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ABETRAUT

The conceontrations of mest poliutants in urban runoff percolaring
through ITysimeter columns contiindmg uam soll and limostom: wers
substartially reduced. This raduction by adsorption andfor riltra-
Lion wecurred after percplation theooegh 3/4 meter of subserata.,
Foliutants showing a 70 percent oF grestar reductlion ln coacootration
dncluwded total and fecal colifogrm bacteria, orehaphosphorus, and
total plosphorus. Comparod ko dimeseane, sails qonecrally showed
gresafer removal of MBAS and il and grease. Thoe mean peswoval robo
aof MOAS for sails averaged 48 percent. Mariana Tisestone: was parbi-
cilardy permeabdo to MEAS, generadly romoving Iess than 3G pordent.
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INTRODUCTION

Guam is roughly divided into two hydrogecologic areas; a lime-
stone northern plateau and volcanic southern upland. Although
groundwater underlies all of Guam, only in the limestone plateau
is it extemsive enough to be developable on a large scale (Mink,
1976). Currently, the groundwater aquifer underlying the northern
plateauw is the principle source of drinking water. Due to increas-
ing urbanization and agricultural development on northern Guam the
avallable surface recharge area is diminishing. Mink (1976) in
his study of groundwater resources of Guam identified urban storm
water runoff as a potential contaminant of the groundwater resources.
Mink asserted that the normally light pollutant load associated with
this type of runoff posed minimal threat to the aquifer quality.
However, in order to maintain this resource for future use, long
term external pollutant sources must be determined as well as their
potential {mpact.

The quality of urban runoff in northern Guam, either discharged
into coastal receiving waters or ponded for groundwater recharge,
was assessed by Zclan et gl., 1978. This study determined that the
urban runoff in the central and nerthern areas (primarily from
residental developments) is lightly polluted, while the urban runoff
from the commercial areas of Agana-Tamuning is lightly to heavily
polluted., Since this commercial runcff is either discharged into
coastal waters or allowed to infiltrate into the coastal recharge
zone (Flg. 1), it does not pose a major threat to the aguifer quality.

Two soil types predominate on the northern plateau: Guam clay
and Chacha clay (Fig. 2). Guam clay, a reddish latosal, comprises
roughly 35 percent of the total island soil and 80 percent of the
northern soil (Tracey et al., 1964). This shallow soil extensively
overlies the Barrigada and Mariana limestones (Fig. 3). Chacha
clays, a latesclic intergrading of up to three silty clays, are
deposited, moderately deep to deep, in the central portion of the
island on the Agana argillaceous member of the Mariana limestone.

This laboratory lysimeter study augments the study by Zolan
et al. (1978) by assessing the quality fo urban runoff after
percolation through Guam clay, Chacha clays, and Mariana limestone.



OBJECTIVE

The laboratory lysimeter studies were conducted to determine
the filtering and adsorptive potential of predominant Guam soils
and limestone for selected pollutants found in urban runoff.

SCOPE

Laboratory lysimeter tests were conducted to provide an
agssegssment of the quality of urban runoff waters after percola-
tion through scils and limestone. Each test consisted of repeated
applications of urban runoff waters to lysimeters with selected
water quality parameters analyzed prior to and after applicaticn
to ascertain the adsorptive and filtering potential of the
substrata. Repeated tests were conducted using the same substrata
to determine short and long term behavior.

MATERIALS AND METHODS

Three lysimeter columns were constructed for the soil
adsorption studies. Each column consisted of a 1 m section of
clear polyvinyl chloride (PVC) pipe, inside diameter of 15 cm
(6"}, flanged at the lower end, and bolted to a plexiglass base
plate. The base plate was drilled and fitted with a shut-off
mechanism, Fine mesh plastic screen and glass beads or
aquarium gravel were placed in the bottoms of the constructed
columns to reduce substratum wash cut. The lysimeters were
placed in a wooden rack that provided ample space for sample
collection (Fig. 4). See appendix A for detailed description
of lysimeter design.

Two soils and a limestone common to northern Guam were
selected for testing. A fixed volume, approximately 15 liters,
and depth, 78-80 em, of substratum was maintained for each
lysimeter test series. The depth was choosen on the basis of
obtaining the maximum loading capacity for the columns that
still left space for application of two liters of sample water.
Additionally, the loaded depth was reasonably representative
of soil depths found on northern Guam. The 153 liter volume
was used to standardize compaction of the loaded substratum.



The two soils used have tentatively been classified as
Chacha or Chacha-Saipan clay and Guam clay based opn description
in Carroll and Hawthaway (1963) and soil maps from Military
Geclogy of Guam, 1959. See appendix B for description and
mineralogy of Guam clay and Chacha clay,

Both soil types were collected from Mt. Barrigada. The
Guam clay was obtained from a large disturbed pile at the summit
and the Chacha clay from a recently disturbed area on the lower
north slope (Figs. 5 and 6). The Guam clay appeared to be
typical of the soil type in the surrounding area. Additionally,
it appeared similar to other moderately weathered Guam clay
deposits typical of northern Guam. The Chacha clay was not
typical of the area., It is suspected that the soil was trans-
ported into the area for agricultural purposes., This soil
appeared similar in color and composition to deposits of Chacha-
Salpan clay found in the vicinity of Barrigada Village.

The limestone used was Mariana limestone of a lagoonal or
detrital origin. It was classified based on descriptions in
Schlanger, 1964. See appendix B for description and mineralogy.
The Mariama limestone was collected from tailings of a trench
being dug for the northern area sewage system at Naval Communica-
tions Station, Dededo (Fig. 7). The limestone was collected from
the top of the tailing pile. It was recently trenched material
representative of the limestone 58 m below the surface.

In order to reduce column packing problems, the soils and
limestone were sieved through a 2 cm mesh screen at the time of
collection. This removed the coarse gravel to boulder size
fraction. The sieved substrata were collected and stored in
large, covered plastic vats (Fig. 8). Aliquots of these original
collections were used in the lysimeter test series.

A standard procedure was devised for leading the substrata
inte the lysimeter columns. It was assumed that the substrata
in the storage vats were already uniformily mixed. Therefore,

a one liter 1lift was scocoped directly from the vat and dumped
into the column. This aliquot was tamped using 5-10 moderate

tc heavy blows. The tamper was a section of PVC pipe attached
to a circular (10 cm diameter) plexiglass plate. The substratum
near the edges of the column was packed hardest. This was done
to prevent channeling of the sample water along the column walls.
After 15 liters of substratum had been loaded, a fine mesh
plastic screen was placed on top to minimize surface distortion
and to trap organic debris.



Urban runoff water was collected from three locations,.
Residentially derived runoff was collected from Barrigada Heights
ponding basin (Fig. 8). Commercially derived urban runcoff was
collected from the Airport Road drainage channel (Fig. 9) and the
storm drainage ditch aleong Marine Drive at Camp Watkins Road. The
Barrigada Heights and Airport Road collection sites are the same
sites used in Urban Runoff Quality in Northern Guam (WRRC Tech.
Rept. No. 53}. In terms of pollutant concentrations,residential
runoff was designated by the above report as being high quality
runoff and commercial runoff as lower guality runoff. Runoff from
the residential source was utilized more extensively since resi-
dentially derived runoff is the predominant runoff type on the
northern plateau (Zolan et al., 1978). The Marine Drive-Camp
Watkins site was selected as a commercial source of runoff waters
when it was observed to contain heavy loads of o0il and grease and
a foaming agent.

The water was collected in a cleaned bucket and transferred
to a chemically cleaned 40 liter ice chest for transport to the
laboratory. Only water ccollected in the ice chest was utilized.
It was noted that the oil and grease adhered to the ice chest
during transport. Therefore, the initial oil and grease concentra-
tions determined in the laboratory are lower than actual field
conditiens,

Preapplication water samples were taken from the ice chest
immediately upon return te the laboratory. Two liter applications
were siphoned from the ice chest and added to the columns. Usually
10 liters of sample water were added per column per test run. The
infiltration time and flow rate, for the first liter passing, were
recorded (Figs. 11 and 12). This information was used as a check
on the substratum compaction and to determine if channeling was
occurring.

In the initial lysimeter test the bottom valves of the columns
were closed. The soil was saturated with 5 liters of water before
removal for analyses. Free percolation was allowed for all sub-
sequent test runs. The columns were allowed to drain between
test runs, leaving only interstitial water. This was done to
reduce cross—-over contamination between test runs.,

Pollutant parameters in urban runoff water that potentially
could pose a hazard include coliform bacteria, oil and grease,
MBAS (detergent compounds), total phosphorus, and nitrate-nitrogen.
As a result, these parameters were emphasized. Table 1 lists the
parameters and the method used for analysis.



A percolate collection order was devised. Each parameter
sample was collected from roughly the same volume passing in each
test run. The order was, for the most part, arbitrarily assigned.
The nitrate-nitrogen sample was collected first since it was known
to rapidly leach out. The collection order was as follows:
nitrate and nitrite-vitregen; BOD; turbidity and specific conduc-
tance; hardness; pH; oil and grease; total and ortho phosphorus;
MBAS; and tetal and fecal coliform bacteria.

RESULTS AND DISCUSSION

This study indicates that Guam clay, the most common surface
soil in northern Guam {(80%), will adsorb or filter out from 50 to 70
percent of most urban runoff pollutants within one meter of the
surface. Due to the lact that greater compaction of Guam clay exists
in the field than could be obtained in lysimeter columns, residence
time and percolation rates are probably longer under field conditions.
Hence, the removal values obtained in the laboratory study are rough
indications only. It is probable that the adsorption values obtained
are conservative if they differ from actual field adsorptive and
filtering capacity of similar soil depth.

Comparatively, both Mariana limestcone and Chacha clay were
superior to Guam clay as adsorptive and filtering media. This lower
rating of Guam clay is due to its lower removal rates of Total
Phosphorus, BOD and coliform bacteria (Tables 2 and 3).

Pellutants which permeate most readily through the substrata
are nitrate, MBAS, and oil and grease. Most urban runcff on Guam is
derived from residential or light commercial areas. Quantities of
these least adsorbed pollutants are usually low in this runoff
(Zolan, et al., 1978). The lysimeter data 1indicates that substrata
filtering and adsorption of the measured parameters is sufficient to
remove the danger of groundwater contamination from residential runcff.
High levels of o0il and grease and MBAS can be found in runcff from the
central commercial district in Tamuning-Agana. Lysimeter tests with
runoff containing high MBAS and o0il and grease show substantial con-
centrations in the percelate. Based on the lysimeter results, dis-
charge or runcoff containing high 0il and grease and MBAS should not
be allowed to pond in the critical rescurce and cconservation zones
of northern Guam (Fig. 1}. Commercial development of Guam currently
is situated along the western coast away from groundwater recharge
areas. As a result, commercial urban runoff is discharged into coastal
waters or ponded on the periphery of the groundwater recharge zone.



Individual test results of the 20 lysimeter tests run with
urban runcoff are presented In Table 4. The following is a dis-
cussion of results obtained for each pollutant parameter.

Orthophosphorus

Orthophosphorus was the most readily removed parameter from
urban runoff, The soils and limestone generally removed over 90
percent of the orthophosphorus in runoff water (Fig. 2). No decrease
in removal capabilities was noted at higher concentrations (<.8 mg/l).
The standard deviation from mean removal rates was less than 6
percent.

The removal of phosphate ions by Guam clay and similar clays
can be attributed te their nature as lithoseolic latosols. One
characteristic of lateritic soils is a tremendous ability to fix
phosphate ions. Two agents of fixation occur in Guam soils: an
abundant amount of hydrated oxides of aluminum and iron and a large
amount of exchangeable calcium, At the slightly alkaline conditions
of Guam clay, calcium exchange is probably the main source of
phosphate fixation (Demeterio, 1978).

Total Phosphorus

Total phosphorus removal was generally over 80 percent for
Mariana limestone and Chacha clay (Fig. 13). Guam clay had lower
removal rates with a mean removal of 68 percent. Increased per-
meability to total phesphorus occurs when MBAS compounds in urban
runoff are high. The ability of MBAS compounds to percclate through
soils mere readily probably accounts for the decrease in total
phosphorus adsorption.

Nitrite-Nitrogen and Nitrate-Nitrogen

Removal of nitrate ions was not generally observed with the
exception of Mariana limestone. Runoff waters added to freshly
loaded soils picked up large quantities of nitrate ions with result-
ing percolate nitrate~nitrogen concentrations ranging from 54.8 mg/1l
to 150.6 mg/l (Table 5). These high concentrations are believed to
have resulted from increased aeration when the soil was collected,
Since nitrification is a process of oxidation, any procedure that
increases soil aeration serves to increase the conversion of the
organic nitrogen pool to nitrate-nitrogen (Brady, 1974). This process
probably occurred in the stored soils, Stered Guam clay showed a
gradual increase of nitrate over time (6 months) te produce concentra-
tions of over 150 mg/l nitrate-nitrogen. The maximum concentration for
stored Chacha clay was 61 mg/l nitrate-nitrogen. The concentration of
nitrate-nitrogen in the percolate dropped to between 1 and 10 mg/l after
the initial 5-10 liters had passed. The level of leaching nitrate-nitrogen



remained at this level for the remaining tests (Table 4). These
concentrations were maintained by nitrification and mineralization
of the pooled organic nitrogen in the lysimeter between test runs.

The concentration of nitrate-nitrogen in the freshly loaded
Mariana limestone was low, ranging from .039 to .380 mg/l. The
extremely low organic content of Mariana limestone is believed to be
responsible for the lower nitrogen available for nitrification to
nitrate. Mariana limestone occasionally removed nitrates after the
initial leaching of nitrate-nitrogen. However, its performance was
unpredictable (Table 2) as evidencedfrom its low mean removal rate
and high standard deviation.

An attempt was made to flush nitrate from the soils and sub-
stratum by passing 20-30 liters of demineralized water through the
columns, Upon completing the flushing, the demineralized water
contained .180 and .179 mg/l nitrate-nitrogen feor Guam clay and
Chacha clay respectively and .047 mg/l for Mariana limestone (Table
6). Immediately upon completion of the demineralized flushing,
sample water containing 1.05 mg/l N0O3-N was added to the columns.

The percolate concentration from Guam clay was .998 mg/l, from Chacha
clay .775 mg/l, and from Mariana limestone .281 mg/l nitrate-nitrogen.
This shows that temporary flushing of nitrates is possible and pro-
bably occurs readily during rainfall., Within two weeks of the flush-
ing, surface soil levels of leaching nitrate returned to the mormal
greater than 1.0 mg/l concentration,

The concentration of organic nitrogen in Guam scils has been
determined to be as high as 3000 ppm (Demeterio, 1978)., Mineraliza-
tion of this organic pool and nitrification results in a continual
production of nitrate in the soil with subsequent leaching into
percolating runoff waters. The values of nitrate-nitrogen from
lysimeter percolate generally fall within the same range as ground-
water pumped from beneath northern Guam (.5 to 5 mg/l nitrate-
nitrogen).

Nitrite concentrations are usually quite low («<.010 mg/1l) and
therefore are not a pollution problem in urban runoff waters. However,
sewage septlc tank leakage may contribute large quantities of nitrite-
nitrogen. No lysimeter tests were run with water containing high
nitrite-nitrogen concentratons. Initial nitrite concentrations in
freshly loaded soil ranged up to .5 mg/l nitritenitrogen. The
concentration of nitrite fell to well below .010 mg/l by the time
ten liters had percolated through the columns. The concentrations
remained in at this level in subseguent test runs (Table 4).

0il and Grease

On an average, 70 percent of the oil and grease compounds in
urban runcff were removed by the clay soils. The limestone generally
removed only 50 percent of the oil and grease compounds. Runoff
containing high concentrations of c¢il and grease were added (up to



185 mg/1). At the higher concentrations the percentage of removal
was greater (Fig. 10). It appears that the clay soils have a fairly
high adsorptive capacity for oil and grease.

Large oil spills (fuel o0il} occur with disturbing frequency in
resources areas from rupturing fuel oil pipelines and fuel tamk £il11-
ing operations. Spills occurring from 1975 through 1977 resulted in
a total exceeding several thousand gallons. These large fuel oil
spills pose a major threat to groundwater quality.

Methylene Blue Active Substances

All three substrata varied in their ability to remove MBAS from
runof f waters. Mariana limestone generally removed less than 30 per—
cent of the MBAS in urban runoff. Guam clay generally removed less
than 50 percent and Chacha clay removed less than 70 percent (Fig. 11).
The percentage removed varied widely from zero to 95 percent. Con-
sidering the poor adsorption of MBAS by Guam clay and Mariana 1lime-
stone, MBAS can potentially pose a threat to the groundwater quality.
MBAS has been measured in some Guam groundwater wells at nearly 20
percent of the limit established in United States Environmental
Protection Agency drinking water standards.

Total and Fecal Celiform

Mariana limestone showed superior filtering of coliform bacteria
with almost 100 percent removal of fecal coliforms and over 90 percent
removal of total coliforms (Figs. 12 and 13)., The standard deviation
of the mean removal rate for Mariana limestone was comparatively low,
3.9 percent for fecal coliform and 15.5 percent for total coliform
bacteria (Table 2).

The clay soils showed wide variation in coliform bacterial filter-
ing, although on an average Guam clay removed over 70 percent of the
total and fecal coliform bacteria and Chacha clay removed over 80 percent.

Despite the high filtering percentage of fecal and total coliform,
the concentrations in the percolate were high (in comparison to ground-
water), with values ranging up to the thousands per 100 ml (Table 4).
Also, other types of bacteria (not identified) were noted in the per-
colate,

BOD

Biochemical oxygen demand serves as a indication of overall
filtering/adsorption capability since BOD depends upon both biological
and chemical quality of the percolate. In removal of BOD, Chacha clay
was the most effective, removing a mean of 79 percent. However,
removal values ranged widely (Table 4). Both Mariana limestone and
Guam clay removed roughly 50 percent of the BOD (Fig. 14). Despite
the good bacteria filtering capacity of Mariana limestone, its
permeability to organic compounds results in higher percolate BOD.

8



Turbidity

Filtration of material producing turbidity was observed in
columns once initial flushing of columns occurred. Mariana limestone
acted as a very good filter usually reducing runcff turbidities to
below drinking water standards (<1 NTU)., The precolate from the clay
soils had higher turbidities (approximately 5 NTU) as a result of clay
suspension. In all cases turbidity filtering improved with column
ugse (Table 4).

Specific Conductance

Leaching of ioms from the soil resulted in a substantial increase
in the specific conductance of the percolate (Table 4). The mean
specific conductance of urban runoff was 136 umho/cm. The mean
specific conductance of percolate from Mariana limestone was 218 umho/cm,
from Guam clay 344 umho/cm, and from Chacha clay 359 umho/cm, When
runoff water of 1443 umho/cm specific conductance was tested, specific
conductance dropped to 1005 umho/cm in Mariana limestone percolate,

1075 in Guam clay percolate, and 387 umho/cm in Chacha clay.

pH

The pH of sample runoff water ranged from 7.07 to 8.35 with a
mean of 7.54. This pH range is typical of runoff found in the vrban
Runoff Quality in Northern Guam (1978). Percolate water ranged from
7.48 to 7.84 (Table 4). The clay soils produced similar mean pH
values: 7.67 and 7.65 for Guam clay and Chacha clay, respectively.
Mariana limestone produced a slightly higher mean pH of 7.75. These
pH values fall within the range of groundwater pH (7.4 to 7.9).

In the neutual to alkaline soils of northern Guam,hydrogen and
aluminum ions are bound (in the form of gibbsite) and replaced by
exchangeable bases (calecium). Percolating water in contact with the
alkaline soil produces free calcium and hydroxyl ions, increasing
both hardness and pH.

Total Hardness

Urban runoff percolating through the lysimeter columns increased
appreciably in hardness. All three substrata contain a considerable
calcium fraction. Urban runoff usually contained less than 50 mg/1
hardness, After percolation through Mariana limestone the hardness
increased by 30 to 40 mg/l. The increase in hardness after percola-
tion through the clay soils ranged from 50 to 10C mg/l (Table "4).

The final hardness concentrations generally ranged from 100 to 150
mg/l for soils and usually fell below 100 mg/l for Mariana limestone.
The surface soils of Guam have a high ion exchange capacity (3.8 to 35
mg/100 ml, Carroll and Hathaway, 1963). This, coupled with the
slightly alkaline native of the soils, Eacilitated the leaching of
calcium into percolating runoff water. Additionally, runoff pH



values are almost always greater than 7.0 which increases the calcium
leaching process.

Soil Adsorption/Filtration and Guam Urban Runoff Quality

As found in the Urban Runoff Quality im Northern GCuam (1978),
Guam urban runoff quality varies according to its source area. Run-
off from predominately residential areas or developments is lightly
polluted. This type of urban runoff comprises most runoff waters.
More heavily polluted runoff with high concentraticns of oil and
grease and MBAS is usually characteristic of commercially developed
areas along Marine Drive in the Agana-Tamuning area. (Generally,
0il and grease concentrations In the commercial area exceed 15 mg/l
and MBAS comcentrations exceed .5 mg/l).

Based on the liysimeter tests, it appears safe to assume that
soil adsorption and filtration is removing pollutants to acceptable
levels in ponded urban runcff. 1If the quality of urban runoff in
residential areas is allowed to detericrate and become similar to
runcff from Marine Drive or Airport Road then a threat of ground~
water contamination might exist.

Future commercial development of Northern Guam or high density
residential development can be expected to result in increased
pollutant concentraticns of both storm and non-storm related runeff,

RECOMMENDATIONS

1) Continued use of ponding basins as a means of retaining storm
runoff waters from residential developments for groundwater
recharge.

2) Inclusion of ponding basin water quality monitoring in the Guam
Environmental Protection Agency water monitoring program.

3) A determinaticn of MBAS and oil and grease concentrations in all
groundwater wells to determine their current concentrations for
future reference and to determine if problem areas exist.

4) Enforcement of the Guam Environmental Protection Agency Water
Quality Standards regarding resource and conservation zones to

maintain the current quality of runoff waters in northern Guam,

5) Determination of heavy metal concentrations in urban runoff and
the adsorption capacity of northern Guam scils for heavy metals.

10
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Fig. 4. Lysimeter columns. Mariana limestone, Guam
clay and Chacha clay from left to right.
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Guam clay collection site atep Mt, Barrigada.

Fig. 6.

Chacha clay collection site, Mt. Barrigada.
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Fig. 9. Barrigada Heights storm draim, runoff collection
site.

Fig. 10. Airport Road storm drainage channel runoff
collection site.
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Fig. 15 Removal of ¢il and grease by lysimeter columns.

Removal values are expressed as percentages of
initial urban runoff concentrations.

24

INITIAL OIL AND GREASE (mg/1)



INITTAL MBAS (mg/l)
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TNITIAL TOTAL COLIFORM (col./100 ml x 104)
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Table 3. Comparison of pollutant removal capabilities for substratum
and soils tested.

Very Poor indicates < 30% removal

Poor indicates 30-50% removal
Fair indicates 50-70% removal
Good indicates 70-90% removal

Yery Good indicates > 90% removal

Mariana Limestone Guam Clay Chacha Clay

PO,s-P Very Good Vary Good Very Good
T-P Good Fair Good
NO3-N Poor Adds NO3 Adds NOj3
MBAS Very Poor Poor Fair
BOD Fair Fair Good
OIL-GREASE Fair Good Good
FECAL

COLIFORM  Very Good Good Good
TOTAL

COLIFORM  Very Good Good Good
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Table 5. Initial nitrate-nitrogen concentrations of freshly loaded
substratum with percent reduction of nitrate-nitrogen after
second application of sample water. The leached nitrate-nitrogen
values are the concentrations in excess of the initial applicalion
water.

SUBSTRATUM LEACHED VOLUME SECOND APPLICATION
DATE TYPE NO3-N (mg/1) PASSED (1) PERCENT REDUCTION

4/20/77 Guam Clay 6.18 12 days/10? 78.1
Guam Clay 24.6 2 days/10! 92.1
Guam Clay 28.4 2 days/10! 87.1

6/ 2777 Chacha Clay 75.4 10 99.2

5/ 3/77 Chacha Clay 59.2 6 86.0
Chacha Clay 54.6 6 95.0

5/16/77 Limestone .039 8 1002
Guam Clay 75.1 8 96.0
Chacha Clay 61.0 8 97.6

6/ 7777 Limestone 110 10 1002
Guam Clay 120.7 10 99.9
Chacha Clay 58.2 10 99.9

7/ 6/77 Guam Clay 96.3 10 94.7

8/16/77 Limestone . 380 19 §9.2
Guam Clay 150.2 19 96.9
Chacha Clay 74.0 19 98.4

‘Number of days water was held in columns before being withdrawn for analysis.
2
Nitrate ions taken up by soil.

Table 6. A comparison of the mean initial nitrate-nitrogen concentrations
and percent reduction for Guam clay and Chacha clay.

LEACHED NO3-N mg/1 PERCENT REDUCTION OF LEACHED NO3-N

MEAN  STAN. DEV. NUM. MEAN STAN. DEV.
Chacha Clay 63.9 8.32 b 96.0 5.19
Guam Clay* 110.8 32.44 4 96.9 2.21

*Excluding 4/20/77 data.
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Table 7. Quality of Lysimeter percolate after flushing columns with
20-30 liters of demineralized water.
Lysimeter tests with the same sample of urban runoff

presented for comparison of adsorption capacity.

Prior and following

DATE Sp.COND. | HARD | NO»-N NO2-N | T-P POg-P

MARINE DRIVE 1| 8/ 2/77 1443 138 .093 1.27 .568

M.L. 1005 109 .063 .900 012

G.C. 1075 151 .031 1.78 .080

S.C.C. 387 172 k.001 2.26 .005
DEMIN Hpo 8/ 3/77 2.0 0. 000 .001 .000
M.L 194 57 .000 .047 032
G.C. 153 62 .002 .180 | .049
S.Cc.C. 296 55 .002 .179 ¢ .038
MARINE DRIVE | 8/ 3/77 1443 138 .092 1.05 . 568
M.L. 1070 91 .060 715 .039
G.C. 1121 128 .015 .997 .155
S.C.C. 561 124 . 001 .281 .022
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APPENDIX A

Lysimeter Column Design and Specifications

Clear polyvinyl chloride (PVC) lysimeter columns ([Fig. 20) are
recommended because they make it possible to assess:

a)

b}
)
d}
The

a})

b)

c)

d)

the uniformity of substrata compaction both in and between
columns,

the degree of channeling (unavoidable with lysimeter design),
if substrata settlement or bulking is occurring,

and the percolation charcteristics of the sample water.
following materials are required for lysimeter comstruction:
clear PVC pipe (length and diameter variable)., A possible
design modification to reduce channeling problems would be
the attachment of narrow (5 mm or less), circular, horizontal

ribs in the column.

a bottom flange. The flange is PVC welded to one end of the
column for stability and attachment of base plate.

base plate with shutoff mechanism. A hole is drilled in
the center of the plate and fitted with a short section of

PVC pipe which is either PVC welded or glued (silicon cement).

Tygon tubing and clamp, rubber or cork stopper, or a PVC
gate valve can be used as a shutoff mechanism. This base
plate is bolted (8 bolts) and glued {(silicon cement) to the
flange.

a bottom filter. A fine mesh plastic screen, placed in
bottom of column, is covered with 2 to 3 cm of inert sand-
like material (20 to 30 mesh) and tupped with a second
screen., This filter prevents clogging of the shut-off
mechanism and reduces the silt load of the percolate.
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APPENDIX B

Carroll and Hathaway (1963) determined the grain-size distribu-
tion, pH, chemical composition, organic carben, free iron oxide, ion
exchange capacity, and mineralegy of Guam clay and Chacha clays. Guam
clay is a reddish, granular, friable, permesble lithosolic Iatosocl
that averages 59 percent clay, 33 percent silt, and 9 percent sand.
In chemical composition it averages 1.4 percent 5109, 39.1 percent
Al1203, 20.9 percent Fe203, and 2.0 percent T10?. The main mineral
constitutents are gibbsite, hematite, magnetite, guartz, and traces
af halloysite. It has the highest pH of Guam soils at 7.4. The free
oxide is high, ranging from 16.8 to 20.4 percent with an average of
18.07 percent. The organic carbon ranges from .1 to 5.9 percent with
an average of 2.7 percent which is equivalent to approximately 5.8
percent organic matter in the upper 15 em. This surface soil has a
high ion-exchange capacity, 35.2 milliequivalent per 100 grams. The
average for soil without organic matter is 5.8 milliequivalents per
100 grams. The phosphate averages 1.65 percent. This can probably
be best explained as a residual constitutent of the limestones that
is not removed by leaching at pH 7 and therefore accumulates in the
solils.

Chacha clays are a yellowish brown, firm, plastic lithosolic clay
intergrading with firm red clay (Saipan) and a brownish clay (Yona).
The Chacha clays have very high clay content, averaging 93 percent,
with consequent low silt content, averaging 3.9 percent. The surface
of this soil is lower in clay content (86 percent) than the remainder
of the soil profile, but it has more coarse sand than the average soil.
In chemical composition it averages 32.1 percent $i03, 28.5 percent
ALyO3, 16.1 percent Fej03, and 0.87 percent TiOy. The dominant
mineral constituents are halloysite, goethite, quartz, and traces of
hematite. The pH ranges from 5.5 to 6.9 with an average of 6.3. The
free iron oxide is low, averaging 5.9 percent. The principal iron
oxide is goethite, which is probably due to a shorter period of soil
formation. The organic carbon content of the surface soil averages
2.2 percent. The average ion-exchange capacity is 12.7 milliequi-
valent per 100 grams.

The origin of Guam clay is probably due to the almost complete
desilication of volcanic ash released from the limestone by solution
and weathered under conditions of strong leaching and relatively high
pH. The Chacha clay developed on the Agana argillaceous memher of the
Mariana limestone contains an erosional or weathered assemblage at a
lower pH. This soil is subjected to less effective leaching, due to
either an abundance of clay which tightly compacts or to the density
of the underlying limestone. As a result, removal of silica takes
place slowly. Silica goes into sclution at all pH values.
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The organic detrital content of the Guam clay and Chacha clay
used in the lysimeter study were determired by incinerating a dried
gsoil sample (110°C) at 550°C for 1/2 hour. The organic content of
the Guam clay averaged 2.9 percent, which is comparable to the find-
ings of Carroll and Hathaway (1963). The Chacha clay was bigher,
averaging 7.6 percent.

The description of the Mariana limestone is adapted from Tracey
et al. (1964) and the mineralogy from Schlanger {1964). The Mariana
limestone forms approximately 80 percent of the exposed reef-
associated limestones of Guam. It is the predominate limestone of
the northern plateau. There are to members: the main body of the
Mariana limestone, uncontaminated by clay and volcanic detritus, and
the Agana argillaceous member near the central older volcanic uplands.
The main body of the Mariana is composed of four reef-associated
facies: the reef facies, the detrital facies, the molluscan facies,
and the fore-reef facies. The detrial and molluscan facies represent
lagoonal deposition. Each facies of the main body of the Mariana
comprises several subfacies or biofacies characterized by a dominant
faunal assemblage.

The limestone used in the lysimeter study was a detrital lime-
stone similar to a lagoon margin deposition. The detrital facies
was selected for study since it covers extensive areas of the northern
plateau. This facies ranges from coarsely granular limestone contain-
ing scattered coral heads to fine-grained, almost sublithegraphic, lime-
stone containing scattered molds of mollusks. Six subfacies are
recognized which grade into one another laterally and vertically.
An intergrading of the detrital foraminiferal and the detrital coral-
molluscan subfacies was used for the lysimeter study. This fine to
coarse-grained limestone contains molds of both coral and mollusks
as well as scattered foraminifera tests.

The insoluable residue in Mariana limestone ranges from 0.6 to
16.4 percent by weight and is essentially a silt and clay fraction.
The mineral constituents of the residue include apatite, montmoril-
lonite, quartz, heulandite, gibbsite, geothite, halloysite, magnetite,
augite, hypersthene, zeclite, and feldspar. The presence of augite
in some Mariana limestone indicates a possible occurrence of volcanic
ash additions, although both augite and magnetite persist as stable
minerals in some of the soils and therefore could be detrital.
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