a: the i n l e t an; o u t l e t of tne lake,

a e d i t i o n a ' cover m a t e r i a l a: neeae:, et;. Tnese items represent

Between 'C an; 2; percent c-' tnt total investment, A K I U I j 4 C.



t A c t i v i t i e s - A c t i v i t i e s would include items sucn as t r a i l s ,

footbridge, s i d n i c area, sports/t'ielc, p l a y f i e l c , tennis complex,

and pernaps a boat launch anc swimming beach, Renovating the

Grantham house in a historical context could also be considered,

This category at cost would represent between 20 and i»0 percent

of the total c a p i t a l expenditures for reuse,

• Support Fa;!I it ies - This category encompasses items l i k e roaos,

p a r k i n g , maintenance b u i l d i n g , u t i l i t i e s , lit'.er baskets and signs.

These costs represent Between 35 an: 55 percent of the total reuse

investment,

Figure 7.1 is a Conceptual Reuse Plan of tne entire s i t e , As sr,a,..-n on

tne map, the t;:e! s i t e if 1C2 acres would be d i v i d e d into app-ixim.ately

31- acres of lai\e an: son:, ane 68 acres of land.

G e n e - a l l y , a c t i v i t i e s associate; w i t n active use increase as one proceeds

eastwa.-e on tne s i t e , Tr.is accommodates residents of L i a n g c l l e n Estates

as we'! as p l a c i n g a c t i v e use f a c i l i t i e s acjaecnt to parsing and the

e x i s t i n g access road, Grantham Road. The nature area and p l a y f i e l a s

wo-ulc oe cue nortn of L l a n g i l l e n Estates. Tne sports f i e l d s , tennis

complex and maintenance b u i l d i n g would be north of the- planned i n c u s t r i a l

use area. A wasae: pi c n i c ares would provide a buffo- between the pre-

d o m i n a n t l y a c t i v e - u s e - area to the east and tne p r e d o m i n a n t l y PcSsive-use

to tne west, Tne c l i n i c aret wOulc contain tne- on', e x t e n s i v e v.iooed
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area n;: Bsraering tne lake, Tnis loca l i z e s tne nee; for increase;

s o i l aeatn on tne new s i t e , thus m i n i m i z i n g the complexity of tne

l a n e : i l l operation d u r i n g tne r e h a b i l i t a t i o n project.

A pedestrian and B i c y c l e t r a i l circumscribes the lake and pond, tnus

f a c i l i t a t i n g access to all points in the park. The land bordering the

railroad tracss extends southward into the water areas at two points,

The extended lane area on the west forms the fish pond, and the one on

tne east Breaks ur tne minotor,. c'" tne northern slope. Together they

aee an a e s t h e t i c a l l y p l e a s i n g view to people south of the lake anc en-

co'u-ege f u l l u t i l i z a t i o n of tne parr,. A grassy moune, locates a: :ne

si.:neas:ern earner if tne serf,, provides a v i s u a l B a r r i e r tt neighboring

i n d u s t r i a l development w n i l e f u n c t i o n i n g as a "look-out" saint for the

entire sa-f., Sno,-, sle::in: in tne w i n t e r would also Be possi;lc,

" F i r s t anc foremast is tne d e s i g n and acceptance cf a reuse :!an,

Tnis must be aciim:!lsne: p.riar tc d e s i g n if tne renas i 1 i tat ion p l a n

ti assure esono-y ir, tne e n t i r e program, (i) Tne secuence of the renac-

i l i t s t i s r , operation sho.lc proceed in a manner wnich w i l l e nable BBTN

seveloo.men: to occur over a perioe of time, (3j At the comple-tior of

renab 1 1 i t a t ion, tne- slopes nil I have been see-ace, psr», oevelopr,,ent

Should b e g i n w i t " estai1isnmen: of tne lake an: pond c o n f i g u r a t i o n s ,

followe: By reveeetat 10". an: const.-uetlon of tne se:e-strien an: b l c v c i e
6 R I O I
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tne boat launch ('"or s m a l l s a i l i n g craft) anc the swimming oeacr, would

best be accnmplishec last, and after tne lake and pone have reached

e q u i l i b r i u m and are proven safe,

In surnma-v, s i t e reuse and its development could commence immediately

after r e h a b i l i t a t i o n . F i n a l development can occur at tne discretion

of the Department or" ParisS and Recreation and in accordance with the

County's desires, F i n a l development may extend into the f i f t h year or

l a t e r after the samcletion ;•' the r e h a b i l i t a t i o n proje:;.

Tne u l t i m a t e res.lt if reuse oevelor nt w i l l te an excellent park resource-

sne fie Counf> can Be prou: of owning and one the community anc surrounding

d i s t r i c t car, enj;-, for years tc some.



VIM E:;viRONttENTA. IMPACTS AND CONTROLS

1: i'.; most appropriate to c a l l the L l a n g o l l e n L a n d f i l l r e h a b i l i t a t i o n

an "environmental control program", since the sole reason for it is

tne aBatement of groundwater contamination by l a n d f i l l leachate,

Consequent ly, h i g h emphasis is placed on special environmental controls

through tne l a n d f i l l rehabilitation program. Several environmental

sratle-.s are envisioned c u r i n g lane'"!!! construction phases; odor,

leaenate, contam.inatee runo'"f, f i r e s , b l o w i n g l i t t e r , vectors, w ' l c l i f e ,

operator safety, etc,, are of major concern. This section of tne

reeort defines Sucn problems ane recommends remedies for tn e i r control,

Tne crite'ie for select ing various environmental cortrils was Basac on:

econo-!:s, ec '"e:; iveness, p r a c t i c a l i t y , acceptaii 1 i tv to tne suc'le

anc environmental agen;ies, ane f l e x i b i l i t y of operations, niwever,

it is important to e.msnasize that most or" these controls w'' ! n;t

e l i m i n a t e tne- proBiems, but w i l l rather m i n i m i z e t n e - r ir.pact on

tne environment, local residents and construction personnel, it is

exaectec that;even with the dontrols, some adverse impacts an: incon-

venien:es w i l l result fror relocation of the Llangcller. refuse, However,

w i t h proper controls an: p u b l i c relations it is exseetec that local

residents a n ; environmental agencies w i l l tile-rate these temporary

inconveniences, especially w-nen tne-y realize that tne program w i l l •

res.it ir t-emencius environments-' anc a e s t h e t i c jen=''!:s to tre
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Ccsr en: Iru'ss-cc i~r.e:ts and C."".rol

An i-.aortai-.t °nv ! ronmer.te ' sons ioerat ion in tne L l a n g a l l e n L a n d f i l l
i
| reloc a t i o n Is tht :or,:-j! of malodor from p a r t i a l l y decomposed refuse.

A p o s i t i v e odor control program is necessary.

A d d i t i o n a l environments! nuisance problems must also be considered,

Tnese i n c l u d e f u g i t i v e dust, rat and fire proBlems.

I Tne odor problems tnat w i l l be experiences du r i n g the l a n d f i l l relocation
i >

are if sucn an extent tnat e i l l e c t i o n anc venting the ooors ti control

devices are not f e a s i s l e . The cos: for destruction of the maloaors

E., a c s o n p t l o n , com.pu-stion or a p s a r p t i o n would Be unreasonably hign.

A s s i t l o n a ' i), it is no: t e c h n i c a l l y f e a s i p l e to Implement c o l l e c t i o n of

tne- malidirius el- v i l u m e s . Counteracting tne malocors w i t h che~.ic.ais

Is a t e c n n i i a l K an: esana-isaiiy f e a s i b l e o:ir control, Nearty resicents

sni.lc ;e pri:e::e: t--, :

•I Canstrjctlng ; snerisc! screening System Between tne ' s n s f i l l

en: neara. -ts Isences,

; 2 Sprgyir.g -ef.ie v.ltn odor-mas'! t y i n g enemiea's.

T n i s t-.se f" ocor cantrsl s'ig-ar- nas been successful i> comslete; at the

E u - f f a l c , Ke... Vor^ l a n s f i i l . A t t h i s l a n d f i l l , t w i r r l l l i o n C u b i c yards

o-' Durie: s o l i d wastes we-e cue up an; trarsii"te; six m i l e s to another

l a n d f i l l ; i te. iSec Assencix pi

AR IOI9U.



Tne cne-ieal screening system is implemented oy vaporizing odor-counteracting,

aromatic cnem i c a l s throug" o r i f i c e s in p i p e wnicn is l a i d around the land-

f i l l perimeter Between the odorous sources and the residences. At

L l a n g o l l e n , approximately *i800 feet of p i p e (stove pipe) would pe necessary

to implement tne- cnemical screening between the l a n d f i l l anc nearby

residences a: Llansaller. Estates and W i l t o n anc tne commercial anc business
^ F-^M-C. <Mj

establishments along Route 13,1 Twenty-four hour per osv screening could/~
be implemented,

i-. e:c!t!pr tc tne Sne~iea' scree-nine Svster irr.plementec at tne B u f f a l o

i a n:*'ill, tnoie svstems nave Been ins:alie: a: sewage treatment p l a n t s ,

m.s-roi" corneas t in; oaer-a:i;rs anc cattle fee; lots--e:! ir,a ' asaraus

cne rat iins.

In ase:tiar, :: '.ne- o;i" screening system, spraying, tne ,-efu-se w i t h ooor-

asating c h e m i c a l s is ais; sropise; as an i n t e g r a l par; of the p o s i t i v e

idi- santri! srssram, The l a n c f i l l operating fa:e sn.i.l; se ssrayec with

the w-a:er salu-s.t ocsr aie:in: arimatlc cne-'ice' r i x t u r e , Cr.'y on-site

enie la- :!:t:te tne free.en:-, cf s:''a\ir: tr.e cse-. face, however,
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t n i s soraving snouic ;e :oncudte: at tne end of eacn wording day, The

ex.avste: "later i a 1 should a l s o be sprayed after the refuse- nas been

loaded onto trucks. To further reduce odor potential all loads should

Be coverec w i t h a tarp after spraying, The roadway should also be

perioc-ic.il ly sprayee w i t h the chemical solution, T h i s w i l l Be necessary

especla;!y after wet refuse has been transported. The new l a n d f i l l

working area may a l s o need to be sprayed occasionally. At tne end of

:ne w-r., ir: ;a-. , all true* se:s ane opera;ing ecu ism-en: snou-'c Be sprayed

t.':r. :-.-: e.:;r-asat Ing snemical s o l u t i o n ,

- -jp-a^ tr.Cr., a-' 1,000-2,CGC g a l l o n s capacit-., containing :ne ocor-asating

ire-lie sr. l u t i o r , must be a v a i l a b l e for use as neesee, It is p o s s i p l e

tr.it a!' loacs ma1, na: neee :o be sprayed anc tnat tne w;-r,!n; faces

an: tne- "oa:wav- ir,as nee; sprayin: only inter-,! tter.t'".,

Ease: upi", pr e v i o u s experience. It has been estimate: tnat as ~.uCh as

c C . C C C BP-:",CS of o:ir-;ountera:t in; chemical may be ne;eisa"> te spray

in:;. :ne ex;a',-a:e: m a t e r i a l ,

A R i O I 9 1 i 9



It cses n;: see- f e a s i c l e tc tits'!-, e l i m i n a t e all rr.alocirs e.-'in; tne

P i a n s ' i l l r e l o c a t i a r , Tnus, weston redommenos several o:ner measures:

I, The refuse ir, tne new l a n d f i l l must be completely covered

w i t h c l e a n s o i l each evening,

2. Tne l a n c ' " i l l -elosation time snoulc be reduce: as mucn as possiole,

e i t n e r b> working both ends of the l a n d f i l l simultaneously

c- By u s i n g more equipment to douBle the amount o'" refuse

remove:.

3. A p u i l l c r e l a t i o n s effort sr.pulc be conducted among tne nearpy

resiae-.ts :: e x p l a i n tne short-term inconvenientes ( i . e . , malooors,)

iong-te'r improvements (i.e., e l i m i n a t i o n of wa:er B i i l u t i i n ,

ionst-uctlir if a green area, etc, .

r- acjun.:: e--. ' -on-.en'.a 1 ir;;le- w i l l Be that o1" cus: ear.tr:'. r u e l t ! v e

e.-s: ea.se: i. :-.;>. t'af''i: ar.e la'.sf 1 i I in; oaeration; m.st pe control lee,

r sprs.. :r.c>. sno.lc Be prov!dec--e separate truer, fro- tne acir car.trc!

Sp-ay :ruCr:--ir arcer tnat tne roaes anc open groune areas me> be ssrayee,

Tne main, raasAay between ;ne l a n d f i l l s shou-lc be oile; and re-i-iied

a: intc-'va's tr- prevent f u g i t i v e duSt emissions.

~ne- seean; sir:--, :ru:^ sno.is a l s s be u t i l i z e : as f i r e - f i g h t i n g equipment

ti ci.-sc- s m a l l f l r e t or contain laroer f i r e s u n t i l f i r e - ' ig.-.t ing ecui.-.ment

G'r'vts at tne 'an:'!'', >' is s e s c j - i e ; :r,at *"!re-s m.a; i::.-, Cue te



waste e i i s anc Chemicals tnat have Been disposed- of at the l a n d f i l l ,

P r o v i s i o n s for f 1 - e - f i g n t i n c equipment can r e a d i l y Be made wi:n the

soray trucks that w i l l Be a: tne l a n d f i l l for osor and dust control.

We also recommenc tnat all loading equipment have air-conditioned cabs

for :ne operators to protect against possible fire hazards. A c c i t i o n a l l y ,

true,., drivers anc otner personnel must not enter the warning areas w h i l e

excavation and loacing is under way, This p r o h i b i t i o n should be enforced,

nat tv.lv for '"ire s-rstestiar But for gene-a! safety reasons,

it is exoecte: tr.a: as the l a n d f i l l is ;isturBe:, rosen'.s, e s p e c i a l l y

-sts, w i l l a e a sroplem. Tnese rats w i l l invade nearby residences i f

ni rosen: con;r;' proera" is implemen'.ee, Tnus , It is necessa-v te

cine.c: a p i s i : l v e rocen: control arasra-. A subcont raetor w",: is in

tne roeen: Ci.n:r;; B u s i n e s s Should te n i r e e for tne d.ration if tne sriject.
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ECOLOGICA. I ".SAC'S AN? CON'TRO.i

I, Sho-t-ter- "jic.lesicel indications, of relocation of the Llangollen l a n d f i l l

and development of,lake on local biological habitats w i l l , understandably,

be adverse. Existing terrestrial flora and fauna w i l l either be destroyed

or d i s p i a e e e throughout tne areas of the proposed new lake and l a n d f i l l .

Some cistu-rpance c-" ecological systems a d j o i n i n g tne project area w i l l

e l s e occu-. M o t i l e species such as s m a l l mammals, t i r e s , r e p t i l e s and

snakes ."-.as Be a:ie ti m i g - a t e :o surroun:ing woodlands an: m.arsnes tc

avolc ccr.s: I'-.-c: icn i m p a d t s , nut suer, ae-.ion w i l l g e n e r a l l y meet witn

insrease: corse: i t io-. for ssa;e- an; fooe anc, tnus, reduce: i v - o r a l l

BOB.!"', ii" l e v e l s ,

. eTt-s t r i a cor-.-.u" 1 tl es w i l l se ac-.e'sely ir.pactes- fc, p h y s i c a l rc-~i.al,

cr.cr.gES 1," groyne watt' l e v e l s durl'g construct lor,, sn; c.st ge-.e-at ,cr.

A;ua:!c Ci~.-~.un i t i es w i t n i n Arr.s .ree-. an; Pan: w i l l suffer ne:;tive

impacts -'"0- c o n s t r u c t i o n of roses, erosion fror; the reipene-c i a n e f i i l ,

ccgre-atior. i-' water c u a l i t y , n oise, and dust, however, several v s l u a p l e

r.l: i sat 1 r.g reasu-es ere- e v e l l a p i e for tne prososiec prijeit w-nlsn wo.l;

pilr.ir.izc or e l i r l n a t e adverse Bioiosica! effects,

l-ilics^ior, 5 for

L^C-.-C loprer t c; ;."..;• ne-.-. Isr.e on :ne present ulsn:; 1 1 e" .sr.:'1!!! s i t e v. i 1 1

«':r.;:tiv ,e - BC-,';: t: tne a-ea's e c i l o c l c a ! :;- -.- t les frR,|' Oi9 5 2



icn: run. -,rr\ -an; !s pres-f. ,> - " sr acvance: stste it e-^tropni-

ce'.ior; water q u a l i t y \; sir-r; s e d i m e n t a t i o n rates ere n 1 _r,; emergent

vege'.etlcr cover; tne uoser 2j;,t of tne pone; anc t h i c k , organic deposits

rencer most of :ne Benthic environment devoid of aquatic l i f e .

Present aquu'.lc species are l i m i t e d to carp, t u r t l e s , and a few snakes

(See: B i o l o g i e s ! Assessment of Army Creer,, £ Dece.moer IJ73, ''^

Apaenc'ix £', The pond and downstream areas are osviously

a:\erst-.'. imsacte: cy lea:nate from tne- l a n d f i l l , producing se-c-eesec

species c i v e - s l t y ane population asunccnce, If ie''t in its areser.t

st a t e - , A-r.- csn: wo.i; »esor.e s s«amss marsh in ''Ive- tc ten yosrs, soon

ti ie fillo.-.-e: ;> succession irtc a snruB-wiOd lane n a s i t a t ,

"Ortevc', lc.".:-:e"r e;iii;i:a! ;snce::s of la>-e r.anagerien: must Be considered

s: as :; pra;.;e c vie; it recreat icr.a 1 anc sports f i s n i n ; resource rs:ner
i

.L- !.<..£,,-ou. .,..., = w- .. ,

Incoming wi'.er e . a l l t y via Arry Cree-. is poar; m i t i g a t i o n measures sna.ld

be ;6^en ti re;u:e tne impacts of hi en n i t r a t e , pnospnate, Sussende-d

S i l i d s l e v e l s , anc t lochemisa I oxyaen dr;m£n: or tne propise-e ne-,-, i£^e.

r .rtnermore, SuSbcnsicr. cf organic p a r t i c l e s in tne wi-ter columr. d u r i n g

l a n c f i l ! excu-.a:!or. anc d e p o s i t i o n of r i c h sediments '"rar tne- present

jjonc i n t o t"e fut.ro la^e must be o v o i d e d or ri nirr.i :e;. Success o',

a ielcnee-:, e;c Ic: l e a - 1 ly clve'se la^e w i l l :ecen; or: rl'.lml:!.',: asverse



natural leacnau- enterlr.c tne luke cu r i n g developmental stages, pre-

vention of orcani; m,uc from Army con; er.:ering the ior,e, es taBl isnment

cf snare ! i ne-sts: 1 1 iz i nc vegetation, and stocking of sports fish,

jse of land presently occupied by the sand and gravel operation for

tne proposed new l a n d f i l l w i l l e n t a i l few adverse environmental impacts,

Present lack o; vegetation and w i l d l i f e over most cf the s i t e allows

for l i t t l e disturbance of indigenous biota. L i n i n g of the new l a n d f i l l

,..';-, e l a - . cr p l a s t i c s.neetlng wl 1 '- prevent leachate from e n t e r i n g Army

Cree.. cr fror con:sm! nat ' ne nearay terrestrial has! tats. Seecinc an;

i l a n t i n g of tne f i n l s h e e l a r . e f i l l w i l l be neuessary tc provide renewed

c l i i o g l c a ! anc recreation.! uses of tne area,

1 , 'r.-te- Qua!! :•. ^.

_ J' or;ir ti maximiz e tr,s ! If; an: B i o l o g i c a l p r o c u c t i v i t y cf tne ne.-,

iSf.e, incoming watt" c . a i i t y w i l l have to be maintsines e: nig- l e v e l s .

l,.t"i ent- rl en waters w-o.lc accelerate growth of pnytoplan^ton an; rootec

scuat'c s l a n t s and tnjs spee: up tne a g i n g an: f i i l i n g - i r , if tne IUM^.

:urtn,tr, sports f i s n sucn as largemouth bass, s u r f i s n , pe-cr. , w a l l e y e ,

c a t f l s n en: otners wi.l; no: long se able to en;ure- Cincitlins as ur-

e e i l r a e l c as these o" Army Pone.

r>ate- S u a l i t y .ma-, ie g'eatly aide; t y construction if one cr .mire one-acre

cat:-. B a s i n s ^. •'•"", l.'ee-. unstreu- cr" :ne io-.t. S.i- set ifl-ft.j Q



iusserce-c S i l l e s ti se::le an; provide a mecnsnism cf n u t r i e n t uP'.aki:

By planstor. unc p l a n t s in these s e t t l i n g Basins before sucn susstances

flow in t i tne iai>t. A lso, water presently in Army Pono, containing

d i l u t e pumped leacnate ane large concentrations of s o l i d s , must not

be a'liowec to flow into the new lake. Rather, the pond should be

trainee vie*, tne e x i s t i n g stream anc be allowed to empty inti tne

Delaware R i v e r ,

^.Sussenee: p a r t i c l e s w i l l , wltno.t cucstior., enter tne ne,.. ls,.e via i n . l o w s ,

lea'" ue'.-itu-s, s :o.'m,-,a ter runoff an: in s i t u procudtlo- cf p!ar,Ktor, anc

cl cue, r.owever, i: , . , i i ' Be f" great advantage to m i n i m i z e tne amount

i'' seclmertat'or e.-.lstln: after cimpletlin of lake construction, This

is Im.pa'ta": s' nee sediments sequester an: release n u t r i e n t s an: o r g a n i c .

r.ote'io'i, f.s ; rare: ing e x c e s s i v e elanr,to." Blooms an: srocuilrc Is,,-,

'e-.tils i'' e'ssc'.ve: oxyce-, Se; i-.entet icn can be minimize: ay: c.ii:lng

:ne;,\ ;a~-, ane ;£.'.:- B a s i n s ups'.rear-, d r a i n a g e of Army Fane water aws1.

*"rar tne ne-,-. isr.e, an: rer.ava I of tne tr.lek organ!; oesoslts present ly

fo.ns in Arry "-sr.e Before tna: ares is tiec in:o tnt new ls-,e. LS;N of

remi-.il c.; fe- one. to two-foot t h i c k layer or organic oet'l'.us would

n; . rj s-c"!iuj, .-ie-.',ut i ve impuits or tne future a q u a t i c cor.;,-.-un. ty it tne

1 a M.-, Furtne-- :c-"e'! c iu 1 impact: on witer q u a l i t y en; se-eM-.untct ion

.-.ill P-; pra.liu.. t . remi'-ul o1' tne s c . l t , ssnc, anc cln.er p i l c - s stoci.p.'iee

c.- f.e ue:s,-,a-e- ue-si.'trin": of -Ignnu-vs alone tnt western eeeo of tne-



3, Terres.tr ia 1 -is;' :a:s ,

^insofar as :ne newly aeve':0i£s f a c i l i t i e s w i l l consist cf a ia,vO with

adjoining park, ail p o s s i b l e efforts at m i n i m i z i n g damage to e x i s t i n g

woodlands an; vegetation should Be exercised. Tree boroers, s m a l l wooo-

lands ane fence rows should not be darriaged during construction. Not

only would e x i s t i n g woods srouno tne existing l a n d f i l l provide v a l u a b l e

aesthetic h i g h l i g h t s to the lake and park, but such trees ui.u shruPS

w i l l m i nimize e-osian, improve ban., stasi 1 izuticn, provide overhanging

areas c; snaee far a;.at!: fauns, heroor nsnv forms of c i r c s arc s m a l l

mam-.sls. an; srs\!se very s i g n i f i c a n t natural seeo sources fir rapid

revegetc t ion cf t-.t e-es a-ttr cimpietior cf the project, Rose con-

s t r u c t i o n Between e x i s t i n g anc future l a n d f i l l areas sno^lc ie conducted

over grassy or r,a-:-nv f.resc, a v c l e l n g :ne s m a l l woo;!anes of tne site

wnere\er posslele.

,".a 1 n'.enanse cf e x i s t i n g vegetates areas w i l l s i Si ie l i k e l y tc ale In

roaer.t ( r a t - control, naw>.s anc owls presently resist- an: r.u-r.t In :r,e

proje:; area, T n e i r a e t ' v i t i e s ma, very l i k e l y increase s 1 c r i f l e a n ; • y

as tne rodent population increases to make use o'" tne newly-opened l a n d f i l l .

L, Acus t ie ricB 1 to ti.,

Croinln:. an; d r e s c i n ; cf Arr-, Par.; w i l l cause- d r a s t i c r e d u c t i o n s in, or

e 1 ir.i r,ut Ion if, present p o p u l a t i o n s of f i s n , a m p n i c i u n s , r e p t ' l e s , anc

inverts: -a :•;; ; ;,r,; ,..! i 1 a'fei: t",lse saucies ;rieioa-s, p l ' e s , lan; snakes)
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fceslr.g or, tne ssove. Su:r, impact Is unavoidable, But not eonsioere;

o'" major consequence cue- tc the stressed condition of tne pond haoltat

as a result of leaenate inflows, Many species w i l l q u i c k l y f i n d their

way from Army Pon; to e a r l y fragments of the new lake as the latter is

dug anc f i l l e d witn water. Other species, notably fi s h and inverte-

Erate&,will recalonlze tne laise from populations existing upstream and

downstream. Foraae anc sports fish (bass, sunfisn, walleye, pickerel,

C i t f l s r , and o t n o - s - w i l l , however, have to be Ir.pcrtoc and stocked,

s i n c e tnese species e l t n e r cs not tnrive in tne s m a l l Arny Creek or

wi.-le no: se exseite: tc be a:!e to m i g r a t e Inti the ne,-. lake from, do.v.n-

st-csr, Tne f i sn-s toc»;ir,e srogram w i l l have to be msnitoree tc assess

tne tyses of f i s r pe-s: a; It to survive in tne new lake and to develop

ereeeln: a-e s n e l t e - s:r-;tures Best suited to t h e i r neecs, S e l e c t i v e

plar-.lr.c i- i n t r o d u c t i o n o' aoustic p l a n t s or emerge,",; vegetation cover

anc na;!t£t fcr :ne va-!iu£ f i s h ar.c invertesrate sseeies.
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[D. lâ d ccsV-

n ^o MfA'.i/nr.L T^r^-x) s ̂ rnrrnu --.̂ -̂  u.'j.Lil ii'w'iiJ, II V_IM /* -r •S'̂ -W]\A-;I-->;



^
•y, K̂ eaWil (DW

10cx^e> (S'lOOVom, i
C> \\tfrsoVvl\\\fl CrAos- -7rY" P.\\iLX U>\\

io.
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x COl.uLuSiONS AN: f.i:0M.v,ENDi"lONS

. ;-.ciiis is-s

1, ursu-r.e.sater ^ua' i :>• in tne v i c i n i t y of the .langoilcr. L a n e - f i l l is

cegra;es By leaer.ate m i g r a t i n g froT. the l a n d f i l l . In spite of the

recovery prograr-.is leacnate w i l l continue to migrate towa-ras najor

water users in :r. is region, where a water d e f i c i t has been forecast,

2, G-runewf, te- Ps-l !j t Ion can Best tie contrBllec by removal cf tr.e source

of contarr.inat is.-. y.'anaollen refuse) ant! By recovery of cor.tiv.inants

w r i e r ore eire-,:-. in :hc: -otomac a;u'ifer By operating a Battery ;'"

resovc-v w e l l s at tne v l c ' n i t 1 . cf tne e x i s t i n g s i t e .

;, '•(. ;u: ' 1: i -.'.;.- -s-s t ear. pest Be serve; By sro-st sounty aetlir, te

p.t a- en; tc the so.-ee of crc.newater p o l l u t i o n , 5u;r actisr. w i l l

res.lt !"• protee-.ln; an; restoring the count-,'s water resp.-et1

-.eetir.c eerr.ane: or, potaele wa:c-r, enc in ne: savings ;c taxpeyi-rs,. In

tne lor: te-r, c-c- :; loss cf erounowa:er s u p p l i e s If n; controls were

inpiementec.

-,. A ' tE'r.at i vei "'" Source .0-,:-:! induce nycraoeclogis i s o i a t i o r . or tne

l i n c ' l i i , i n c i n e r a t i o n of L l a n g c l l e n refuse, d i s p o s a l of refv.se in

:ne A t l a n t i c C'Star. or In Pigeon Foir.t l a n c f l l ! an: rer.a": 11 i tat ior

(resor.strjc: ior, if tr.e .lange'ler. L a n d f i l l ,

5, "c-:r.-!s; ' c1-- EC-'-.---'; -r,;.' ;•'. 1 s o! ccrtr; a I ternit 1 ve : f u v p r t cur,trc,l

a'' £r;_n3wcter ecr.tar'i na: lor, i~. rt-sva 1 t'' the L !e,".;pl ler. refute an;

rep 'icin; It 1.-. a 'int: lar.sf 1 1 ' , a-.; -,, ;or,tln.!rr t.-.c frpJ3J*0>| g-ĝ .n-



c, Tcen-iisa' a"; 1:3".:-!; rae:c-s favor tne Delaware San; ane Gravel

Di: (,-S 1 G), 0,.,-ne: By D e l l Avers,anc, as tne new location for the

.lang;' ier. re-'use.

7. .lane - a l i e n L a n c - ' i l ! R e h a b i l i t a t i o n p l a n s consist

of: preparation of a new s i t e ; transfer of refuse; plasement, com-

paction anc cover, collection and treatment of leacnate; management

of surface and subsurface waters; and r e h a b i l i t a t i o n of tne L l a n g o l l e n

s i t e a-".; :ne no.-, s 1 :e t; a nior.-c-a! ity r e c r e a t i o n a l area,

S, .rst c-' T-e '.e:;—irsee "'•;-. is estimated as Sc. r l l l i c r . B i u S S'. r r l i l i o r .

:':- eont ineenc ies ar.s l e ; e l , en; ineer i nc, and adr ir i stra: ive costs, a S20C.OOC

DC- year.-'for an ass'iiic-.a! 'ive years^-fsr pollutan: recovery, leaer.ate

cast e f f e c t i v e n e s s , control cf grounanate*; B c ! i " t i c r , , ID,., cs-crating

tffcr: an; ;ost, r t U t l v c l y short tirr,e frarnt for co-plttlo-,, net

s a v i n g s :s ta/.Bcyers ovc-r otnc-r a l t e r n a t i v e s and rtrieerine :it f i n i s h e d

areas s u i t a b l e for bene-'icial used (such ss hich-cual ity recrea:ior.^,

r.L.si: :•,-.: iar.i ;':r "'"Is-v:: Are.is i n e l u c e convt-t i r,,_. tr.t no,-, i a n s f i i l

t l t u ir.tc a p;,-'. an." tnt Liar,;:! lor s i t e int; e lar.u. r.ecrte t lor.a!

' c,e , 1 i:, e s v, u u l e i n C i u e e p i cr. i; areas, P i c y c i e ane e , r,. ne :ru..s,
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'!, •-..•'-r.r-.er te' 'o-.:rc!_? c u r i n g tr.s r e h a b i l i t a t i o n crocrsr induce ooor, dus-

i roaer; anc T i r e control , management of surface an; Su-csurface

waters, c o l l e c t i o n anc treatrrer.t of leacnatc, ecological controls.

!., A"';cr Cr.-: let Is- g; f.e Rer.atji '• 1 tat i on Program, tne cour,:y w i l l

have to continue operating the recovery w e l l s (for aaout i years),

nor.l'.rj" grrjur.;,,£ter C u a l i t y , m a i n t a i n the l a n o f i l l Surracr; oy

re;'as in: ar,; revegctat iar., an; -cr,;.ve ;B'ie:te; leasr.ate i" *nc-

r,ur,is', L/£ ! sewtr.

r.~. is.-, .aree: t :.c::"., It Is re-j-r-.-iencee that tne co-nty "e1. ie,..

tr.e :Dr,;ept re: a", ane cor-r-.nieste any co--ier:s tt> t.ne »,estan -roje;:

"ea~.

L-. K£ PU&£ t r u": s, it Is rtso-'.tenaiie tna: the eojnty reSuest ".r.;:, tor

tne rer.ap 1 1 i tat i on project..

;, £-.: l-.t-i'-l-.e jes 1".. It is recoir-.-unae; tnat tne county aut",;rl:6

enqineerinq design anc cid package prepara:ior

for trtc rental I i tat 1 or, prcjeet,

-, - :s. 1 -o i.e.-. S : '.-:•. it Is resoT.-iirsc; '."at tr,e sxr.:-. ;,;c.lre lane, as

ck.ir.--u-e i, tr.:- rc--r; -: , : = , = e-r.at 1 o, r 1 c,f. -'..r re- 4J] -Jl & 1-3 6 I*



It is resoT.-iunsc: tr.ct the court v su&r.lt t h i s rifaort to

the Delaware Depart-cnt of Nalu'al Rcs-ourcco, (OUR) for t n e i r revie.-.

and "aPp-e-.-j !- ir-sansest" on tne renat i i i tat ion pr&grar., O f f i c i a l

permi: apsliBation can Be susir.ittcc to OUR during the engineering

cesign snase cf t n i s project.

A R I O I 9 6 5
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A«-•:;:>' A

AL":E';>TIV£S fQi- LAN"i'ILl P.E MAE I L I T A T I C L

General

•our a l t e r n a t i v e plans were developed for the r e h a b i l i t a t i o n of

Llangollen L a n d f i l l u t i l i z i n g the basic considerations l i s t e d in

Section I I I , BASIC REHABILITATION PLAN, Primary emphasis was

placed on the plan being t e c h n i c a l l y anc economically feasible

w h i l e p r o v i d i n g a permanent solution to the aquifer contan.ination

problem w i t h i n a f i n i t e time period, The al t e r n a t i v e plans were

developed, evaluetee in d e t a i l , and one plan recorn-endec. Tne

f e l l o w - i n g sucsect ions present the a l t e r n a t i v e plans, tee-mica!

ev a l u a t i o n s , econo~!c evaluations, and the recorrensee1 elar..

Eacr. of the four a l t e r n a t i v e s'ans is cte.ir.icaI iy f e a s i b l e ar;

co-reet, u t i l i s e s tne- Best a v a i l a b l e technology for land*"!!!

operations, an; cor-.olies v-.;:h the State of Delawares r e g u l a t i o n s

a- sc'l; waste o i s p o s e l . however, witnir. eacr, a l t e r n a t i v e p l a r

tnere are positive (pros* anc negative (cons) aspects whicr. are

11 stec in chi s sect i or,.

A l t e r n a t i v e Plan A (Trarsfer Portion of Refuse 1C Pioeor Ppirt'

T h i s plan consists of transportation of ar i n i t i a l c u a n t i t y of

refuse to the Pigeon Point F a c i l i t y for dispose! wi th uti l i s a c i o r .

0'" a r e h a b i l i t a t e d L l a n g o l l e n as the l a n s f i l l s i t e •':.;• tne re-.aineer.

Sec Figures -i-l and -i-2. L a n d f i l l rehaBl I i tat ior. {rteorstruetior,}

w i l l D C a e h i e v e c , untie- t r i s c l a r , a s f o l l o w s - A R I O I 9 6 6



• E*Cdvato i n i t i a l q u a n t i t y of refuse (recor-nendec1 s t a r t i n g

point wes: en:, surface area approximately E -icre;/volune

JOC ,OC,C c u B i c yards) transoor: over the road tc tne Pigeon

Point F a c i 1 i t y .

• Prepare vacated area for landfi I l i n g operation (bottom

and sloDe r e h a b i l i t a t i o n , ground water interception systeir,

l i n e r i n s t a l l a t i o n , and leachate collection system.

• Excavate additional L l a n g o l l e n refuse and l a n d f i l l in newly

presarce area,

» As new areas become vacates, prepare as oe-scriDec asove

re- 'uture l a n d f i l l operations,

t A*":er tne Liangolier. refuse has been excavatec anc lanc-

•'1'lec ir. a rehaBi 11 ta te; L l a n g o l l e n , placer.c-r: o'" fir.a!

cover ane means for r.inir ij ir; i n f i l t r a t i o n (e,g,. aspna'::

ssrayi r,c' ,

• Estar.' i s."~e-: cf v e g e t a t i v e - ;ovc-r (lancscaplr.;' ,

• L;se as a recreational nretr area.

• N; add clone I lane has to be acc.irec,

» All const "ue: ion and l a n e - f i l l i n g a c t i v i t i e s a: one s i t e ,

any or. vi ron-.er. :e 1 controls rec-ulrc-e (i.e., ground water

i n t e r c e p t i o n , leachete c o l l e c t i o n , oeor, etc/ wo.l; Be

ri r . i - i j e : ir eorparlsor, tc ooeratinc twc s i t e s .

/IRIOI96?



• Cor." t ruction anc rehasi 1 itatior. procedures w i l l not cause

any cnange in the monitor and recovery w e l l syster.s.

• This plan offers a d e f i n i t e solution to the aquifer con-

tarinetion problem at Llangollen, Upon completion of Che

l a n d f i l l , leachate can no longer enter the aquifer and

the a c u i f e r w i l l be cleansed by natural i n f i l t r a t i o n over

a period of time.

• Completes l a n d f i l l w i l l be a useful recreational green

area for area and county residents, ,

• H a u l i n g portion of refuse (15̂  to the re-ote Piceor. Point

F a c i l i t y upsets the esonor-ies of scale Cue tc- tne use of

ove--tne-rcad nau 1 v e h i c l e s anc loss 0'" a portior. of Pigeon

Points a v a i l a b l e volu.-ie.

• S i t e ee.vatering process has to oe complete ar.e .continual

so botto- areas w i l l be cry enough for renati 1 i tetion.

t>.;esslve volumes o f f i l l m a t e r i a l w i l l b e purchase; an c

placed tc- raise the bottor above the water table (360,000

e., yds.) .

« A!! s l o e s looes have to be r.ehaci l i t a t e d ; photographs of

the Liangolier. pit before l a n d f i l l i n g i n c i c a t e slopes greatly

exec-e; the recommended rr,u>:imur of 2.5:1 U.J feet horizontal

tc 1 '"oo: v e r t i c a l ; . Lerce volumes o* ' " 1 1 1 rate,; La' (12C.CO.
f l R l O l 3

;.-. ye;.', is!!! ae Purchases are rlace: to :orre;t e>,l s t i n g •



* Excavation ane lanc'i 1 1 i n c operations v.-itr.ir. tne sane

s i t e increase t r a f f i c congestion proble-s.

• Where the natural clay c o n f i n i n g layer nes Beer d i s -

rupted or removed double l i n i n g w i l l be necessary.

• Cover m a t e r i a l w i l l be purchase; (I6C.OOO cu. yds.)!

none a v a i l a b l e on-site.

• I m p o s s i b l e to formulate a t i g h t blc package anc receive

firr bids fro-r contractors (bids w i l l have to contain

contingencies to compensate for the p o s s i b i l i t y of un-

forseer proe-le-s' ,

A R I O I 9 6 9



Cost 0* A l t e r n a t i v e Plan A

Site Preparation 51,790,000

Lane-"! II L i n e r and Leachate C o l l e c t i o n 1,660,000

Refuse Excavation B70,00u

Re'use Transporf-Pigeon Point 830,OOC

Refuse Transoor:--Lianga! len 5&C,QOC'

Gate .r,aroe--Pl geor. Point W.CCC

^e'"u-ft- Plflce-.er.t, ComcaCtion, Cover l.fWO.OOC

-rye rogeo logic Controls 2$C ,;",*

Coor Control 2;C,c::

See 1 Ing L l a n g o l ler IOC .OCC

.an:-"! 11 V e g e t a t i v e Cove- 5^,CO:

!',! see' ianeius ;3- ,C^

.intinoencies, E n g i n e e r i n g , Legal, anc I , O C C , C C C
A s - i n i s t r a t i v e Costs

Cor.tlnuin; Costs 1 ,OOC,COC

TOTAL sic,:::,::

I ' I



A'te-na:''.-•:• - l a- : • 'Transfer "jrtio- o1' P.efusc- :c *:S *. C 51:)

Alternative Plan E - Trar.soortation of an i n i t i a l quantity of

refuse to a prepared site at the Delaware Sand and Gravel Pit

(DS o G) w i t h u t i l i s a t i o n of e re h a p i 1 i t o t e d Llangollen as the

l a n d f i l l site for tne remainder. See Figures A-3 and A-2, This

concept w i l l be- achieved by the following steps:

• Acquire a portion of the DS C, G Site (minimum of 15 acres),

• Prepare- tne s i t e for lar.d'i 1 l i n g operations (as aeseriBee1

in 5 i a r A),

• Excavate i n i t i a l q u a n t i t > o*" refuse at west en; (aBpro>:i-

raie'v ; acres '30C ,OOC CUP!; yards), transport ta :S 0 G

Site.

• Prepare vaeatee area -'or l a n s f i l ' i n g operatic- is: ce-scriaec

1 r, -1 a - - .

o £>.sa.-ate ass! cior.c' LUr.gsller. refuse an; lare""!!', Ir newly

• As new areas ieco-e va;a:c-e prepare- the- 'c- -'.t.-e lane"! 11

• After all refuse has beer, exsavatee anc lane'!! lee ir, a

rer.s;! 1 i tcte; Llangil ler,, plaeement 0'" f i n a l covc-r, lane-

scape ane prepare- for final use.

• r.svir: t'.t r a ' o r l t y 0'" the- const ruCtior a: 11 vi 11 uA'H Io0i



i Escnories o' scale are- realised,

• DS & G site is v i s i b l e ; t h i s Bart of operation readily

defined an: evaluated.

* This plan offers a d e f i n i t e solution to the acuifer con-

tamination prohler- at Llangollen.

• Complete; l a n d f i l l w i l l be a useful recreational green

area.

l.eeat'vc- ispc-ets 'Cor;'-

• Have tc ass.-'re a d d i t i o n a l land (r.inlr.ur cf ':, acres'..

• D-ewatering process has to Be complete anc :o-,:!n.a! so

BOtto- areas w i l l Be :r. enojcr for rer.as.11 i totior,.

• Sine slopes at tc:-. L large1ler and DS I G s i t e hs.-e tc se

re-.ap! 1 i tete:; e x i s t i n g tloDes exceec ;y far tne -esc~.-encee

r-.aKi-.j- o- 2.5:1 (2.5 'ee: horizor.tal to 1 foe.: ve-.lsal):

F i l l -at-.e-la! v - . i l ! be purchased to optair. rec_:-e: slopes

(IcC.OCC :u. yds.}.

• Excavation and l a n d f i l l i n g operations w i t h i n the- L l a n g o l l e n

s i t e increases t r a f f i c congestion cratlc-s.

« Where the natural clay confining layer r,s: Beer, d i s r u p t e d

or re-iovee at Llangc. 1 ler dojBle l i n i n g w i l l oe ne;essary,

• Cover m e t e - r i a l for both s i t e s w i l l Be p-.-rehcse: i'l;C,CD. cu, \

• he/e to cor.sfuct roae networ,. t: -- 1 '- - 't.
. . , .,,, . .ARIOJ.972• F i n e , Pro;.et twc l e n c - i : i s > tw; ercur.: -...a.e" ir,..e-ee;t. cr-. •



• Constru:tior. an: l a n d f i l l i n g w i l l cause ;ne rc-.ioval,

grouting, anc relocation of sore of tne monitor and

recovery welIs.

• I m p o s s l s l e to formulate a tight bid package and receive

firm bias fro-" contractors. (Bids w i l l have to contain

contingencies to compensate for the p o s s i b i l i t y of unfore-

seen crobler.s) .

A R I D 1973.



Cost of A I terne:1vg Plan E

Site Preparatlon--DS & G S'130,000

Site Preparetion--Llangollen 1,750,000

L a n d f i l l Liner and Leachate Col lection--DS £. G i*5C,000

L a n d f i l l Liner anc Leachate Col lection—Llangol len 1,660,000

Refuse Excavation 870,OOC

ne-'use Transpcr: 6£C,OOC

Refuse Placer.er.t, CO-IBS st, ion, Cover I,I7C,CCC

Kydrogeolog! c Centre'.s .5C',OC:

Odor Con:ro! 25:-,CC:

Sea ! Ing Llangc! ler 1C: ,C,CC

L a n d f i l l Vegetative Cover

f.isce! laneo.s

Contingencies, E n g i n e e r i n g , Legal anc Ac~!r.i strat i ve !,CC-',OCC
Costs

C o n t i n u i n c Ccs'.s

A R I D 1971* v



A'te-nst ive ;;a- C. [Temps-e-. S'.craae O'" Po-tlor. o- Refuse'

A l t e r n a t i v e r-lan C - Transportation of an i n i t i a l q u a n t i t y of refuse

to a temporary storage s i t e at tne opposite end of L l a n g o l l e n with

u t i l i z a t i o n of a rehapi 1 itated L l a n g o l l e n as the l a n d f i l l site for

all tne re-'use, See Figures A --i and A-2.

• Excavate i n i t i a l quantity of refuse, recommenced starti n g

p o i n t west enc, (approximately £ acres/300,CO: cubic yards)

transee--'. :c a te.-.scrary storage s i t e a: tne opposite

ene ireco-nrne.idec ess: ene , nastes store: in t r i s fasrisr
..̂w l ! ' Be camps: :ec * cove ree, an; p r o v i s i o n s ;-Bvi;e; *or

;,-.! '•>•"'. 1 on ane treet-.unt s'° surface rune'f ane sreinage,

• Prepare vass'.ee area *'cr l a r e f i l l i n g operation.

§ Excavate sec't'cne! .lar.gslien refuse an: lan;:"!1! In new'y

p"e:;."e: area; a l s s , l e n c f i ' l a portlrjr. :f tne s t B C k r l l e e

• As new a-eas Become vaeatc: prepare tner for 'ut.re la-,:1'!!',

CBe-a:1ans,

• A;:er a'1 refuse has been excavate; anc l a n s f i l l e : in a

rc-r.a: i i 1 tate: L! ang: l i e - , ;!a:e f i n a l cover, lansseeDC- an;

prepa re * e" 'i na' use,

5:; ': 1 vc- -sst::; '"-res

• l,e a e e i t io-,a' la-,: nes to pe ace-.-ires,

. A spr.s-.ructlar. a": l a r e ^ l ! ir: a c t i v i t i e s at A R j'@<--j. 9 7 5



« Const"jet ion an; r e h a b i l i t a t i o n Broceaures w i l l not cause

any Changes ir tne monitor and recovery w e l l systems.

• Do not have any h a u l i n g to a remote s i t e ,

i F u l l economies of scale are realized,

• Tnis plan offers a definite solution to the aquifer con-

tamination problem at Llangollen. Upon completion of tne

l a n d f i l l , leachate can no longer enter tne a c u i f e r and the

a q u i f e r w i l l be cleanses By natural i n f l l t r a t i o r over a

per ios of t ime.

t Completed lane'!!! w i l l Be a useful recreationa' green area

for area and county residents.

f,e;5t!ve -sp-eets 'Cors

i Dewatering sracess has to Be complete an; ssntinua' ss Bouam

a-eas v . i l l be sry enoug-. for r e h a b i l i t a t i o n , F l ' l meter:5l

(3cC,OOC cu, yds.) w i l l Be surcnasec anc place: ;c ra'se

tne Bitto-r aBove tne water table.

• S i d e slorjes have to be rer.as i 1 i tatee; phc'.ograer.s ;•' tne

L l a n g o l l e n pit before l a n d - f i l l i n g i n c i c a t e slopes exceed the

reeoTnensec m,aximurr of 2,5!l. F i l l m o t e - l a ! •!'.i: ,000 cu. yes,)

w i l l be purchased and placec to obtain tnt '2.5: 1 s- lopes,

• Excavation anc l a n d f i l l ing operations w i t r . i n tie same s i t e

increase t r a f f i c congestion proBierr.s,

i (,'ncre tne natural c l a y cor/inin; Is-.er -.as Bee- c l s r u p t c - c or

re,:vec -t . laneol len =,.. Ie l i r i r ; , ! 1 PC JUU-O.I 9 7 6



• M a t e r i a l s tr.at are teircorar! iy s t o s K c i l e c are cauble han;ied.

• S:o:»;piie ar. ac;i:ional source of contaminate; runoff anc

oco-s an: w i l l attract vectors, B i r d s , and w i l d l i f e ,

t Cover r o t e r i e i w i l l be Durcnasec1; (160,000 cu. yd.); none

ava i l a B ie on-s i te,

• Imp-ess i c l e tc- formulate a tigr,: bid paenage tins receive firm

b i o s fror; contractors (bids w i l l have to contain contingensies

to ;o7.3er,S6te for the p o s s i b i l i t y of unforeseen pros lerr.s),

/IR 101977



S i t e freca-atlor, 'VSC.CCC

Land-'il! L i n e r anc Leasnate C o l l e c t i o n l,6cO,OOC

Refuse Excavation £">:, COC

Re -use Transport 7S«,OOC

Refuse Flc:eiren:, Compaction, Cover !,I7C,CC:

nycrogeclcg 1: Controls 250, OC:

Sea i ln: .lane;! !e-

.enc-'l1' '.egcta'.lvc- Cs-.-e"

cisce 1 ianeous

s" 26: c::
1,*^.,*..
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• '• terna: Ive c'a- :: 'Trans''e- a'' refuse tt .£ :• : c ; t'

A l t e r n a t i v e F l a n D - u : i l i 2 a : i o n of a prepares DS i, G Pit (plus

so-ne a d d i t i o n a l , adjacent land) as a l a n c f i l l site for the L l a n g o l l e n

refuse. See FIgure A-5,

» Ae q u i r e tne new site p l u s an a c c i t i o n a l tract of lane

acjaeent to the s i t e (minimum 10 acres),

» Prepare b portion of the DS t G Pit (bottom and slope

rensc-1 1 ' '.&'. lor., groune water interception svster, l i n e r i n s t a l l -

a t i o n , anc leacnate c o l l e c t i o n system) S u f f i c i e n t l y large

enoug- tc a i i a,-, tne start of l a n d f i l l i n g ope-atiar.s (5 o.rcil

t Excavate .iangoller. re-'use; transport to tne new site for

l a n e - I 1 1 i n g ,

• =repare asditiona! areas of DS i G Pit as tnes are re:.ire:,

• ypor, C3~.:let!on of exeava'.iar, operations a: tne . la-.g: 1 ier.

.ens'!!' locate an: sorre:: areas w-nere tne n a t u r a l I, B C C u r r l n g

c r s t e e t l v e clay layer has beer, remove: cr c!srue:e:, Tr. is

Is t; lower tie i n f i l t r a t i o n rate an; to a l l o w ;-ui!;-uc of

water at the site w h i l e p r o v i d i n g necessary Q u a n t i t i e s of

recharge to tne acuifers,

I whtr, l a n s f i l l i n c of L i a n g o l i e r , refu-s- is. complete, place fins!

cover an; means of l i m i t i n g i n f i l t r a t i o n ,

• EstcP I isnmer.t cf v e g e t a t i v e cover (lansseasing ,

i use new s i t e as a green area.

, .;, . l a - g e l l e . s'to as a re:-eationi' a-ta .wa ft ft j *j |'cj'-̂''

I.e . , u''.:rg, car.ofci-.g, f i s r i n g , e t c , .



-?s t 've A s p e c t s Car.s'

» :s i G -it is close tc . l a n g p l l e n an; r e a c i i y assessicie.

» F u l l economies of.ssale are realizes,

• Degree of cewatering is only that necessary to remove refuse

from Llangol ler..

• having excavation operations separatee from tne l a n d f i l l i n c

operations e l i m i n a t e s congestion.

* .an; ac:.!-e: ir a e c i t i c - to tne :S t, G ci: ( a p p r o x i m a t e l y

1C aeres w i l l p rovide r e n a p i 1 i t a t ion an: cove- m a t e - l a '

'"or tne landf ill s 1 te,

• T r i s plan offers a ce'inite s o l u t i o n to tne ac.ir'er cortami nat ion

p r p p l e - a: .iar.gc''en. I'por. completion of tr.e l e n c f i l ! at

:ne pre;a"-.e s i t e trie so-uree cf leaenate a: . .a-.ge-: ier. v. 1' !

r,a.-e Beer remove;, A: the ne,-. s i t e leae-.ate eannot e-.:er tr.e

as.l'e". Csr.:e-!r,e:e: ac-.ifers w i l l Be clea-.st: ove- a p e r i o d

:'" time B-. grounc wa:cr rceove-r> program,

• Tne ne... s i t e wier :om;le:ee ». i 11 Be a usc-'ul reerta t lone 1

g-et" a-ea for area an; count-, r e s l c e r t s ,

• Tne Llange'ler. s i t e car beso-e 8 lane for water recreation

a : t '• v i t i e s,

• The.proposes s i t e is expose: an; v i s i t i e |:r;t ler areas apparent)

r.a'.ing it poss.L.e t; t or",., lu t e - a co~.ere",L-.s- ve ar.e c e t c l l e e

pie Poe^aee ane receive f i rr- o l c s Tro~ .."-tractors.
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a'ive A s p e c t s 'Cans'

• A o d i : i a n a l lane (DS £ G Pit plus a minimum of 10 acres from

an aejasen: cro3er:y) must be ascuired,

• have to B u l l s road network,

• Requires removal, grouting, anc relocation of many e x i s t i n g

mon 11; r a r, e re c ove ry we I ' s.

i A: .'sngoller, wnere tne n a t u r a l c l a y con'lr.ing l a y e r r.as

Been e l s r u p t e : o' removed c l e v -.steria! w i l l te place: to

control i r,-i ! t-u: i or. ra:e so a lai\t w i l ' c e v e l e - c ,

t S i c e slerjt: a: tne :S t u ~ i: rave :e Be rer.a: i ' ' t e t e s ;

tiey e?:eee :.nt 2 , 5 - ; 12,5 fee: nori:onta: :o 1 for: v e r t i c a l )

.ces. .'•'.ateria1 w i l l be trarsferre: frorr tne

p.-:".a5ee ar,c plo:e: ti'a:teir. tne oesirec

A R I O I 9



S i t e freoarat ion $^70,000

.an:-'! I1 L i n e r end Leachate C o l l e c t i o n I,?00,OCC

Re'use Excavation 800,000

Refuse Transoc-t 680,000

Refuse Flo-cement, Compaction, Cover 1,160,OOC

HV:-oc-ec-i oc 1; Controls 250,00:

Ocor Cert":-' 250,000

Seal !ng Liana:'Ie- 100,OOC

Lane'"!'1 Vegetc'.'ve Cove- 5:,OC:

" isce i la-'oo.-s -tGC.O?:

:on: !ncen: :es , - p g l n e e - l n g ,
Ae-;r :s: re: ive Costs

'r. Ire Costs

5.,oc:

SE,O:
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F.eco—e-.:ee -lar,

Tne recommence: a l t e r n a t i v e is A l t e r n a t i v e ^ l a r :, Excavct lor, of Llanooller,

L a n c f i l l W i t h "ranspo-: p-' the Refuse tc e Prepared DS I G Pit for L a n d f i l l i n q .

A l t e r n a t i v e Plan C is cost-effective, teshnically sound, u t i l i z e s the pest

a v a i l a b l e teennologs, is tne most economically attra:tive, possesses more

p o s i t i v e an; less negative aspects than any other p l a n , and s a t i s f i e s

tne major p r e r e q u i s i t e tnat it stop p o l l u t a n t m i g r a t i o n into tne grounc waters

of tne a"ea w i t r . l n a f i n i t e time series, Tnt r.ajor advantage t n i s p l a n nas

over tne ctne" cla-.s is the v i s i B i l ! : > ef the DS t G Pit, Tr. is v i s l s i l i t y

iv i 11 enat'ie tr.e ss.jr.t-. to prepare e tier: pis paskage ane cor.tra::ors :o ma^e

a '"irrr pie sesa-se :-e-. car, ''orrr.jiate manpower, m a t e r i e l , ane ee.lpmen: re-

:u!remen:s ar: ssnesules for tie rer.a: 1 1 ' tat ior. and l a n c - ' i l l i n g portions of

:-,£ :lar o- tr.e PEE Is cf wnat ne nas see- an: measure: as ne irsoeots tne

s i t s . . T"! i t .-Be o' v l s l p l ! ty is no: a > - a i l a b l e for tr-.e a':crnat!vt p l a n s

,-.-!:• .tl'.'st .'enee'le- as t-c- r - l m a r - , l a r . s f ' l l s i t e .
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APPENDIX D

COMPLETED LANDFILL RE.'SE

Ir:roeuc:!on

.".any l a n d f i l l s i t e s can Be considered to have three active l i v e s , eacn

one useful but serving different economic sectors. For instance, many s i t e s

we-e i n i t i a l l y sand an: gravel operations s u p p l y i n g raw m a t e r i a l s to tne

construction i n d u s t r y . After the completion of mineral excavation, the s i t e s were

convertec l.-.tc wiste clsposcl f a c i l i t i e s s e r v i n g area r e s i a c r t s enc i n d u s t r i e s .

Tne t n i r c l i f e Began By lancseaplng f i n a l slopes to provlce fo- reoreatlonal

a c t i v i t i e s for tie surrounding area.

1 r ;r,e case- of L l a n g o l l e r , tr.is t h r e e - l i f e use w i l l a l s o m a t e r i a l i z e , tne

o n l y e x c e e t i o - B e i n g tnat & r.ajo- correstIons 1 /renovet 1 or. pnasc v . l l l c-;:ur

p".or tc ing t n i r c ane f i n a l use.

n! s'.or 1 ;a 1 1 v, si:e use a f t e r excavation for m i n e r a l nas no: Been w e l l alannec, if

plannee a : a l l . u a n s f l i l reuse i s also seldom w e l l planne:, i t i s most

Ir.-.po-'.a". t, however, to d e s i g n anc ooerate- a l a n s f i l l i r. accsrcarice ,vi :r, a

ce-'ir.ite reuse aesigr. i r. order for o.axinur;. p r a c t i c a l u t i l i t y to DC r e i l i z e c ,

Ir f act, the tos>. of e v a l u a t i n g reuse a l t e r n a t i v e s , s-eleet'n: one, ane pre-

p a r i n g ap;-cr>rlflte cos i or. drawings for the recec.-.ensc:. re.se riust Be- cone

p r l c r te U - r . e f i l i o e s i g r , w i t h tne l a n s f i l i reuse dc'"r,ec ir terr.s sucr.

as f!-.a' topog-cp-'j , a l t e r n a t i v e iosatior.s fc- s.r-'as.a e". ̂ 1̂434 9 85-rcl s,



£n; res.Ire; f t c ' l ' t i e s i - e e u i r i n g s t a p l e foundations;, l a n d f i l l design and

! operation ear, procee: In ,--, economical en: e f f i c i e n t nanner.

Tnis section of the report accresses a l t e r n a t i v e concepts for reuse of

the L i a n g o l i e r , a-ea, w.-.ich is composed of the L l a n g o l l e n L a n d f i l l C-7 acres)

anc tne new s i t e (approx irr,-itei y 55 acres). Tne new s i t e is locatec adjacent •

1 anc to the south of tne L l a n g c l i e n L a n d f i l l , Figure 7.1 i d e n t i f i e s tne

Lla-.gc! !e". area an: :-,e surrounding v i c i n i t y .

•.e-.so ?: 'eet JVC--

Four ge-.era! cpjec'.lves for l a r . e f l l l reuse ore ceflne: as f o l l o w s :

v. It Irate re-sc- sr.o. i: e-e ceslg-.e; to r,£>. l.-'ze B e n e f i t s :; tna user p o p u l a t i o n ,

pe 1-. ft; burrour; 1 r,e r e s i d e n t i a l cor.;-.-.". 1 ty, :ne insus t'ia , so—•,.".! t> , or

- I t s re.se srouic Be- cor.e.st 1 r. Ie w l t r . e x i s t i n g land use I r, :-,c- area ar; cffer

ccr-.ile.T.er.tary a c t i v i t i e s to lane use p l a n s in the area.

Tr,c r e l f l t i o n t n l ; f.ctweer. tie rt.sc p - l a r . an; the folio,-, in.; tr.rc.- »,.y clei;.v.'ncs

i s i-pO"tc..-t:

9 - l a n s ce/eicpec c\- Ne,-. C a s t l e Cou-.t-.'s Depart-e't u' -a.'-^s an;

A R I O I 9 8 6





t -U.-.s developed b\ f<cw C a s t l e - County's Department cf rlanr.int.

• impact or. tne L i a n g o l i e r Estates r e s i d e n t i a l aevelopme.-,:

acjoining tne s i t e ' s southwest boundary.

I r. a c c i t l o n , e x i s t i n g zoning anc s u b d i v i s i o n regulations must conform to

:ne u l t i m a t e use plar. or be a p p r o p r i a t e l y changes.

Assure Envl ronmcr.ta I Control

Tne Llaneo! ler Land'"! 11 rehac! I i tat ion p reject w i l l resul t in plae! r,g certai n

rest.'lst'ons ilocatiar. c"' s t r u c t u r e s , load Bearing capacity, gas v e n t i n g

networr,, etc.) or. tie l e v e l of development for s i t e reuse. Tr.ls is true

for any i a n c " " i l l prefect, Tne reuse a l t e r n a t i v e selectee snoulc Be one

wr. icn assures tnat tr.e renas i ! i tation project w i l l res.l: in n c - g ' . i g l o l e

er.vi ror.-r.er.ta 1 ir-pa;: or, tne f i n a l use.

Co n v e r s e l y , tne u l t i m a t e use sns-.ic r.ct in ar,,- v-,;y jeooerr.ize- r.a 1 r.;; ' r 1 r g

e n v i r o n m e n t a l centre! of tne rehasi 1 1 tatee area, in as;i:!er,, :ne new' s i t e

now functions as ar, aa-.i'er recn^rce area, ,",ai nte.iar.ec cf t"!s

q u a n t i t y cf recharges -,.'-.'7.- shoulc Be incorporate: intc tr.e reuse- d e s i g n ,

The c a p i t a l cos: of converting tne rehaci 1 i tatec area ir.to ar, u l t i m a t e use

snouic be c o n t r o l l e d w l t n i n l i r . i t s c f a s s u r i n g ocecuate- s i t e u t i l i t y , he-use-

i ,"i(. lomc", :at ior, cot'.i ore os,sj:.;ec. to i n c l u d e - or. l> s-urfcct.- ,;i'uv; r;t ior. cost,

Since tns f i r . u i tcpocrcpry w i l l be esta; 1 I i.-.u; :••..- the -u-r,;: 1'. i tct lor. prcgram

A R I O I 9 8 8
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ceil:-, "-.i. -..-. c-:-..al oseratlng cost (expense; l e s s any reven.e,

snouid a's-e Be control ie; w l t r . i n p r a c t i c a l l i r . l t s .

General Advantages c; the S'te

Tnere are several advantages to tne s i t e wnic.i make it a t t r a c t i v e to

most reuse al ternat ive-s :

• Close to a large user populaiion-j4ppro>.ir.iciely 10C.O people

i n L l a n g o i l e n Estates.

- tne 1??; pcpui't lo- ef t"-e l,e-,-. C o s t l e - .:pe- Cr.ri st iar,-

-l-n-.l.ig :!str!et was c!,5-l; tna pop.latior Is expected

to -,o-e tr.ar co.ele ov I5E5.

- w i t r . i r £.5 r i l e s cf h l l m i r . g t o r C i t y l i m i t s

• witr.ir, 1.3 m l i e s of New Castle c i t y l i m i t s

• :iose to rajo" trar.soo-'.a:; or ar : e - i a l s (..£. :,;.:es '•;, ;C1,

a-; -: a-: St a t e - -ign,-,-ay 2"; to :ne ,',-ert" an: -„»-.:' a-,: goo:

a:e-;ss !;111:-,, :-..- a'.' weatner roc-es ;5:a:e r'g.-,,-.;...- ~ an: :-a-:-,t-

Roa: to fa South ans East; ,

• :,o in;leatl:" ;.-' s l g - l f l e a r t a i r , wa:er c- noise pcllu^O".

fro- a c t i v i t i e s 1 r. :ne su.-rcur.ding area.

o A':: u t i l i t y se-vices a-e- ava i ! aB Ie and close.

C r i g i r . a l ' , - tne t i t ; - ,;;.: t:. tt cevclopud By the I,;.-. Cittl;- vOu-ty Cjocrt-

r:e-t o'" "a'ks are R t e r e e t l o - ,'",-• , raving see- el v e r t: tne :-:, sy tnu

Co.-ty, :-:vV lua:-;ctc: co-.ta-lrctle-. -f grour.e vat-;." was co-''lrrc:, h-,....-

e.:", t-; :.,, ̂ stlc :;-.-:.- :oo£-tr-,-: e^ - . p i l e ,.-.rr;s ';:„ ,-.;AR l̂ "| 9 8 9



respcnslsi 1 i'.y cf invest! get 1 -.; ar.; correcting the proa i err, Upor.

eo.-ripiet lo- of tr.fi rer.a:! i 1 tatier. oroject, DP*' r e s p o n s i b i l i t y w i l l Be

reduces to monitoring water quar.:ity and m a i n t a i n i n g the environmental

control system,

C-e-r.er,-' Car'trfirtf of tne S i t e

Some constraints co e x i s t at the site which w i l l influence u l t i m a t e

-e.se;

• ionc- s e t t l i n g w!!' o::.r or. the ne,., s i t e after lar.d'i',' ing '

is cornslete,

• .oe: Beari n g caoa.I I i t i c s or. tne new s i t e w i l l C.E* restricted,

A-.y major structures w i l l recuire p i ! ings.

c Trie, s i t e is loKte:a;_'a:er.t to a wet la-.:s area.

• 7nc s i t e , c i v i Q & d By Arrr.y Crec-K, is lo:a:e; i r trie ''loo: p l a l r ,

Flr.c' use d e - l : - -..s: aceejately aecor-iocate oc'.er.'.ia' ''loo;

waters i r. or:-:-'- :o Bro:ec: adjacent lane use'..

• Tr.e .lar.goller L s i e f i l l an; tne new s i t e nave functlo'.e; as

e r.ejsr ree-.arge e-ee ''or tne Artesiar w i l l f i e l c s , F l l l i r . g

in tne new s i t e w i l l result in a gro-unc-water recharge loss

«r, ;tr. sno.lc Be cor-per.sett: fo" ir tr.e reuse- p l a n ,

• Tne Jar,go! ler. are; is locstec in the Create- »'i I'r.lngton

Airsor: crash ".s:are zone e l a s s i f icat lor. o1' l l r - l t e : crash

hiztrc ootcitia'. ".-•,!;, howe-vcr, should not s lor If i c e i t l y

l l - l t r e.s.ec-sleo-atlors. A R I O I 9 9 0



"•- A! te-r.at 1 ves fer Reuse

A l t e r n a t i v e s ''or reuse are now prie-'ly cise.st-ec anc screened to

two candidates for subsequent evaluation, Reuse categories have

beer, Broken cown Into recreational, c u l t u r a l , i n d u s t r i a l or r e s i d e n t i a l ,

anc do nothing,

Resre?: ior.e! Use

,K',£Jor a l t e r n a t i v e s for recreational use are a:

• park wit,-, a lake

• Part; witnout a 1 ake

• golf co.rst or pl:sr, arc o.tt eourse

A ?a"k wltr, e lake- wo.Is consist o; approximately 6c acres et-eleatee for

a c t i v e a".e p a s s i v e re:rea: ioral a c t i v i t i e s , These a c t i v i t i e s wo.-is Be

'-oce'.ec o- tr.c so. tr.err, section c-' the property, A:;.: 3- ae-e; wo.Is

p-eeo-.t a lake, asjolr.lng :ne so.tr.err. Bank of Ar*;,- Creuk a-.e cohering

ar area northwe-e to tne *-e.ir. Central re 11 roes tracks,

Tne perk without a lake option w-o.lc be s i m i l a r in fund tier, to tne

prevlo.s optic.- except tnet no water-relate: a e s t h e t i c s or a c t i v i t i e s

woulc be a v a i l a b l e . S l t t ocvelopne-.t for reuse woulc require Desk-

f i l l i n g t.-.c re.-.a: i 1 1 tetuc ''c-xcavatc-d. a-ta- to a flu-;tr, cuc.ve in; seasonal

r.'gr, water teei e - l e v e l . Eotr, t.-.is option arc tne oa->. v.-lti c icke cat ior,

wi i 1 se reteir.ee for ev '
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Tne t n i r c B a s l e r ecreational use eo"siaered was creating a g o l f course

or clter-, anc p.t: course, Prei iir.i.iary a n a l y s i s i n d i c a t e s that t n i s

alternative woulc res.lt in uncerutiIization of tne s i t e , oe Inconsistent

w i t h the recreational neecs, and be less cost effective than the park

a l t e r n a t i v e s , Golf courses require about 10 acres of lane per hole.

A. property size o-' just over 100 acres woulc accommodate only a nine-note

golf course, Experience has shown that nine-hole courses are not attractive

to tne pcie-.tlal use- soaulation, Furthermore, p i t c h and putt courses

are most successful wne- locates asjacer.t tc e f u l l - s i z e ; IE r.ele

cou-se,

'ie,', C a s t l e Cour.ty p r e s e n t l y has two lo-hole golf courses: Gree-.r.ill Golf

Cou-se lo-estec or •.-,<= no-'.nwes terr, c l t - . ll-l'.s o; »: '--! r.gte- a-.: De'.eastle

Ce-lT Course,,o;atc-e aoo.t six r i l e s ,-.cst of n l i r i n g t o " . Tnesc a p. Bear ;o

ce aeso.-,o:a 11 r.g tr.e regior.'s neces s a t i s f a c t o r i l y .

Costs essoclatec wltr. a J--i;'e g e l - ce.rse woulc pe for tecs''!', l i r e tie

oic ! a - e f l ! l s i t e e"c development or' tnt course, Bass'" i ' 1 Ire C. .CIC ,OCC-

c u e l c ya"ss te cor',-;- Back UP to graee cc.ld cos: as m.cr. as Sc,«::,:::,

Developing :r,e go l f course wo.Id ac-; another S5CC,000 to S!,jC:,CC: vc

tr.c- cap!:a! i n.-es t.-.c--.:. ! r, a e c l t l o r . , operating ar,; p,a ir.tenar.ec costs

v.o.ie Be t i gr.i f ics-i ly r.igr-.er tnar, tnose associated w i t n a par,.,

C.,;.ra use ce.:t- ;-o.!ae "or ir... e-r,e cr ; cor-.e 1 r.at 1 o- o'' t;t!-, I t i e s 1 1 se an



couie oe -enovutec i r. tne r-.lstorica! s:yle appropriate for tne perioc 1 r.

w.-.icr. Colonel Grantnar was a nctec f i g u r e , T n i s option would also corr-

piemen: tne- B a s i c recreational uses aiscussec above,

G e n e r a l l y c u l t u r a l f a c i l i t i e s snoulc be locates In areas whicn have adjoining,

cor.Batiple lane uses a.-.e wnicn are conveniently a c c e s s i b l e to a large popu-

l a t i o n (e.g., in or near a major c i t y / . More than 50 percent of the aroa

BS.nclng :r,e L l a n g o l l e n property is ur.aer exis:ing or plannee i n d u s t r i a l use.

Tr.ls s':.at:c." Is net csr.d-cive to a t t r a c t i n g a c u l t u r a l use p o p u l a t i o n ,

Cult.-a! cer.'.crs t v p l c a l l y serve a regional or large- service area. Tr.e

loeitlc,- 0'" tne Llangslier. s i t e inslsates tha: :ne ties: service size wo.Is

;e '.",;'. cf'lr.ec :y a c i s t r l c : . For tnese reasons, p l u s tne so-.stre ir.ts imposed

o- st-.ot.-e fo.n;at lo-.s , it is f e l t tnat a reuse w".!cr. is f u n d a m e n t a l l y

;.' t.-a ' ' -. -or !e"te; Is net tr.e most pra;:loal a 1 terr.at 1 -,-e .

t x t e - s i v e reuse a l t e r n a t i v e s consice-ee were:

• i nc.st" ie I parN

k r e E l c t r t i a ! rio.sing

k ne,> i a r c f i l l on tne ole L i a n g o l i e r , s i t e

I n d u s t r i e ! lane use- neees i r. tnt v i c i n i t y of trie Llango'.ier. a"e; are

airer.:. ,.,;•!! pla-.nc: w i t - s.''''ic!cr,t It,".; allos-u-; :';• ea ,c-lor,-.•.-.-, t.

exa.-Ble. a le-g, t r a c t C'" lor: -,fl:.prc,,ir,;. te! v 1C: a:-,= , . Jt[jr.|. Q '|



L1 a n;e.. 1 e-" arec . ".es Dc-cr aculeate; tc ar. lr.;.;tr a! pa",., De-. elopment

Is c u r r e n t l y ur,serwa>,

P i l i n g s woulo also Be requires at the new site prior to any facility con-

struction, Tne old l a n d f i l l site woulo a l s c require b a c k f i l l i n g to grade

before any construction a c t i v i t y couls commence,

R e s i d e n t i a l housing was also excluded from further consideration for many

;•' fe sa-e reasons, In ac-eltior., tne san: an: grave! ODcratlcr. cue east

cf :r,e property r.a. continue Peyon: tne :lme for s i t e re.se preparation.

•uC" I n c - u s t - l a ! a c t i v i t y wo.lc only jeopardize :ne rr.er-.et prloe an: turn-

over rate 0'' adjacent h o u s i n g ,

Tne f I r.£ 1 a'. torriut i ve consise-e; for ems lev'- r.g e x t e n s i v e use of trie s i t e

,-.as ceve 1 :p-.e-r,t c' ar,c:r,er iar.;*'Ii! or tne ;i: lar,;'l!l s i t e . Tr.ls a'terna-

11 ve wOu ! ; ! rv; 1 •. e :

«' Gracing a-.; lee-.-" I', I i r.g to e aeptn s u f f i c i e n t t; sever tie water

• I n s t a l l i n g a leaenate c o l l e c t ior, syste- ar,; gas eel l e c t i o n System,

• L a n c ' i l l i n g w l t r s o l i c waste to a preceterr.l nee f i n a l grace,

• -resar'n; s i t e fcr u 11 i r.-.a t e reuse,

Trie so.t.ierr. pa-t of tne proper'.;, o; c o u r s e , - c o - i c - BL- d e v c l o i e c uoor com-

p i t t i o r . 0*" rena; 1 1 1 tu t i e r, ar,; user. Wille t"e ne>. ic-.:".;'. opu-at!cr. *,;$

ARIO|99l| .
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W.-l Ie tr.Is a l t e r n a t i v e 1; a t t r a c t i v e - fror, tne standpoint c*' B e i n g an

interim reven.c- generator with no severe traffic or lane use impacts,

three factors oi s c r e d i : t n i s approach. F i r s t , it is ir-perative that tne
•Ult

p o t e n t i a l environment impact of/Weuse a p p l i c a t i o n be minirr.izec. Anotner

l a n d f i l l operation woulc compound water d u a l i t y monitoring in tne area,

The r e h a b i l i t a t i o n project w i l l be done in a manner to safeguard all water

sources, nowever, tncre e x i s t s another l a n d f i l l operation just cast of

'.'••-, p-oe-e-'.y w r l c " nsy ae con:ributing to e x i s t i n g grsunc water con tar.; i net ion,

» l t r . :ic- exlstc--.ee- of tr.ls a s j o i n i n g p r i v a t e i a n ; f ! l i , 1: Is eest to m i n i m i z e

t.-.t r.jr.Ber cf a-e;s res.lrir.: close- supervision.

Seeonelv, tne ne.-, s i t e is p r e s e n t l y a e t i n g as a g-oun; water rec-.arge area

•'or tr.e A r t e - l e - . w e l l f i e l e , as c i s c u s s e e e a r l i e r , if :nc- e-.tl-e ular.go! !en

aree were seele; ,r.e v e r t i c a l movement cf pree ipi tat 1 or In:: tr.e g"0und water

t e c l e , a; v,;.le PC- t-.e ease -,..'t". tw; l u r c ' i l l s , t-.e" reer.c-g-; c-*'.ciency w-oulc

;c s i g-.l ' 1 car.11-. reeuee:,

r: r,a , ; . , 1 r.;, u' * . e. e", t ee . t r -u t e - i c , wo.-.e e-e a-, a . i a e . e 'or o^.retin; tne

r.e... s i t e . As .-._:- a; -CC.CCC c.pic sarcj would PC- nee;ee a: er asoroximate .

t. vc was ce-;.--..-: i nor..:, rc-r -r ic tc- and w . l . not Be Ciscusse; i -. t:;c- 'c i 1 o.-.-i nt

see:10",



suD'ecteu only to l a n d f i l l s i t e c l o s i n c procedures a p p l i c a c l e In the

State of Delaware. At a minima-., t n i s would inc l u d e a p p l i c a t i o n of f i n a l

cover ana seesinc on tne new s i t e , anc gr a c i n g tne excavated area to prevent

danger to trespassers.

Tr,e or.ly prosier witr, t h i s a l t e r n a t i v e is that it uoe:, not meat the objective

of m a x i m i z i n g s i t e u t i l i t y . W h i l e t n i s alone woulc not excluse tne option,

It must be cor.paree w i t h competing a l t e r n a t i v e s , Such comparative a n a l y s i s

!r,;ica:es, :r,a: a r.usr rr.c.rc- fevera.le cost-benefit r a t i o wo. 1; te r e c l l z e c

1 •' a per., .verc- Develops:.

D.3 E v a l u a t i o n c'° A l t e r n a t i v e s ,

In :ie preceding clscusslor ;•' re.se al t e r n a t i v e s , reuse objectives wc--c-

' r'Bos ee c r ua e". a . te r r. a: i ve , Tr 1 s resu 1 tee i r, exc 1 u; i r e a i a : c .-.-IP : ; ves

exeee*. :w;: a pa-'. v.!:r a lavi ^ar.. v.!:r; uG^e ane a pa-'. w.:nout a lase

.'"ar<\ . Tr.c-se cor.elcutes arc no,., evaluate; an; compa"ee or tr.c- t a i l s or

f u l f i l l i n g t n e reuse objectives.

P.ax 1-1 "g t :on c.; S'te I ' t l ' i t v

Tne s i r - i li"! ty betneer. tne c anoldate re-use ai terr.it Ivet 1; ev'ser.t, 5otr,

are outdoor pan.;, witn recreational f a o l l i t i e - s . Tne Parr, elurnetive would

conteln nore lar.c-o-lcr.tc:; a c t i v i t i e s , ho.vcve-, tne uter p o p u l i t i o r , is

no: e/.pe-etec to overlooc tne- a v a i l a b l e land arc-a or a c t i v i t i e s for c l t n e - "

a 1 te rr.et 1 vc .

A R I O I 9 9 6



D:.-A", *.',',: NT CF FAR u AND REC?.;ATIGN
NEY,1 CASTLE CO'.NTY, DELAV.'AF'.E

PLANNING SERVICES 5!D-? August-!, 196d

rOLICV-1.-: CC'JN̂ '-'.V!.': PARKS AST- RECREATION STANDARDS

•: - -U I »t< ' *" ^̂  U f* r"•— n . r "-'I ? .•? j; - •£ !E
? 1 ''=" 1 I o •-- S "i
7 -5 T 7 £ -1 '* •*• 1c c :; rs c. c rs r\ 2

O

jE " '- -i •' -

c _E
i <

i u

u.- •<'._. '

<KL! 7 T;! S

-a — L_ I C. £ wg uo a-; f \ •"-1

^<T
- . . _ - - ! . - " '
V U P IC T t; s <• ' r r> :_' S: v- c •- ~

I £ tcS 5 ̂w ^-, '
rS v2 id:

•E = s '5. r ;^ s • c «j rT ri u 5 i~ c -, | •; „ _
u - ̂ "

AT §
. - -. - c - r

• o o £ '? -2 ". — *. c ^ c

pl ?-£ t.^

-")J



Tne s c e s l f i c ree-eat Ic-'.a ' f a c i l i t i e s olannec are lis'.e; i r, tne r.ixt sec'.icn,

Conceptual fu-use Plan, Tne Basic difference in tne a c t i v i t i e s
1 1

nOulu be a c e i t i o n a l p a s s i v e use ^nature areas, p i c n i c areas, lanascaping,

open fields, etc,) for tne Park alternative. Suffice to say tnat imposing

t n i s c r i t e r i a on cotr a l t e r n a t i v e s does not leac to favoring one over

tne otner,

7.3,2 r,prpa* If.''':-. ..'f. Lend Use and Regulations

gro-nc water contamination prob.er.-. at t-.e

Llar.goiler. L a n c - ' i l l , Ne,-. Cas:le County a s s i g n e e tne Courty Ce-pa rtner.t of

5fir-.s an; Kee-eetlcr ,C??,) tc p l a n an: develop tne s i t e . At '.rat time,and

ever, now tne C-?. rc,oo~.".en:s a d i s t r i c t par,, nitr. prcdc.-! r,a •"• t i) a e t i v e use

•ter.-.ls courts, t>ase:a',l anc foot;;-': f i e l d s , tasi\etEell ctu'ts, etc, ,

Sot", lar.cidcte a 1 te-r.at I ves are B a s l e a ' l y corsisten: w'tr. J-r, p l a n s . ~a;le

",' ce''lnes tre rec-ea 11 c-,a 1 f a e l l ' t ; s:ar,;a-:s i r, !,c-,-. C a s t l e Co.".-.-,,

Tr.t o r i g i n a l s i t e v.as *~ acres. C o m b i n i n g the new s i t e r e s u l t s i r. e t o t a l

area cf ICC aeres. .ver ,-.!:r, t h i s a c s l t l o n a ! acreage, DP.-, i n c i c a t e c they

i-.-o.'c s t ' l l p'c-'c" r.;x'-1 zir.g asti.-e land use. Tne reason for tr.'s p o s i t i o n

is- t-.at tne twc .",;• o" "c.;-;1. parf.s na-.c or v,i ! i nave v^e tc-r-or! crtcc uses.

t.'.-c - . l i e s r:".r,,.,cit ':f t.".e- u! a n g e l Icr, are-u, it contains v a r i o u s a c t i v e

ar,; p a s s i v e rteret 11 or, a 1 f a c i l i t i e s ' I n e l u e i n g a s.-. i-"." in; pe:l co-.:lexi

c- a 17--a:'e -,a-r:-.. r/,c:. C'.t-.s< 1*'it: n a re:!onal pa.--., Its r.ort-,crr



the river an; all recreational f a c i l i t i e s . ,'\o swimmin: in :ne river is

allowed But canoeing is oossl&le

Tne o:ner pa.-r,, Cm-el a riser. Farm, is losated less than two m i l e s south of

the Llangollen area, Tne portion of the s i t e southeast of State Route S

(about I9C asres) is almost square in shape and is Bounded or, the south-

east by the C-elav,are R i v e r , W h i l e no plans have been developed by DPR,

preferences lean toward passive use (nature study area) and msybe a

marine on tne Delaware River, The portion of the s i t e northwest of

S t a t e r.o.te J Is ";.:- s m a l l e r iaacu: ;» asres; and is intense: to be

oev-elope: f;- very a;: ive- use,

"ne L l a n g o l l e n area, however, w i t n tne a c s u i s i t i o n of ~S, more a;res,

v. 1 i ! resui; ir. m:rc- land a v a i l a b l e for oevel ipmen; tnar, was f i r s t envisioned

ever, v, ' t", e l^.e, "nerefo-c- , it Is Bel levee cr.st e i t n e r a 1 terra: 1 vc- wo. Id

Be aeeeptaeic- tc C:.:. use inter.: ions . Tne ler-.e area (aso.: ie acres,

associate: .-.!:r. tr.e !a-,fc o::lor. wo.lc Be w i t h i n the c ' i ' t r l e t pa->. s i z e

s:ar.c;-es ,;H - 7; acres) , tr.e c l a s s if i ce: icr, o r i g i n a l l y inter.ee;.

Tr.e prepcsc: I*-:; p:ar for tne l,e-,-, C a s t l e - i>:pe- Cnrls'.lana Planrlr.g

C!s:ric: c a l l s for a d i s t r i c t pari-, to be-loea:ec at tne L l a - i g c - l l e n L a n d f i l l ,

"ne P l c n n i n ; I.tpartmc-rt I n d i c a t e s tna: tne a-ta ,-,ne-e tne- new sl'.fe w!!i

be ace-ulrce is -p-epcte: for indus:rial use (office researcn! cr, :n.e west

an: f-r i resource- C"o:e::!o- area (s:rea-r. v s l l e . - , flc-od p'air., morsr.landi

on tne ca:t. "ne lr..ustr!al use area (shown or. the P l a n n i n g D e p a r t m e n t ' i

13:'- .an: use '-'as is ;-.ite larce {;CC - •<'.". a;res;, n o.-. c .- 1 r , s: ne lar.:-use

"



Tne property's southwest Boundary acjolns the Llangoiler. .states s i n g l e -

fa-!!/ r e s i d e n t i a l development, wr.lcn is no,-, complete. The price range

of the homes (almost 3C3; is Between $56,000 and S1CC,COO. E i t h e r candidate

reuse pl a n w i l l provide an excellent neighborhood resource,

F.edu let iors

W n i l e , at tne time of t n i s w r i t i n g , it was not known whether the- existing

zoning and suB-c'ivi t ion reg.latlons were consistent with :nt reuse plar,

a l t e r n a t i v e * , nc un^s.a! prc:i£-r.s are expected wnisr, woulc delay imBle-.en-

t'tior, c*' tne reuse p i e r .

7.;.; A.sjuranse- of :rvl ron-e-.tai Control

Tr.e irnsast c-' tne rena: i 1 I ta: i c-i project on eithe' reuse a l t e r n a t i v e

w i l l bt ne-!igl:',c, Tne gas e e l l e c t l c r and leacnate c:! lee: ior and :rc":-

me-: syste-.* w i l l :cr,:rc! ary poil.:ants generate: a: -ne new s i t e . F i n a l

slope; v. 1 1 1 oe d'esis-.es :; potn a::o: — o:ate reuse ar.: fe:!li:a:e pree!:!-

t a t l e r . runsff, ?.e:-ea: lone ! f a c i l i t i e s an: support structures w i l l Be

locate; In areas where sett ie-ert w i l l be- rir.ima! cr non-existent,

£!'.= re-.se v, i i 1 Be cc-ilg-.e: -not tc interfere w i t h post-re.",;:: 1 1 i ta t ion

control prosedureE-- lea:ne:e solle::ior. and treatment cr gas c o l l e c t i o n

ane d i s p o s i t i o n , nowever, s i t e rc.se can neve a d i r e c t impact on the

e f f i c i e n c y o.;' recnarg;- to the underground water tat-le- ccr,r,cstcd to the-

!• r : e s i a r. - w e l l f i e I c .

If the reer.arac- "-s: be -airtair.uc,

,-.-.-•.: p-u-'t u: t: t.ne na-tui'a! :*;:;, a; s.ggc-s:ec



ir. tne Pa.",, Al t e r n a t i v e , then special design elements would be resulred

tc Tostc-r recharge te :ne asuifer. Furthermore, precautions against

localise; flooding wcuic nave tc be ir,ade;since the s i t e is p a r t i a l l y

dor.taine; in a flood p l a i n ,

M i n i - l i e 'js: p-' Implementation

Tne eor.sara: ive dos: of implementing various alternative plans is frequently

tne d e c i d i n g faster of selection. This could very we l l be the cose here,

considering the two ai:erna;ive reuse plans under question,

i: is e s t i m a t e s t.-.ii tne Par-, wl t r , L3-,e A l t e r n a t i v e would eos: about "52C,000,

wr-.icr, wo.lc vary ir. accordance wit.n the type an;' size of f a c i l i t i e s anc

:,nc- overall style c-f eeve 1 cs-er.t. The Par-; without Lane Alternative would

cos: consieeraBiy more, perr.aps as rr,.-s,n as Sc m i l l i o n more. Tne- cos: dif -

ference 1- a l m o s t e n t i r e l y a t t r i s u t a t l e to tne need for t-a-sf i 1 ! ing tne

xsavates r.cle, estimate: at 2 m i l ! ior, cuBlc yards at SJ.CC se" CUB!: yard.

>:-•: aes'ltlcr.a! ca:::a! wcul; Be i c ^ - l r e c for landscaping and p r c - . - i d i n g

a d d i t i o n a l a c t i v i t i e s ~- the lane area which was designate;' a lor,e in :r,e

Par-, w i t n .£--,c A l t e r n a t i v e ,

Ass.T.Ing tr.at s i t e - reuse w i l l ae conceptua! s i m i l a r to :ne two candidates

d i s c u s s e s , trier, tne C~; wc.le be responsible for s i t e reuse development

an; associate costs. Tne D^r, would continue to pay for environmental

control cests ar.c. to corrc-ct any major settlement pro.! ems.

e

. . . . . . . J|RI0200I.nt -a:-. ,-. it» j.0.,t e;-;c:t wo.ic provide tor so:-, oast.ve an: active, rc-;re-

a t i en use, i n e l u e ' " - i. lar.-;- ar,: c- pen:, ; 1 te de-.'c 1 opmcrt an: - e l a t e ; expenditures

i l i i i l V . " ) J



to,-..-, in;; tnree categories:

• S i t e 'reparation and LandSdse-ing - Cost items wo-lc include trees/

revegetat ior., rip-rap at the i n l e t and outlet cf the lar-.e, additional

cover m a t e r i a l as needed, etc. These items represent between

1C and 2; percent of the total investment,

• A c t i v i t i e s - A c t i v i t i e s would include items sucn as t r a i l s , foot-

bridge, picnic area, sportsfield, p l a y f i e l d , tennis complex, and

pcniu-BS a boot launch and sw inning beach, Runovutlng tiic

C.-a-.tr.ar nc-use in a h i s t o r i c a l context could a l s o Be considered,

A c t i v i t i e s w-o.lc represent between 2C and -iC percent

of tne total c a p i t a l exoenditures for reuse.

Supper: F a c i l i t i e s - Tnis category encompasses Items l i i s t roads,

per.. ins, maintenance b u i l d i n g , u t i l i t i e s , l i t t e r sas-.e:s and signs.

Tr.esc c;s:s -ap-esen: Between ;; and $• percer,: cf tne total reuse

•

G e n e r a l l y , a c t i . - i t l e s essoclate: w i t " active use increase as one proseec's

ea-.ti-.ars on tne s i t e , "n i s accommodates r e s i d e n t s of .large-lie." Estates

as w e l l as places'active use f a c i l i t i e s adjacent tc sardine anc tne existing

ue;e-:S rcu.. , C-c-r.-.r-,;--1 P.o;;. T."ie naturu aruu and p l a v " icl.s wo.l; be uuc-

ne-rtn of L! anec.l 1 cr- E s t a t e s . Tne s.o;-".sf Ie !cs , tcnr.l- co-pi;?- anu r.;a l.ntunar.ee

o . l l e l n r ,-;;-.1; DC- no-tn ef tnc o!ar~,e: !n:.s:"!al use- a-ee, -• ,-,o;:e; p i c -

'



p l : n l c area woul; cor.'.air. tne- only extensive wooded area not Bordering

the la,\e, Tnis lo c a l i z e s tne neec fo- increased s o i l deptn or. the new

s i t e , thus m i n i m i z i n g the complexity cf the l a n d f i l l operation during the

r e n a o i 1 1 tat ion phases.

A ptdestriar, and b i c y c l e t r a i l circumscribes tne laKe and pond, thus

f a c i l i t a t i n g access to all Boints in tne park, Tne land pordering tne

railroac tracks extcnas southward into the water arens at two ooints.

Tne extended lane area on the west forms the fish pond, and the one on

tne- cast p-ea,-,s up tne monotony of tne nortnerr slope. Together they

ec.' ar..ie*:-,£t ica) K p l e a s i n g vie,-, tc people south cf the lar.e an: encc-.raae

f u l l u t i l i z a t i o n or" tne park, A grass\ mound, locate: a: tne so.:neas:ern

cc-ns- if tne parr., provides a v i s u a l B a r r i e r to ne ignoor ing I n c u s t r l a l

de.-elo3-.ent w.nilc f u n c t i o n i n g as a "leo-.-o.-t" ocin: for :.ne e n t i r e sar,;.

Sr.;.-. sle:;!n: in tne winter would a l s o Be p o i s i e l e ,

!-:ic-=nta:ic.-, S:re:e:-,

Fl's: an: fore-,;-;: is the d e s i g n an; acceptance of a reuse p l a n , Tr.is

.-.i,: be a;:e-c! Isne: p.-lcr tc d e s i g n cf tne renap 1 1 i ta: ion p l a n tc ass. re

c-cono-,- ir, tne e n t i r e orog-;~, D r a w i n g ar.; cocumenta: ion s.no.-lc f u l l y

i c e r t i f y i n t e r f a c i n g reeu 1 rernents between the renab! 1 i ta: ion orojec: and

reuse seve'cpme-:. These inc l u d e suggested locations cf tne leaenate treat-

ment f a c i l i t i e s ar.i the gas venting system, Ground s t a o i l i t y , pos: renapili-

:a:ior, s-,o.l; oe i d e n t i f i e d in aoBresrlate sections of tne s i t e , Any and

a i l s p e c i a l re"'usc- g-ases a n ; f i l l ceptns shcule B e i c e - t i f i e s ; e.g., f o r

/IR 1 02003



Forwhich w i l l enaBle- P-arr, development tc o:our over & perlo: of tir.;e, Fc

instance, if renasi i i t a t ion operations commence -in tne western oortion of

the s i t e , tticr, tne Bond area can function as a r e t a i n i n g b a s i n for upstream

' and uplanc area runoff curing heavy precipitation periods. Discharge of

water from tlri i n t e r i m catch basis could be controlled to minimize r e h a b i l i -

tation operational problems. Wit" proper sequencing, the p l a y f i e l a could also

be developed early to provide early usage to the neighboring community.

At tne completion cf rehaB.i I i tat ion. the slopes w i l l hove been seeded.

Parr, development at t h i s time should begin with the establishment of the lake and pc

configurations, followers by revegstation and construction of the pedestrian

snc o i c y e i e t r a i l , As,:ive-use areas are better developed after revegc-ta-

tion has Beer, f i r m l y estasl ishec and i n i t i a l s e t t l i n g nas suosidcc. E.Using

tne boat laur.cn (for s m a l l s a i l i n g craft) and the swimming beacr. woulc best

oe a:co~.s! isned las: and after the lake anc pone nave -eaone-d ec.l 1 IB-IU-.

anc are o-oven safe,

In summary, site reuse ane its development could commence i m m e d i a t e l y

after r e n a e i 1 i t a t ion, if net before in tne western area. F i n a l ceveloo-

ment can occur at tne d i s c r e t i o n of the Department of Par^s an; Recreation

ane in accordance witr. the County's d e s i r e s , F i n a l development may extenc

in t o tne f i f t n year or l a t e r after the completion of the rehap 11 i t a t ion

project.

The u l t i m a t e result of reuse development w i l l be an excellent pa-., resource--

one tne County can oc- prou; of owning and one the community anc s.rrc.nelng

d i s t r i c t Co- enjov fc- years tc co-e-,

Ml 02001,


