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According to State of Kansas Solid Waste Regulations, small municipal land fills
may be exempted from the design requirements in KA.R. 28-29-104 (requiring phase I
and phase 11 hydrogeologic site investigations, liner and leachate collection systems and
monitoring) provided the following demoustratious can be made.

1.     The landfill receives and disposes less than 20 tors of municipal solid waste daily,
based on an annual average.

2.    The land fill is located in an area that receives less than or equal to 25 inches of
precipitation on an annual average.

3.    There is no evidence of groundwater contamination from the landfill, and

4.    There is no practicable waste management alternative.

Most of western Kansas municipal land fills fall into the category of small landfills.
The questions often posed are what should be the minimum requirements for small
landfills for protecting the public health and environment, and what the risks are for doing
nothing, i.e., imposing no regulations for small land fills.  This report provides some
technical guidance, based on HEI.P landfill simulations, towards addressing these
concerns.

To address the posed questions, a representative or typical western Kansas small
landfill needs to be identified.  After briefly examining the available infomation on landfills
in Cheyenne, Greely, Rawlius, and Wallace counties, we tentatively concluded that the
Wallace County landfill, being a representative western Kansas small landfill, had the more
detailed and probably reliable infomation for answering the posed questions.  Table 1
profiles the Wallace county land fill.

The tcol we employed to evaluate a number of conceptual small land fill scenarios
based on the Wallace County land fill is the well known IHIP model.  The base case
land fill scenario consists of a 5cO ft by 80 ft waste cell which is 25 ft deep and is underlain
by a water table at 45 ft below land surfuce.  Temperature and precipitation data (1951-
197® from neafoy Sharon Springs, and other climatic data from Dodge City, Kansas are
considered representative for the study redon.



We evaluated, using the HELP model, the significance of having a land fill cover
versus no cover (see Table 2), having a liner versus no liner, having a leachate collection
system versus no such system, and any combination of these options.  We also evaluated
two different slopes (2% and 4%) and two different slope lengths (500 ft and 250 ft) for
the leachate collection system, and two soil composition sets (initial and modified, Table
3).  Table 4 details some HELP case runs employed in this study.  Figure 1 displays the
annual precipitation and air temperature for a twenty-year simulation period employed in
this study.

It is worth noting two non-standard exteusious of the HELP model we employed
in this study.  (1)  Instead of simply calculating the leachate produced at the bottom of the
land fill liner, we calculated the leachate quantities at the water table by inserting a vertical
percolation layer, representing the natural soil material, between the land fill bottom and
the water table.  (Later on we plan to employ the MULTIMED model to evaluate the
attenuating impact of this vadose zone.)  (2)  The HELP model does not allow including a
leachate collection system without having a liner underneath this system.  Because
FroH&E was also interested in evaluating the impact of a leachate collection system by
itself, without the presence of an underlying liner, we "tricked" the IHLP model in
simulating such a case by inserting a "pseudo-liner" under the leachate collection system
of the same composition and physical properties as the rest of the underlying naturally
existing vertical percolation layer.

The results of all these HELP simulation scenarios are summarized in Tables 5
through 7.  The worst case scenario (no cover, no liner, no leachate collection system)
results in a land fill leachate percolation rate to the water table equal to approximately 10%
of the average annual precipitation.  As shown in these tables, any combination of landfill
cover, liner and leachate collection system will significantly reduce this leachate
percolation rate.  The results show that landfall cover is extremely important in reducing
leachate percolation to the water table (Table 5).  1+andfill liner is most important when no
leachate collection system is in place (Table ®; it becomes less important when a cover
and leachate collection system is present (it decreases leachate percolation to the water
table by an additional 3-7%).  The landfill leachate collection system becomes most
important when no liner is present in a land fill with cover arable 7).  When a liner is
present in a covered landfill, the leachate collection system becomes less important (it
decreases leachate percolation to the water table by an additional 7-10%).  All summary
tables (5 through 7) quantify the impact of any cover-liner-leachate collection system
combination on leachate percolation to the water table.  Table 8 ranks the relative
importance of these scenarios with respect to their efficiency in reducing leachate
percolation to the underlying aquifer.



Table 1

Wal]ace County I+andfill Profile

(Adapted from AGD Services, Inc. reports)

Location:  Forty four acres located in the SE 1/4 of Section 3, and the NE 1/4 of Section
10, both located in Township 14 South, Range 40 West, two miles south of Sharon
Springs, Fdsas.

Operation Authorization:  1974

Topography:  The active portion of the land fill is situated along the north side of a
northeasterly running intemittent stream channel.  Side slopes are up to twenty percent at
the.east end of the property.

Site History and Operation:  Trenches have been dug and filled on the west-central
portion of the land fill property, all on the north side of the draw.  Expansion room is left
to the north and east.

Geology and Soils:  The local geology consists of soils of the Colby-Kin-Midway
Association (silty loam to silly clay loam) underlain by Pleistocene I.oess of the Sanbom
Fomation.  These fomatious are underlain by the Miocene Ogallala Fomation.  The
Ogallala is an unconfined aquifer and is the primary groundwater aquifer in the region.
Bedrock is the Cretaceous Piene Shale.

Groundwater and Monitoring:  Groundwater availability in this area is limited.  Three
monitoring wells ranging in depth from 50 to 58 ft were installed at the land fill in 1993.
The static water level was 41 to 46 ft.  One well was dry.  Water analysis from the wells
indicate no adverse impact on the groundwater has occurred at this landfall.



Table 2.
Wauace County Lendfill - REIP sinulation data

No Cover              Cover
Evaporative zone Depth ----------..----------------------      12 in.

Max. Ifaf Area Index -------------------------------------       0

Percent of Area w'here Runoff is possible -------------      0%

Runoff airve Number -------------------------------------     70

Weather Station - Dodge City, Kansas; Sharon Springs, Kansas

Growing Season Stalt Day - Default (Julian Day 102)

Growing Season End Day - Default (Julian Day 298)

Avcragc Wind Speed - Default (13.9 mph)

Quarterly Relative Humiditics - Default (64%, 59%, 57%, 62%)

18 in,

2

80%

80

Jan    Fcb    Mar    Aor    Mav    Jun    Ju]    Aug    Sco    Oct    Nov    Dcc
Precipitation-       0.40      owe     1.17       1.27      2.co      3.i7     2e4     1.85      lee       i"     0.75      a.45

Jam    Feb    Mar    ADr    Mav    Jun    Jul    Auf!    Set)    Oct    Nov    Dcc
Temperature-       31.9     35.9      41.4       52.9       633       73.6     79n     77.1      673       56.1      41.6      335

Tempcnturc and precipitation recorded at Sharon Springs, KS for the period 1951-1976

Average Annual Precipitation - 17.38 in.

Area of Individual Waste Cell -0.92 acres

Total Area of Expansion - 12 acres

Slope of I+ateral Draimgr I.aycrs - 2% or 4%

Slope Ifpgrh of I+atcnl Draimgc hycrs - 250 ft or 500 ft

Depth to Groundwater - 45 ft

Simulation period -20 years



Table 3

Soil and Waste HELP Simulation Data

Initial Soil Set -

Modified Soil Set -

Cover = SicL qu #12)
Waste = qu #18)
I+eachate Collection System = S (IIELP #2)
Barrier Layer = SicL alEIf #12)
Natural Soil = SiL alELP se)

Cover = SicL QIEIP #12)
Waste = quHP #18)
Iieachate Coueetion System = Gravel (HELP #21)
Barrier Layer = Cbmpacted SicL QIEI.P #2®
Natural Son = SicL (HRT #12)



Figure 1
Annual Precip. and Air Temperature

Wallace County Land fill
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Table I:  Selcctcd HELP S]mulatlon Sccnarlos

Case fl -Individual Cell:   No Co`/cr. No Lcachatc Collection, No Liner

Vcrtlcal Pereolatlon Layer Oh/astc)
HELp in 8  K = ixi o+-3

Vcrticel Percolation Layer (Natural SoiD
HELP €12 SICL  K = 1.2xl 0--5

Case f2 -Individual Cell:  1.5. Cover. No Lcachate Collection, No Lfncr

Vcrtlcal Pcic. Layer [Covcn HELP 112 SICL  K=4.2xi oif
I                            Vcrtlcal Pcrcoletion Layer q^/astc)

HELP Ilo  K = 1xl 0t-3

Vertical Percolation Layer (N.tural SoiD
HELi]8g s]L   K = 1.9xipr-1

C.se f3 -lndiwldual Cell:   No Cover, No Lcechatc Collection. 2. LJncr

Vcrtlcal Percolation Layer O^/astc)
HELF' fl 8  K = 1xl 0--3

arrlcr Layer uncd HELJ] I 26 Camp. SicI  K = 1.9xl 0^-6

Vcrtlcal Pcrcolatlon Layer quatural SolD
HELpae siL   K= 1.9xio^-4

Evtpo"tive Zaae Depth - 12 in
Meriniml+EafAf¢alzldez-0

5.      ha -OjB ass
Pezceat Aae. Wliere Rrmoff iS Paesble -70y.
hilhi Son Moistun - Fieu C&pecfty
Rrmoff carve N`Brber -ae

5i       EnpontivezoaeDepth-18in
M&rimqml+eef^fcalzdez-2
A"-OjB-
P.zc¢ut Az.. Wbete Rrmofri] Pos3fob -SOY.
hiiialsonMofst`m-FieuC.p.dy
Rrmaff cure N`Bfoer - 80

Evapcalive Zcoe Depth -12 in
MoinnmlieafAze®Irdex-a
ha-OJBe"
P.roeut ^fea where Rmoff i Poasbb -".
hhillSedMo*taz.-Fi.ldCaprdly
Rmotrcmn! Ndrcr -70



Case #4 -Individual Cell:   1.5' Cot/cr. No Lcachatc Collcction, 2. Liner

Vcrdcal Perc. Layer (Cover) HEu] fl 2 SICL  K=1.2xl 0.-5

Vertical Percolation Layer Ph/astc)
HELP Ilo   K = 1 xl 0--3

Barrler Layci |Llncn HELP m2 SICL  K = 4.2xl Orf

Vcrtlcal Percolation Layer quafural Sell)
HELPIg SIL    K= 1.gxl0^-4

Case 85 -Individual Cell:  No Cover, 2' Lcachatc Collection, 2. Llncr

Vcitlcal Percolatlon Layer rwastc)
HELpfl8  K = 1xlo^-3

Lateral Dralnagc Layer HELP #  S  K = 5.8xl 0--3
BarrlcT Layer (Llncd HELP *12 SICL  K = 4.Zxl grf

Vertlcal Percolatlon Layer (Natural Sell)
HELpae siL   K=i.9xio--4

Case f6 -lndlvldual Ccll:  1.5. Co`/cr. 2' Lcachatc CollcctlorL 2. uncr

VeTtlcal Pcrc. Layer (Cover) HEIJ] €12 SICL  K=1.2xl 0^€

Vcrdcal Pcrcolatlon LeycT P^/aste)
HELF] fi e  K = 1 xi o.-3

Letcral DT.Iiiegc Layer HELP ff  S  K = 5.8xlo+-3
B.rT]cr Layer qJncf) HELP in 2 SICL  K = 1.2xl 0+i

Vcrt]cal Pcrcolatlon Lrycr Olaqr&l Sold
iiELpae slL   K= 1.9xio--4

Evaponliv€ZcoeDepth-18in
M.rinrmljofha.Index-2
ha I 0J92 eens
Pcfccul ^fca Wheoe Runoff i! Pcesble -SOY.
IritialSedMoslafeIFhuCapacily
Rnziofrc`mre Nqdr[ -80

Einpordive Zone depth -12 in
Marim I£.f ^ze. Index -a
ha - OjB core.
P¢tceut An. When Rmaff if Pesfble -aey.
IziitialSchMoittne-FieuC.prily
Rmf)ff c`zrve Nomber -70

Erapontive Zone I}epth - 18 in
Marimmlie&fhalrdz-2
Am-OJ92-
P.aced ^zee `htheze R"off b Poich* -ar.
hifielsedMedft`m-Frmc.party
Rinoff chrre NtzBbcr -sO



Case #9 -Individual Cell:   No Cover, 2. Lcachatc Collection, No Ljncr

Vertical Percolation Leycr rh/astc)
HELP *18   K = 1xl 0+-3

Latcral Dralnagc Layer HELP #  S  K = 5.8xlo^-3

Verdcal Pcrcolatlon Layer (Natural Sell)
HELI] 89 siL   K = 1 .9xi or-1

Case mo -lndlvldual Cell:  1.5. Cover. 2. Le.chatc Collection. No uncr

Vcrt]cal Pcrci Layer (Cover) HELP fl 2 SICL  K=1.2xl 0--5

Vertical Percolation Layer Oh/astc)
HELF' fl 0   K = 1xl 0^-3

Lateral Drelnegc Layer HELPca  S  K = 5.8xlo.-3

Vcrtlcal Percolatlon Layer Olafural Soll)
HELpae s]L   K= 1.9xio^-1

E`apor.tire Zone depth - 12 ill
Marirmmlfaf^tealz]dez-0
Am-Oee
Percent Are. Wham Rrmofris Peschle -70y.
hilhisonMoha-F±Hcepecfty
Rimaff curve N`nder - 70

Einpot`live Zoz]e Depth - 18 in
M.innm lfaf Ab. ]rdex -2
Ate,-OjB
Pefoerd Area Wheze mmaff if Poesbb -80y.
[aitidSchtv[o±tars-FidiCep.city
RnnoffcunNt]rfeer-80



fable 5.  Wallace County Landfill - Comparison Of No Cover
versus Cover Scenarios

Lfachate Cidlection Lirachate Lj=achate Peroent

CASE #
Leachate

Liner
Slope Slope Soil Pnduction Production Leachate

Collecto Lenath Percent Sct No Cover flm VIth Cover flnl Derease
35 / 36 Y Y 250 4 MODIFI 1 .234 0.682 44.73
15/16 Y Y 250 2 MODIFl 1.266 0.691 45.42
33 / 34 Y Y 5cO 4 MODIFl 1.267 0.692 45.38
13/14 Y Y 500 2 MODIFI 1 .296 0.700 45.99
39 / 40 Y N 250 4 MODIFI 1 .389 0.719 48.24
1 9 / 20 Y N 5cO 4 MODIFIED 1 .392 0.720 48.28
37 / 38 Y N 250 2 MCDIFl 1 .392 0.720 48.28
17/18 Y N 5cO 2 MODIFIED 1 .394 0.721 48.28
23 / 24 N Y RA RA McmFl 1 .414 0.758 46.39
5/6 Y Y 5cO 2 lNrnAL 1 .424 0.780 45.22
7/8 Y Y 250 2 iNrTLAL 1 .424 0.780 45.22
9/10 Y N 5cO 2 INrTTAL 1 .424 0.780 45.22
11 / 12 Y N 250 2 INrTIAL 1 ,424 0.780 45.22
25 / 26 Y Y 5cO 4 INrThAL 1 .424 0.780 45.22
27 / 28 Y Y 250 4 lNrTtAL 1 .424 0.780 45.22
29 / sO Y N 5cO 4 INrTIAL 1 .424 0.7cO 45.22
31 /32 Y N 250 4 iNrThAL 1 .424 0.780 45.22
3/4 N Y RA RA lNrT" 1 .470 0.840 42.86

21 / 22 N N RA NIA MODIFIED 1 .559 1 .205 22.71
1/2 N N NIA NIA INrTIAL 1 .7cO 1 .330 21.76

* When cover is irrstalled



Title 6.  Wallace County Landfill - Comparison Of No Liner
versus Liner Scenarios

Leachate Cotlection Leachate Lj3achate Percent

CASE # Cover
Lcachate Slope Slope Soil Produdion Production Lj3achate
Cbllection Length in Peroent Set No uner fln} VVlth uner (ln) berease

40 / 36 Y Y 250 4 MODIFIED 0.719 0.682 5.15

20 / 1 6 Y Y 250 2 MODIFIED 0.720 0.691 4.03
38 / 34 Y Y 5cO 4 MO"PIED 0.720 0.692 3.89
18/14 Y Y 5cO 2 MO"FIED 0.721 0.700 2.91
10/6 Y Y 5cO 2 'NmAL 0.779 0.779 0.cO
12/8 Y Y 250 2 INITIAL 0.779 0.779 0.cO

30 / 26 Y Y 5cO 4 lNmAL 0.779 0.779 0.cO
32 / 28 Y Y 250 4 lNmAL 0.779 0.779 0.cO
22 / 24 Y N RA RA MODIFIED 1 .205 0.758 37.10
2/4 Y N RA NA INmAL 1.330 0.840 36.84

39 / 35 N Y 250 4 MO"FIED 1 .389 1.234 11.16

19/15 N Y 250 2 MODIFIED 1.392 1.266 9.05
37 / 33 N Y 5cO 4 MODIFIED 1 .392 1 .267 8.98
17/13 N Y 500 2 MO"FIED 1 .394 1.296 7.03
9/5 N Y 5cO 2 INmAL 1.424 1 .424 0.cO
11/7 N Y 250 2 INITIAL 1.424 1 .424 0.cO

29 / 25 N Y 5cO 4 'NmAL 1 .424 1 .424 0.00
31 / 27 N Y 250 4 INmAL 1 .424 1 .424 0.cO
21 / 23 N N RA RA MO"FIED 1 .559 1 .41 4 9.30
1/3 N N RA RA lNmAL 1.700 1 .470 13.53

* When liner .Is installed



I    CASE#   I      Cover    I       Llner

Table 7.  Wallac® County Londfill - Comparlson of No Leachato
Collectlon versus Loachate Collection Scenarios

I                                                            Leacliato production with Loachato collection system
L®acha'® Slope Length I 500' Slope Lenglh  = 250.

Productlon w]th 2% slope 4% Slope 2% Slop® 4% Slope
NO leach. Coll. ¢n) Leachato (ln) % Decreas®* Leachate ¢n) % Docreas®* L®achale (ln) % Decrease* Leachat® (in) % Pecrease*

Soil

S®t

1 N N lnMa' 1 .704 1 .424 16.43 1.424 16.43 1.424 1 6. 43 1.424 16.40

2 Y N 'nlqal 1 .832 0.779 41 .52 0.779 41.52 0.779 41.52 0.779 41.S2

3 N Y lnltlal 1 .473 1 .420 9.60 1.424 3.83 1 .424 3.33 1.424 3.33
4 Y Y lnltlal 0.840 0.780 7.14 0.779 7.26 0.779 7.26 0.779 7.26

21 N N Modifled 1 .559 1 .394 1 0.58 1 .392 10.71 1 .392 10.71 1 .389 10.90

22 Y N Modmed 1 .205 0.721 40.17 0.720 40.25 0.720 40.25 0.719 40.33
23 N Y Modlflod 1 .41 4 1.296 8.35 1 .267 10.40 1.266 1 0.47 1 .234 12.73

24 Y Y Modifled 0.758 0.700 7.65 0.692 8.71 0.691 8.84 0.682 10.03

* R®lativo to no leachat® colleetlon System.



Table 8

Western Kansas Small I+and fill Simulation Conclusions

hachate Reduction

45% compared to no cover

41% compared to no leachate
collection

37% compared to no liner

An additional 7-10% compared to no
leachate collection (3)

An additional 3-7% compared to no
liner (2)

Order of Imt]ortance

1. Cover

2. Cover and I.eachate Collection w/ no Liner

3. Cover and Liner w/ no Leachate Collection

4. Cover and Liner w/ Leachate Collection

5. Cover and Liner w/ Leachate Collection


