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hydrogen Peroxide (Héoz) has been advocated ag g useful management technique
for rehabilitating ¢logged, hydraulieally failed systems, Previous research
on this‘concept resulted in g Patented Process trademarked as PoroxR, now
commercially availlable ip Several states, This Procesgs incorporafes the
systematic application of hydrogen Péroxide tgo failing absorption Systems with
the objective of Oxidizing organio materials inp the soi1l elogging Zone,
Proponents of the Poroxh Procedure have claimed it to be relatively effective

This publication reports op recent research which €Xamined the
effectiveness of H202 in unclogging failed systems, ang further evaluated the
reagent’s impacts on soil Physical Properties,

Field Studies were performed op Feplicated, in s3ity soil absorption
Systems, ip 3ilty clay loam, which hag been previously clogged by Wastewatepr
application, Clogged 3ystems treated With PopoxR Showed a significant and
long—lasting loss of infiltrative capacity, whereag control Systems showed a

Experiments on wastewater-clogged columns of four soil types demonstrated
that H202 application may further reduce infiltration rate, beyond the clogged
State, inp medium ang fine textured soils, High H202 loading rates prodyceq
Some degree of reclamation of infiltrative Capacity ip clogged Sandy loap
columns, byt none of the H202 treatments resulted ip infiltration rates
&greater thanp 35 percent of initia] vValues,

- iv




These research results definitively Show that H2o2 can do serious, ang
Possibly irreversible, damage to the Physical integrity and infiltrative
capacity of most 80ils. Thesge data, in combination with a rigoroys review of
the previous research, do not Substantiate the uge of H202 for wastewater segij

absorption Systems, even those in 8ands, except perheps in extenuating
circumstances.
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CHEMICAL REHABILITATION OF WASTEWATER SOIL ABSORPTION SYSTEMS
USING HYDROGEN PEROXIDE: EFFECTS ON SOIL PERMEABILITY

D.L. Hargett, E.J. Tyler, J.C. Converse

The on-site S0il wastewater absorption system is the mest common means
of waste disposal andg treatment in areas Wwithout centralized Sewerage
facilities, This simple and economical method, utilizing natural soil as the
ultimate disposal and treatment medium, has proven highly-effective, given
proper siting, design, installation and maintenance (Small Scale Waste
Management Project [SswMp], 1978). However, Sealf et al. (1977) es3timated
that fewepr than one-half of conventionaj Septiec tank/soil absorption 3ystems

to twenty yYears, even given the above conditions of construction and
operation,

at the soil infiltrative Surface, brimarily as a result of pPhysiecal apg
biological mechanisms (McGauhey and Krone, 1867; SSWMP, 1978). Soil clogging

creates a physical barrier to flow, restricting the rate or infiltration into
the natura] 8011 below (Bouma, 1975; Hargett et ai, 1981). This condition may
become so 3evere as to inhibit wastewatep absorption'and Cause hydraulie
failure of the systep. The rate ang intensity of soil clogging has been shown
to depend on wastewatepr application rate and frequency (Hargett ot al. 1981),
among other factors, Wastewatep Quality and the inherent soi]l physical,
chemical ang biologica] conditions are also likely influences in the clogging
Process. Because of this complex_of factors no singular solution to control

One innovative management‘tool which has been advanced to control severe
clogging in otherwise Properly functioning Systems is the dpplication of
hydrogen Peroxide (H202) to oxidize the soil-clogging organic materia] and
thus restore sojil Permeability (Harkin et al. 197s; Jawson, 1976). Laboratory

Science, from 1973 to 1976, and'was Supported by SSwMP and U.S. Environmenta]
Protection Agency funding (Jawson, 1976).

As a result of this research U.8. Patent numbep 4,021,338 wWas issued ip
May 1977 to the Wisconsin Alumni Research Foundation (WARF) for the hydrogen
beroxide treatment brocess (Harkin, 1977a).  WARF also coined the name PoroxR,
a registered trademark, for the process. WARF continues tog handle patent
rights for PoroxR, in behalf of the University‘of Wisconsin, and grants
exclusive license to firms using the process nationwide,




absorption Systems, €specially those in sandy soils (Harkin, 1977a, 1980a,b;
Hi1il, 1980; Urban Systems Research ang Engineering [UsRrE], 1982). In other
801l conditiong the Porox treatment of clogged absorption systems has been
rated as from ineffective to unpredictable and even deleterious (Hargett et
al. 1982; USRE, 1982).

sized, designed, installed and maintained, the only reason fop failure is
natural clogging, 1If clogging becomes so 3evere as to cause failure, the
homeowner's only recourse is to construet a neyw system or arrange for frequent
Pumping, both at prohibitive costs, or to sonmehow rehabilitate the old system.
Laboratory and field experience have addressed two baaic approaches tg
rehabilitatiop, These are (1) Prolonged resting of the 8ystem, and (2)
treatment with chemical agents to effect unclogging. Oxidation or the
clogging zone is the objective of both.techniques. The following discussion

onvention in describing reagent appplication Specifications, Various workers
ave utilized combinations of reagent Concentration, hydraulic angd mass
cading rates, nixes of metric and English units, and descriptions of amounts
f effective reagent versus pure chemical_applied. Because this paper deals
*ecifically with the use of H202 as a rejuvgnative treatment alj application
decifications nentioned will apply to this reagent. In this report mass
Jading.rate (MLR) wi1} always be used to describe the mass of pure H202
'Plied per upnit area. Hydraulie loading prate (HLR) will refer to volume of
302 applied as depth over the area of interest (at a Specified
ncentration), Appendix Table A-1 provides Convenient factors for conversion
various eXpressions. ‘




De Q t Re rch

none had heen Proven effective, Jawson (1976) used tlogged sand columns to
evaluate severa] commercially available septie tank additives as well as some
coemmon acids, bases, ang oxidizers to determine theip effectiveness as
declogging agents, Jawson's wWork showed that none of the eommercially
available nostrums were effective in increasing the infiltration rate of
clogged sand columns. In fact, 3everal of these additives appeared to reduce
Permeabilities eéven furthep, Among the commercial products evaluated were
bacteria, eénzymes, emulsifying agents, and surfactants,

Coly —~-The treatment which Jawson (1976) found to be most
effective ip restoring the infiltrative Capacity of the clogged sangd columns

was hydrogen Peroxide (H202J. Application of sulfurie aeid (HQSOH) was

Somewhat less effective and sodium hydroxide (NaOH) proved unpredictable, The

rate [HLR]) or 30 percent laboratory grade H202 (50 to 250 ml applied to 10~cm
diametepr columns) (Jawson, 1976; Harkin, 1977a). Table 1 presents the reagent
Specifications used by Jawson and provides a& comparison to other workers.
This reagent was actually applied to approximately 3 em of ponded effluent at
the top of the columns and thus was considerably diluted (Jawson, 19786).

The Permeability data reperted in Jawson's thesis (1976, Tables 1 and 10)
Present column rlow rates before and aftep H50, application, Table 1 reports
Pre-treatment flow rates fop five H202-treated columns which range from 0 to
233 ml/hr (0 to 71 cm/day from 10-cm 1i.d. columns) and Post-treatment rates of
400 to 1750 ml/hr (122 to 535 cm/day). This represents recovery rates of 13

71 en/day) weprs not completely ¢logged relative to the 3.7 - 4.9 em/day (0.9 ~
1.2 gal/ftE/day) long~ternm dcceptance pate used routinely fop design loadings
in these soils (Wisconsin Administrative Code [Wac], 1980; Otis et aj. 1980).

Jawson's Table 19 (1976) presents Fesults for five other H202_tpeated
¢olumns, and other treatments,‘from a later experiment. Here pre-treatment
flow rates range frop 0.5 to 17 ml/day (0.15 to 5 cm/day) and pPost-treatment
rates from 584 to 1557 mil/hp (179 to 476 cm/day). This suggests a recovery
range of 19 to 52 percent of the initia) value of 3000 ml/hr (917 em/day).
Iawson concluded, "whije no treatment restored the Flow rates to their initial
levels, Suceessful ocures (H202) did Substantially increase the infiltration




Table 1 - Hydrogen peroxide concentrations, and hydraulic and mass
loading rates--various studies,

Loading rote Field appir-
Percent llydrauiic 5 5 Hasg > cation rnt;
Source concentration cm gal/Ee kg/m 1h/ft gal /100
Jawaon (1976) 30 0,64 0.16 2.81 0.58 H
and Harkin (19774 n 1.91 0.47 8,19 1.72 47
0 3.18 0.78 13.98 2.85 78

Harkin and Jawmon (1975}  50(1.2-6.3) 15-40 gal snZ concentrate applied to fietd aystems of
unreported area, diluted with INN-600 gat ily0,

Poro:R manual 50 4-5 gal concentrate/100 t’tz
(Rackin, 1977)

Bishop and Logsdon (1981)

Exp. 1 7.5 0,56 N.14 0.61 0,13 14
15 0.56 " 0.4 1,22 .25 14

ki 0.56 0.14 .44 0.50 14

Exp. 2 20 0.42 0.10 1.22 0.25 10
1o 0.8) 0.20 1.22 0.25 - 20

. 5 - 1.67 0,41 1.22 0.25 a4l
Exp, 3 15 2.33 0.08 0.73 0.15 8
20 0.33  0.08 0.99 0.20 .8

25 0,33 Q.08 .22 .25 8

30 0.3] 0.08 .48 0.30 8

Andrews and Bishop (1981) 30 . 0.6} 0.15 2.68 0.55% 15
30 0.94 0.23 4.13 .85 23

30 0,25 7.0 1.19 0.23 1

On-5ite 10 1.02 0,25 1.49 0.3 25

Sanitation '

USRE (1982)

’ Vendor 1 a5 0.82 0.20 5,20 0.86 20
Vendor 2 10 1.23 0.30 L.80 0.37 10
VYendor 3 16.5 1.02 0.25 2.46 0.50 .25
Vendor 4 35 N.49 0.12 2.51 .58 12

This atudy 6.25-50 .31~ .08~ 0,29~ €.06~ 831

1.26 0.31 9.22 1.89

Results reported by Harkin (1977a) on this same work appear to contradict
Jawson's bPermeability measurements (1976). 1In the WARF patent (Harkin,
1977a), Jawson's e€xperiments were cited ag evidence of the viability of the
Hy05 process. These patent examples reported that the H,0, applications to
the clogged sang columns increased flow rates from "a few milliliteprs per
hour" to 450 to 3000 m1l/hr (138 to 917 em/day), relative to the 3000 mi/hr
(917 em/day) reported as the initial flow rate (Jawson, 1976). This data
suggests infiltration recovery rates ranging from 15 to 100 percent, The
maximum post-treatment rate reported by Jawson was 58 percent (1750 ml/hr).

Jawson evaluated Several H202 loading rates and formulations (i.e.,
stabilized and unstabilized) in his experiments. Uhfortunately, it appears
from the original thesis (Jawson, 1976) and related Papers (Harkin et ai.
1975; Harkin and Jawson, 1976a,b; Harkin, 1977a) that the treatments ip
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Jawson's experimentg] design were not replicated. Although no Statistical
inference can be made from thjs type or work, the recovery rates orf certain or
the H202 treatments appear to suggest the concept hag Some potential, at least
in sands. 1t is important to note that only hand-packed, Structureless sands
(C horizoep of the Plainfielq series, nixed, mesie Typic Udipsamments) were

absorption Systems which were diagnosed 43 severely clogged. Harkin et al,
(1975) and Harkin (1977a) reported success in declogging Systems instalieq in
a variety or 530118 {three in sands,-two:hl"glacial ti11", ang oneix:“heavy
claym) using HZOE‘ Before application the soi} absorption 3ystem was
typically dewatered by Pumping. The reagent was applied as 59 percent

'concentration (DuPont Tysul ww 50)* at a rate between 60 and 150 L (15 and 40

gal) depending On system s8ize, During application, the reagent wasg

-=Continued interest in H202 treatment as a
rejuvenative technique resulted ip application'for 2 patent fop "Method for
Treating Septic Tank Effluent Seepage Beds and the Like,n which was awarded ags
U.S. patent number1h021,338(Harkin,1977a). In this document, application
of the H202 treatment Was recommended ot only as a rejuvenative technique,

(H20 and 05). Explaining'how the treatment works to-declog the faileq
infiltrative surface, the Patent teaches that the free OXygen released from

with‘HEDQ Were cited zs proof' of the treatment's efficacy, The patent claimed
effectiveness °n clogged Systems regardless of Soil type, assuming the s0il

Sinece the PoroxR patent approval in 1977, the Process has been useq
commercially ip Several states and on hundreds of Systems. WARF administeps
the patent rights fop PoroxH and.grants exclusive license tg firms'using the




Process, These licensees bresently humbey about 3even, npost Operating op a
One-state op regiongl basis,

Porox enterprise are deglt with in ap evaluatiop of the suitability,
procedures, Performance and marketing of Por-oxR as a rehabilitation technique,
NOW underway (USRE, 1982)

Peroxide ig recommendeq On a systen bottonm area basis. This amounts tg 5

The original 1aboratory studies'of Jawson (1976; and Harkin, 1977a)
demonstrated the highest degree of infiltration rate recovery with the highest
application rates (3.2 em) of 30 Percent 5202. Lower HLRs were slightly less



Soil Suitg&ili;z for Hydrogen Peroxide Ingatmgnﬁ

The origina} laboratory studies (Jawson, 1976) examined the effectivéness
of HéDz only on hand-packed columns of disturbed, structureless sands. Much
of the following field experimentation aPpears to have been carried out undep
Somewhat Poorly controlled eonditions with Fegard to soi] and systep
characterization, and details of reagent application (Harkin et al. 1975;
Jawson, 1976; Harkin, 1977a).

for Porox licenseesg (Harkin, 1977b). This manual serves Prineipally as a
Primer fop the licenseea, covering the topies or on-site Sanitation, basie
Soils, the PoroxR concept, and application and 3afety bPractice, 1Ip this
manual sevepal factors influencing the potential rfopr Success of the treatment
On a given site are listed. Among conditions favoring success are sandy and

well-drained Soll features, Among soi} conditions not favoring Success are
"heavy clay and muck textures, and poor drainage," although Harkin et al.

(1975) and Harkin (1977a) cited success °n clayey soils. No guidance is

studies Preclude definitive ¢oneclusions, They do, however, contribute top the
limited data on H202 effectiveness on a variety of soils,

In the Bishop and Logsdon study (1981), efforts were made to assgesg
Sands, Sandy loams, ang a silt loam; the finer soi] was dropped from the
eXperiments because of low initia) permeability. The Andrews and Bishop study
(1981) included gz variety of Sandy textures as well as silt loanms and a loam,
In both of these investigations replicate laboratory columns were set up using
disturbeqd Soils, hand-packed to unspecirfied densities, for each of the soils
evaluated, Such soi] tonditions tannot pe assumed to represent natural

undisturbed 80il Systems, e€specially rfor finer, structured Soils. Both
Studies also used raw Runieipal wastewater to clog the 80ils. This could

produce clogging dynamies quite different from those typical of a conventional

suspended solids, and other constituents present in this wastewater (Weibel et
al. 1954, Winneberger et al. 1960; Laalk, 1970; Daniel ang Bouma, 1974),




about 3,7 - 4.9 em/day (0.9 ~ 1.2 gal/ft</day) op mere (WAC, 1980; Otis et al.
1980). Thus, the defined conditions of hydraulie failure for these studies
are over eight times the typical design long~ternm acceptance rate for most of
the soils studied, Therefore, it may be concluded that the columns were not
fully clogged nor hydraulically failed at the time of B205 treatment,

_ Under the conditions of their study, Bishop and Logsdon (1981) found that

low mass loading rates (0.61 kg/m?) were adequate to restore loamy sand
columns to nearly their initial permeability, However, higher loading rateg
(2.44 kg/mz) were required to achieve Pérmeabilities greater than about 50

percent.of initial values in a fine sandy loam.

30ils although Post-treatment Permeabilitjes were only 43 to 60 Percent or
initial values in one of the soils, In the fine sandy loam the Post-treatment
values were unpredictable with two of three eolumns displaying impermeable
ctonditions ang the third column reclaimed tg over 100 percent of initiag
bermeability,

results, Post-treatment Permeabilities ranged from 9 to 163 percent of
initial values fop the six s0ils of various texture Studied, with a4 mean at
about 60 percent, Surpriaingly, a s8ilt loam averaged 1309 for three columns,
while columnsg of three sang types averaged aboyt 53%. These results appear to
be somewhat contradictory, 3uggesting that the effectiveness of_H202 may be
highly unpredictable,

In anothep €Xperiment, Andrews and Bishop (1981) evaluated the effect of
H202 application on an unclogged loamy sana, Before the H202 application the
mean infiltration rate of the hand-packed ecolumns was 1125 em/day.  Aftep the
application the rate had decreased dramatically to 308 em/day, or 27 percent
of the Pre-treatment rate. Based on this e€Xperience, these workers suggested
that mi¢ may be impossible, regardless of loading rates, to totally restore
the infiltrative capacity of certain soils due to their texture and crganic
content,m

An a study orf greywater treatment (Siegrist et ajy. 1981) an H50
treatment ywas employed to attempt rehabilitation of a clogged sand filter of
very uniforp coarse sand Particles (average diameter 1.37 mm). Initia]
infiltration rate of the medium was 48,000 cm/day. Failure was considered as




drain, then raked to 15 op (6 in) depth and a treatment of 2.88 kg/m< of H202
(0.65 em of 30 percent concentration) was applied. Greywatep application was
re-initiated af'ter the H202 treatment. The chemica} treatment resulted in a

oxidation, 1t would be eéxpected that not all or the initigy permeability could
be recovered. This concurs with the maximum post-H202 treatment recovery
rates, approximately 5§ Percent, reporteq by Jawson (1976).

Other Sources Substantiate the long—recognized inability of H202 to
Completely oxidize organic mattep of various types (Robinson, 1927 Alexander
and Byers, 1932; and Jackson, 1958). Jackson (1958) récommended 7.5 p3 of 30
bPercent H202 Per gram or 30il ¢to remove natural organic mattep and
acknowledged that this would not completely remove the more Ccomplex, resistant
forms, Jackson's prescription, applied to a l-cm thick slice of 501l with g
bulk density of 1.3 g/om3} would result ip 4 masg loading rate of 82.9 kg/m?
(9.75 cm of 30 percent H202). This figure is generally one order of magnitude
Or more greatep than those used by most commercigl vendors (Table 1).

Siegrist et al. (1981) reported that H202 application resulted ip
incomplete Oxidation of volatile Solids in 3 Sand filter, At a massg loading
rate of 2.88 kg/me they observed a 58 percent reduction in volatile solids in
the Surface 1 op of the filter, Compared tg the clogged state. s Previously
disoussed, the partiaj hydraulie Fecovery of this System was relatively 3hort-
lived,

Andrews and Bishop (1981) €xamined the effect of H202 treatments on
haturally occurring organic matter, Approximately ¥ m1 or H202 (concentration
not Specified) wasg mixed intg 227 grams of 3 loamy sand, This soil initially
contained 4.16 Percent organic mattep, The H202 treatment removed 79 pPercent
of the natura] organic matter,




topsoil were A33essed. This soil initially contained 2.9 bPercent organic
matter, Application or 0.63 cm of 12.5 percent H202 (1.15 kg/m2) reduced the
organic matter content to 2.5 percent. A similapr velume of 25 percent H202
(2.31 kg/mz) reduced organic matter to 2.3 Percent. These H2O2 levels compare
to the range used commercially and in othep research (Table 1),

Based on these observations, it appears to be very difficult to
completely oxidize all of the organic matter present in a clogged soil
infiltrative Surface, at least using H505.  Inasmuch as total organie solids
removal is incomplete by chemical oxidation, it seems that patent ¢laims or up
to 100 percent infiltration rate recovery using H‘202 (Harkin, 1977a) may have
been overly cptimistia, .

Since the PoroxR pPatent approval in 18977, the Process has been useg
commercially in Several states and on hundreds of 3ystems. According to
research and WARF marketing elaims (Harkin et al. 1975; Harkin, 1977a; USRE,

Porox™, Unfortunately, field evidence on site and soil conditions which
respond favorably to PoroxR is vague. Licensee records are generally poor,
limited soi1 evaluation is-attempted, and follow-up system evaluations are
Seldom conducted (USRE, 1982).

Five years or commercial éxperience with PoroxR has met with mixed
Success (USRE, 1982). Unsuccessful'response to Porox® is generally attributed
by its Proponents to improper diagnosis of system conditions and treatability,
improper application of the treatment, or soil conditions unfavorable to the
technique, Guidance on what, if any, soil conditions are unfavorable has been
vague or nonexistent throughout the treatment's history. These issues of soil
suitability and potential side effects from the treatment are of particular
concern to this stidy, '

Field experience in Wisconsin and elsewhere Suggests that all soils are
not equally well-suited to the Procedure (USRE, 1982). 4s an example, Rick
Apfel of On-Site Sanitation Services, Ine., Wisconsin Poroxh licensee, has
demonstrated mostly favorable response to the treatment on sandy soils but
highly unpredictable Performance on other soils (Personal communication,
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FIELD AND LABORATORY STUDIES OF
HYDROGEN PERQXIDE EFFECTS ON SOIL PROPERTIES

research was a direot outgrowth of Previous SSWMp field experiments dealing
with wastewater application strategies (Hargett et aj. 1981). .

The research which follows can be conveniently Segregated into three
parts: (1) field experience with PoroxR, (2) survey orf Wisconsin commercial

Field Experiments With PoroxR

ﬁggzgzgungr-Our studies on the efficacy or hydrogen Peroxide as a rejuvenative
technique fop failed wastewater absorption systems developed as a continuation
of previous fleld experiments (Hargett et al. 1981). The Preceding research
dealt with the effects of various wastewater application regimes (rate ang
frequency of application) on the long-term acceptance rates of so0ils. This
work was carried out from 1978 - 1981 at UW/SSWMP facilities at Arlington
Experimental Farms and was Supported by SSwMPp and U.S. Epa,

Situ systems of known infiltrative surface area and n0 side~wall absorption,
The infiltrative surface of the Systems was at 70 on (2.3 ft) below grade, in
the well;structured silty clay loam B22t horizon of the Plano series, a well-
drained member of the fine-silty, nixed, mesic Typic Argiudolls. Hargett et
al. (1981) detailed the constructiop Specifications or the wastewatepr

wastewater application to the 3ystems was ceased in September 1980. The
systems were allowed to naturally drain and rest for nine months, untij May
1981. At that time the degree of rejuvenation was determined by infiltration
rate (IR) measurements (Hargett ot al. 1981). During this period the
Permeability of the Systems increased from an average of 16 percent of theipr
initial infiltration rate (%IIR) to 32 3IIR. This 16 percent inecrease
constituted a rather sluggish 1.8 bercent per month average and was even
slower on certain systems,
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Figure I - Layout and treatment scheme of experimental field systems.

use of the systems at that time, Therefore an alternative strategy, hydrogen
beroxide treatment, was utilized to rehabilitste Selected Systems. The
decision to uUse the Porox treatment was based on the assumption that the
application would restore the treated systems to roughly 75 to 100 bercent of
their initia} infiltration rate as suggested in the Patent (Harkin, 1977a) and

WARF marketing literatupre, The evaluation of H202 was not within the original
‘Scope of the wastewatep application Strategies Project, . -

EQzQxR Treatment of Field Svst§m§--Twelve cells yere chosen for éhemical




via the access port illustrated in Figure 2. This instrument maintained a
constant one-cn head at the infiltrative surface during Measurement, After an
equilibration period, the volume of water infiltrating the system (area = 0.66
m? [7.07 ftzj) Was measured and the IR calculated. This procedure was
repeated until a constant rate was determined.

~-0n June 18, 1981, a standard comnercial PoroxR treatment
was applied to the 12 systems. These systems are designated in Figure 1 in
the vertiea} columns labeled P} {treated once) and P2 (treated twice). The
treatment was administered by Rick Apfei of On-Site Sanitation Services, Inc.,
the only licensed Porox™ vendor in Wisconsin, The treatment consisted of the
application of 1 em (0.25 gal/ft2 or 1.75 gal/system) of pre-mixed 10% Dupont
Tysul-Ww H202 applied through the observation well of each of the systenms
(Figure 2). s indicated in Table 1, this equals a mass loading of pure H202
of 1.49 kg/mz. Some degree of foaming and steam was detected at the infiltra-
tive surface via the system observation port, typical of other reported reac-
tions (Harkin et aj, 1975; Jawson, 1976; Harkin, 1977a).

After five days had elapsed, to ensure all residual H202 had decomposed,
infiltration rates of all 18 Systems were measured and thenp confirmed by a
Second measurement. Surprisingly, Systems treated with Porox displayed a
generally negative Fesponse as evidenced by lower infiltration measurements,

concentration might be in order to effect the desired result, complete
oxidation of organic matter in the clogging zone, which was not achieved with
the first treatment, This is apparently a common field practice for
licensees, and is consistent with guidance in the PoroxR manual (Harkin,
1977b).  Based on these results ang recommendations a second Porox® treatment

The second PoroxR application was administered to the appropriate cells
in the middle row (P2) of the site on August 25, 1981, This treatment, by the
same licensed vendor, consisted of the same loading rate, 1 em (0.25 gal/ftEL
but a Concentration of 2 percent H202. This cbrresponds to 2 mass loading
rate of 2.98 kg/m? of pure H202. Several days after the reaction was
complete, infiltration rates were measured and subsequently reconfirmed on all
18 systems. Infiltration rate has been monitored in all 18 asystems
Periodically since the H202 treatments.

We can consider the 98 Systems as siy replicates of each of the three
basic PoroxR treatments - 2 control group, a once-treated group, and a twice~
treated group of systems. 1In Figure 1 and ip the discussion that follows
these systems will be referred to as PO {contrel), P1, and P2, respectively.
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Figure 3 - PoroxR effect on infiltration rate of experimental field
systems,

PoroxR IR variability, associated with previous low wastewatepr loading rates
and a lesser degree of clogging. The graphical convenience of pPresenting the
data in this fashion is that beginning and pre-Porox™ values (months 1 and
in Figure 3) for PO, P1, and P2 are highly comparable. '

Table 2 presents means for each group of six systems (PO, P1, and P2) for
each measurement date. From Table 2 it is apparent that the groups of Systems
(PO, P1, P2) displayed no statistically significant_differences until after
the first PoroxR treatments were administered in June 1981.

Figure 3 and Table 2 document the general deleterious effect of hydrogen
beroxide treatments on soil infiltration rate. Of the 12 systems treated in
June 19871, eight declined in ZIIR and the others changed negligibly or rose
Slightly. The Systems which received PoroxR averaged 28 9IIR in May but
declined to 20 ¢IIR after treatment. Mean#hile, the control group continued
to rise from May to July. The second PoroxP treatment (P2 at 20% Hy0,) was
applied to a group of six systems in late August. These Six cells declined

September 1981, one month after the last Porox?® treatment., In every case,
regardless of the Previous wastewater treatment history, 4IIR values for the
control are higher than the system treated once with PoroxR, which are in turn
greater than the twice~-treated systems. Table 2 shows that this trend is
statistically significant,
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Table 2 -« Effect of hydrogen peroxide on seoil absorption System
infiltration rate,

H202 Percent initial infilerarion rateT
Lreatment 9/80 5/81 6/81 7/81 3/81 9/81 6/82 9/82

Control 21.5 38.8 45,7 43.0 52.2 77.6
azat ayz ay ay ay ax

1X l1.5 33.5 5 21.0 18.5 30.2 37.5
az ay byz byz by bx

2X 13.0 22, 5 19,3 T 6.6 13.0 25.7
ayz axy bxy cz cyz cx

n=6 systems for all treamments and dareas,

T a,b,¢ = treatment means within dates (same column) with rhe
same letter are not significantly different (p = 0.03).
%,¥,2 = date means within treatments (same line) with the Zame
letter are not significantly different.

; Systems treated 6/81 with 10% H902'

f Systems treated 6/81 with 10% H202 and 8/81 with 20 H,0,.

wastewater has been applied to any of the Systems during this period, This
Provided an,opportunity to observe the effects orf natural resting on the PO
systems and to agsess the long-term effects of the Poroxﬁ’treatments on the P1
and P2 systenms. '

damaged, some systems are gradually improving their infiltrative tapacity,
The P1 systems are somewhat promising with last-measured values above 559 IR,
However, over one year after the last Porox treatment, the P2 systems
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Figure 4 - Relationship of infiltration rate (%IIR) and hydrogen peroxide
(PoroxR) treatment, field systems, September 1981,

After this experience, speculation about the mechanisms causing negative
response to Hy0, treatment were centered around the PoroxR reaction itself
and possible deleterious side-effects under these particular =oil conditions.
Other workers have recognized management problems associated with soil
absorption systems installed in these soils (Bouma et al. 1975). It was
conceived that in these soils, which have a high proportion of fine silts
(5Cs, 1967), structural bonding is relatively weak and susceptible to physical
disruption, such as the violent effervescent decomposition reaction which
occurs with the application of H,0,. It was further speculated that the
natural organic matter in these soils may be relatively important to
structural integrity such that any decomposition via H202 application may
accelerate aggregate breakdown. This is supported by observed losses of
natural organic matter with H202 application (Bishop and Logsdon, 1981).
Mineralogical changes due to super-oxidation by free 02 was also considered as
a possible side-effect.

Regardless of the mechanisms, the infiltration rate measurements suggest
that soil structural units were likely destroyed and soil particles
reoriented. This probably resulted in a redistribution of pore-sizes, and a
substantial change in pore continuity. Furthermore, as shown by the
relationship between loss of infiltrative capacity and the number of H202
treatments, the degree of damage appears to be related, at least in this case,
to the cumulative mass H202 loading.
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Micromorphological Analvsis of Soil Ihin Sections--Based on the experiences

discussed above, i1t seemed appropriate to examine the soil in each of the
systems using micromorphological techniques. It was hoped that this approach
would provide considerable insight into the mechanisms operating to reduce
system permeability.

One M™undisturbed" core was collected from each of the 18 so0il absorption
systems using a sampling device and sampling tubes specially fabricated for
this purpose. Another undisturbed core was collected as a background sample
adjacent to the experimental systems area. These sampling tubes, 2.54-cm (1-
in} i.d. electrical conduit, with a beveled penetrating point, were pushed
down through the soil infiltrative surface and into the soil below, to a depth
of 8 to 12 em (3 to 5 in). To access the infiltrative surface for this
sampling procedure, the gravel in the system was partially removed by vacuum
cleaner through a 10-cm i.d. access tube which was simultaneously inserted
into the system until the gravel-soll interface was reached. After collection
of the sample, the remaining cavity was filled with a highly impermeable
gypsum-sand crust. The area of these disturbing activities represented less
than two percent of the infiltration surface of the systems, thus minimizing
any effects on their hydrodynamie integrity.

The soil cores, intact in their sampling tubes, were wrapped thoroughly
in Saran for transport to the laboratory where they were refrigerated until
further processing. The cores were later extracted and divided into three 4-
ce depth-increments from each system. Each core depth-increment was carefully
split along its vertical axis to expose a fresh natural soil face. The
samples were oven-dried at 105°C for 24 hours and then each samble was
impregnated under vacuum with a mixture of Castolite resin (200 ml), methyl
methacrylate (300 ml), and benzoyl peroxide (3 g) according to the method of
Buol and Fadness (1961). The impregnated samples were subsequently cut on a
diamond saw, ground and polished, mounted on glass slides, and ground to
approximately 0.03 mm-thin sections (Cady, 1965).

_ Selected thin-sections representing background, control (PQ), and each of
the H202 treatments (P1 and P2) were analyzed using polarizing and dark-field
microscope techniques (Cady, 1965; Thresher, 1982a). The porosity of the
samples was estimated by point counting techniques (Chayes, 1949; Daniels et
al. 1968) and described according to guidance provided by Johnson et al.
(1960) and Brewer (1976). Only pores larger than 0.05 mm were counted by this
method; size was determined with an ocular micrometer. Pore linings were
described to include argillans, organic matter, hydrous iron oxides, or com-

Plexes of these. X-ray diffraction analysls was also employed on the uncov-
ered samples according to the methods of Jackson (1974).

Results of Thin-Section Analvsis--The results of thin-section analysis of

selected samples is reported in Thresher (1982b). Table 3 classifies and
summarizes the results of this study contrasting general micromorphological
features observed in the natural background soil, the clogged untreated soil,
and each Porox® treated soil.
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Comparing the natural and clogged conditions in Table 3, the effects of
prolonged wastewater application are evident. 1In the latter case, the pores
are lined or completely clogged by organic debris, pore continuity is
reatricted, and consequently permeability of the soil system is severely
retarded. ‘ .

Thin-section analysis documents even more dramatic morphological effects
caused by application of hydrogen peroxide (Table 3). Interestingly, total
porosity (>0.05 mm) inereased substantially from the clogged state. However,
these pores are dominantly vesicular in character, often empty, and not
interconnected. With fewer large interconnected pores to freely transport
fluids, a reduction in hydraulic capacity is concomitant. Note that natural
s0il structure and structural porosity were essentially destroyed by H202 and
that considerable dispersion of c¢lay and organic matter occurred. Also,
organic matter was not completely removed, even in the twice~treated soil, and
appeared to be complexed with hydrous iron oxides and clays and redistributed
on sSome pore faces.

Conclusions From Field Experience With PoroxR--Our original research objec-
tives did not include an assessment of the efficacy of hydrogen peroxide for
system rehabilitation. However, in attempting to use Porox™ to rejuvenate our
experimental systems, we ultimately conducted a relatively comprehensive
evaluation of the process.

The unique nature of our original experimental design, with controlled,
replicated soil wastewater absorption systems in natural soils, provided an
ideal environment in which to evaluate this technique., As a result, the
experiments we conducted with Porox® are the only controlled, replicated, Jin
Situ evaluation known. This study included six replicate systems of two
levels of hydrogen peroxide treatment plus six centrol systems, The key
physical indicator of system rehabilitation, infiltration rate, was measured
consistently, confirmed, and follow-up monitoring was conducted for over one-
year after treatment. Ancillary techniques, thin-section analysis, supported
the physical measurements and suggested causative mechanisms.

As regards our objectives of rehabilitation of the systems, we achieved
the opposite. The PoroxR treatments, at least temporarily, and possibly
irreversibly, destroyed the hydraulic integrity of our experimental units. It
is doubtful that the 12 systems which receilved a Poroxt treatment can be used
for further research.

The negative effect of both Poroxh applications on our fileld systems was
unmistakable and raised questions as to whether the process might have such
deleterious effects on similar and different soils. Such events could serve
to functionally destroy a soil wastewater absorption system. This might
require the system owner to totally replace the system at a cost of up to
several thousand dollars or subject the licensed PoroxR vendor to damage
liabilities.
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Assuming the PoroxR process does have potential for the rehabilitation of
some systems, it was apparent that the process was not appropriate for all
soils. Given the unpredicted performance of PoroxR in our field studies, it
became evident that further immediate research on the process was warranted.
Justification inecluded the product's history of development by SSWMP with
state and U.S. EPA support, recognition by regulatory agencies as an approved
rehabilitation technique, and its performance relative to commercial claims.
A proposal was prepared'and quickly approved and funded by the University
Industrial Research Program (UW). Additional funding was provided by SSWMP.
The results of this research effort follow.

sScope of Further Regsearch

Special emphasis in these continuing studies on hydrogen peroxide was
directed to gaining accurate, detailed information regarding the on-going
viability of PoroxR. Soundly supported recommendations were to be developed.
This research was aimed at fine-tuning the product to specific so0il conditions
and possibly altering reagent concentrations, formulations, or loading rates
to optimize results and minimize side-effects.

Two distinct approaches were utilized to gather timely and accurate
information regarding Hy0, treatments. The first was an examination of the
commercial field experience with Porox?. This included a survey of user
satisfaction and post-treatment system performance. The results of this study
will be discussed only briefly because analysis is not yet complete and the
results are anticipated to be relatively inconclusive, at least compared to
other data collected.

The second approach involved laboratory studies of the effects of H202 on
critical soil properties in a variety of both clogged and non-clogged soil
types. These latter studies are the substance of the remainder of this
repert.

Survey of Wisconsin PoroxR Clients

In order to gain insight into the "real world" commercial experience with
PbroxH a survey study was designed. Rick Apfel of On Site Sanitation Services
(0SSS), Stoughton, WI, the only licensed PoroxR vendor in Wisconsin, acted as
commercial cooperator in this study. This arrangement provided access to
records of all 0SSS clients treated since the prdduct became available in
1977. These systems numbered 45, all of which had been treated between one
and five years previous to the survey. O0SSS Records provided quite valuable
but variable informatien regarding site and soil conditions, and system
design, history, and Poroxf treatment specifications.

A concise but comprehensive battery of questions was devised to ascertain
information about soil, site, and system conditions as well as wastewater
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generation characteristics of the facility. Queries were particularly

directed to failure symptoms before PoroxR treatment, satisfaction with the
treatment, and system performance af'ter the treatment.

The telephone survey was conducted by the University of Wisconsin's
Survey Research Laboratory (WSRL) using professional survey techniques., WSHL
provided a critique and organization of questions and expert non-biased
interviewers. Respondents were assured that the information they provided
would be handled with confidentiality and was not to be available to state
agencies for regulatory or enforcement purposes. Responses to over 70
questions were categorized and made available to us as a computer printout
summary as well as by individual homeowner.

After the telephone survey was completed, 26 of the 45 respondents were
randomly selected for a brief follow-up personal interview. Where possible
the soil wastewater absorption system was inspected and any symptoms of
failure or problem operation were noted.

Survey Resulfis--~Analysis of the survey results is incomplete; response data
have yet to be merged with original site and system evaluation information.
Likewise system inspection data have yet to be interfaced. Preliminary
perusal of the data demonstrates that homeowners know very little about thelr
septic systems and very little about what they purchased in a Por-oxR
treatment. Nevertheless, several important characterizations of product users
and PoroxR performance can be inferred.

As regards the expectations of Porox® clients, 87 percent anticipated a
fully functioning system after treatment. Although 0S8SSS has never had a
policy of guaranteeing the treatment, 27 percent of the respondents thought
that the process was guaranteed. Eleven percent of the respondent's systems
received two PoroxR treatments.

A very important observation with regard to post-treatment system
performance deals with the 1ssue of water conservation. Half of the
respondents (49%) indicated that they had significantly reduced flows to their

‘system after treatment, Implementation of significant, and in some cases
drastic water conservation is routinely recommended by many Porox® licensees
in conjunction with a treatment; some vendors also market flow reduction
hardware (Hil1l, 1980; USRE, 1982). This common-sense remedial solution to a
failing system obviously complicates analysis of the Porox® treatment effect
as opposed to the effect of reduced wastewater loadings.

A total of 35 percent of the respondents reported periodic or constant
system failure as either backup or surfacing after the treatment.
Interestingly, 71 percent stated that they were satisfied; thus some
homeowners were apparently satisfied with the treatment although failure
continued or reoccurred. Asked how they would describe the longevity of the
treatment, responses were 29% long-lasting, 24% temporary, and 40% did not
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know. As to the dependability of PoroxR, 42 percent of the respondents
qualified the treatment as dependable, 18 percent undependable, 29 percent did
not know.

The survey follow-up site visits were somewhat more revealing with regard
to post-treatment performance. Of the 26 sites examined, three {(12%) of the

systems had been totally replaced and three (12%) were pumping on a regular
basis. Inspection of the systems revealed that 19 (73%) of the systems were

experiencing severe continuous ponding (all > 18 em [7 in]). These observa-
tions verify that probably for most systems treated, Porox? did not have a
long-lasting positive effect.

These experiments were designed to address several questions’ regarding
soil interactions with hydrogen peroxide and thus provide a reféerence base for
decisions on the continued efficiacy of PoroxR. Among these questions were
concerns of soil suitability to the Porox® process, reagent concentration and
loading rate, and potential side-effects of the treatment.

Three experiments were designed to comprehensively address each of these
issues, while under the constraint of gathering maximum insight in a minimum
of time. Because the previous field experience had documented deleterious
side-effects on soil physical properties, effected by H,0, applicatiocns, these
studies emphasized physical measurement techniques.

In the first experiment, the effects of H202 upon the permeability of
unclogged, undisturbed soll cores were assessed. Cores representing twenty~
five soils were analyzed. Ancillary to this investigation, the second study
evaluated the impact of H202 applications upon soil morphology and porosity
using micromorphometric techniques., Two contrasting soil types were evaluated
in this effort. In the last experiment, numerous columns from each of four
benchmark soils were clogged by continuous wastewater application and then
treated with H202. Experimental design, methodology, and results of each of
these studies are described below.

In these experiments unclogged undisturbed soil cores representlng a wide
range of subsoil properties were treated with H202 to examine the reagent's

effects on soil hydraulic properties. With our experience from the field
studies (already discussed) it appeared appropriate to assess any potential
side-effects H202 may have upon soil permeability. This approach was quite
advantageous in expediting the evaluation of a wide range of H202
concentrations and loading rates and their effects upon numerous naturally
occurring subseil conditions. By assessing the hydrodynamic side-effects, if
any, on natural raw (unclogged) soils, we saved much time and effort over
several months of wastewater application to elog the same number of soils. A
concurrent experiment utilized four of the same soils used in the unclogged
cores study in an evaluation of H202 effects on clogged soils.
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Soil Sampling and Characterization - Twenty-five subsoil horizons from

thirteen soil series and sites were selected for sampling (Table 4). These
subsoils represent a very wide range of textures and natural organic matter
content. Figure 5 displays the range of textural characteristics of the soils
studied. Each of these 13 soil series may be used for subsurface or
alternative soil absorption systems in Wisconsin provided they satisfy the
requirements of Wisconsin Administrative Code (1980). Obviously, some soils
are more suitable for this purpose than others. Each specific site selected

has been recognized as typifying its mapped soil series and has a complete
series of published physical and chemical characterization data and field
descriptions (Scil Conservation Service [SCS], 1967). The great advantage in
using these sites was the availability of such a suite of data for convenient
inference to other soil properties to be measured in this study. Typical data
reported (SCS, 1967) include detailed particle size analysis, pH, organic
matter, bulk density, water retention, cation exchange capacity, base
saturation, iron content, and other analyses (methods from Soil Survey
Investigations, 1972).

Sampling of the subsolls used in these studies was by means of a modified
Uhland sampler (Blake, 1965) and standard 7.62-c¢m (3-in) i.d., T7.62-cm length
sampling rings for undisturbed cores. The cores were collected using a truck-
mounted hydraulic probe following hand excavation to the desired confirmed
horizon. Undisturbed cores were collected in this manner from 23 of the 25
site-horizons. In the case of two of the 25 site-horizons, the soils were too
sandy and not cochesive enough to sample in this fashion (both Plainfield
horizons). In these cases bulk samples were collected and the sample rings
were hand-packed to natural bulk densities. Depending on the experimental
design for each soil either 16 or 36 core samples were collected and prepared.

Duplicate bulk samples of each so0ll horizon were collected for particle
size analysis. Each sample was crushed, gravel was removed, and hydrometer
analysis was conducted according to the method of Day (1965). The sand

fraction was determined by wet-sieving. Results of the particle size analysis
of the 25 soils is presented in Appendix Table B-1. USDA textural classes for

the samples according to this analysis are reported in Table 6.

Chemical properties of the study soils can be inferred from laboratory
data for similar soil series and horizons, as characterized by SCS (1967).
Selected chemical data for the SCS type~locations for these series and
horizons (same as our sampling site locations) are presented in Appendix Table
B-2.

Exggzimggjgl_ﬂg;igﬁ - The goal in chemical rehabilitation of a sc¢il

absorption system is to uncleog the infiltrative surface, thus resulting in
improved socil permeability. The Poroxt patent teaches that H,0, treatment of
a clogged system may be expected to result in infiltration rates comparable to
the initial rate (Harkin, 1977a). It seems reasonable to expect that if Hy0,
imparts such dramatic improvements in a clogged soil system that these
reagents would not have serious deleterious side-effects on the permeability
of an uneclogged soil.
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A @ core study
A coiumn study

‘ﬂercent sand

Figure 5 - Range of textural properties of soils used in laboratory
studies.

In order to test the hypothesis of no significant H202 effect on soil
infiltration rate we used a simple treatment scheme and measurement technique.
Table 5 presents the experimental design for this study on unclogged cores as
well as the other two lab studies. This table shows that for all 25 soils we
utilized four H,0, concentrations (6.25, 12.5, 25, and 50 percent) and at
least one hydraulic loading rate (HLR) (0.63 cm). This resulted in a range of
mass loading rates (MLR of pure H202) of 0.58 to 4.61 kg/ma. For three of the
80ils we broadened the range of hydraulic and mass loading rates to 0.32,
0.63, and 1.26 em, and 0.29 to 9.22 kg/mz, respectively. Comparing the HLRs,
MLRs, and concentrations listed in Table 1, it is evident that our range of
treatments encompassed essentially all of the concentration and hydrauliec
loading combinations used previously by both researchers and commercial prac-
titioners. Note that a minimum of two replicate cores were utilized for each
H202 treatment and four replicate controls for each soll type.
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u h -~ Soil infiltration rate or hydraulie conductivity
(K) of the saturated 3011 cores was measured using a refined version of the
concentric-ring (split—flow) permeameter (CRP) described by Hill and King
(1982). A battery of 12 CRPs was constructed for this purpose and located in
a constant temperature room (1a£°c) with appropriate plumbing facilities.
Figure 6 provides details of the apparatus and identifies CRP components. The
construction and operation of the apparatus is described in detail in Hargett
(1982).

These instruments are unique in that they are capable of eliminating
boundary flow problems associated with traditional laboratory core techniques
for hydraulic conductivity (MeNeal and Reeve, 1964; Hill and King, 1982).
This segregation of flow ocan be very critical to data interpretations. McNeal
and Reeve (1964) reported boundary flow K values up to six times that of
center flow. The CRPs are compatible with standard 7.62-cm (3-in) i.d. s30il
sampling rings of variable length. Other aspects of CRP operation and use are
substantially in concert with considerations discussed in Klute (1965) and
McNeal and Reeve (1964). In utilizing the CRP to measure the hydraulie
conductivity of either natural or disturbed, treated or untreated, saturated
80il cores, the center region outflow is taken as representing actual flow
through the so0il mass, and actual saturated hydraulie conductivity is
calculated according to Darcy's Law. Because of the large volumes of water
used in CRP operation tap water was utilized, Characteristics of this water
are provided in Appendix Table C-1. The quality of this tap water should not
have resulted in excessive sample Swelling or dispersion due to salt or SAR

levels {Corey et al. 1977).

Soil cores were prepared by careful scarification of each end. This
expocsed natural non-smeared surfaces, and thus provided for the hydraulic
influence of natural structure and porosity. Soil air was displaced by
wetting the cores slowly (overnight) from the cheesecloth covered bottom until
saturated. This extended wetting procedure also provided for gradual
hydration and swelling of soil clays.

The saturated soil cores were carefully assembled with the CRP units
according to'Hargett (1982). The cores were then covered with a thin veneer
of medium sand to prevent scouring, and an appropriate concentration and
volume of H202 was applied according to the experimental treatment scheme.
For control samples no H202 was added and the CRP hydrau;ic conductivity run
was commenced immediately. Runs were typically four hours long with the first
two hours regarded as an equilibration period; during the final two hours
measurements were made at thirty minute intervals, or more frequently as
required for certain soils. A minimum of four readings was collected,
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Figure 6 - Section-view of assembled concentric-ring permeameter (CRP)

at right.
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averaged, and hydraulic conductivities were calculated according to Darcy's
Law.

K= (Q/At) x (L/AR)

where: K is hydraulic conductivity of saturated soil (cm/day)
Q is volume of outflow (cm3) :
A is cross sectional (cm)
t is time (day)
L is length of sample (cm)
OH iAs distance from outflow point to top of head (em)

B.e_azgm;_a_p_p_lig_a;_j_g_n - Cores receiving hydrogen peroxide applications were

treated immediately after CRP assembly and allowed to react for 48 hours.
This provided two functions. First, it allowed more than adequate time for
the 11202 decomposition reaction to g0 to completion. Jawson (1976) indicated
that the reaction is probably more than 90% complete in a few hours, although
Some residual H 0> may last for a day or more. Secondly, the primary purpose
of waiting 48 hours was to maintain a "real world" analogy to what occurs when
a soil absorption system is treated. When gz commercial Por'oxR treatment is
administered the soil absorption system is typically dewatered by pumping to
minimize dilution of applied reagent (Harkin, 1977b). 4lsc pumped is the
septic tank, which should have a capacity of at least 48 hours waste flow.
Thus, with a commerical Porox® application the treated soil infiltrative
surface will tjrpically not experience inundation for at least 48 hours. In
our laboratory procedure, 48 hours aftep reagent application, hydraulic
conductivity was determined on the treated samples as described above. To
insure that this 48 hour period did not have a serious effect apart from that
of the H202 treatment, extra control and HyOy~treated samples for selected
s0ils were run with both 0 and 48 hours elapsed after assembly. This
comparison showed no significant effect of the waiting period itself.

Analysis - All data handling and statistical analysis were carried out
using the Statistical Analysis System (SAS) - versioen 82.2B (S54AS Inatitute,
1982a,b). Center-region flow from the CRP was considered as representative of
soil K values, but peripheral and total average flow were also analyzed.
Analysis of variance was carried out on both raw and log-transformed data
using the SAS general linear models package (SAS Institute, 1982b). Nielsen
et al. (1973) recommended the log transformation of hydraulic conductivity
data in order to apply normal statistics. Statistical methods used, to in-
clude the least significant differences (LSD) multiple range technique, are
described in Snedecor and Cochran (1972).

.Es_s_ul_tﬁ_ang_gigg_gﬂign - Table 6 presents results of the assessment of

H202 effects on the infiltration rate of the 25 301l horizons. The most
conspicuous observation that can be made from this data is that for most soils
any application of H202 reduced the infiltration rate of the soil. Only one
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of the 25 subsoil horizons, the Port Byron B21 horizon, displayed any
statistieally significant differences among the various H202 treatments. This
important point demonstrates that with 3ome degree of variability, for most
soils, a low H202 concentration was a4s damaging to Permeability as g high
concentration.

In 23 of the 25 soils the mean of the control treatments was greater than
the mean or the combined H;0, treatments, As Table § indicates, these
differences were significant (p - 0.05) or highly significant (P = 0.01) in 1g

of the soils. 1In 22 of the 25 soils all Hy0, treatments resulted in lower
infiltration rates than the control samples, The final column of Table 6§

Another very important observation from Table 6 is the character of the
two soils whieh displayed a response to H202 treatments quite different from
the 23 s0ils discussed above, Only the two Plainfield s0ila, the loamy sand
C2 and sang c3 horizons, did not €Xperience deleterious effects on
infiltration rates associated with the application of Hy05- This is best
reflected in the "treated Samples as 3 percent of controls expression where
the Héoz-treated Ssamples actually averaged higher than the controls. Reeall
that this sanme Seil, Plainfield Sand, was the only soil used in the original
Héo2 experimentation by Jawson (1976). Thus, the lack of deleterious effect
of H202-treatment to raw Plainfielq sand in this eXperiment, appears to cor-
roborate Jawson's work, to some extent.

It is convenient to categorize the 25 80ils into large textural groups
for general comparisonas, Figure 7 graphically Presents the data with eagh
Soil-horizon classified into one of 8ix geners]l textural groups. Table 7
Presents this sape data in a more detailed tabular form to include the range
of values for each soil and treatment greup. From Figure 7 it is elear that
very sandy soils (S) have 3 response to H202 distinctively different from
other soils.

pPercent (ScCs, 1967). Despite this very low organic sink for eonsumption of
free 02, upon addition of H202 to the soil ceores, a violent reaction ensued,
It appears that the natura) 30il provides a tremendous total surface area with
which the reagent can react apd decompose at a very rapid rate. This reaction
would begin as a gentle bubbling or effervescing but would rapidly Progress,
€specially for higher H202 concentrations, to an extremely violent boiling
rreaction after one to two minutes, This exothermic decomposition of the H202
typically evolved much steam and some sensible heat.
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Figure 7 - Effect of hydrogen peroxide on infiltration rate of generalized
soil textural groups—-non-clogged soil cores.

The boiling effectively loosened and incorporated 5 to 10 mm or more of
soil into the solution. For different soils and H202 concentrations the
turbulence of the reactions varied. In some soils the lower concentrations
did not cause a true ™oil" but rather a continuous slow effervescence with a
progressive volume expansion of the sanmple, in some cases up to 50 percent.
This was apparently caused by reagent penetration into the s0il with H202
decomposition incorporating gas bubbles within the soil fabric.

After about five minutes or less the H202 decomposition reaction would
subside and the soil Suspension was gradually deposited onto the roiled but
intact soil below. It might be expected according to Stoke's Law that the

suspended particles would settle out in a graded fashion, larger particles
first, then finer. This would effect a graded filter with a layer of the

finest, most impermeable particles segregated on top.

Another important consideration of this suspension and re-sedimentation
of the particles is the effect on 801l pores available to transmit fluids.

The significance of naturally occﬁrring porosity in the form of biotie and
structural pores is evidenced in the extremely high control sample

infiltration rates for both horizons of the Richwood soil and the one Ringwood
horizon (Table 6). These soils naturally displayed an abundance of large

biopores and structural macroporosity. The associated pore continuity
conditions resulted in infiltration rates in control samples which were orders

of magnitude greater than other control samples of similar texture. These
observations are consistent with the importance of structure and pore

continuity related by Bouma and Anderson (1973a,b).
33




~19JJIP 00 PImMOYs YAQNY

(6070 = ) S1I0s ¢ JO H7 UT SIUDWILIA] UL SODUD
PAUTGUOY ATk ‘SSRID [RININDY [0S UTYIIM ‘s0T00 palen1l-Col) 11V

il

z ¢ : c G 9 HER10 Ut Ss|I0yY
8L n9* L 6%°1 £8°1 VAN 0y ¢ [UiTwon Jo 7 6" pojraa]
91 5 A e 09 0g u
96Z2-09 90 <E-0 96-0 A At 12-0 afury
€L 951 %9°9 9 89711 6 ¢ 680 x
Dieaa,
._._UJ EEN
8 8¢ 8 : X4 9z 44 u
907 -0 TARL vE81-0 £829-0 LET-0 YS1-0 aguey
90° 121 [E°(8 YL " 98¢ 01°BE9 96° LYy 61797 X
| Toa3U0h
purg weof Apueg e o] EmcH ATIS weor Aeqn Anrn

SSETO TrInixol Ag - AhMﬁ\EUV 2183 UOTIICIITIJuUR

—~8dnoa8 jeanIxsl [fos peziieisusd jo 9IBI UOTIBAITTIUT U0 IPIX

*§3103 TTI0s pad8oro-uou

oxad uaBoapLy jJo 39933y - ;7 °27qe]L

34



The effect of the vioclent H202 decomposition reaction on the structured
scils also explains the response of the sandy soils to H202. These sands are
naturally essentially structureless, and have relatively low content of fines,
rather high particle size uniformity, and excellent interparticle pore
continuity. Structure does not play a significant role in the porosity of
these soils, and there are too few fines to form a hydraulically resistant
graded deposit after H202 boiling. Thus, it appears that these sands are
somewhat immune to the physical deterioration in permeability effected on
structured, finer textured soils.

Note that this research alone cannot precisely predict what sandy soils
are resistant to H202-induced permeability losses. The Pardeeville IIC1
horizon is classified as a sandy loam but has sand, silt, and clay percentages
of 78, 10, and 12 respectively, and therefore nearly qualifies as a loamy
sand. This soil suffered an average of 90 percent loss of infiltration rate
upon the application of Hy0, (Table 6). Specific combinations of the sand
fractions, or a certain content of fines, could be associated with soil condi-
tions especially sensitive or resistant to the physical loss of permeability.
Further evaluation of this issue may be appropriate.

Independent data support our observed losses of soil permeability caused
by chemical oxidation using H202. In the leachate mining industry workers
have observed that leaching fluids containing strong oxidants, even at very
low concentrations, may result in reduced permeability. Lawes and Watts
(1981) and Lawes (1981) reported on the use of alkaline carbonate solutions
contalning very low concentrations of Hy0, (0.1 to 3 g/L) for in situ leachate
mining of argillaceous uranium ores. In this process the H202 decomposes and
02 oxidizes the uranium to a soluble species for extraction by pumping. In a
more recent patent (1982), Lawes reported data demonstrating that this in situ
technique often leads to reduced permeabilities and thus increased leaching
times in the ores. As a corrective measure, Lawes and Watta (1982) recommend-
ed and patented the incorporation of low concentrations of silicates (prefer-
ably NaSiO3 at 0.5 to 1.5 g/L) to the leaching solutions. Results documenting
the efficicacy of such additives were presented in the patent.

In a related mining discipline H0, and other strong oxidants have been
used to effect disaggregation of rock materials. Huff and Heath (1970, 1971)
reported on a process by which H202 and related compounds can be used to
physically rupture rock materials containing certain clay minerals. The
latter patent specifically discusses the use of H202 in concentrations of from
10 to 50% to disrupt the struectural integrity of rock materials contalning
1llite and related eclay minerals. Huff and Heath (1971) postulated that
illite, with adjacent unit cells separated and bound together by potzasium
atoms, is susceptible to rupturing and negation of bonding by H202. X-ray
analysis was used to show that this was neither a swelling or distention of
the crystal lattice of the system, but rather a negation of bonding between
unit cells. It is noteworthy that most of the soils in Wisconsin have clay
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mineralogy family classifications of mixed or illitie, indicating significant
illite content which may exceed 50 percent of the secondary élay minerals.
This mechanism may further explain the Hy0o-induced loss of structure and
permeability observed in many of the soils in our study.

Evaluation of Additives to Reduce Permeability Losses - Soil permeability

losses caused by H202 application appear to be related to the rapid and
vioclent decomposition of the reagent. Thus, despite any potential benefit of
oxidizing the organic matter present, the negative side-effects of H202 appear
to be overwhelming in many soils.

Methods - A very brief experiment was designed to examine the efficacy of
various additive types and concentrations for reducing the side-effects
resulting from H,0, decomposition and related phenomenon. Additives evaluated

were trichloroacetic acid (TCA) and sodium silicate (NaSiO3). These compounds
were selected based on recommendations from chemists experienced with control

of Hy05 decomposition and side-effects thereof (Harkin, 1982; Lawes, 1983). A
range of concentrations were evaluated for each additive.

Trichlorocacetic acid is thought to inhibit the catalytic decomposition of
H202 caused by the enzyme catalase, ubiquitous in soils. Lawes and Watts
(1982) suggested that NaSiO3 was effective in retarding H202 decomposition and
in reducing attendant permeability side~effects in uranium ores. Note
however, that these mining applications were for extremely low H202
concentrations, compared to those used commercially by Porox® vendors. This
additive was evaluated both with and without the addition of Mgzsou, per
recommendations (Lawes, 1983).

This experiment, ancillary to the first lab experiment already discussed,
used a single soill type with well-defined properties, and utilized the same
CRP and analytical techniques previously described. The soil used in these
additives studies was a sandy loam (nearly a loamy sand) with sand, silt, and
elay percentages of 78, 9, and 13, respectively. Organic matter content was
less than 0.15 percent. This soil was mixed to insure homogeneity and hand-
packed to a density of 1.55 g/cm3 into standard 7.62 x 7.62-cm sample rings.

Results and Discussion « Table 8 presents the results of the additives

study and shows the experimental design to include H202 concentrations
evaluated and the additives types and concentrations used. Because of the
controlled soil conditions and zttendant uniformity among cores, the
variability of -the control samples' infiltration rates was very small. The
control mean was 25.0 em/day with a standard deviation of 3.91 {coeff.var. =

15.1 percent).
The primary coneclusion froh these results is that none of the additives

assessed, at any concentration, eliminated the permeability loss caused by
HZO2 application. The Na23103 treatments generally resulted in even lower
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Table 8 - Effect of selected additives, in combination
with hydrogen peroxide,on infiltration rate--
sandy loam soil.

H,0

272 Infiltration
cone., Additcive rate,+
% Additive congc. cm/day
0 (control) None - 25.9 a’
0 Tea¥ 4.8 g/L 3.3 a
12.5 None —— 8.0 be
12.5 TCA 1.2 g/L 6.2 be
12.5 TCA 2.4 g/L 9.6 be
12.5 TCA 4.8 g/L 10.0 be
12,5 Na,si0, 0.75 g/L l.4 ¢
12,5 Na,$10, 1.5 g/L 3.7 be
12.5 Na,$10; 6.0 g/L 0.0 ¢
12.5 NaZSiO3‘ 50.0 g/L ' 8.1 be
w/Mg,s0, w/50 ppm Hg?+
30 None — 4.0 be
50 TCA 1.2 g/L 11.7 b
50 TCA 2.4 g/1, 4.5 be
50 _ TCA . 4.8 g/L 6.4 be

+

n = 2 except for control where n = 6.
¥ Trichloroacetic acid; 4.8 g/L = 2 1b/50 gal.

Treatment means with the same letter are not signifi-
cantly different (p = 0.05).

infiltration rates than H202 alone, although these differences are not
significant. One exception was the high level Na28103 treatment with Mgesou
which resulted in infiltration rates comparable to the 12.5% Hy0p~no additives
treatment.

The TCA resulted in higher mean values in 6§ of 7 TCA treatments than
measured in non-TCA H202 treatments. However, none of these differences was
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statistically significant (Table 8). It is interesting that a zero-H,0,
treatment with TCA resulted in a higher infiltration rate than the controls
(however, not significantly higher). Although one might not expect any
significant effect attributable to the TCA in this very low orgaﬁie matter
soil, 1t appears to have marginally reduced, but not eliminated the
deleterious effects of H202-

Hydrogen Peroxide Effects on Soil Porosity and Micromorphology--Two soils used
in the previous laboratory study were selected for similar H,0p treatments to
be followed by thin-section analysis. These scils were the Ringwood I&IIB23,
a well-structured loam and, the Pardeeville IIC1, a structureless sandy loam
(borderline loamy sand). The purpose of this investigation was to visually
assess the effects of H202 application as regards porosity, pore continuity,
and structure. This approach was thought to have considerable potential for
gaining further insight into operating mechanisms as well as physical effects.

Methods - In the case of the structured seil, ten undisturbed samples
were collected. To this end, a S5.1-cm (2-in) i.d. x 25.4-cm (10-in) long
sharpened acrylic tube was carefully inserted into the desired exposed soil
horizon using the truck-mounted hydraulic soil probe. The structureless
samples were mixed to optimum homogeneity and hand-packed to natural bulk
density (1.7 g/cm3) into acrylic tubes like those used for the structured
soil.

All core=s were slowly saturated from the bottom to expel soil gas as
previously described. Two replicate cores of each soll were randomly selected
from the ten available, and subjected to one of five H202 treatments.
Concentrations of 0, 6.25, 12.5, 25, or 50 percent were applied to each core
at a HLR of 0.63 cm. This experimental design essentially duplicated that
used in the permeabllity study. Soil-reagent reactions observed were
subatantially the same as those already described, with bolling and frothing
disrupting the soil fabriec. '

The c¢ores were carefully dried at a very slow rate to avoid dessicatiocn
fractures. They were then impregnated with 40 mrl of Epotek 301 epoxy per
sample. This compound has extremely low viscosity and contains no solvents.
It therefore has great penetrating ability and does not require a vacuum. The
impregnated samples were then cured at 25°C for 24 hours. After drying,
sections were cut from each core center. Because the treated saamples were
quite porous, they were further impregnated with Petro Poxy to fill the
exposed pores and provide support during grinding and mounting of the thin-
sections which followed.

The samples were analyzed by standard petrographic polarizing and dark-
field techniques as already described (Cady, 1965; Thresher, 1982a). Pores
larger than 0.02 mm were classified and counted using techniques described for
the study of thin-sections, discussed previously (Johnson et al. 1960; Chayes,
1949; Brewer, 1976).

38



Results and Discussjopn--The results of the thin-section analysis of the
20 core samples are reported in Thresher (1983). Table 9 summarizes the
effects of H,0, on soil porosity. It is quite apparent that regardless of
30il type and reagent concentration the total porosity (>0.02 mm) is
dramatically increased (roughly doubled) by H202 application. Table 9 also
presents measurements reflecting depth of reaction and size of the pores.

Figures 8 and 9 display pore drawings made from representative sections.
The size and continuity of natural structural pores (>0.02 mm) in the pedal
loam soil is quite apparent and explains its high permeability, However, when
treated with H,0,, even at a low concentration (6.25 percent), the structure
and attendant porosity were destroyed and numerous non-connected vesicular
pores and vughs developed. The result was a hydraulically resistant styro-
foam-like fabric.

In the case of the granular soll the random, structureless orientation of
particles results in almost no pores larger than 0.02 mm (Figure 9). By
contrast, the sample treated by even 6.25 percent H202 is riddled with large
vesicular, and non-connected pores.

Table 9 shows an interesting trend as regards the depth of H202 reaction
in the two soils. It appears that in the case of the structured soil higher
H202 concentrations resulted in a greater depth of penetration and
disturbance. However, the granular soill displayed shallower penetration depth
and disturbance with increasing concentration.  This phenomenon could be
partially explained by the pore sizes conveying the reagent into the
respective so0il types and thereby availing differing soil surface areas for
H202 decomposition.

Table 10 classifies and summarizes the treatment effects in the two soils
a3 observed from the thin-sections. Figures 10 through 13 are
photomicrographs of representative sections for the two se¢ils and exemplify
treatment effects. It is apparent from these figures that in both soils the
particles have been totally reoriented, with clays, hydrous iron oxides, and
the small amount of organic matter present, dispersed and redeposited onto the
walls of the new pores. These materials appear to have combined to form a
fairly significant "glue™ which functions to hold the pores intact. Figure 12
presents an example of a pore bridge of a few sand particles coated and
supported by these precipitates of fines., This phenomencn may partially
explain (1) the structural integrity despite very low density of these vesi-
cal-filled samples during thin-section preparation, and (2) the hydraulic

resistance of soils with such a high total porosity.

Effects on Infiltration rate~~-Clogged Soll Columns--In these experiments soil

columns representing a wide range of subsoil properties were clogged with
wastewater and subsequently treated with H,0p. This experiment was designed
to link the previous studies on Hy0, effects on permeability of natural,
unclogged soils to the reality of chemical rejuvenation of clogged systems.
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Figure 10 - Photomicrographs of vertical thin-section of untreated control
sample of structured Ringwood loam. Top photo is crossed
polarizers, center is plain light, and bottom is dark-field
illumination. Organic material appears dark in all three fields.
Pores appear white in plain light, dark gray in dark-field.

Clay accumulations (argillans) are noticeable around the large
central pere in both the top and bottom photos, indicating pore
stability and continuity.
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Figure 11 - Photomicrographs of vertical thin-section of Ringwood leoam treated

with 12.5 Z H 02. From top, crossed polarizers, plain light, and
dark-field, %ores appear white in center photo. Note the dramatie
increase in total and macro- porosity and lack of elongated, con-
tinuous pores compared to Figure 10. Pores appear to be somewhat
"sealed," with solids loosely clumped between. Also note the
incomplete oxidation of organic matter (dark in all three fields)
and the dispersion of fines, imparting poor light transmission

and a "fuzzy" visual texture.
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Figure 12 - Photomicrographs of vertical thin-section of untreated control
sample of unstructured Pardeeville sandy loam. From top, crossed
polarizers, center is plain light, and bottom is dark-field.
Quartz grains appear white in top two photos. MNote in bottom two
photos that many grains have coating of fines and Fe oxides.

Very little organic matter present. Pores appear in dark-field
as dark gray. ©Note random character of grain packing and pere
continuity.
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Figure 13 - Photomicrographs of vertical thin-section of Pardeeville sandy
: loam treated with 12.5 % H O_. From top, crossed peclarizers,
plain 1light, and dark—fiela.2 Pores appear black (tep), white
(middle), and dark gray (bottom)}. Note the reorientation of grains
and incorporation of very large rounded pores in the soil fabric.
These vesicular pores are segregated by pore bridges (at right)
of grains held in place by precipitated fines and Fe oxides.
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Soil Sampling - Because of the expense, difficulty and time invelved in
wastewater column studies, only four soil types were utilized in this
experiment. The s0il horizons selected were the Kewaunee IIBL {el), Ringwood
I&IIB23 (1), Port Byron B21 (sil), and Pardeeville IIC1 (sl). All of these
soils were used in the previously described soil cores experiment (Table 4).

These soils represent a wide range of subsoil textural conditions (Figure 5),
and therefore may be considered as benchmarks for reference to related soil

conditions.

The =s0il columns were contained in T.62-cm (3=-in) i.d. PVC pipe, schedule
120, with 0.6% cm (0.25 in) wall thickness, and length of 48.2 em (19 in).
The bottoms of the tubes were cut and beveled 30 as to minimize resistance
upon thelr being inserted into the soil by the truck-mounted hydraulic soil
probe. A soil pit was excavated to the soll horizon desired to act as the
infiltrative surface in the columns. The PVC tubes were then pressed into the

undisturbed seil so that a sample approximately 30.5 cm (12 in) in length
would be left in the tube after preparation. Because of the sampling

technique and soil strength conditions, some pre-wetting was required at some
sites.

This sampling approach was employed to collect ten "undisturbed” soil
columns each, from the Kewaunee, Ringwood and Port Byron sites. In the case
of the Pardeeville (sl) soil, the gravel and cobble content of the desired
strata precluded sampling in this fashion. Therefore bulk samples were
‘collected for packing of these columns. '

Column Preparation and Operation - The undisturbed soil columns were kept
air-tight and refrigerated until needed. Preparation involved the hand-
picking of top and bottom soil surfaces to expose natural structure and
porosity. The columns were then assembled substantially as diagrammed in
Figure 14. A layer of glass wool and filter fabric prevented eluviation of
the soil into the 2.5 em (1 in) of gravel at the column discharge end. An
8.9-cm (3.5-1in) i.d. PVC toilet flange was used to ancher the columns onto
mounting racks., The contact between the column and flange plate was sealed
with silicon rubber. Analogous to a field system, 7.6 cm (3 in) of gravel was
added to the top of the columns. '

The Pardeeville columns were constructed from bulk field samples. Gravel
and cobbles were removed and the soil was hand-packed to natural bulk density

into the PVC tubes, with bottom assembly complete. Considering the
structureless and sandy character of this soil (sandy loam-loamy sand texture,

78 percent sand) hand-packing to ratural density would be expected to fairly
well duplicate the field porosity and permeability. Twenty-four Pardeeville

columns were prepared in this manner,

Before mounting on wall racks all columns were slowly wetted from the
bottom sSo as to minimize the effects of entrapped air and permit gradual
swelling of clays. This process took 24 to 48 hours. The column experiments
were carried out in a constant temperature room (13°C).
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Figure 14 - Soil column construction and operational features.

After mounting the columns, saturation was maintained by inundating the
columns with a 2.5 L (0.66 gal) vessel of tap water as shown in Figure 14. As
indicated in the diagram, this arrangement resulted in a constant operating
head of 9.5 em. All infiltration rate values presented in discussion of this
experiment have been corrected for head according to Darcy's Law. Initial
infiltration rate measurements were made several times until stable -
representative values were collected. Measurements simply involved
determination of fluid intake rate over time. Column infiltration rate was
measured in this fashion on a weekly basis throughout the ¢clogging period,
using the influent wastewater. '
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" After wastewater application began, the columns were kept continuocusly
ponded throughout the study until clogged. Wastewater used was septic tank
effluent collected from a previous experimental site (Hargett et al. 1981)}.
Wastewater was collected, ineluding grab samples for characterization, on a
weekly basis from August 16, 1982 until February 16, 1983. Table 11 presents
a summary of the characteristics of this septic tank effluent. ALl parameters
presented in this table were measured by methods presented in Standard Methods
(1980), with the exception of NH3-N and NO.-N. These constituents were
determined by the method of Bremner and Keeney (1965). The wastewater
properties presented in Table 11 fall within the range of typleal septic tank
effluent characteristics, according to Siegrist et al. (1976).

For the purposes of this study column failure was defined as wastewater
infiltration rates less than reasonable long-term acceptance rates (LTAR)
(design loading rates) for the specific soil conditions of each column group.
This seems to be the only appropriate failure definition because hydraulic
failure should not occur in a field system untll the system fails to accept
the design rate. Only after this event would a system's condition warrant any
rehabilitation effort.

Design loading rates (LTARs) for soll wastewater absorption systems in
Wisconsin are based on soil percolation rates (WAC, 1980). Based upon WAC
guidelines, soil survey interpretations, and measured infiltration rates for
the four soils used in these column studies, approximate design loading rates
were estimated for these soils. When nearly all of the columns in each soil
type reached approximately this low wastewater acceptance rate they were
declared failed and were subjected to chemical rehabilitation techniques.

The LTAR for the Kewaunee (¢l) and Port Byron (sil) solls was estimated
to be 1.86 em/day (0.45 gal/ftzlday) based .on assumed percolation rate class
of 81=122 cm/day (45 - 60 min/in). The LTAR used to define failure
infiltration rate for the Ringwood (1) was 2.45 cm/day (0.60 gal/ft /day)
based on a percolation class of 122-366 cm/day (10 - 30 min/in). The
Pardeeville (sl) LTAR was 3.72 cm/day {0.91 gal/ft /day) from an assumed 366 -
3658 em/day (1.~ 10 min/in) perceolation rate.

The 48 columns representing the four soils (24 of Pardeeville and 8 each
of the other soils) exhibited some variability in the period of time and
amount of cumulative wastewater required to induce failure. Figures 15 and 16
depict infiltration rate decline and cumulative loading curves, respectively,
for a typical Pardeeville (sl) column. The Kewaunee (cl) and Port Byron {=il)
soils required the shortest period to achieve clogging (roughly 40 to 60 days)
but these soils had relatively low infiltration rates to begin with (Table
12).
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The Pardeeville {sl) and Port Byron (1) soils required a somewhat longer
loading period, approximately 50 to 90 days, to reach fallure inflow rates
because of their higher initial permeabilities, and numerous macropores in the
latter scil. Cumulative wastewater applied over the lcading pericd ranged
from approximately 250 cm for some Kewaunee columns-to 2500 cm for Pardeeville
eolumns. This compares to roughly C.37 years of daily equivalent wastewater
loading on the lower end, relative to the Kewaunee LTAR, and 1.84 years for
the Pardeeville LTAR at the upper end of this range.

Experimental Design of Reagent Applications - A treatment scheme similar
to that employed in the study of undisturbed soil cores was applied to the
column experiment. The experimental design is presented in Table 5. After
all columns of a given soil type had reached near-failure conditions,
individual columns were randomly selected for H202 treatments. For the cl, 1,
and sil column groups (8 columns each) one of four H,0, treatments was
assigned so that there were two random replicates of each treatment. The four
treatments consisted of 0.63 cm (0.15 gal/ft2) of either 6.25, 12.5, 25, or 50
percent H202, the same levels applied in the previous experiment. This
provided for a range of mass loading rates (pure H202) of 0.58 to 4.61 mg/m .

In the case of the sl (Pardeeville) soill, with 24 columns, a broader
range of treatments was applied. The same four H,0, concentrations were used
but three hydrauliec rates, 0.32, 0.63, and 1.26 cm (0.08, 0.15, and 0.31
gal/ftz), were employed, thus 12 treatments. This resulted in a range of mass
leoading rates from 0.29 to 9.22 kg/mz. Two randomly selected replicate
cclumns were assigned to each of these treatments.

Before H 02 application final pre~treatment infiltration rates were
determined and verified. The wastewater application vessel (Figure 14) was
then removed and the wastewater ponded upon the soil infiltrative surface was

allowed to drain. This minimized any dilution of applied reagent. An
appropriate volume and concentration of H202 was applied to each column.

Response to Treatment - Table 12 presents initial, pre-H,05, and post-
treatment infiltration rates for all columns treated with hydraulic loading
rates of 0.63 ecm. This includes all of the c¢l, 1, and sil columns and one-
third of the sl ecolumns. This table is, therefore, very convenient for
comparing the response to H,0, in all four solls.

Comparing the pre-treatment (clogged) values to the post—H202 treatment
rates, for all -soils except the sandy loam, demonstrates the general
ineffectiveness of H,0, to unclog the seil. For the three finer-textured
s0ils, and all four H202 concentrations, there were only two cases of
statistically significant differences before and after treatment; these

reflected declines in infiltrationrate, effected by Hy0,. In fact, post~-
treatment declines were observed in 9 of these 12 cases. These results are

displayed graphically in Figure 17.
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Figure 17A,B,C - Effect of hydrogen peroxide on infiltration rate of
clogged columns: (A) clay loam; (B) loam; and
(C) silt loam subsoils. .
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By contrast, the sandy loam columns displayed an increase in infiltration
rate for all four treatments presented in Table 12, These differences are
statistically significant in three cases, The broader treatment scheme
applied to the sandy loam soil will be discussed later.

Other important observations can be made from Table 12 with respect teo
H202 treatment effects. MNote that for all measurement events {initial, pre-
treatment, and post-treatment) and all four scils, in only one case is there a
significant difference between H,0, treatments. In the sandy loam s0il, the
higher H,0, concentrations (25 and 50 percent) resulted in a much greater
improvement in permeability than lower concentrationa.

The most important lesson from Table 12 is that of the magnitude of post-
treatment infiltration rates. For all soils and all treatments, in no case
did post-treatment values approach even 50 percent of initial infiltration
rate values. This is indicated by the scale of the ordinate in Figure 17.
This failure to restore infiltration rate is seen even for the sandy loam
30lls, as reflected in the percent of initial infiltration rate values pre-
sented in parentheses (Table 12).

As previoﬁsly discussed, the sandy loam =20il was subjected to a wider
range of H,0, treatments (Table 5). Table 13 presents pre-Hzoz.treatment and
post-treatment infiltration rates for all 12 treatments expressed as percent
of initlal infiltration rate. This transformation is very convenient in
correcting for the initial variability of the 24 columns and for communicating
the relative degree of rehabilitation resulting from H,0, treatments. Compar-
ing pre~ and post—H202 data within treatments, it is apparent that the lowest
mass loading rates had the least effect on infiltration rate. Eleven of the
12 treatments resulted in improved infiltration rates, and eight of these
proved significant. '

Comparing treatments, Table 13 shows that none of the pre—H202 values for
the 12 treatments are significantly different. As regards post-H,0, means,
Figure 18 shows that as either concentration or hydraulic loading rate in-
crease, infiltration rate also generally increased. It feollows that as mass
loading rate increases so does infiltration rate, thus giving the general
positive slope of bar heights in Figure 18. Note alsc that different treat-
ments with similar mass loading rates are generally not significantly differ-~
ent. For example, the three treatments, 1.26 cm of 12.5%, 0.63 cm of 25%,
0.32 em of 50% H,0,, all have the same mass loading rate, 2.31 kg/m2. Their
treatment means range from 11.4 to 23.7 percent of initial infiltration rate
but are not significantly different (Table 13).

Figure 18 shows that for the sandy lecam soil, as in the case of the
previously discussed finer soils, no H2O2 treatment resulted in infiltration
rate recovery greater than 33 percent of initial values. Note that this
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Figure 18 - Effect of hydrogen peroxide on infiltration rate of clogged
sandy loam columns.

highest rate of recovery in the sandy loam was assoclated with the highest
mass loading rate used, 9.22 kg/mz. Ref‘ebring to Table 1 it is clear that
this H202 application rate far exceeds those used by commercial vendors. This
rate also likely exceeds the maximum practical cost that would be chargeable
for a treatment, especially if the result is only a 33 percent recovery.

Retreatment of Selected Columns - Because of the generally positive
relationship between percent recovery and mass loading rate, a brief follow-up
experiment was conducted to pursue this trend further. Twelve of the
previcusly treated columns, six pairs of replicates, were selected for another
H202 treatment. These included both columns with low and high previcus mass
loading rates, and little to significant previous treatment response. Table
14 presents the specifications for the first and second !-1202 treatments for
these columns. The cumulative mass loading for the combined Hy0, loading,
some of which are extremely and impractically high (Table 1), are also
presented. . The second H202 treatment was applied approximately five days
after the first.

Response to Re-Treatment - Clogged (pre-H;0,), post~treatment one, and

post-treatment two infiltration data are shown in Table 14. Comparing the
infiltration rates before and after the second treatment, it is evident that
those columns (four column pairs} which did not respond to the first treatment
did respond favorably to the second treatment of higher mass lcoading rate.
Note that some of these second treatment mass loading rates were four times
(36.9 kg/m2) the first treatment maximum (9.22 kg/m2), However, none of the
recovery rates for these four treatments exceeded 17 percent. The two pairs
of treatments with a prior positive response did not respond significantly teo
themsecond treatment, despite a second-treatment mass loading rate of 9.22
kg/m=,
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Figure 19 presents the results of both rounds of H202 application on the
sandy loam soil. The first treatment's positive relationship between
infiltration rate recovery and mass loading rate are evident. However, the
trend appears to level off and decline somewhat based on observations from the
second H 02 application. We recognize that this comparison is not entirely
fair from an experimental design and statistical analysis point of view.
Nevertheless, we feel that it does provide some. further proof that these soils
‘will not respond favorably to H,0, at any reasonable application rate.

" Diseussion - The results of these column studies appear to substantially
corroborate our previously discussed field and laboratory experiences with
Hy05. Application of H,0, to clogged clay loam, loam, and silt leam columns
resulted in generally no improvement in infiltration rate, and often a
decrease beyond the clogged rate. This agrees with our field study
observations of PoroxR-induced permeability declines, or at best
iheffectiveness, in fine to medium textured, structured scils.

The mechanisms involved in the ineffectiveness of H,0p te rehabilitate
these soil columns are likely very similar to those observed in the previous
studies. These mechanisms include partial oxidation of the simpler organic
matter forms, dispersion of olays and remaining organic matter, destruction of
natural structure and pore continuity, and the introduction of numerous dead-
~ end vesicular pofes.

Application of H,0, to the sandy loam columns resulted in some recovery
of infiltration rate. This recovery appeared to be directly related to mass
loading rate of H,0, but peaked at high rates (9.22 kg/m 2) and leveled off and
declined at higher, unrealistic rates (up to 38.05 kg/m Y.

The maximum infiltration recovery observed in the sandy leoam columns
(borderline loamy sand) was only 33 percent of initial infiltration rate. The

H50, mass loading rate for this treatment was 9.22 kg/m . Considering the
somewhat finer texture of this soil, our column recovery compares rather well

with the range of recovery reported by Jawson, (13 to 58 percent) where mass
loading rates ranged from 2.81 to 13.98 kg/m2 (Table 1, Jawson, 1976; Harkin,
1977a). The findings of Siegrist et al. (1981) also support our observations
of H202 ineffectiveness, even in sands.
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SUMMARY

The application of hydrogen peroxide to wastewater soill absorption
systems has been recommended to restore the permeability of failed systems,

and to prevent system failure. The H,0; treatment process, PoroxR, has been
elaimed to be relatively effective in unclogging systems in a wide range of

soill conditions.

This publication is a compilation of recent SSWMP research results which
substantially refute the efficacy of the hydrogen percxide technique as
originally prescribed and question its application for a broad range of secils.
The results of each component of this study completely support one another and
stand as the foundation of our conclusions and recommendations as follow.

Gonelugions

1.

Rigorous critical review of the literature does not support the use
of H202. Most previous research was conducted only on sands, or
disturbed soils, and therefore cannot be extrapolated to a broad
range of natural soil conditions. Much of the earlier work suffers
from lack of replication and experimental control, and/or
inappropriate methodology. Even so, results, expressed in common
terms, suggest that the effectiveness of H202 in restoring the
permeability of clogged soils is at best partial, and highly
variable.

A survey and inspection of Wisconsin soil absorption systems treated
commerclally with PoroxR, one to five years previous, confirmed that
the treatment effects, if positive, were at best short-lived. Of 26
systems inspected, 3 had been totally replaced and 19 were

experiencing severe continuous ponding.

Field studies of controlled, replicated, in situ systems, previously
clogged with wastewater, showed that systems treated with Por‘oxR
(standard commercial treatment) suffered significant losses of

"infiltrative capaclity. A second treatment resulted in further

declines. By comparison, similar systems, allowed to rest naturally,
responded with significant increases in permeability.
Micromorphometric analysis of thin sections of soil cores from these
systems showed that H,0, dispersed the soil and destroyed natural
structure, while only partially oxidizing organic matter.

Laboratory studies on a very wide variety of soll textural conditions
documented that Hy0, application can do severe damage to the
infiltrative capacity of mest natural, unclogged soils. Loss of
permeability was generally dramatic regardless of Hy0, concentration
or mass loading rate. Only sand textures were not hydrauliecally
damaged by H50,.
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5. An evaluation of chemical additives intended to retard the rate of
Hy0p decomposition and thus minimize s0il damage, revealed no com>ound
which could effectively eliminate the permeability losses caused by
H202 -

6. A micromorphometric study of the effects of H505, on soil fabriec, in
both structured and granular soils, verified that the oxidant
completely destroyed natural structure and porosity. Structural

"units and interpedal pores were eliminated by Hy05. The soil
particles were dispersed and numerous non-connected, vesicular pores
were incorporated into the fabric. Total and macro- porosity were
much increased, but pore continuity and concomitant permeability were
markedly reduced.

T. Attempts to restore the permeability of wastewater-clogged soil
columns using H202 proved unsuccessful. Hy 05 treatment of clogged
columns of structured soils, loam, silt loam, and eclay loam generally
resulted in slight declines in infiltration capacity, even below the
clogged state, regardless of H,0, concentration and loading rate.
High H,0, loading rates produced some improvement in permeability in
clogged sandy loam columns but the greatest reclamation achieved was
only 35 percent of initial values.

Recommendations

Based on the results of this research we recommend against the
application of hydrogen peroxide to wastewater soil absorption systems,
especlally in non-sandy scils. We fleel that there is not adequate information
to advise the treatment's use even on sands, except perhaps in extenuating
circumstances. Before general use in sands is prescribed, we recommend
further research be conducted to assess H,0, effects and effectiveness in
sandy secils, to include mound and fill systems.
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Appendix A - Conversion factors.
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Table A-1 - Conversion factors for computation of hydrogen peroxide
loading rates.

Volume applied+

cm = gal/ft2 x 4.09
gal/ft2 = cm x 0.244
cm = L/m2 x 0,1

L/m2 = cpm x 10

Mass applied

kg/m2 = lb/ft2 X 4.88 '
Ib/£t% = kg/m® x 0.205

Mass—volume concentration relations

cm x concentration decimal x (1.465::10)=F = kg/m2 mass
loading rate of pure reagent”.

kg/mz pure reagent *+ (1.465x 10) * concentration decimal =
cm hydraulic loading rate given concentration.

kg/mz'pure reagent + (1.465x10) #+ cm = concentration
decimal.

T In this paper, hydraulic loading rate refers to the volume

of Hy0y of a specified concentration (e.g., 30%) applied
over a given area (as cm).

¥ Density of pure H = 1.4649 g/cm3.

§

2%2
In this paper, mass loading rate refers to the mass of pure

H,0, applied per unit area (kg/m?).
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Appendix B

Characteristics of soils used in laboratory experiments.
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Appendix C

Characteristics of water used with concentric-ring permeameters.
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Table C~1 - Characteristics of water used with the concentric-ring
permeameters.. '

mg/liter?
' Dissolved
Well Na Ca Mg Hardness Alkalinity solids pH SAR
6 7 72 37 360 308 408 7.4 0D.18
19 3 63 28 298 295 321 7.5 0.08

Routine analyses report courtesy of City of Madison, Wis. Water
Uriliey.
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