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STATE OF B ARTVENT (o Fe ‘
WASHING TON DEPARTMENT OF ECOLOG
John Spellman

Governor MEMORANDUM

February 9, 1981

7272 Cleanwat>r [ ane, Olymip. «, Washin pon 98504

To: John Hodgson
From: John Bernhardt and Tim Determan

Subject: Omak Groundwater Contamination

Our review of the Omak groundwater quality dats submitted by your office
follows.

PROBLEM DESCRIPTION

Our understanding is that Crown Zellerbach's sawmill/furniture operation
in east Omak is suspected of contaminating the underlying groundwaters
(Figure 1). The facility's wastewaters containing phenolic glues and
other woodwaste materials are discharged to a series of earthen ponds
for disposal via ground seepage. The problem is that these ponds are
located within 30 feet of a private residence (Dorothy Jack). Colville
Indian tribal social workers feel that Mrs. Jack's ailing health while
at the residence (now at a retirement home) and the apparent poor quality
of her drinking water are due to contamination by Crown Zellerbach's
wastewaters. There also is concern that other wells in the area are
contaminated by the same ponds.

The monitoring data submitted for review were collected by your staff

and Crown 7ellerbach. Some samples were splil as part of the joint
sampling.

WATER QUALTITY DATA ANALYSIS

The sampling data thus far collected are not complete enough to sta-
tistically analyze for possible cause-and-effect relationships between
reported water quality problems in Dorothy Jack's well and the Crown
Zellerbach ponds. Our only reccurse was to scan the pond data for
"indicator” parameters which exist at high concentrations in the ponds
but would not be expected to occur in nearby uncontaminated groundwaters.
Woodwaste leachates are typically characterized by tannin-lignin, oxygen
demanding substances, color, and odor. Sweet and Fetrow (1975) suggest
that, of these parameters, tannin-lignin is the best indicator of ground-
water contamination.

As shown in Tables 1 and 2, high concentrations of tannin-lignin were
observed in Dorothy Jack’s well waters during both of your surveys, July
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and October 1980. This strongly suggests contamination by a woodwaste
source. The term "strongly suggests” is used simply because we do not
know enough about Dorothy Jack's well and other possible sources of
contamination to state, in fact, that Crown Zellerbach is the source.
Crown Zellerbach is a prime suspect because of its proximity.

Dorothy Jack's water supply also contains color which also is an indi-
cator of woodwaste contamination (Tables 1 and 2). However, manganese
and iron are also elevated (Table 3). At the concentrations observed,
these two constituents can cause discoloration (reddish-brown) and
contribute to staining of fixtures, spotting of laundry, etc. Also, the
reddish-brown iron bacteria which are bound to be present can build up
many layers forming a slime that can eventually clog water lines. Many
water systems statewide with elevated iron have this problem. Corres-
pondingly, tannin-lignin concentrations as low as 0.4 mg/L impart a
yellow-brown color (levels exceeding 6 mg/L were observed). In effect,
the color problems associated with the well could be due to woodwaste
leachate (as indicated by the tannin-lignin) or the metals, or both
(probably).

The Dorothy Jack water supply is reportedly also characterized by un-
pleasant odors. Again, tannin-1ignin may be the source since it imparts
a woody taste at 2 to 4 mg/L. Manganese and iron also can impart ob-
jectionable odors at high concentrations.

The fact that your investigation initially included a wide range of
chemical analyses is a good approach when not sure about the outcome.

If you wish to pursue your investigation further, the following recom-
mendations are made. The assumption is that you want to further clarify
the Dorothy Jack problem in terms of Crown Zellerbach's ponds, and
determine the configuration of the groundwater plume eminating from
Crown Zellerbach's ponds, if any.

1. Tannin-lignin and color are the only analyses needed for
further sampling. I would probably also collect pH, man-
ganese, and iron, but these are not mandatory. Manganese,
iron, and pH are mentioned because increased acidity asso-
ciated with some woodwastes and a reducing environment (some
groundwaters) may dissociate these two metal constituents from
the allevial substrata (Sweet and Fetrow, 1975).

2. The analyses you have had performed other than those cited
above do not show much (Tables 1-3). Additional sampling
would be necessary to confirm any relationships suggested.
Zinc and turbidity standards appear to be exceeded in addition
to the parameters other than pH cited above.
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3. Your existing data have only one “control" sample, during the
July run. Good control data are a must for this type of
investigation; therefore, it is paramount that you include one
or more control stations as part of any future sampling. Any
station (well) selected must be upgradient and at least 1/4
gi]:dfrom the ponds to allow for back flow during a well

rawdown.

4. Your suggestion of initially encircling the ponds with stand
pipes and collecting samples to determine the direction of
plume migration is a good one. This also will tell a lot more
about the Dorothy Jack well problem. One or two stand pipes
should be placed between her well and the ponds.

5. If a contaminated groundwater plume is detected by the stand-
pipe sampling, the monitoring should be expanded to include
a}] "downriver” private water supply wells within about two
miles.

6. Item 3, above, should be done in the near future. Even if a
plume is not evident during this effort, additional sampling .
should be conducted during summer 1981 when irrigation is in
progress (the assumption is that irrigation is taking place
sufficiently close.to elevate the near-surface water).

Also attached is Table 4 which compares the Department of Social and
Health Services' drinking water quality standards with the present
status of Dorothy Jack's water supply.

Groundwater contamination by woodwaste materials or associated waste-
waters can develop in serious problems in some cases, as demonstrated in
the attached report by Sweet and Fetrow (1975). The problem documented
in this report may not at all relate to the Omak area because the con-
ditions are different; however, it provides some very good guidelines
for attacking this type of problem.

We hope that any questions you have concerning your data are answered by
this brief analysis and please give us a call if anything further develops.

JB:TAD:cp
Attachments
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Table 1. Comparison of Water Quality Parameters from Crown Zellerbach well
(Control), Crown Zellerbach Ponds and Dorothy Jack (DJ) Well in

July 1980.
Crown
Control Zellerbach
Parameter Well Pond DJd Well
pH (S.U.) 7.5 7.7 7.4
Sp. Cond. (umhos/cm) 574 547 574
COD {mg/L) 21 82 4
BOD (mg/L) <4 13 <4
Fecal Coliform (col/100 m1) <] 42 <?
NO,-N (mg/L) 7 <. 01 21
NOZ—N {mg/L) <.07 <.01 <. 01
NH3»N (mg/L) .? .06 19
O—PO4~P (mg/L) <. 0 1 <.01
T—PO4MP {mg/L) .05 .20 05
Total Solids (mg/L) 370 400 380
T. MNon-Vol. Solids (mg/L) 260 290 270
Total Susp. Solids (mg/L) 1 7 19
T. Non-Vol. Susp. Solids (mg/L) <1 4 13
PBI (mg/L} 0 9 0
Color (Units) 4 130 25
Tannins and Lignins {mg/L) .9 6.0 7.2

Phenols (mg/L) .01 .018 005



Table 2. Results and Statistical Summary of Pavameters Sampled During October, 1980

Well (Oct. 14)

Crown _ Well (Oct. 15) _ Pond

Zellerbach Crown Crown
Parameter Only DOt Zellerbach Dot Zellerbach
pH (S.U.) 7.1 7.4 6.9 7.7 7.0
Turbidity (NTU) 15 3.5 1.5
Sp. Cond. (umhos/cm) 573 550 573 51C 565
CoD (mg/L) 17 36 32 13( 136
BOD (mg/L) 3 <4 <] 33 28
Fecal Coliform (col1/100 ml) <1 19
NO3—N (mg/L) .18 <. 01 <.0% < <.05
NO,-N (mg/L) <01 -
NH3~N (mg/L) .21 4 .07 <1 07
0-P0,-P (mg/L) .27 .20 .23 <1 2]
T-PO4~P (mg/L) .24 .37
Total Solids (mg/L) 353 380 366 420 413
T. Non-Vol. Solids (mg/L) 281 310 283 780 269
Total Susp. Solids (mg/L) 27.9 3.0 2.7 9.0 10.0
Total Non-Vol. Susp. Solids (mg/L) 18.6 1.0 7 4.0 3.9
C1 (mg/L) 17 12 12
304 (mg/L) 39 14 79
PBI (mg/L) 9 580
Color (Units) Z5 47 35 316 140
Tannins and Lignins (mg/L) J)Z"‘:‘;.E 8.4 0451 28 (2161
Phenols (mg/L) 005 01&

]Absorbance values only reported.




Table 3. Summary of Metals Analyses on Acidified Split Samples Taken in

October 1980.

DJ Well (Oct. 14)

Crown DJ Well {Oct. 15

Zellerbach Crown Crown
Metal (mg/L) Only DOE Zellerbach DOE Zellerbach
Al .02 .02 A7
Ba <43 .72 .09
Ca 40.7 53.9 48.1
Cr <. 03 <.03
Cu .30 .01 03 .01 <. 01
Fe 5.83 L.47 .16
K 4.7 7.6 12
Mg i13.0 25.3 29.0
Mn 3.10 7.11 .23
Na 23.7 30.3 22.8
Ni .49 <.06 .02 <,06 .01
Pb <.02 <.02
n 6.22 .08 .07 .07 <. 01



Table 4. Maximum Contaminant Limits (MCL), Rationale for Control, and Present Status of DJ Well.
Parameter MCLl/ Rationale for Setting MCLZ/ Above/Below MCL
Turbidity (NTU) 1.0 Limits effective C12 disinfection ABO\/E3
Sp. Cond. (pmhos/cm']) 700 Palatibility, laxative effects, corrosion Below
NOS—N (mg/L”I) 10 to nitrite, interference with oxygen transport Below
CT"T (mo/L—l) 250 Same as specific conductance Below

ol (mg/L’]) 250 Laxative effects Below
Co]or (Units) 15 Aesthetics (refer to turbidity) ABQOVE
Metals
Barium (mg/L'E) 1.0 Diarrhea, blood pressure, central nervous system affects Below
Chromium (mg/L”X) .05 Skin irritant, accumulation in tissue Below

.1 i

Copper {mg/L™ ") 1.0 Taste Below
Iron (mg/L™") .3 Taste, aesthetics ABOVE
Manganese (mg/L"T} .05 Aesthetics (reinforced affects with iron) ABQVE
Lead (mg/L“T} .05 Anemia, paralysis, infant neurological damage Below
Zinc (mg/L™") 5 Aesthetics 1 ABOVE, 3 Below

DSHS. 1978.

EPA. 197¢

. Quality

o . o
Tne S mnnn e ] oY
L Lerld IR S 4 '

Qlvmpia,

Rules and Regulations of the State Board of Health Regarding Public Water Systems,
Division, DSHS, 4

o

18 p.
Wash, 0.C. 256 p,

Health Services

“May be due to precipitation of metals oxides during holding time (Crown Zelierbach intra-company memo).
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ABSTRACT

Timber production and wood producrts industries in
the Mid-Willamertre Vzlley of Oreyon anaually dispose of
about 547,000 tons {500,000 tonues) of swood and bark
wastes. Land srorage or disposal of these wastes can result in
the geaecation of significant volunes of leachate.

Wood waste leachates are coamumonly characterized by
tignin-tannin (measured as tannic acid), oxvgen demanding
materizals, color, and odot. In this srudy, ignin tanmn
concentrations in the ground water canged as high as 7.
mg/l; iron and manganese were also shown to increase
r"nrkf:dl/ relative to natural background concentrations,
ranging as high as 13 mg/l and 106 mg/l, respectively.

In August 1972 the area affected by the contaminsted
ground water covered about 4 acres (1.6 hectares) and
extended nearly 1,000 feer (330 meters} downgradient from
the disposal site. By late January 1973 the plume had
migrated laterally to affect an area of about 15 acres (6
hectaresy while extending over 1,500 feet (460 meters)
C:O\.Vﬂgxadi“’lt The lateral migration 1s atrnbuied to a
szasonal change in the local ﬂow system. At least elevern
existing do*-xemc water-supply wells have been rendered
ronpotable by this pollerion,,

3:01“"’1"(1 s Hydrogeologist, Oregon State Engineer’s
(lfice, 1178 Chhmmcta Streec, NLE., \,J.m*ﬂ Oregon 97310,
raw Consulting Geologist, 505 Royal Street, Kelso,
Wishingron 98€26.

bDistricc B

in=er, Oregon Depariment of Environ-
rentai Nuality, 2393 State Street, Salem, Oregon 97310,
Discussion open until August 1, 1975,

»l. 13, No. 2~GROUND WATER--March-April 1975

Water Pollution by Wooc

it

Was E)Lﬁaeaﬁﬁ

INTRODUCTION

Tunber production and wood products yank as
the Pacaific Northwest’s Jeading industries
(Depariment of Commerce, 1968). In the process of
harvesting timber and manufacturing wood products,
large quantities of solid waste n aterials are generated,
Some WO"" wastes have b
manufa

cen employed in the
cture of by-products, but as recentl y as the
lare 1960°s miuch of the waste mavrerial was inciner-
ated. fn 1969 there were 61 wigwarm burners
operating in the Mid-Willamette Valley region of
Cregon. These burners disposed of about 547,000
rons (500,000 tonnes) of wood and bark wastes
annuatly (Mick kand McCarger, 1969). In 1970 the
Cregon Environmerval Quality Commission adopted
standards and regulations to control both visible
and prrticulate air contaminant emissions, These
stardards resulted inthe phasing out of many
wigwam burners, and since 1972, Jess than ten have
operated at any one time in the Mid-Willamette
region {(Mick, 1973).

The controlled burning of wood wastes a5 hog
fuel produces steam which can subsequently be
used in drying kilns ar for power generation. The
conversion of wood products waste materials o
useful cnergy helps the mills to reduce their con-
SUMpBTIoN uf natural gas and oils. However, the
conversion of existing wigwam burners to bu?nina
units which will meet currast air polivtion standards
is costly, discouraging the wide use of these
fac:lzue). Other possible alternative methods for

227
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Fig. 1. Location of the Mid Willamatte region and Turner
study érea.

disposing of wood waste include: (1) sale of residues
for by-product materials, (2) sale of residues for
agricultural use, (3) storage for future sales, and

(4) tand disposal. Obvicusly, the first alternative

has both economic and environmental advantages.
The other three alternatives have the potential for
generating leachate and the latter two also pose 2
potential fire danger, especially during the dry
season. Land disposal of wastes, especiaully bark,
contarmninated residues, broken pallets, clean-up
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Fig. 7. Disaosal site and shellove around water with homes
in the backomound,

debris, dunnage, ctc., has becomne a very common
practice in Oregon.

The potential gronnd-water problems resuiting
frors wood waste landfills are exemplified by a case
study in the Turner area which is located southcast
of Salem, Oregon (see Figure 1). During the stmimer
of 1972 an abandoned gravel borrow pit 1010 12
feet (3 to 4 meters) deep and from 2 1o 3 acres
(sbout 1 hectare) in area was filled with wood
wastes including approximately 3,000 touns (2,700

Qol

Va ﬁ::;ﬁ—a.\ Juvium
%ilc, ssnd, end gravel: includes 211 stvean-valley s1Yuvy o
of Recent age. Yields mnderate quantities of water to
wells vhere saturated

t B
Coluthia River Group
Flovs ol gray to dark-g.ey (ince rained basalt Tl ek
ness ranges uvp to wore than 300 feet. Permezblie
2c1.es between successive flovs yield small te Paorge

guentitics of weler to wells
00
s
R0
Marine Focle
candstone, ciltstone, and tulf. lotrervongues with Yitiie
Butte Volcanic Series. Potal thickness not kaowhy a9
much 23 1,000 fect exposed in the report erea. Penisv
sble sandstone brds yield small to moderate squantiview
of vater to wells. Water from decper wells im this
enit nay be saline.

Contact
Pashed where approzimetely Tecated

e
Approxinate water-table contours
Show altitude of the regional unconfined wate: tatiew
Contout intrrval J0 fect

M
Xz00 ¥ 50

Llevation, bench marks with reference
to mezan s2a level datum

Fig. 3. Genlogy and water table in the Turaer study area tafter Hampton, 1072).
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.onnes) of hemlock (Tsuga beterophyla) bark (see
“igure 2). Pollutants subsequently leached from the

‘vood wastes and grossly contaminated a2 number of
lowagradient domestic water supplies, rendering
fem norpotable.

HYDROGEOLOGY

The hydrogeology of the Molalla-Salem slope
‘irea has been described by Hampton (1972) (see
Figure 3). To the north of the problem area there
.ire exposures of Miocene basalt flows of the
Columbia River Group and some marine sedimen-
2ary rocks of Tertiary Age. Immediately underlying
*he area are gravelly alluvial sedimentary materials
of Recent Age.

Mill Creek meanders through the region
surrounding the study area. The area is generally
within the zones of intermediate and intermittent
or ephemeral local ground-water discharge. Mill
Creck receives perennial discharge from the inter-
mediate flow system but during the winter it is
iocally a gaining stream and during the late summer
itis locally a losing stream.

Most of the ground water being Jeveloped in
the area is extracted from the Recent alluvial

deposits. The depth of the gravels riyes from about

50 feet (15 meters) at well number 12, Figures 4
and 5, to at least 100 feet (30 meters) in wells south

: Gravelly lom

Cravelly clay losm [ 5-0°°% 4"
oot ] Ctavelly cley losm

1%
‘e’s] Cemsnted aend, grevel,
=] snd codblre
- —~f2
Al o Stlty gravel sad osbdles
X .:' ., o, ”

g Gravelly lom *«* | Cleyey send end gravei

Crovelly snd

aobbly pend Ferr i
* 4 $is sl Uesthered Browm
1 10 o AN ssadstone
L0
Comented sand Slue shele or
and gravel il

—1 27
Urconsolidsted

sand ond grevel
n

Slack baselt
(Cotumbrs River Group)

Fig. 4. Available wall jugs from water walls in the Turner
study area,

—a

Fig. 5. Lignin-tannin contaminant plume, August 18, 1972,

of the disposal site. The preponderance of shallow
driven wells, as opposed to drilled wells in the area
is evidence of hoth the shallow depth of develop-
able ground water and the open 'and unconsolidated
nature of the zlluvial deposits Available well
information is included in Figure 4.

The static water level in the alluvial materials
ranges from at or near the land surface in Jow lying
arcas during the winter months, and from 2 to 10
feet (1 to 3 meters) below Jand sw face during the
summer. The gravelly substiata have high hydraulic
conductivitics. Shallow, lateral, ground-water flow
rates in similar gravels in the Willamette Valley have
been found to be several fect (one meter) per day
(Price, 1967). N

Hampton (1972) roughly mapped the surface
of the water tuble in the problem area (sec Figure
3). ‘fhis map indicates a general downgradiem,
lateral movement of ground water from the east
southeast toward the west-northwest in the vicinity
of the disposal site.

HYDROGI OCHEMISTRY

Some of the wood wastes disposed of in the
borrow pit were dcposited below the water table
and were cousequently saturated by ground water.
This resultcd in the relatively rapid generation of
leachate ar the site. Leachates derived from wood
and bark have been described by several authors
including Sproul and Sharpe (1968) and in Oregon
by Schaumburg (1972). The leachate is reportedly
characterized by colér, oxygen-consuming materials
potentially toxic to fish, and an odor imparted to
the water.

In order to determine the extent of leachate
contamination, water samples were collected from

- oy



Table 1. Summary of Turne: Water Quality Data

|
1

. Total Acidity’ Ligain Tannin ‘Fowal Ieon ~ Mariganese
pH mg/l as C1COy mg/l as tannic acid mg/l* mgh*
b0
SIS e gg|8s § 8 BIE § EEI® & E gl © B
=~ D w O e M, [ =] 4 (-] W [ =] (R4 (/-] w Q (-] vy
Pl ¢ @ 2|z 2’ 2z = g ols S g )= § g
ZIZ & & |8 & & s~ ls & ¢ ~ | © * - 3 ¢ S
1] 6.7 69 7.0133.6 236 54 174 75 2720} 68 130 8.4 1106.0 6?.
2| 5.6 7.2 7.4 7.0115.9 205 124 41 | 3.5 27 0.2 1.88) 07 14 12 56 | 840 35 48
3] |56 7.0 20.5 33.4 08 | 15 14 13 14 28.0
4] (6.3 7.2 75] 7.8 5.6 00401 0.1 0.19}] 0.2 0.04 0.191 0.03 0.04
5] |66 7.1 7.3] 7.0 21.2 0.09 [<0.1 <0.1 048} 0.1 0.08 1.00] 0.10 0.9}
6] 6.3 6.8 6.8]26.2 37.4 0.03} 0.1 <0.1 0.22] 003 040 <0.03] 0.1z 0.03
71x16.8 7.3 7.3 7.1} 3.2 203 130 79 | 45 58 <01 0.17| 23 19 022 007] 162 2.6 02¢
81 169 73 7.2 94 0.2 <01 <0.1 .} 02 <o0.03 0.04
. 9| l6.8 7.1 7.2 7.5]10.1 13.7 84 0.1 [<0.1 0.1 <0.1 0.86{<0.03 <003 035 0.20{ 0.08 <0.03 35:
10 xﬁ6.7 7.1 7.0 7.1110.6 13.7 7.8 <0.03]<0.1 0.1 <0.t 0.09{<0.03 0.08 0.21 <0.03}<0.03 0.}0 0.1¢
11} 7.5 7.7 78] 29 3.5 <0.03 |[<0.1 <0.1 0.13 |<0.03 <0.03 0.12 ] <0.03 0.13
12|x17.1 7.5 7.9 6.8} 0.2 43 3.2 <0.03{<0.1 <0.1 <0.1 0.17}<0.03 <0.03 <0.03 <0.03 | <N.03 0.06 -0.0?
13} {74 7.3 6.8} 49 39 <0.03i<01 <0.} 0.13 {<0.03 <0.03 <0.03 | <0.U3 <0.03
14 7.6 6.9 3.1 <0.1 0.17 <0.03 <0.03 | <0.03 o0
15 7.7 4.3 0.1 <0.03 0.08
16 7.2 6.9 <o0.1 <0.03 0.05
17 6.9 10.1 <o0.1 0.17 0.03
18 7.1 7.3 20.3 0.1 0.81 17 23 0.14 4.0
19 7.8 8.0 - 19 <0.1 0.09 <0.03 <0.03 | <0.03 <0.03
20 7.5 8.4 <0.1 <0.03 <0.03
21 75 7.2 33.6 <0.1 0.13 0.08 0.12} <0.03 <0.03
22 6.5 6.7 Jo.s 0.1 0.13 <0.03 <0.03 | <0.03 <0.0?
23 67 - - 294 R T 0.5 0.60 <0.03

* Public Health Service recummen-led maximum for drinking water: Manganese 0.05 mg/l; Total lror; 0.3 mg/l.

23 wells. One upgridient and one adjacent well,
numbers 13 and 12 respectively, were sampled for
background information. Sets of samples were
collected on August 11, 18, September 25, 1972
and January 30, 1973. A summary of the water
quality data is included in Table 1.

An initiu! Jrop in pH and an incresse in total
acidity of contaminated ground water were
anticipated. These conditions were confirmea i the
downgradient wells affected by the wood waste
leachate. However, of the chemical constituents
used to detect the movement of the leachate, lignin-
tannin concentrations seemed to be the most reliable
indicator. According to McKee and Wolf (1963), a
tannic acid concentration of from 2 to 4 milligrams
per liter (mg/l) imparts a woody taste and odor to
water. Odors 2nd a yellow-brown discoloration in
the well-water samples collected in this investigation
were observed to occur at levels as low as 0.4 mg/lL.
Therefore, the approximate arzal extent of shallow
ground water containing at least 0.4 mg/l of
lignin-rannin, as rannic acid, was plotted. Figures
5 and 6 show the extent of the contaminated
shallow ground water on August 18, 1972 and
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January 30, 1973 respectively. Following the initinl
summer (1972) sampling program, it was anticipated
that as the water-table elevation rose and the jocs!
flow regimen changed during the winter months,
that is as Mill Creek reversed from 2 losing to »
gaining stream, there would be a Jateral mig.arion
the contaminants toward the strean:.

‘The study area receives au average of ovr 45
inches (310 centimeters) per year of incident precig
tation. More than 12 inches (30 centimeters) of
rainfall occurred between the August 1972 4nd
Januvary 1973 surveys used in developing Figores 5
and 6. During the January 30, 1973 survey, the"
wate) table was observed to be at the land ¢ »-iace
in the low lying areas. The change in the Jo “a! flow
regimen and the predicted lateral migration appeares
to have occurred, as evidenced by <he larger plume
in late January of 1973 (see Figure 6).-The area
affected by the leachate contaminated ground water
increased from approximately 4 acres (1.7 hectares)
and 1000 {ect (330 meters) downgradient fiom the
disposal site in August 1972 1o about 15 acrcs (6
hectares) and 1500 feet (+60 meters) dowugradient
in January 1973.
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Fig. 6. Lignin-tannin contaminant plums, January 30, 1973,

o

Another pollution problem related to the wood
vaste leachate was also measured. Total iron and
nanganese levels were found to be far in excess of
ormal or background concentrations and were well
bove recommended Public Health Service drinking-
vater standards (see Table 1). As previously men-
ioned, an increzse in total acidity and a decrease in
:H occurred due to the leaching of volatile organic
«cids from the wood waste. This caused the
Eissociation of some iron and manyanese from the
iluvial substrata through which the contaminated
round water was passing. The presence of a
=ducing environment resulted in higher concentra-
ions of iron and manganese and aided in their
novement by providing a medium in which they
vere more soluble. Since iron may exist in 2 variety
it forms, it is generally not a reliable constituent
rom which to draw conclusions in the geochemical
aterpretation of water analyses (Hem, 1959).
fowever, in this case, increased iron concentrations
re indicative of the altered chemical environment
1 the tested aquifer, that is, acidic reducing
onditions.

SUMMARY
Wood waste containing large amounts of bark,

eposited in a saturated, anaerobic, environment,
ielded high concentrations of volatile organic acids.
he leachate produced under these conditions’is
lso high 1n lignin-tannin content. Moreover, under
:ducing condirtions, these chernical constituents
:adily dissociated iron and manganese from the
tuvial substratum, increasing the concentrations
: the ground water. These environmental factors
in petentially and have actually degraded the
ound water to a nonpotable quality.

. Care must be taken in the selection of wood

waste dispos| sites. Preventing these waste maeterials
from entering developable ground - and surfaec water
bodies is of poramount impcrance /i knowl dge of
the local ur.d regionct hydiocolog.c cor didons is
important for properly selecting wood waste
disposal s'tes. Tmproper site selects i, design, and/or
operation can result in the degradation of boh
surface- and ground-water quality ' he Turner area
study is an example of a pooily lov ted disposal

site which resulted in the pollution of at Jeast

eleven nearby donestic waier-supply wells. Tne
problem was finally alleviated for the people wha
depended on the shallow ground-wuter shpnly by
extending an existing community waiter supply to
the affected area. However, the shalow ground-
water resource in the area remains degraded.
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