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EFFECTS OF WaTER SOFTENER USE o THE PERMEARILITY
0F SEPTIC TANKE/ SEEPASE FIELDS

R. 8. Corey E. J. Tyvler Moou. Olotuéf

The proper functioning of the septic tank soil-absorprion field system de-
pends on maintenance of sufficient sai] hydraulie conductivity (HC) to dig-
bose of the waste wateyp, High-Na waters are known to adversely affect the
HO of irrigated sells, and Questions have been raised aboyt bossible hazardg
associated with disposal of watep softener waste in a $0il absorption field.
Therefore, the Purpose of thig study was to determine the cenditions undew
which these effluenzs might Pose a threat to thg Droper functioning of the
disposal systen and whether there is any Tustification for banning dispesal
of wastes from water goftenagr Pegeneration in geil absorpt ion flelds.

REVIEW oF LITERATURE

The deleterious effects of iigh exchangeable sodiym percentage {ESP) on HC

of g0ils have long been recognized {Scofield and Headley, 1821}, Over the
JEArs, researchers have identified +the factors responsible for thase delater-
ious.effects, bt much work remaing to he done on quantitative ABPECTS of the
problem.

The two parameterg receiving the widaet use in predicting effecrs of salt
additions on mp are the ESP of {he soil and the soluble salt concentration
(my) in neg/liter, A third parametep used in predicting effects of Naw
bearing waters on HC is the sodiugm adsorption ratio {SAR}. ‘he relationship
between SAR and ESP ig given by the equation of Gapon {1933) whichi ‘for the
Ha-Ta systen ig

. + . 2 1/2
Naxmal/?x ¥ ky(Na™)/Liea®t)y ra) {1)

where Na¥ and Caj /20X represent the adsorbed Na and Qs in weq/lo0 g, ks iz the
Gapon “constant,” and (Ra*) and {gaZ+) are the activivies of dissolved ¥z ang
Ca in meq/1. RaX/CaysoX is the exchangeable sodium ratrio from which the gep
can be derived and (Na*)/E(Caz*)/ﬂl/2 is the saR, 1 practice, the sum of
the activitiey of the divalent cations is used in Place of Ca aloge. The
Gapon equation has been shown Ly Bolt (1955) To agree with the double layep
equation at «< 50% Na—saturation, and Hower (1959} found it to give a reason-
able degeription of Na-enchange vedctions in soils., Ubserved deviations of
kg from soil ta goi) have been attributed primarily tg differences in charge
density of the adsorbing surfaces.

L Hork of the Small Scale Wasre Hanagement Frojeat, University of Wisconsin,
Tunded by the Water Quality Association,

= Professor of Seil Science, Department of Soi) Science, University of
Hisconsin»ﬁadison; Asgistant Professor of Seil Science, Dapartment of Soix
Science and the Geological ang Hatural Histopy Survey, University of
Wisconsin-Madigen and University of Wisconsin—Extension; and Research
Assistant, Department of goiy Sedence, University of wisconsin~3adisan.
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Factopg Infloencing He in Salt-Affeetad Soils

ESP, SAR and My Rowell et g1, {1969) srate that, as M, 1s lowered ip a moil
&5 high IgP, begins to decresse at the peint the soil dgaregates start tg
swell and that changes in permeability ape direcrly cantrolled by swelling
of elay unri] clay dispersion and movemens beging, Swelling decreagss ihe
average size of pores which cauess the drop in He even though teval pore
space may ba inereased, ag B, is lovered, hopg weakening odeurs, and Swell
ing inereases until aggregates are broken intn discrere particles thar can
be transperted and lodged in bore censtriotions blocking some of the poreg,
Deereases in e due ‘to swelling are at leagt partidally reversible (Reeve and
Tamadannt, 1865), sut thege due te dispersion and Tore Llockage are net
{(Singh ang Jagwal, 1573),

Critical ESP apg eiectrical conductivity (ge) levels fop saline-sodic s0ils
(ESP » 18, B0 >y mmhog fem) apg Aonsaline~sedice soils {ESP > 15, BC < g
mzhos fem) Froposed in Handbook 80 {U.s, Saiinity Laboratory StafFf, losay

have been widely accepted as maximunr limits for agrleultupal uge, Elaatri.
cal conductivity iz uged 85 & routine methed fom estimating Bo:  Subsequent
research, however, hag shown that the eritical Egp My vary guire widely
SN soils of different Physical and minerdlogical m3KkeUp.  This hag led 1o
the determination of “threshold values® of ISP {er AR} and o for Indiviayap
80118, If a soig is equilibrateq With & solution of high m, {> 300 meq/
iter) and a high enough SOnstant 3AR to lower He At low mg, HC will rémain
relatively copstant ar first a8y is lowered and then it will deerease Gilte
rapidly as m, is lowered Furthan {McNeal, 1383y, The value of W at whish
the HC is BES of maximim has been nated the "thpesholdn value for thar SAR
{or for the resulting pap) by Quirk ang Schofield (1955}, Other inveati-
gators have uged relative HE values as low ag 75% (MoNeal and Coleman, 1968),
ch%hﬁvuwsmvmﬁwsmwamphﬂw,awwawwasmmia
fig. 2 describeg the my-Isp Tange over which the soil ig stable, Simjlay
curves can be construgted USing ISP in place of B4R, Thresheld SAR valueg
determined from data of a number of diffepent investigators.(ﬁamid and
Mugtafa, 1675, Johnston, 1978 McNeal and Coleman, 1966; MeNeal et-al., 1966;
Quirk ang Schofield, 1955; vanden Pluvm et al., 1973) fop By = 20 and m, =

50 meq/1 show wide differences between soilg (Fig. 2}, The reasons Fop

these diffarences BUSt lip in the factors orher than SAR, FSP apd Mes men-
tioned previgusly,

Soil Miteraio P Swelling ang dispersion ar high ESP and 10y Mg appedars to
%e agsociataed with the preserge of significant quantities of mentmorilionite
(MeNeal ang Coleman , 10686, MeNeal, 19883, Tron owides teng Yo stabilize the
structure of rontrerillonitie Iystenms and redyce swelling and dispérsion
(Meleal and Coleman, 1966; HeNsal, 1268, Roweli, 1883; r1 Rayelh andg Rowell,
1273).

rganic Marvep and oil: Hany investigatups have noted that organie matter ig
one of the major factors Framoting agerepate stability in seils, Howevep,
once high-Na goils are dispersed, the Presence of organic matter seems to
make flocculation mops difficult (Quipk and Schofield, 10353, Theeretically,
the higher charge dengity at high pH dye to pH-dependent charge of organic

matter and elay edges shouig encourage swelling ang dispersion, Thie coulg
explain the negative effeats of orgaric mattepr on clay floceulation because
Ha-saturated goiy systems at low Mo generally exhibit g high pil. Rowall
(1985) Foyng that the Swelling of montmorilionite ax p5 € was twice that at
PH 2 with no increase in swelling above PH 6. Incpeageq swelling was attpj.
buted to decrease in the number of positive charges at the edges of the
plates and theprefope & decreage in the eftractive forcey betwsen the Negativa
faces and positive a#dges of the plates,
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Hechanieal Gtresg
Sl alless

In interpreting laboratopy Studies of He eRperinenty, Farvicularly with dig-
turbed soils, ir js important to note that adverge effects of Na will he
found at iowep EBP valyes i¢ seils are agitated op mechanisally puddied
(Hokeal ang Coleman, 1866 Rewell et al., l3g9),

P Swellina o . .
Qdiau{gtzon of ade¢iln§ Jressuveq_gnd QQ

Swelling and dispersion af‘montmaviilonite SYetems resuits whep The concen -
tretion of jong midway betwesn two montmarillonitﬂ_plares éxceeds the cop.
centration of jons in the surrounding selution. The surface negative charge
BUIraCts cations aml prevents them from 3Caping to the salution ga that ap
OEMOTLC system ig 5T up in which water flows From the bulk solution to +he
region of Bigher fon conesntration between the plates, Tesulting ip Pressure
builde-yp, Honovalent Catlicns cayga BEreater preggures at equivalent nermal-
ities becaugse theps are twice ae many cations in the intevlayev solution. ag
with divalent cations,

Hired-ion Model: Lagerwerss ot al. (1969) any MeNeal (1e7¢) have derived
equationg fop caleulating swelling pressures for a montmariilonite Svsten
in which exchangeable Ma ang a are uniformiy distribured OVer all of the
charged surfages (mixed-ion model}.  faperweres Ut al. also deriveg it
tions based on this model fop ealeulating HE, In Moliwalls approgeh, the
distance, I, from an imaginary f&pacitor plaie located a distance & behing
the surfage of the montmerilionite laver to the midplane batueen wljaceny
clay lavers ig caleulared fpoy the equation

E““Té_"/g‘*wf:::—'?”-m (2)
VBN a@ﬁ%»ag

wiere § = E.OGXEQIS i i Le At 25Qc; He @ total eiectrolyte COncentration in
meq mly Foie the equivalent fraction of divalent cations in the 4011 soly~
tion; r{ ¢,X) is an incomplete ellintie intezral of rie Firat Kind; ang g '
S and g are poots of 2 Ffourth order pdlynamiai. The & terms ape ralated
%3, the @lectrical Rotential nidway betwesn the Plates, and 1o £. The
reader is refapped to the origingy paper for +tha detailed equations,

d
o

In most C&8es, neither O pop e are axperimeataliy determinale 56 that
vaiues of opg must be arsuied in order to caleulate valoes Fop the othey.
Once ¢g is determined op assumed, the swelling Pressure cap be calodlated
from the foliowiug equation:

P = pry Hwiﬁoshizawd/KT) ~ 1] (3)

where £ i yhe swelling pressure {atn); n the weighted number of lons pep
mole {2 fap Hall, 5 Fop Catinsjii R the £48 constant ang ¥, the equilibe iun
salt concentration in molag/Tiver,

Remived-ion Model: MoFeal {1968, 1270 ) used the following equation to pra-
iet interidyer swelling fop 4 Ydemixad- fop rode] assuming that npp,
behavier of piges Ra-Ca-clays cap be deseribed alequately by considering
Such clays to consist of 3 mixtupe of hamoienic Carsaturated ana Hawnatupated
interlayers With only the latter exhibiting iatevlayer swalling as the salt

concentration of the ambiept solution iy decreased .

i3
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where X = interdaver swelllag (n/p); fmont = welght fraction of montmoril.
lonite in the soily ESP% = RSP . (.24 § 11,83 log €,) and g% = [1.2 + agg .y
{Cu)" 23 fop Co < 300 meq/iiter ang @ for ¢y » 300 meq/liter. For the
above relationships Co i= the salr soncentration of the equilibpium dialysate
(meq/iit&r); ESP and ESP* ape the experimental and Yadjugted E&P's; g% 3,
the increass in interlayen spacing (K} beyend the stable 19.8-% spacing
vhserved for Ca-montmorillonive and fFor Ha-mentmoriilonice at bigh salt cope
cenvratione,

Beteal (1988) then proposed the Yollowing empirical equation to deseribe HC
a8 4 fanction of the swelling faotor, ¥, depived from BEq. (4

1-y s o0 e o™ £5)
“where y - pelative sofl ey o= 1 fop pep o . = ¢ For gap 5-56, and = 3
For BEP » 50y ¢ varles with 30il characteristics but avevage valyes are 25
For £¥® <« 25, 1poo for B8P 25-506, ang 45,000 for ESP » 5g,

HC Experiments with Sepric Tanik Efflgens

Az indicated by Weikart (1u78), very little research has been done on the
relationship betwesn the cherical composition of geptic tank efficent and

the HC of the geil under the geepage field. Vinneberger ang Helnberyg (137g)
#Late: A search of the Literature digcipged that losses of permeabilivies
of Hz-labile soflg socurred yhes infiltrating fresh wateps eontdined high
concentrations of Ha, but whan the same high soneentrations of Na wepe in
Sewages, permeabilities of the s0ils were HOT much changed, Unfortunately,
the authors ¢id net eite gsperifie referances to substantiate theip statement,

The only study found that deals directly vith the broblen of water-sofrenap
s81lts on {0 wag by Weibel et ai. {1954} whe approximated vhe senhosition of
the softener wasres by dissoiving the apprepriate salts in 47 gallons of
water and discharging thie into a &88ngallon laboratory septic tank each
Monday morning.  The tank also recejved 250 Eallons of raw gewage per day in
aight faeds dafly., Effiuent from the ncpmallyumperating tank receiving
softener-wagtg salt was passed through columns of Brooksten silt loam as wag
offluent from a tamk receiving uo seftaper “aste.  The salt 2fFflgent caused
less clogging and maintained higher po thar the regular septic~tank effluent,
However | they tested dggregate stability apd concluded that the brire effly-
8Nt caused mope davage to the 50il structuce, The Test for structural stabiiw
ity wag not valid because they yged distilled water which woula haturally
cause sweilling and structural breakdewn in solls of high ESP suen as those
receiving the high-salt watap. The authorsg! conclusion thatr Ygoil BLPuc~
ture ls more damaged by the 41T effluent” ig per only in direct contradic-
tion to thein preceding statement that "percolation rates are maintained dat &
higher value undaep salt effluent than permal effluests (which Would requipe

a lesg-swalled condizion) but it is based on a method of messurersnt which
would be valid only If the seepage fleld were to he flushed with waver of
VeRy Low ;g such as rainvater,

To obtain furthen information abgus the effects water softeners may kave on
the HC in seil absorption beds, & study relating analysis of sentic vank
effluents with caloulated goil conductivities wag vondugted,

HATERIALS AND »

Septic tanks from elever houschalds wepe sampled to deterpine gan and s, ,
Pive of the households used water seftenerg and discharged the regeneration
waste into the saptic tank on a regular basis, Pach of the systems waa
sanpled from one to Five times for g total of 38 samples. In homes with con-
ventional SYysTtems, the s@mpiss were taken near the surface of the tank but

)
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below any scum layer. FPor mound Systems, the effluent was taken from the
pumping chamber on the cutflow side of the septic tank,

Samples were analyzed for Na and x by flame emission spectrophotometry, (g
and Mg by atomic absorption Speetrophotomersry afrop supnression of phosphata
interference by addivion of Srlla, and N, by tha microkjeldahl method, BAR
values were calculated from these data, Vaiues for m, were determined Froon
the sum of cations and alse from electrical conduectivities (U,5. Salinity
Laboratory Staff, 195u}),

Thearetical ¢ values for various levels of S8R, mg and montmorillonite wepe
caleulated from Eq. (5) {ticNeal, 1968) for 4 demized-ion system. These
values were used to CONStruct a threshold velye curve for seoil containing
10% montmerillonite so that effects of the effluent compositions op e could
be estimated, Egs. (2} ane (%) (¥cNeal, 1870) fop a mixed-ion system wers
used to calculate swelling pressures as a function of the thickness of the
water layers separating two montmorillonite plates fop hypothetical ¥a-ca
aystems,

BESULTS AND DISCUSSIoN

The vesults of the effiuent apalyses are shown in Table 2, The estimates
of my by EC are generally lower than estimates derived from summing the
cations, This might be csused by the pregence of large organic anions or
lon-pairs, Because the lack of anjon atalyses prevents estimation of these

factors, mg values derived from EC dava wepe used in Pig, 3.

Table 1. Chemical Characteristics of Sepric Tank Effluent Samples from
Systems With apd Without Water Softenapg

m m
<) 5]
System  Sof. o B System  Sof- L

NG, Tengr SAR e cationg ne. tener 5AR EC cationg
1 Yo 5.8 11.8 1.8 & jite) 3.1 G.¢ il.8
3.1 7.3 7.0 3.5 8.4 i %

2 He 2.8 7.3 7.3 1004 130 15,1
8.1 11,2 12.1 6.4 la.o 16,8

5.3 11.8 i, 7 tio 8.0 1L.2 13.5

3.0 g.4u i1.6 Yes i2.8 214 7.7

N q.4 11.3 7.7 1l.s Ny

3 Ny 3.0 8,9 i3.0 12.7 212 26.0
2.5 7.7 7.0 13 Yeas 7.6 2.4 a.7

2.7 7.7 B.8§ 3.5 5.9 T4

3.6 6.5 8.1 4,5 7.7 7.5

L He 4.8 11.8 13.3 8.0 7.2 i0.¢
b, B il.g 18.2 3.0 5.9 7.5

3.5 4.2 7.7 g Yes 7.2 17,1 15,1

3 Mo .3 1.2 12.8 7.5 15,3 12,1
5.8 g.4 10,1 4.1 2.8 22.9

2.5 7.1 8.1 7.3 23.8 28.5

[ 8,0 2.2 30 Yes i6.n 21,2 24,7

5.0 Lo.9 13.2

.-m__w--vﬁ__,ﬂ__,ﬂ_-_w_-“«_--M,_-Emél Yeg 7.4 iy, 2 i7.L

Becanae of the almos: complete absence of experimental dats ap effects of
efflvent eomposition on HC, the possibilicy of uging Eq. (5) for prediction
purpeses was investigated. Threshold-value curves of % montmorillonits VS,
SAR at mp values of 20 and 5¢ neq/iiter ware caleulated and plotted in

Fig, 1. The threshold valueg derived from the literature are also pletted,
In general, the Neieal equation appears to overestimate the threshold SAR
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at high percentages of wontmorillonite and underestimate it at low montmopil.
lenite. Howsver, the agreenent is reascnably goed considering the experimen.
tal errors asséclated with wontmorillonite egptimates and HC determinations,
and it tends ro give near-mininum tireshold values ip the critical ¢ teo 15%
montmorillenite range,

50 g
* -3

W Threshold values ot
90T f * 20 megHter
% © J = BO mag /liter
_.f L]
8
E 20
3
=

0
2

<
S oyl

SAR (megs])7e

Fig. 1. fThresheld Vaides of HC for Selecred Values of m. as Affected
by BAR and Montmorillenite Coneentratrions

In many states, sojle are considered unsuitable for septic tanks if the er—
colation rate is greater than 80 min/in, Baptellf {2962} as reported by
Olson (1964} shows that the 80 min/in. limit generally falls in the silty
clay loam textural clasg which contains between 27 and 40% clay. Fop
Wisconsin soils, Jackson {personal commurication)} has estimated that morit
morillonite comprises approuimately 30% of the elay fractions of goiis
derived from losss and considerably less than 30% for some of the more
clayey solls derived From shales. In the caze of a2 subsoll centaining uo}
clay at 30% montmorillonite, the total soil montmorilionite content would be
only 12%. Therefaore the 10% figure used in subseguent caleulatiens appeans
reasansble as an approximate upper limit for soils underlying septie tank
seepage fields, at least For Wisconsin conditians.

Since the HeNeal equation appeared to be useful for predicting minimum thres-
hold values over the range of montmorillonits contents of interest fop
septic-tank seepage fields, a threshold-value cuyrve of Mo v&. 8AR at i0%
montmorilionite was derived using Eq. (5), This ocurve i shown s Fig, 2
along with 8aR-mg data For the septic-tank effluents fram systems with and
without water softenars, ALl of the septic tapk effluents fall within the
stable HC range. In general, effluents with low SAR and low my are From
systems without softeners while these of high SAR andg high mg are From 95—
tems with softeners. There i5 considerable overlap in the intermediste SAR-
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Ny range. In some of the systems there are wide fluetuations in both ®e and
SAR from one sampling to another; but in ne case do the effluents exceeq the
calculated threshold values,

25~
UNSTABLE
28
e
= .
5 154
i
E "y
& -l
< STABLE
n e -
O%G’? .
. * g
§ T o Without softner
oni B « Ith Saftuer
o T v T T T U e
Q t 26 30 30 50 860 0
My, mégs]

Fig, 2. Compasition of Septin-Tank Effluents Compared with Threshoid
Values Caleulated From g, (5) for 10% Montmorillonite

In order to leck in another Wiy at pessible swelliing problems associated with
the additional ¥a added during the softening process and in the regeneration
waters, caloulations of swelling pressures as a function of the thiekness Gf
the water layers separating the tonthorilionite plates wave performed using
Egs. (2) and (3) (ceal, 1970 for the mixed-ion model. In these saleulg-~
tions, we assumed that the average (Ca + Kg) centent of the wWaste waterp

was not affected by the softening process {all of the Co and Mg taken eut

is put back during vegeneration) se that any effect on 0T would be dug o
additicn of RaCi to the nortmal effluent. In order to determine swalling
pressure for a particular distance betwaen plotes, the midpoine potential,
P4+ 4t thar spacing must be kopwn. The Yo valoes ar the desired spacings
were ohtained by assuming values of Vg (at desired levels of sy and £} and
plotting ¢; asz a funerion of spacing. The grapiiically determined Ya valuss
at the desired spacings were then usad to calculate swelliing pressures at
those spacings. The results ave shown in Fig. 3 where swelling pressure is
plotted against Ha concentration for selected spacings, In these fipures

& (Ca + Mp) concentration of 5 meq/liter was assumed aleng with N¥a values

of 0, 19, 20, 4o, 8C, 160 ang 320 mag/liter,  Sinilar graphs were prepared
for (Ca + ¥g) Concentrations of 1, L0 and 20 meg/liter bur they are not
shown as the trends ave similap in all of the systems,
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Fig. 3. Swelling Pressure as a Funetion of Na Concentration for
Different, Half-distance Gpacings {L ~ &) in a Montmor-
illonite System Containing 5 meq/liter of
{Ca + Mg). [Values of {(p - §) in
are shown for each curve],

The graphs show a marked increase in swelling pressure at all spacings on
addition of 10 meq/liter of Ha ta the pure {Ca + Mg) system. This would not
be of great concern as far as water soeftener wastes ara concernad, however,
because normal septic tank effluent frequently containg this much Na. Add i
tion of the second Na increment of 19 weq/liter of Na increases swelling
pressure at midpoiat spacings of 30 % ap less but decreases awelling pregsure
at 40 X, This indicates that interlayer swelling would he increased up to
& interiayer spacing between 50 and Bl A but that the resuliing spacing
would be stable, l.e¢., there would be 0o tendency to dizperse. As more Ha
is added, the spacing at vhich the additional ¥a. causes a decrease in swell-
ing pressure Lecomes smaller. Therefore, if this model correctly predicts
the trends in swelling pressure, the addition of Hal to normal septic tank
effluent might or might not cause some additional swelling depending on the
interlayer distances already existing, but it should not cause dispersion,

CONCLUSTONS

L. Reduction of hydraulic conductivity {HC) of soils recelving water with
high sedium adsorption ratic (SAR) amd low galt concentration (n,) is due at
First to the swelling of aggregates, which peducss the average pore size and
thus HZ, and subsequently to agpregate Sreakdown and dispersion, 2, If
aggregates are not broken down during the swelling process, lowering the SAR
or inereasing my will at least partlally vestors the HO, 3. Onbe Agpregata
breakdown or dispersion has occurred, the effects wiil not be peversihle,

In coarse-tentured 80ily, particulariy, the dispersed particles way be

3
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transported downward and become lodged in pere constristions thereby irpe-
versibly reducing HC,

“. Swelling and dispersion appear to be asscciated primarily with the expand-
ing 2:1 layer silicate, mentmovrillonite, 5. The presence of sesquidxides
tends to limit swelling of montmorillonite and increase stability of the
aggregates. 6. Organiec matter appears to stabilize agprepgates at low SAR
but to destabilize them at high SaR. 7. Swelling and dispersion for a given
soil are probably greater the higher the pH. 8. Any mechanical stress will
cause aggregate breakdown and dispersion at SAR values lower than where
breakdown would normally ocour.

9. The HC squation of HeNeal (1968) based on a demixed-ion model appears to
predict thresheld values with reassonable accuracy. 10. Comparisdn of SAR
and ny values of a number of seplic effiuents with ealculated threshold
values indicates that salts in the waste waters from regeneration of watep
softeners create no HC problems in septic-tank seepage Fiselds. 1. Lowered
HC might vesuit from water softening if all of the house water were softened
and if the regeneration wastes were not allowed to enter the ssepage field
because almost all of the divelent cations would be removed resulting in
high SAR and relatively low By. 12, Reduced HC might result if water of low
My sueh as rainwater were to enter the system in which the soil under the
seepage bed had a relatively high SAR because a soil that iz stable at the
relatively high mg of the sewage effluent might swell and disperse under low
g conditions.
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