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EXECUTIVE SUMMARY

Deep row incorporation of biosolids on reclamation sites is a unique alternative land
application method that solves many of the problems associated with surfacateyplic
techniques. It presently involves the placement of biosolids at application ra#&k tof 294 dry
tons per acre into trenches that are immediately covered with overburdenagtignodor
problems and maintaining biosolids in a fairly stable, anaerobic environment. Tisetlsée i
planted with hybrid poplar trees, the roots of which provide a natural recycling fystem
utilizes nutrients over a six-year period.

A three-year research and Extension education project was implemented tigatees
the effect of application rate on water quality resulting from deep row bioggllgtations. The
objectives are to determine the effect of biosolid application rates on watiky qualind deep
rows on a gravel mine spoil, determine the contribution and nutrient removal madedyyand
educate state and local environmental professionals about the use of deep-row biosolid
applications to develop sustainable forest crops and simultaneously releadisitatbed soils.
Long-term records from well and surface water analyses werea¢edlto determine water
quality and supply implications. Hydraulic conductivity data from the soil profile arsblls,
and nutrient data from soil water samples were collected to examine thadaransport of
nitrogen (N) and phosphorus (P) from the biosolids trench.

Water Quality Impacts

Well and surface water data from the past 20 years were examinedptioedecater
quality and supply impacts. More recent data collected between 1990 and 2004 focused on the
following parameters: fecal coliforms, chloride, nitrate, ammonia, andsolids. Data from

approximately 250 samples encompassing eight monitoring wells conclusiveiynsieated that
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nitrate is not entering the water supply from the biosolids operation. The pH did notucry m
over the 14-year time frame. Chloride concentration did vary between some wallsothit

Well #2 and Well #6 exhibiting higher levels than the others, though all values frarallall

were well below drinking water standards. Ammonia and total solids concemsratere low

for all wells with the exception of Well #2. Overall, Well #2 produced slightly higheesa
throughout the 14-year time span, with an individual spike in concentration for each analyte on
separate sampling dates. Elevated total solids in a groundwater monitdtirgjimegcative of a
direct hydraulic connection to the surface, which may be caused by a compromlised w
structure. Based on this and other observations, monitoring Well #2 was identifiedilaly poss
need of repair or replacement.

Biosolids utilized in this experiment averaged 1.15% nitrogen (wet weight badis) a
71.8% moisture. Preliminary hydraulic conductivity results over the 3.1-apegimental site
show a range of 1.4x1o 1.8x10° cm/s and an average value of 1.19%&én/s. From April
2003 through December 2004, soil water from 425 pan lysimeter samples and 1465 suction
lysimeter samples were analyzed. Nitrate and orthophosphate resultssargqut in this report.
Total nitrogen, total phosphorus, ammonia, chloride, sulfate, and pH results arergiill bei
compiled.

Nitrate concentrations were extremely low, with 98.7% of results (all butri@ples) at
or below 1.0 mg N@N/L and a majority non-detected. Of the 1890 samples, 0.2% (i.e., 4
samples) exceeded the drinking water standard of 10 mg\NOfor nitrate. Orthophosphate
concentrations ranged from 0.5 to 2.5 mg/L, with an average concentration of 0.096 mg/L. Only
orthophosphate from the pan lysimeters appears to be related to biosolids appatatiarth

several spikes occurring only at the heaviest loading rate. The causemkésensay, in part,
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be due to the exceedingly high precipitation received during the course of the expefialart
as a whole, this work strongly suggests that the deep row biosolids applicationsaighed
rates is not releasing nitrate to the environment in the first 25-30 months follgughcpsion.
Responses of hybrid poplar to deep row applicatian

Survival and initial growth were significantly impacted by the plantingriepie used.
Specifically, the use of subsoiling (the standard technique practiced at the ted@G&rm) prior
to planting hybrid poplar cuttings significantly reduced mortality and iseitane year height
growth compared to planting with a dibble bar. Mortality was only 1.7% with subsoiling
compared to 14.2 % when using a dibble bar. One-year seedling growth was 52.4 cm. with
subsoiling compared to 33.9 cm. without subsoiling. Subsoiling appears to be esseslise bec
unlike the dibble-bar technique, it fractures and loosens the compacted soil so treamroots ¢
rapidly establish and water can readily penetrate the soil surface.

Nitrogen (N) levels in foliar leaf samples from two-year old seedliveye between
2.72%-3.13%, foliar phosphorus (P) levels were between 0.25% and 0.31%, and N:P ratios were
between 10.1-10.9. These nutrient contents were well within the ranges found oedertiliz
hybrid poplar plantations elsewhere, indicating even young seedlings ezessiag the
nutrients and/or water in the biosolids. No growth or foliar nutrient differencesfaand, or
expected, between application rates or planting densities at this earlpfssaged
establishment.

Elsewhere on the tree farm site, experiments were performed to detémmaféect of
vegetation management and phosphorous amendments on four year old and newly planted hybrid
poplar seedlings. After year one of the two-year study, results werd.mixéour-year old

trees, all treatments (surface vegetation management, phosphorous amendheotspmed
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vegetation management and phosphorous amendments) increased height growth, but only
vegetation management combined with phosphorous amendments increased diameter. None of
the treatments impacted biomass production after one year. Foliar nikewgkwere between
3.6% and 4.0%, foliar P levels were between 0.31% and 0.42%, and N:P ratios were between 9.5
and 12.1. Trees with phosphorous amendments only had a significantly higher N:P ratio (12.1).
These are representative of maximum levels found in fertilized plantatohisidicate the trees
are utilizing the biosolids.

Experiments to determine vegetation and phosphorous amendment effects on growth of
newly planted seedlings were inconclusive due to heavy deer browsing: rfedliant levels
were again at high levels characteristic of fertilized plantati®i¢ hetween 2.9 and 3.5, %P
between 0.28 and 0.31, and N:P ratios between 9.5 and 12.4). No significant differences were
observed, however, between treatments.

Data collection continued on a long-term evaluation of 10 different hybrid poplar clones.
Five-year results confirm the ongoing trend in superior performance, surviddiggght growth
of the OP367 clone. Although many species exhibited good survival, height growth was a
distinguishing characteristic. Average height values of the OP367 and the four dimses
were as follows: OP367 (933 cm); DN17 (833 cm); 15-1029 (743 cm); DN34 (708 cm); and
NM6 (701 cm). Based on survival, growth, and other factors such as disease resift86¢e, O
was chosen as the operational clone used at the ERCO Tree Farm site.

In summary, OP367 hybrid poplar clones are well suited to these sites and airgutili
nutrients at levels typical of those used by hybrid poplars grown on surface applieduoiasgbs

injection fertilizer plantations. The impacts of vegetation and phosphorous amendmefds s
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be better understood after another growing season. Subsoiling prior to plantsenisaéor
early growth and survival and deer are a major factor in early plantatabligisinent.
Economic Analysis and Potential Utilization

A hypothetical business analysis of a deep row operation based on reasonable
assumptions and values found that an application rate of 4,000 Ibs/N/acre resulted in only $4,075
profit (income— expenses) per year. However, if the application rate was increased to 8,000 or
12,000 Ibs/N/acre then the profit increased to $208,325 and $412,575 per year, respectively,
despite the fact that equipment and personnel needs increased.

The profitability of the enterprise can be improved by: 1) reducing taxes izyngtia
woodland assessment; 2) decreasing water quality monitoring costs; 3) rezhststpr permits
and assessment; 4) producing larger trees that can be sold for pulp; and 5) reducing the
opportunity cost of the land. Additionally, this deep row technology has the capabiétjuizer
external costs to society caused by pollution and other factors.

As of 1998, 12,788 acres of permitted mine spoils existed in the Metro area and 72% of
those parcels were larger than 50 acres. Assuming only 50% of the siteshiangsd icres are
available for deep row application, the three application rates in thisglestady (4000, 8000,

& 12000 Ibs/N per acre) could utilize 62%, 125%, and 187% of the annual biosolids produced in
the Metro area, respectively. In parcels over 100 acres in size, thdiatilizde for the three
treatments would be 38%, 77% and 116%, respectively. These initial estimates e&iow gr
promise for application of this technique, and suggest the need for a more cuwesatresnt of

applicable acreage.
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Educational Programs

Annual October field days at the ERCO site have resulted in a better understanding of
deep row application by university, industry and regulatory professionals, assviatter
networking that has increased program support and garnered additional funding. Bask of t
sessions was attended by 35-50 professionals and informed citizens from industagestaies,
universities, and others. Participants were not only from Maryland but fronmiirg

Pennsylvania, and West Virginia.
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INTRODUCTION

Since the advent of civilization, with increasing populations living in fixed iocst
disposal and treatment of household waste has been a necessity of life. Doaststiater
systems evolved from more rudimentary flushing systems that dischargecssevdirectly into
waterways to the more sophisticated wastewater treatment plants adage In current
systems, raw sewage enters the facility; is treated through phys$ieatical, and biological
processes to meet regulatory requirements; and exits in two forms: luastedhd 2) as
sewage sludge (a.k.a., biosolids). Liquid effluent is effectively intedjfaack to the
environment via discharge into waterways, or in some cases by underground injection.
Biosolids, however, poses a greater integration challenge that, in many casesg@stlyedt is
therefore of societal interest to develop safe, effective, and economical ohéarsolids
disposal, or better yet, recycling.

Current United States regulations for disposal are delineated in The Standaisis &dr
Disposal of Sewage Sludge (Title 40 of the Code of Regulations {CFR} Part 503)ditiom to
incineration, landfilling, and composting, these Environmental Protection Agency (EPA
regulations allow for land application of biosolids, and strongly encourage impksioe of
this technique for beneficial uses. Most beneficial uses consist of land appltcaagricultural
fields and other nutrient-deficient lands to enhance growth of vegetation. In such cases,
application must follow the protocols in 40 CFR part 503 to ensure that excess nuteerds ar
transported to surface water or leached to ground water.

Biosolids utilization in forest lands, particularly in silviculture operatioas, gained
increased popularity in the United States. Surface spraying, spreadingbandace mixing in

the soil are the primary distribution techniques, typically with applicatiansresl each year or

13-
7/25/05



multiple times a year to successfully meet the nutrient needs of thertepsoduction goals of
the operation. Because it is not a food crop, concerns related to the potential uptake and
ingestion of biosolids contaminants do not exist. Not only do the biosolids provide a nutrient
source for the trees, they also build up the topsoil, reduce erosion and increasendhmdea
ground ecosystem diversity.

An alternative land application regimen, referred to as deep row applicatidredrasm
use on private property owned and managed by the Environmental Reclamation Cdngpany,
(ERCO, Inc.) since the early 1980s. This technique was established on aneskbarface
sand and gravel mine that, prior to reclamation as a tree farm, consistetiand gravel
remnants underlain by a clay layer. As such, it was devoid of organic matter asad subj
erosion. In concert with regulatory requirements to reclaim abandoned tes)eesCO
devised a reclamation plan to grow hybrid poplar trees over deep rows that hadddenthl
biosolids. The biosolids would serve as a long-term nutrient source for tlygdastg,
nutrient-demanding poplars. The poplars, in turn, would provide erosion control, wildlife

habitat, and potentially become a marketable product.

BACKGROUND
Biosolids production for 2002 for the Washington, D.C. & Baltimore, MD metro area,
which includes the counties of Baltimore, Howard, Montgomery, Prince George’$e<; lzand
Anne Arundel, was 827,514 wet tons (MDA, 2002; WASA, 2002). These biosolids were
utilized as follows on a percentage basis: applied on agricultural land outsideytdridar
(56%); applied on agricultural land in Maryland (9%); hauled out of Maryland but utleati

unknown; composted (7%); storage (9%); incinerated (3%); and landfilled (2%ogldar from
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these statistics that Maryland relies heavily on agricultural land apiphcin adjoining states
(Virginia and Pennsylvania) to utilize the majority of biosolids produced ip-stat

The passage of the Clean Water Act in 1972 resulted in elevated pressure on
municipalities to find methods other than dumping to utilize biosolids from treatmeid.pla
Presently, biosolids are surface-applied on farmland, marketed for compost, aachiedi;
however, the most cost-effective methods of biosolids management are eitherndatiapgb
agricultural land or burial in landfills. Agricultural land application makes ugraficant
portion of the biosolids utilized in the Metro area, but the passage of the Watey Qualit
Improvement Act (WQIA) of 1998 in Maryland may reduce farmland application due to
phosphorous-based application requirements. Agricultural land application of municipal
biosolids can boost soil productivity for field crops and improve soil charaatsrigtiowever,
regular broadcast applications necessary to provide crop nutrient requirearecésise
logistical, safety, and economic problems due to transportation cost, poor weattesr soils,
restricted availability of labor, and other problems. Resentment by rural laetoand
offensive odors in urbanizing areas has resulted in many local applicatiocticesdriDifficulty
in permitting and developing new landfills and possible future restrictions on oat@hsiuling
may result in restriction and/or increased cost of landfill disposal of biosolidsdelieéoping
drawbacks of landfill and agricultural land application points to the need for akernat
utilization technologies for biosolids that are both cost-effective and enviroaligestund
(Sikora and Calacicco 1980; Kays et al., 1997).

PREVIOUS WORK
The land application of biosolids on native forests, reclamation sites, and plantations

through regular broadcast applications has been used in other parts of the country, with
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significant growth responses documented (Cole et al., 1986; Heilman et al., 1995; $99pe
Aschmann, 1988; Purkable, 1988). Deep-row biosolid applications for forest product production
has the potential to solve many of the problems associated with agriculturgbjdicdteon and

other land disposal methods and enhance the multi-state Chesapeake Bay cledanup effor

Deep Incorporation Research

Documented records regarding the utilization of sewage as fertilizs batk to the
1500s in Germany, where sewage was used on croplands. Under the Federal Watar Polluti
Control Acts of 1972, land application of biosolids was recognized as a protocol for disposal,
provided the disposal was managed in accordance with the applicable regulations. In
conjunction with this recognition, experts from the EPA, United States Department of
Agriculture (USDA), and National Land Grant Universities pooled their ressuccform a
Coordinating Committee on Environmental Quality that developed a subcommittes iy
Efforts of Sludges on Land. This subcommittee evaluated research that had been conducted on
the pros and cons of biosolids application to provide guidance on the most appropriate protocols
for use. This increased interest, along with the ongoing buildup of biosolids at ai@stew
treatment plants, sparked a series of research projects that evdledtagdcts of biosolids
application to land (Lue-Hing, et al., 1992).

Burying biosolids in deep-rows covered by a soil overburden was researched in the
1970's (Sikora and Colacicco, 1980; Taylor et al., 1978). In the early 1970's, the Washington
Suburban Sanitary Commission purchased hundreds of acres of land in the counties surrounding
Washington, D.C. for the purpose of burying biosolids in trenches at rates approximagly e
to and greater than 171 dry tons per acre. Long term monitoring of the sites has foaitedl elev

nitrates in groundwater at some areas (Sikora et al., 1982). While the production otarmmual
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crops on treated areas was researched (Sikora et al., 1980), no forest crops orptioetette
perennial crops were intentionally established to utilize the large resefvaitrients.

Two studies are of particular interest. Sikora, with USDA-ARS at Bd#ésWild.,
reported on trench studies in both sandy soils and heavier soils. Sikora’s testsmpkaced |
stabilized biosolids in trenches 610 mm (24 in.) wide by 500-1300 mm (20-50 in.) deep on 1270
mm (50 in.) centers, covered with 0.15-0.30 m of subsoil. Water samples were collected from
drainage tile lines, a catchment pond, and monitoring wells within and around the treithed pl
Sikora’s various experiments grew corn and grass in field studies and &aglo(1978) grew
corn in 160 day simulated deep-row experiments in a greenhouse setting.

In the Beltsville studies (Sikora et al., 1982), five years after the apphaat Manor
and Glenelg silt loam soils, no increases in N and Cl were detected in gro@ndalthbugh
elevated levels were found in the soil water just beneath the trenches. Howsirarlar
studies on a sandy soil (Sikora et al., 1979a), ground water pollution was recorded c&@lyecifi
these studies showed a peak in chloride levels 18 months after entrenchment and a fpask in ni
concentration a year after the chloride peak (i.e., 30 months after entrenchmeatg N
concentrations were below the EPA MCL of 10 mg/L nitrate-N in wells above and Het
trench plot. Though a high nitrate concentration of 60 mg/L occurred during November 1974 in
one well within the trench plot, most concentrations (>85%) were below 10 mg/L. Tile dra
exhibited a high nitrate-N concentration of 32 mg/L. Other observations of note weresthts
did not migrate and pathogens were significantly reduced.

Metal movement through soil is generally considered minimal except imeestavhen
the pH is below 5.5 (Chaney et al., 1977), which is not a problem on most sites due to liming

requirements. The general conclusion concerning ground water pollution by biosolidksra
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deep-row sites is ground water immediately beneath the sites has theaptieakperience
increases in N and Cl and these levels decrease with time.

The researchers (Sikora et al., 1979b, 1980) noted some interesting charaatétistics
biosolids in the trenches. Observations included an analysis of the original sionide aad
then the progression of the sludge starting at 22 months after entrenchmenthd=b®solids
dewatered from the top down, or, in other words, the tops of the trenches were dry, Wigereas t
bottoms of the trenches remained wet. After 22 months of entrenchment, the top portion of the
sludge (2-8 inches from the top of the trench) had dried out and was densely peénathat
roots. The middle and bottom portions of the trench did not dewater until 49 months after
entrenchment. After this four-year period, the entire trench contents appearee stefdized.
Similar to Walker’s observations (1974), dewatering occurred from the top down. This
observation led to the conclusion that mineralization and subsequent transformations began i
the uppermost portion of the biosolids shortly after entrenchment but that detibrificas
taking place concurrently as the leachate from the upper portion of the biosolids ntovée i
wetter, lower portions of the entrenched biosolids. Sikora et. al. (1980) reported onc¢hangre
of digested biosolids. Certain physical observations of the biosolids-filledhe®ace
meaningful. The first sampling of these trenches occurred almost two yeeatsi@dolids
placement. At that time the top portion of the trench was densely rooted andKpéatiti the
middle portion was only sparsely rooted, wet in appearance, and odorous. Afteraiethye
top and middle portions were brown and odorless. The Sikora team concluded that trenched

biosolids become “stabilized” with respect to further decomposition after algugdars.
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Nitrogen Fate

The Nitrogen Cycle

In order to understand the implications of sewage sludge disposal techniques and
associated scientific studies, the nitrogen cycle must be understood. Nitrogeofisheneost
important nutrients for plant growth. Only certain water-soluble inorganicsfdiowever,
including ammonium (NK) and nitrate (N@), can be absorbed by higher plants. In biosolids,
the ratio of organic to inorganic forms of nitrogen is determined by the treatroeespr
Liquid anaerobically digested sludge may contain a majority of nitrogen in the form of
ammonium, with lesser amounts as organic nitrogen and negligible amounts of nitrate. |
undigested lime-stabilized biosolids, however, the majority of nitrogen prasarthie form of
organic nitrogen (Shepherd, 1996; Gshwind and Pietz, 1992). Several biochemical processes
must therefore occur before plants benefit from this nutrient source. Miadlizs an
enzymatic process in which organic nitrogen is decomposed to inorganic forms. sThefiris
ammonification, in which microbes break down organic nitrogen and produce the ammonium
cation (NH;"). This process occurs in either anaerobic or aerobic conditions and is performed by
a broad group of heterotrophic organisms.

Nitrification consists of two main sequential steps that include: 1) the madati
ammonium to nitrite (N@) by the autotrophidlitrosonomasacteria; and immediately
thereafter 2) oxidation of nitrite byitrobacterbacteria to produce nitrate. The swift transition
from nitrite to nitrate prevents accumulation of nitrite. Both of the nitrifyiroisms
responsible for this reaction sequence are aerobes, requiring the preseryceoftoyerform

these conversions. In addition, they favor soils with no more than 60% of pore volume filled
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with water, need a carbon source (i.e., bicarbonates and carbon dioxide), and optifoaity pe
at temperatures between 2023(0Brady and Weil, 2002).

Nitrate is an anion that is not readily adsorbed to soil particles, is wateresahubl
therefore highly mobile. Of the forms of nitrogen described above, it presentghiestirisk of
leaching through the soil profile to the groundwater table. Additionally, nirateants the
most concern from a human health and environmental pollution perspective. Most acutely in
infants and ruminant animals, ingested nitrate is reduced to nitrite, whichskesctba oxygen-
carrying ability of red blood cells and produces a condition known as methemoglobinemia
(Brady and Weil, 2002). Consequently nitrate is a regulated pollutant in drinkingwithte
Maximum Contaminant Level (MCL) of 10 mg/L for NOI (EPA, 1994).

Initially, biosolids contain extremely low levels of nitrate, 0.019% or 0.4 Ibs/ton kissoli
(Pepperman, 1995). Nitrate evolves slowly from biosolids when anaerobic conditions prevai
and lime stabilized biosolids have a significantly lower nitrate productierthrab do digested
biosolids (Taylor et al., 1978).

Nitrate also can have a pronounced impact on aquatic systems. An influx of nitrate
promotes algal blooms that, upon dying, are decomposed by oxygen-demanding bacteria.
Exponential growth and decay results in exponential demand and depletion of oxygen. Hypoxic
conditions result that are toxic to many forms of aquatic life. Proliterati this cycle can
expand these inhospitable zones on a yearly basis, rendering once productwéifeletes.

The converse of mineralization is immobilization, in which ammonium or nitrate is
complexed into an organic form via biotic or abiotic means. Both processes occur

simultaneously, as microbe populations grow and die, and rates are dependent upon the
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composition of the soil. Some forms of nitrogen, particularly organic nitrogen andraomm

can also be adsorbed on active sites of the sail, limiting movement through the se@il profil
Denitrification refers to those processes in which nitrate ions are cahtergaseous

forms of nitrogen {e.g., nitric oxide gas (M€, nitrous oxide gas (}D"), and nitrogen gas

(N2)}. The majority of bacteria performing this function are facultativeeestzes that can be

either heterotrophs (i.e., obtain their energy and carbon from oxidation of organic compounds) o

autotrophs (i.e., obtain their energy and carbon from carbon dioxide or carbonates). Required

environmental conditions include: low soil air content (<10%), temperatures betweé@ 2-50

(with an optimum range of 25-35), and an appropriate energy source (Brady and Weil, 2002).
Patrick and Gotoh (1974) studied the impact gfeDels in nitrogen loss from saturated

soils and indicated that anaerobic conditions greatly inhibited biological oxidathdid Hfto

NOs". In their study, nitrate that was formed then migrated to an anaerohbioviage

denitrification occurred. Again, under very saturated conditions, Lindau et al. (1988)

demonstrated that nitrogen applied as N-urea and N —KiING denitrified. Between 44% and

77% of applied N was denitrified and between 28% and 40% of the applied and denitrified N

became trapped in the soil.

Land Application of Biosolids

Land application of biosolids to improve soil conditions, enhance crop production, and
reclaim mined land has been extensively studied. Biosolids are either appliedhd sarface,
2) by disking or plowing into the soil to a prescribed depth (usually no more than 15 cm) or 3)
via injection underneath the surface. Nitrogen requirements of the crop and backgrbund soi
concentration dictate application rates, with seasonal or yearly appigcaften being

performed. Site and crop specific management are the key to optimizing grioieh w
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preventing nitrogen loss from the system (Ritter, 2001; USEPA, 1994b; Outwater, 1884tdG
and Pietz, 1992).
Numerous examples of nitrate leaching under biosolids-amended agricalha &ldve
been reported in the literature (Ritter, 2001; Shepherd, 1996; Clapp, et al., 1994; Sopper, 1993).
In these studies, the timing and rate of application, type of biosolids used, nutmemid$eof
the crop, and soil conditions influenced the loss of nutrients. Often, a majority of thiedeac
could have been prevented through more careful management.
Conversely, other studies have been performed that demonstrate the ability to eninimiz
nitrate leaching. Studies as varied as those performed by Mitchell(20@0) in a small stand
of Scots pine in Scotland to larger scale reclamation operations (Van Ham, et alSQ0eX,
1993; Lue-Hing, 1992) and agricultural operations (Shepherd, 1996) show that with appropriate
biosolids type, application rates, and conditions, nitrogen from the biosolids candrggutes
and recycled in the upper layers of the soil profile. The reclamation projeattectby Sylvis
Environmental in British Columbia (Van Ham, et al., 2000) transformed nutrient el gletvel
mines into self-sustaining tracts of vegetation that increased the environmealiiyl of the site.
The vegetation not only enhanced the aesthetic and ecological value of the sitéydliyt
reduced nitrogen and phosphorus movement that previously migrated to a nearby aquifer. When
properly used, biosolids are an environmentally safe and effective nutrient $@mirgeetitly
improves soil condition, optimizes crop production, and enhances the soil and land ecosystem

into which it is introduced.

Leaching potential.

Monitoring of nitrogen and chlorides in biosolids and soils below trenches was conducted

in an effort to determine potential for leaching (Sikora et al., 1980). Chlorideeasaodtible
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anion commonly found in biosolids, does not interact chemically with most soils and provides an
indication of water flow and maximum leaching potential through the biosolids anucidi.

The data from these analyses demonstrated two distinct trends. First, heflememonium,

nitrate and chlorides all generally diminished from the first sampling period (8} tdathe last
(1,508 days).

The second observation made from these data is an apparent enrichment of both
ammonium and chloride with depth on the same sampling date. For example, for almpost eve
sampling event, the dry weight concentration of ammonium was greater in #replortion of
the trenches than in the middle portion. The concentration of ammonium in the middle portion
was generally greater than in the top portion.

This distribution did not hold for nitrate. For each sampling date, nitrate nitrogen
concentration in the lowermost portion of the trench was less than or about equivalent to the
concentrations in the upper two sections of the trench. Given relatively high levels of
ammonium, the precursor to nitrate formation in these samples, it would be expeictieel tha
nitrate concentration in the samples would show similar trends as ammonium and cinzsde
some mechanism for nitrate removal was acting.

Leaching is the first mechanism that comes to mind to explain this anomaly.vétowe
the enrichment of the lowermost portion of the trench with chlorides suggests thatdeaas
not occurring rapidly enough to account for low nitrate concentrations. Two other eixjplana
are plausible. The first is that conditions in the lower section of the tremelmatconductive
to nitrate formation, so conversion of ammonium was quite slow (this would account for the
accumulation of ammonium in the lowermost portion). The production of nitrate via

mineralization of ammonium requires an aerobic environment, which only existediap tbe
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the trench at the beginning of the experiment. Subsequent dewatering of théasezreil
conditions for additional mineralization to occur deeper in the trench. A second mechaysm
be denitrification. Conditions that are not favorable for nitrification are redtar

denitrification. It is probable that both mechanisms were at work (Pepperman, 1995).

Denitrification.

Also important to note is that once produced, nitrate will either 1) be taken up by plants
or microorganisms or 2) leach further down the trench with the water flow and/or 3yande
denitrification. The fact that nitrate concentrations do not correspond to thg fatiterns
exhibited by the equally water-soluble chloride indicates that 1) ngratkiction via
mineralization was delayed for months after biosolids entrenchment and 2) once produced,
though some nitrate may have leached the bottom of the trench, the waterloggedi@naer
conditions were optimal for denitrification. This theory is supported by the fdct tha
concentrations in the bottom of the trench did not reach the levels in the upper portions.
Additionally, concentrations in the soil below the trenches, though elevated for @ tame
maximum of 54 mg/kg, decreased to low levels (2-6 mg/kg) by the end of the experim

Sikora et al. (1982) found that NEN levels in biosolids did not change between 20
months and 45 months except in the top 20 cm. The inorganic N content in water beneath the
biosolids increased and then decreased with time. Denitrification in the soi pvasl
demonstrated. Walker (1974) indicated that entrenchment promoted slow nibrifiaati
favored denitrification. Again, nitrogen was found beneath the biosolids but not in ground water
wells.

The comparison of chloride and nitrate concentrations in water samples fromthelow

biosolids was utilized to assess the potential for leaching and, in this ssalig determine if
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denitrification occurred. The ratio of nitrates to chlorides decreasbdiefith below the trench,
indicating that there existed some mechanism for reduction in nitrates lfsithceitrates and
chlorides are expected to move through the soil at generally the sameSiate) there were no
plant roots at the depths evaluated and microbial immobilization was discounted, iedgpat
denitrification was occurring (Sikora et al., 1979b).

Taylor and his fellow researchers (Taylor et al., 1978) indicated that #tieeg} low
oxygen and high methane content of the soil atmosphere adjacent to the biosolids would be a
ideal environment for denitrification. It was suggested that, from the leveigate found
within the biosolids, after 160 days some nitrification had occurred. They concluded, however
that the extremely low levels of nitrate within the soil surrounding the biosabidsated that, if
such a transformation were occurring, very little nitrate was moving tihebiosolids. They
further concluded that it was likely that any nitrate which did move from the lisswbuld
have been subjected to denitrification.

Literature suggests that mineralization is depressed by both temperatuaecic
conditions. These same conditions favor denitrification, so nitrate is generatetbahyy s
and it is likely that any nitrate that is not quickly captured by the roots ofebg is
denitrified.

Experiments provided evidence, however, that recharge would likely dilute the nutrients
Consequently, the specific characteristics of an individual site would need to bategdab
determine if groundwater contamination posed too much risk for this technique. It isampor
to note, however, that these experiments did not attempt to utilize a deep rooted cropeor plant

specific crop density that could reach and utilize the nutrient reservoir suppliee biypsolids.
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Hybrid Poplar Trees and Their Use With Pollution Management

The genufopulusincludes those trees commonly referred to as poplars and aspen.
They are part of the botanical famalicaceagwhich also includes willow trees. Hybrid
poplars are crosses of two different species that are often developed toceahdsrable traits,
such as hardiness, nutrient uptake, or salinity tolerance. Clones are a groupicdlgene
identical plants that result from vegetative production of a single tree.

Hybrid poplars are well known for their high water uptake and transpiration rates and
have been used for the containment and remediation of nutrients, explosives such as TNT,
trichloroethylene, and a variety of other organics (Pivetz, 2001; Newman,39; Burken
and Schnoor, 1998). Specific studies evaluating groundwater capture and hydrolediavie
recorded water use between 1.2 and 25 gallons/day/tree (Ferro, et al., 2001). uOig=irst
which root growth was directed to an aquifer 25 feet below the surface estenatehigher
uptake rates between 8-50 gallons/tree/day dependent upon the month and age of the tree.
(Quinn, et al., 2001). Such high water use supports the potential to provide a large degree of
leachate containment, though results vary according to the specific sitetehstias, density of
trees planted, and climatic conditions.

Licht (1990) evaluated the effectiveness of poplar tree buffer strips tmkoatrpoint
source pollution, particularly nitrogen. He concluded that hybrid poplars 1) natiorat
extensive rooting systems that can be further enhanced using deep plahtingues; 2)
significantly reduce nitrate concentrations in the soil profile as well asansurface
groundwater from 90 mg/L levels to 2 mg/L (well below the drinking water MCL of 1/Q)ng

and 3) are capable of surviving in both waterlogged and drought conditions.
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In summary, characteristics that favor use of hybrid poplar trees in nutcgoling and
land reclamation activities include:

- They are nutrient demanding, with an uptake rate of 200-360 Ibs of nitrogen per acre per
year (National Agroforestry Center, 2000)

- They are phreatophytes, will extend roots to the capillary fringe, andioanesperiods
with their roots in the saturated zone

- The fibrous nature of the roots enable penetration of both highly permeable and less
permeable soils.

- Impressive growth rates produce large amounts of biomass that act as easignifi
carbon sink.

- They are hardy, with high survival rates and can withstand high planting densities

Root Distribution.

Taylor et al. (1978) attributed the restriction of root penetration to the exbect
environment within the entrenched biosolids — encapsulating biosolids in trenches areated a
environment similar to an anaerobic digester. Not only would such an environment be
inhospitable to plant roots, it would also suggest very low levels of oxygen and thus, not support
the obligate aerobes which are required to mineralize the organic mattentmam and
nitrate (Pepperman, 1995). Taylor et al's hypothesis was supported by Gouin (1994] persona
communication) who suggested that mineralization rate of biosolids in deep rows would be
slowed due to the low soil temperatures (at depth), relatively high moistusesmtohthe
biosolids, and lack of oxygen. Thus, the anaerobic conditions and lower temperatures in the
deep-rowed biosolids a) maintains N in organic forms that were not eashgdkand b) inhibit
root growth (Taylor et al., 1978).

Evidence that the hybrid poplar is absorbing nitrogen can be obtained from foliar
nitrogen measurements (ERCO, 2000). Hybrid poplars are capable of utilizoggnitt rates
similar to corn but, unlike corn, this nitrogen is extracted by a deep perennial teot.sys

During the years when the trees were actively growing, foliar Ndevere in excess of 3.5
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percent. After 6-9 years, however, foliar N levels dropped below 3.5 percenttinglitat
either 1) the trees were utilizing N faster than the mineralizatiorofale biosolids or 2) the N
content in the biosolids had been exhausted.

Pepperman (1995) performed a detailed nitrogen balance for the ERCO site. Some
highlights of the computations are: denitrification was 40% of biosolids N, voédiin was
negligible, mineralization was 6% of organic N, and the total requirement to meet
immobilization, tree, and understory requirements was 605 kg/ha (540 Ib/ac) dry weight. T
requisite application rate to meet these needs was 506.6 Mg biosolids /ha (226.7) tinys /ac

weight.

Nitrogen Utilization by Hybrid Poplars

The application rate of biosolids for most mine spoils is based on a nitrogen budget that
considers the nutrient uptake of the trees, as well as rate of N mineralizaiomifjckion and
other factors. Hybrid poplar trees are capable of uptaking 200-360 Ibs. of N ppeagear
(National Agroforestry Center, 2000). Different application rates must teel ttesdetermine the
effects on tree growth and water quality. Preliminary tests have inditaieithé standard rate
of 171 dry tons per acre (11,970 Ibs. N per acre until 1997) may be inadequate to meet the
nitrogen demands of the trees for the six-year rotation (Pepperman, 1995). duiatioal was
performed when biosolids contained 3.5 percent total nitrogen. Since 1997, lime-stabilize
biosolids have been used which contain approximately 1.15 percent total nitrogen. Therefore, to
apply nitrogen at the same rate using presently available biosolids woula regpiioximately
400 dry tons per acre. To provide higher amounts of nitrogen would require higher application
rates. It is critical that permitted applications not be based on tons per aae douinds of N

per acre to supply the needs of the trees. The actual application rate can and shousiduk ad]
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depending on the N content of the biosolids. Additionally, foliar N samples indicathehat t
crop is N-deficient during the last two years. Therefore, this shortfallglated be incorporated
into the production system.

The use of lower tree densities to produce a larger diameter and more marketplsé
another factor that may impact root distribution. The one concern of using lower trgesiens
the increased time it will take for roots to colonize the area around the trenchadiae the
nutrients. This may allow time for movement of leachate (and any accomgamnyrients)
away from the trenches. The anaerobic environment, however, should minimizeiratieral
and the consequent production of water-soluble forms of nitrogen. Prior studies indicate tha
denitrification in the wet anaerobic deep row environment may result the loss of 1640t jud
the original nitrogen as it is converted to nitrogen gas.

The distance between nutrient source and crop roots was considerably grpegeious
experiments (Sikora et al., 1980; Taylor et al., 1978) because a) the trencheeapmsr and b)
the grass crop utilized had a much shallower root system. Additionally, becasssgends
more time in a dormant state, these experiments had a shorter annual perioeff uyptizke.
The result was a greater potential for nutrient escape to the ground yséen.s None of the
previous trenching studies have used deep-rooted plant material to minimizedeztchi
nitrogen. The use of fast-growing, nitrogen-demanding hybrid poplars at highieteosithe
ERCO site provided deep root penetration around the deep-rows.

Phosphorus

Hybrid poplars require adequate phosphorus to produce roots that can encase the deep

rows and uptake nitrogen. Foliar leaf samples collected in September of 1999 datexhsiv

average percent phosphorus levels of 0.18 (range 0.120-0.248). Optimum phosphorus foliar
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concentration is 0.33 percent (Van Ham, 1999; Zabeck, 2001). To correct for this phosphorus
deficiency, the following protocol has been recommended for the ERCO site. Eackguees
1/2 Ib. of 8-24-8 fertilizer split into two 1/4 Ib. portions. A planting pole is used to insert two
holes 6-8 inches from each side of the tree at rooting depth. The fertilizer is tehipléhe
hole.

Incorporation of biosolids below ground eliminates the potential for transport through
erosion. Incorporation also reduces nitrogen volatilization to essentiadly Pliosphorus will
not move easily in subsurface flow because it readily adsorbs onto soil paiticéesnmary,
phosphorus transport from trenches is not at all likely.

Field Site Description

ERCO History

In 1983, ERCO Inc. developed the deep row application technique in response to the
need to utilize large volumes of biosolids from the Washington, D.C. area and reataiiransl
gravel mine spoils. The company received a permit from the Maryland Depadme
Environment (MDE) for application of biosolids to grow nutrient-demanding hybrid popkes.
Harvesting was performed at about 7 years on most sections when folianhgdés were
below 3.5 percent nitrogen and total nitrogen mineralization reached 70 percent.

The overburden soils were treated to obtain a pH of 6.2. Approximately 10 acres were
treated each year starting in 1984. The deep row technique initially involved the tapppléa
biosolids at a rate of 171 dry tons per acre and, for a special demonstration plot af 294t
dry tons per acre. The biosolids were placed in trenches that were 30 inches deep ares42 inch
wide, spaced approximately 8 feet on center. The trenches were filled witth&8 iof

biosolids. The remaining 8-12 inches of trench were filled with overburden. Fastigrowi
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nitrogen-demanding, hybrid poplar cuttings were planted at a dense spacing ot B@D@ees
per acre to utilize the nitrogen over a planned 6-year rotation. Competing vegetetion w
controlled by mowing (no herbicides were used). After six or more yearsa@d@ection was

harvested and subsequently cross-trenched for another biosolid application.

Site Location
The ERCO Beneficial Reuse Tree Farm site is a privately-owned 49.4 () 22|
spoil in Prince George’s County (fig. 1) within 40 km (25 miles) of many large ripahic

wastewater treatment plants. The site is approximately three milbsohdvtaldorf, MD.

Figure 1. ERCO study site marked with star is located in Prince Ge@genty, MD
within the Washington, D.C. metro area.

Site Description

The site consists of a plateau with steep banks that fall away to a stresioninéill
steep banks are covered with permanent forest cover. The plateau has an ugjpeo area

sections) near the entrance on a 0-2% slope. The remaining seven sections haati@m ele
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drop of between 1.5 and 3 m (5-10 ft.), followed by a level section (0-2% slope) to the edge of
the bermed area.

The research site is an existing reclamation site that has utilized debpsohd
application with forest trees for 15 years. Prior to any biosolid applicatiorec¢lamation site
was representative of thousands of acres of sand and gravel mines in the Metrgidashi
D.C. area. The entire site has been applied once with biosolids using deep rovtiapphta
any one time, only one or two sections (4.05 ha each) are cleared and replanted. HeBee, only
16% of the site is subject to significant surface runoff generation. Approxyn2ats of the site
(13 ha) is in permanent cover, consisting of either forested steep slope or detenticanponds
buffers.

The edges of the plateau are bermed and runoff is routed to one of four detention ponds.
The streams on the east and north sides of the site are protected by an addeiecigtémtion
ponds. Additionally, the surface water flow on the site is significantly reldde to the

introduction of tree crops.

Geology

There are conventional soils on the steep side slopes that were not disturbed by sand and
gravel mining, but there are no soils, as we normally think of them, on the plate@e sumnfa
1983, the spoil consisted of a clay layer with occasional remnants of sand and graveleand som
filled-in gullies. The clay layer was five to 70 feet (or more) thick. DBpson of geology at the
ERCO site was derived from Wilson and Fleck (1990) and, to a lesser extent, Tompkins (1983).
The following describes the deeper deposit first and concludes with the siefaast that was

removed in the mining operations.
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The lower formation is the Marlboro Clay, a confining unit of dense, reddish Isiity ¢
between 15 and 30 feet in thickness. The lower Eocene Nanjemoy Formation overlies the
Marlboro Clay, and predominantly consists of beds of dark green, fine to medium, glxuconit
bearing sands in the upper part of the formation. The thickness of the Nanjemdgat Wa
ranges from about 90 to 125 ft.

Overlying the Nanjemoy is the lower Miocene Calvert Formation. The Cadvatight
to medium, olive gray to olive green, micaceous, clayey silt. The thickndss Ghatvert in the
Waldorf area is about 90 to 100 ft. The formation is the basal unit of the Chesapeaker@roup a
it represents deposition in a marine shelf environment.

The Calvert is overlain by the Pliocene Upland Deposits. The Upland Depositst obnsi
orange-tan, silty, fine to very course sands and gravels, and yellowish to, mitpgdays. The
Upland Deposits range from 20 to 50 ft thick and crop out throughout the Waldorf area. These
materials are what was removed in the sand and gravel mining process. HenB& @hsite
has very slight remnants of the Pliocene Upland Deposits over the Calvertsilgy@yer the
Nanjemoy.

At one time there were as many as eight monitoring wells placed around thetpeof
the site. Well placement was a condition of various permits. Wells encountere@tvate
approximately 75 ft. below the surface of the site. This puts the water at ¢hefltlas Calvert
formation and the top of the Nanjemoy formation. The clayey silts and fine dageg of the
Nanjemoy are the sandier of the two formations. The Calvert formation, above thendanje
formation, is less permeable, with estimated vertical conductivities thavarto three orders of

magnitude lower than the Nanjemoy formation (Wilson and Fleck, 1990). Hence, wahtesth
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in observation wells to within 15 feet of the ground surface derived from the Nangrddhe

rise in water elevation was the result of the confining action of the oveBahgrt formation.

Potential for Application

Sand and gravel spoils similar to the ERCO site (complete with clayey suasurfa
geology) are found in a reasonably wide North-South band along much of the MideAtlanti
region, close to large metropolitan centers, and provide excellent candidatesaoration
using deep-row biosolid applications. The ERCO site resides on geology with dajeleyer.
There is the potential to apply this technique to thousands of acres of sand and graweltbpoils
similar geology in the Baltimore-Washington, D.C. metropolitan area, and toavdaer
throughout the country with similar conditions. In Prince Georges, Charles, Anne Aramndel
Baltimore counties, there are 12,788 acres of sand and gravel mining sites. Obviou8ily, not a
sites are applicable for tree farming utilizing biosolids. If siteslemiddan 50 acres are
removed from consideration, there are still 9,246 acres available. If weeagairhalf of these
sites are not appropriate for one reason or another, then 4,623 acres have the potential to be
converted to beneficial re-use tree farms. At a conservative rate of liihdrgf biosolids per
acre, the 4,623 acres could utilize approximately 43% of the regions annual biosolidsigmoduct
(assuming a six year rotation).

This technique provides for the utilization of large volumes of biosolids per unit area to
produce forest products at a site near treatment plants in urban areas. Compuareentiooal
land application, it requires much less land and, because no crop exists at the timeatiappli
this technique can be used at a steady rate over the entire year. Developmsnedifrigue
could contribute to a multi-state effort to reduce nutrient loading of the Chesapagk The

current cost of deep-row applications, however, is higher than tipping fees atsbateof
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landfills. It will therefore require political cooperation of states involvetiénGhesapeake Bay
watershed to discourage landfill dumping and encourage alternative methods deep-esv

application.

OBJECTIVES
This report is divided into different parts that address each of the four objectives inginalor
proposal. The four objectives are:
1) determine the effect of tree density and biosolid application rate on watey qualind deep
rows on a gravel mine spoil;
2) determine the effect of tree density and biosolid application rate on the above gawiid g
production, and survival of hybrid poplars with deep row biosolid applications;
3) determine the economic feasibility of deep row application with foresst &iedifferent
planting densities and application rates, as well as the value of its envirahlbesTgfits.
Feasibility relative to other biosolid disposal methods (or other reclanmaiosties) will be
assessed; and
4) educate state and local environmental professionals about the use of deep-row biosolid

applications to develop sustainable forest crops and simultaneously releadisitatbed soils.

POTENTIAL BIOSOLIDS UTILIZATION
Materials and Methods
A simple analysis was completed in 1998 to determine the number of acres of gravel
spoils in the southern Maryland area that may have the potential for deep roatappbt
biosolids. The Maryland Department of Natural Resources Water Managemeinigiction

provided a list of mining permits for Prince George’s, Charles, Anne Arundel atich&a!
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Counties that included the acreage of each permitted sites and the ADC map location.
Information was requested for above-listed counties because they are mgrlikale
geological characteristics similar to that of the ERCO site and would lble z@ndidates for
deep row application. Attempts to locate the gravel mine sites on current Apgtimaé could
be coordinated with geologic maps failed because ADC map coordinates havealckidimge
revised editions, resulting in different locations for the same coordinate. QMen#aps are
not readily available. Current developments in GIS technology should foster thetimmoddic
databases and maps that will provide easy access to mine locations and thepmoeviestatus.
The mine permit data were analyzed to estimate the number of tracts eagkaar
parcels that were either over 50 acres or over 100 acres. This categorzbased on the
assumption that 50 acres would be the minimum operationally feasible size, withd9being
more realistic. Itis likely that within this group of identified parcelsymber of the mine sites
have since been developed for housing or industrial uses. Recognizing, however, thahether m
permits have been issued since 1998, additional available acreage has likely beenl pmdtiece
past seven years. This highlights the need to update the collation of mine pernoitgidta

more accurate assessment of applicable land.

Results and Discussion

Sand and gravel permits issued prior to 1998 indicate there are a total of 12,788 acres in
the four counties of interest (Table 1). Parcels over 50 acres in size accouft@déaacres
(72% of the total) and parcels over 100 acres accounted for 5,698 acres (45% of th&hetal)
largest number of acres and parcels were found in Prince George’s Countyv&ite8 acres

in size were found on only 78 parcels, and sites over 100 acres in size were found on only 31
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parcels. The relatively small number of sites over 50 and 100 acres in size makes a f
assessment for underlying geology, development status and other factarsuldainfluence

availability for deep row application a reasonable endeavor.

Table 1. Number of Acres and Parcels of Gravel Spoils by County

Measure Prince Charles Anne Baltimore Total
Georges Co. Co. Arundel Co. Co.

No. Acres 5,887 3,132 2,693 1,076 12,788
Average Size 53 38 44 215 350
Acres in tracts 4,367 1,881 1,959 1,039 9,246
over 50 acres (33) (20) (22) 3) (72 % of total
(No. parcels) acreage)
Acres in Tracts 2,762 1,102 795 1,039 5,698
over 100 acres (13) 9) (6) 3) (45 % of total
(No. parcels) acreage)
Source: MDE, 1998

In order to estimate the mass of biosolids that could be utilized in the
Baltimore/Washington D.C. metro area, a rough analysis was completedosgegvative
assumptions of acres available and the three application rates (4,000, 8,000, and 12,000 Ibs
N/acre) used in the research study at ERCO.

Table 2 uses acreage figures for parcels over 100 acres in size only. Sstetuthef
many of these parcels is unknown, it was assumed that only half of the acreagac(28%9
would be available and meet the criteria for deep row application. Based aaa rbtation,

407 acres would be available for treatment each year, utilizing 319, 638, and 957 thousand wet
tons per year, respectively, for each of the application rates in the $helynost current figures
indicate 827,514 wets tons of biosolids were produced in the Baltimore/Washington, DdC. metr
area in 2002. Consequently, at the lowest application rate, which is represeritadig is

currently applied operationally under permit at the ERCO site, 38% of the annwdidsios
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output could be utilized. At the higher application rates of 8,000 and 12,000 Ibs. N/acre, 77% and

116% of the annual biosolids output could be applied each year, respectively.

Table 2. Potential utilization of biosolids on parcel over 100 acres in size.
Application | Actual Acres Assume | Number | Wet tons | Wet tons| % of
rate in wet tons | available | only acres that biosolids | biosolids | annual
research per acre | in parcels| 50% of | could be | that could| produced| biosolids
study (Ib using over 100 | acres treated | be per year | utilized by
N/ acre) biosolids | acres in | available| on 7-year| utilized in Metro | deep row
with size rotation | per year *| area application
1.6%N (1000’s) | (1000's)
4,000 784 5698 2849 407 319 828 38%
8,000 1567 5698 2849 407 638 828 77%
12,000 2351 5698 2849 407 957 828 116%
* 827,514 Wet tons produced per year from MDE ai@NASA, 2002

Table 3 uses acreage figures for parcels over 50 acres in size only. Sistzub of
many of these parcels is also unknown, it was assumed that only half of thgeedd@&28 acres)
would be available and meet the criteria for deep row application. Based aaa rbtation,
this would mean 660 acres would be available for treatment each year, utilizing 517, 1034, and
1552 thousand wet tons per year for each of the application rates in the study. Uamgutile
biosolids production figure of 827,514 wet tons for the Baltimore/Washington, D.C. metro area,
the lowest application rate would utilize 62% of the annual biosolids output. At the higher
application rates of 8,000 and 12,000 Ibs. N/acre, 125% and 187% of the annual biosolids output

could be applied each year, respectively.
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Table 3.

Potential Utilization of Biosolids on Parcels over 50 Acres in Size

Application | Actual Acres Assume | Number | Wet tons | Wet tons| % of

rate in wet tons | available | only acres that biosolids | biosolids | annual

research per acre | in parcels| 50% of | could be | that could| produced biosolids

study (Ib using over 50 | acres treated | be per year | utilized by

N/ acre) biosolids | acres in | available| on 7-year| utilized in Metro | deep row
with size rotation | per year *| area application
1.6%N (1000’s) | (1000's)

4,000 784 9246 4623 660 517 828 62%

8,000 1567 9246 4623 660 1034 828 125%

12,000 2351 9246 4623 660 1552 828 187%

* 827,514 Wet tons of biosolids produced per yeamfMDE and DCWASA, 2002

Conclusions

This simple analysis assumes the parcels in question are available addneetithe
soil and geology criteria for deep row application. Other gravel mines atleoaisle size have
been permitted since 1998, which means additional acres are likely availaldestullyi needs
to be updated using current GIS technology to make a more accurate assessqemlie$s,
the potential utilization of biosolids available by deep row applications progréas optimism

and justification for continued research.

WATER QUALITY
The following two sub-objectives better define the overall objective:
1) Determine the effect of soil characteristics and biosolid applicattes on water quality
around deep rows on a gravel mine spoil; and

2) Determine the contribution made by hybrid poplar trees to nutrient removal.
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Methods and Materials

Experimental Design

This section describes the standard tree farm production implemented since tse 1980’

followed by the design of the University of Maryland experiments performed sit¢he
Production treatments.

The deep-row technique, developed in 1983, involved the application of biosolids,
averaging about 20 percent solids, that were lightly amended with lime to contr¢botinot
lime-stabilized), at a rate of 383.3 Mg/ha (171 dry tons/ac.). The pH of the biasolg]
from 7.0-8.0. In 1988, the permit allowed for addition of a special demonstration plot with
biosolids applied at 659.1 Mg/ha (294 dry tons/acre). Approximately 4.05 ha (10 acm)ssecti
were treated each year beginning in 1984. The deep row dimensions were 762 mm (30 in.) deep
and 1067 mm (42 in.) wide, spaced on or about 2.44 m (8 ft.) centers. The deep-rows were filled
with 457 mm (18 in.) of biosolids for the 383.3 Mg/ha (171 dry tons/acre) rate and 559 mm (22
in.) for the 659.1 Mg/ha (294 dry tons/acre) rate. The remaining 200-300 mm was filed wit
overburden. After each section was filled, the site was leveled using adawegpressure
bulldozer, and disked in preparation for planting. Application rate used at the &asimdar to
experimental trenching site applications made from 1974 through 1980 on well-drdtredsi
soils of the Manor and Glenelg soil series (Sikora, et al., 1982).

Experimental Treatments.

The 3.1-acre study site is located on the existing ERCO property and has previously

received one biosolids application, as described above (Production Treatmergg)icatad

treatment design was used to determine the effect of three tree densii¥3 @hd 430 trees
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per acre) and three deep row biosolid application rates (4,000, 8,000 and 12,000 Ibs. N per acre)
on water quality and tree production. Unlike past application rates, which werkdmdsly on
biosolids weight, the experimental rates will be expressed in pounds of nitrogesreeer

year. The application rate of biosolids in units of dry tons per acre required to nseet the

nitrogen targets will depend on the N content of the biosolids used, which past results have
shown to vary between 1% and 3.5%.

Prior to beginning applications in mid-March 2002, a biosolids sample was collected
from a routine delivery at the ERCO site to determine nitrogen content and thspoadiag
application rates necessary to meet the research requirementds Bleswkd a total nitrogen
content of 1.14%. Three other samples subsequently collected confirmed this generandl
all four samples together produced an average value of 1.16% total N.

The lower nitrogen content necessitated application rates of approxirtiaestimes
more biosolids than used in the production operation in order to supply the design nitrogen
application rates. The experimental application rates of 4,000, 8,000, and 12, 000 Ibs/N per acre
bracket the production level of 4,300 Ibs/N per acre, and are designed to discern the most
appropriate application rate that results in higher crop production while pngteciter quality.

To accommodate the increased load from these required application rateslanetimgtrogen
content, between-row-spacing was reduced from eight feet to approximasety @ he width of

the deep rows will be maintained at 42 inches and the depth will be adjusted (as showa in Tabl
4) to accommodate the required amount of biosolids and allow for 10-12” of cover on top of the
biosolids. The maximum depth of the deep rows is limited by the depth to which the p@plar tre

roots can reliably grow. If trench depth exceeds seven or eight feet, whialygdo deep to
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be sure that roots can reach the material, some of the same problems disco%ékedalst al.

(1982) could occur.

Table 4. Treatment rates, depth of biosolids in the trench, total trench depth, and
approximate biosolids application rate.
Application Rate Inches of Total Depth of Deep Row in | Dry Tons /
(Ibs N/A) Biosolids Inches (12" overburden) Acre

4,000 12.5 24 172
8,000 25.0 37 345
12,000 37.5 49 517

Plot layout.

Beginning in spring 2002, plots were established at the ERCO site. The site was
partitioned into three blocks based on a north-south gradient of changing soil compasition a
slope. Each block contains each biosolids application rate/tree density combinatigarojétte
funded by WSSC required 18 plots (2 tree densities)(3 biosolids rates)(3 replicakands
from the Mclintyre Stennis grant provided for an additional 12 plots that consisteckef: thr
biosolids rates with no trees replicated three times (9 plots) plus control plotsonbiosolids
and no trees, replicated three times (3 plots). The result is an incomplete sklit bloc
experimental design.

Each plot that received biosolids is 72 feet wide (11-12 rows of biosolids). Figure 2
represents a single plot (72'X70’) with the locations of biosolids trenches andlltrsieated.
Plots that were planted with 435 trees/acre are 70 feet long to accommodate 10 famitx 10 f
tree spacing (8 rows x 8 columns of trees). Plots that are planted with 290 tecasd®5 feet
long to accommodate 10 foot x 15 foot tree spacing (again 8 rows x 8 columns of treesd- The
tree biosolids plots are 35 feet wide. Figure 3 provides a layout of the retei@®hs of the
three blocks and the treatments within each block as they were instalR@@t EThe total area
depicted is 133,540 square feet or 3.11 acres.
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Within each plot the outer two rows of trees around the perimeter were designhated a
buffers to isolate treatments and provide access routes, thereby reducirigadis# of soil and
vegetation in the plots. The sample collection areas within each plot consist of theosts
trees, to reduce possible edge effects. The central area of four rows bglfwans of trees
contains all soil water sample collection equipment. The three control plots€aportoe
biosolids) are 35 feet x 35 feet with instrumentation in the central portion of the plots

Biosolids application rates were randomized assigned within each block. Treegsanti

were not randomized due to logistical considerations associated with the equipdieroioa

used.
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Biosolids trenches on 6-6.5' centers
Trees on 10'X10' centers
Sampling area outlined by dashed lines
Figure 2 Schematic layout of one plot with biosolids and trees.
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f Experimental Plot Layout [] 4000 Ibs Nracre
South [ 8000 Ibs N/acre

Replicate 1 Replicate 2 Replicate 3 B 12000 Ibs N/acre

?’ ?’ ?’ 435 trees/acre

?’ ?’ 290 trees/acre
Block 3
Block 2

Contral (0 |bs Hiacre)
Block 1
MNorth
Figure 3. Schematic layout of all three blocks showing total area.

Water quality instrumentation and measurement.

Each treatment (application rate x tree density combination) within eadhdaotains
several types of sampling instrumentation to evaluate hydrology and/or nutirespdrt: 1)
two shallow stand-pipe wells were installed in the 8000 Ibs N/acre x 435 treqdfatc with one
well positioned through the deep row and the other well in the surrounding soil/gravel spoll
profile; 2) in each of the 30 plots, one zero-tension lysimeter positioned 12 inchdy dimder
a deep row; and 3) in each of the 30 plots, suction lysimeters located under and around the deep

row.
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Each set of two shallow standpipe wells were installed with one in the deep row and one
25 cm to the side of the row in the spoil. Both were screened for a one-foot section abthe bot
of the trench and sealed with bentonite. Water level is being measured by itynofers
Maryland staff using well tapes. The difference in the storm-basechdslain these two
wells will provide an indication of within-trench flow. Long-term water Ievialthe trench will
provide insight to the hypothesis that the biosolids are in anaerobic conditions fotithsig
to seven year rotation.

Each plot has one zero-tension lysimeter installed 25cm below the bottom of the trenc
Water collected from zero-tension lysimeters (a.k.a, pan lysimesgrs@dominantly macropore
flow. Where macropores are minimal or non-existent, as may be the case reahtbaflow
represents gravity-drained water. This flow is estimated to account foharg/wetween 10 to
85 percent of the percolating water. Because the water percolateelglapidly, and does not
have prolonged contact with the soil matrix, it is reasoned that thess i8riee for nutrient
uptake from the surrounding soil matrix. Hence, concentrations from the pan lysipretade
an estimate of the lower limit of nutrient loss. A schematic depicting theypiameter is

provided in Figure 4 below.
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Figure 4. Pan Lysimeter Installation Schematic

Each plot also contains two sets of suction lysimeters installed under and around the
biosolids rows. Where water flows a great distance vertically to the \abter hutrients
leaving a source generally create plumes that migrate downward. dreemafe set of suction
lysimeters were installed 15cm, 30cm, and 60cm (6, 12, and 24 inches) directly below a
biosolids row to monitor long-term migration of any plume in the vertical dinecti

The second suction lysimeter nest is located on either side of the row in tleeeloil |
with the bottom of the trench. Because this site has a thick clay subsoil layemowéHa
gravel and mixed clay loam backfill, lateral flow on top of the horizon interf@oesetimes
referred to as locally perched water) is a possibility. Two suction étens were therefore
installed 25cm and 50 cm from the side of a row to monitor lateral movement. A scheimati
the position of all five suction lysimeters in relation to a biosolids row is presenkggure 5.
Suction lysimeters collect soil water that may contains nutrient levelated above that of free
flowing sub-surface water. Hence, concentrations provide an estimate of thdimpsr

nutrient loss.
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Suction Lysimeter Locations

Figure 5. Suction Lysimeter Installation Schematic

Pan lysimeters were installed just after the deep row was filled witbligies Suction
lysimeters were installed after the trench was filled with biosolidé&fare planting. Pan
lysimeters were installed from July 2002 through March 2003. Suction lysinaesgsnstalled
after the area was leveled and disked. Water quality sampling began 2808l

The term “ground water” will be used to denote water in the zone of saturation (Bear,
1972). More specifically, this is water in the geologic formations that are cetydaturated
(Freeze and Cherry, 1979). Overall water quality in the ground water has besseddsy
regular measurement from previously installed groundwater monitoring aledlady resident in
the top of the Nanjemoy formation, which is the first water supply aquifer beheasie

(Wilson and Fleck, 1990).
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Sampling frequency.

Water samples from pan and suction lysimeters were collected on a monislipb#se
first year. For the following years, samples will be collectedyestiter month. These routine
collections amount to 4860 sampling attempts. Due to dry weather conditions and ot clim
factors, however, there may be instances in which water is not present or camiddiede

using the sampling equipment.

Parameters.

All subsurface water samples have been sampled for pH, nitrate, nitrite, tiaigén)
sulfate, and chloride. At the ERCO site, subsurface water flow is greathcted by the clay.
This restricted flow provides any aqueous phosphorus with ample opportunity to adsorb onto
charged sites, which are plentiful in the clay subsoil. For this reason, ortho-plecapth&btal
phosphorus will be analyzed for the first six to twelve months, but analysis will lmatised
if phosphorus is not detected in these samples.

Results and Discussion

Wells

Description and installation
There are seven functioning ground water monitoring wells installed atéle=arm
site. These wells are identified in Figure 6. The first well, instatiédavember 1982, is
designated MW #2, and is situated within 100 feet of the ERCO trailer. The wedetstoa31l

feet, followed by ten feet of screen.
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Additional monitoring wells have been installed in conjunction with permit
amendments/modifications, especially those related to the inclusion of additmada Well

descriptions are as follows.

Well No. Date Installed - Permit Depth@asing  Screen
1 7/26/88 - S-88-16-809-ABE 70 70'-8
2 11/15/82 3r 3141
4 7/14/88 - S-88-16-809-ABE 25 -325

5 (removed) 7/26/88 - S-88-16-809-ABE 10' 10'-20
5A 3/28/89 - S-88-16-809-ABE 28' 28"

6 10/8/90 - S-90-16-809-ABE 107" 10771
7 10/8/90 - S-90-16-809-ABE s 77r-9
8 10/8/90 - S-90-16-809-ABE 80’ 86"-

Well 5A is a replacement well for the abandoned remloved Well 5.
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Burch Branc

Figure 6. ERCO study site topography with treatment sections, moniteeiitgy and
estimated ground water potential lines.

Figure 6 provides estimated ground water contours using data from all the wegksiloc
at the ERCO Tree Farm. The solid lines represent ground water potential cantbthe
dashed lines represent topographic contours. In Figure 6, the groundwater pitentiases
from Section 8 toward Section 9. Overall, these contours show a general hyghaliknt
toward Burch Branch, which flows past the Tree Farm site to the north and east. Arednna
tributary to Burch Branch flows along the western boundary of the ERCO Tree Based on
the ground water contours and the presence of perennial streams on three sideseffaenTr
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water quality related to biosolids management operations can be reasoekbistiwated by
reviewing the historical analytical data from both the wells and the swfaees draining the
site.

Monitoring Well #1, installed in July 1988, generally represents background or up
gradient conditions not expected to be substantially affected by the applicabiosaids.
Well #2 was the first well installed (November 9, 1982) and served as the sole mgnitelii
until Wells #1, #4, and #5A were installed.

Wells #4 and #5 were installed in July 1988 as down gradient monitoring points at
locations and depths dictated by MDE. Well #5 was dry and never produced a sample.
Consequently, in March 1989, MDE directed ERCO to remove Well#5 and replace it with Well
#5A. Three additional wells (#6, #7, and #8) were mandated by Permit Number S-90-16-809-
ABE. Although these three wells were expected to represent one additional entgaadi two
down gradient wells, they in fact are down gradient of the earlier work areasusncbuld be
expected to reflect any changes in water quality across the entire site.

The Prince George's County Health Department and the State of Marylanddamgbl
analyzed Wells #1 - #5A for the period November 1982 to May 1989 (monthly for Well # 2 from
February 1983 to June 1985, then quarterly; other wells generally quartarinsttiéation).

Since May 1989, Gascoyne Laboratories, Inc. has sampled and analyzed watdhfrelis.
Early monitoring results.

A water sample, intended to be representative of ground water conditions prior to
biosolids application, was obtained by the Prince George's County Departmezatitbf fidr the
MDE (then Department of Health and Mental Hygiene) on November 9, 1982. Analifsis of

sample yielded the following results:

-51-
7/25/05



pH 7.8 units alkalinity (total) 98 mg/l hardise 65 mg/l

nitrate 1.5 mg/l chloride 30 mgl/l fluoride .43 mgl/l

color 60 units turbidity 24 units total rese 364 mgl/l
cadmium 0.005 mg/l lead 0.01 mg/l reoey <0.0005 mg/I
copper <0.01 mgl/l iron 1.3 mg/l manganese <0.01 mg/l
sodium 80 mg/l zinc 0.05 mg/l

Groundwater monitoring data from 1983 through 1994 indicate little evident change in
overall groundwater quality due to biosolids application. A detailed review of thedghlori
nitrate nitrogen, cadmium, lead and fecal coliform results was performed.idéklare anionic
compounds that are not well retained in soils and are commonly found in biosolids. They are
easily leached from the soil and are often utilized as an indicator of pollutionigloitent
groundwater. Nitrate nitrogen is an anionic compound that may be introduced fromvisigh le
of fertilizer application and, at excessive levels in water supplies, hasleeemstrated to cause
health problems in cattle and infant humans. The presence of nitrates in groundswidtersan
indication of fertilizer nitrogen application in excess of plant needs.

Because both chlorides and nitrates easily move from the soil into groundwater and both
could be attributed to biosolids applications at the site, a review of the ERC®Garnee
analytical data from ground water samples was conducted to determitineifor both
compounds were moving from the deep rows. Generally, equal increases in ground water
concentrations of the two compounds would suggest that the biosolids were the source.
Increased concentrations of chloride but not nitrates would suggest that leachatgrdfem
the biosolids was occurring, but that other mechanisms were preventing ertiterpnbduction
or excess nitrate movement from the deep row. Finally, no increase in the comceatraither
compound would suggest that nothing was migrating from the deep rows.

For the period between 1983 and 1994, chloride and nitrate concestfedion

groundwater samples obtained at the Tree Farm were quite low. While thedegues for
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chloride generally were above detection limits, concentrations were us@iifed at one to
two orders of magnitude below the drinking water limit of 250 mg CI/L. No trend ofasere
chloride concentration in the well samples was seen after biosolids application.

For all wells, nitrate water concentrations were most commonly at ahkassletection
limits (0.2 mg/L when the State was conducting analyses, 0.1 mg/L whenyGasamducted
the analyses). Occasionally, nitrate concentrations were reporteghet levels than detection
limits but never did the level approach the drinking water standard of 10 mg/L. Twité& @/
exhibited nitrate concentrations above the detection limits: On November 10, 1982 (thteiday af
the well was drilled and before any biosolids were applied to the site), thie tével was
reported at 1.5 mg/L; and on May 24, 1989, the level was reported at 1.9 mg/L.

On this latter sampling date, several of samples from the other wellselsaeported to
contain nitrate concentrations above the detection limits. Well # 1, the site’adiprgmvell,
was reported to contain a nitrate concentration of 1 mg/L. This well was sdraeR1.3 m to
24.3 m (70 to 80 ft.) deep, which corresponds to the top of the Nanjemoy formation (Wilson and
Fleck, 1990). The increased nitrate levels in the up-gradient Well #1 suggestlatasaic
inflow occurred, which would be consistent with an aquifer formation (the Nanjemosatben
an aquitard (the Calvert). Well # 4 produced a nitrate concentration at 1.3 mg/L d#dSAel
produced a nitrate concentration of 1.6 mg/L. Wells 2, 4, and 5A were each screened in 3.1 m
(10 ft.) intervals and range in depth to the top of the screen from 7.6 m to 9.4 m (25 ft. - 31 ft.).
All are in a silty clay sand layer that is surrounded by layers descsligehée clay” and
“green clay” (Pepperman, 1995). Hence, because the events were singularandithe wells

appeared to intercept isolated layers, it would suggest that lateral infledogamented.
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Cadmium and lead are two elements commonly found in biosolids that are not known to
be required for plant growth. Research has demonstrated that these elemaimedont
biosolids are generally quite immobile and not expected to move from the zone of inconporati
Nevertheless, due to the health hazards associated with these elementgratamein the
waters draining the ERCO Tree Farm were reviewed. Cadmium and lead catmmesin the
monitoring wells over the 1983-1994 period were generally at or near the detentteridr the
respective laboratories (Cd, 0.001 mg/L, Pb, 0.01 mg/L for the State; Cd, 0.0005 mg/L, Pb 0.005
mg/L for Gascoyne). The drinking water standards and/or the health effdaidedeby the
USEPA in development of the risk assessment for 40 CFR 503 is 0.01 mg/L for cadmium and
0.05 mg/L for lead. The highest concentration of lead in any well (0.04 mg/L) ocauiéelli
# 2 on October 16, 1984.

The one exception was Well # 4, which is generally down gradient of Section 7 (the
demonstration plot), and consistently exhibited cadmium concentrations just abovedtierdete
limits over the period May 1989 to November 1993. The range of cadmium concentration in
Well # 4 over this time was 0.0009 mg/L to 0.0027 mg/L -- still almost an order of magnitude
below the drinking water standard. Cadmium levels in samples from other wedtsuieritly
exceeded the lower end of this range. The highest concentration of cadmiumamaie/fsom
any well on the site was 0.041 mg/L in Well #7. This sample was obtained on November 28,
1990, approximately one month after the well was constructed.

Finally, fecal coliforms counts were reviewed. Biosolids are known to contain
substantial populations of these organisms; therefore, changes in populationshacsiieon
the same sampling date may indicate movement of biosolids into the watercdfiéman

analyses were conducted by both the State and Gascoyne Laboratorieshéupiergod 1983-
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1994. Although the State (through Prince George's County) obtained samples for dield fec
coliform analysis, the results were not commonly reported in Most Probable Nundikeior
units directly comparable to the Gascoyne data. The State testing did hepedults of both
presumptive and confirmed tests on 10 mL samples. In most of the State's testg, positi
indications of coliforms occurred in all five samples in each of the two testsugh positive
indication of fecal coliforms were seldom reported in the confirmed tests andcaoglly at a
value > 1 in the presumptive tests. Since Gascoyne has been conducting the asadgse
dedicated bailers, the majority of the samples have been either at the |atsodai@ction limit
of 2 MPN or reported not detected (ND).

Infrequent exceptions have occurred. Samples obtained on November 11, 1991, and
November 22, 1993, from Monitoring Well #1, which is generally up gradient of the sludge
application areas, were reported to contain 5 and 7 MPN, respectively. Well #2 and Well # 6
also produced fecal coliform values of 5 MPN on November 11, 1991. No other wells had fecal
coliform counts above the detection limit on that sampling date.

A sample from Well # 6 was reported to have 4 MPN fecal coliforms on November 28,
1990. A sample from Well # 2 obtained on the same date was determined to contain 2,200
MPN. It appears that there is an increased likelihood of incidence in feiéatroadetection in
ground water samples obtained at the site during November when field condiéaynsically
very muddy which may contribute to sample contamination.

A similar condition occurs in samples obtained in August, but with less frequency. For
example, samples obtained August 6, 1991, from Wells # 6 and # 7 were reported to contain 8
and 33 MPN, respectively. A sample obtained from Well # 2 on August 9, 1990, was reported to

contain 17 MPN and a sample obtained on August 3, 1992, from Well # 8 was reported to
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contain 8 MPN. Only one other sample was reported to contain fecal coliforms above the
detection limits. A sample obtained from Well # 4 on May 24, 1989 was reported to contain 23
MPN.

An evaluation of the fecal coliform observations indicates that they pose no
environmental impact from the biosolids activities at the ERCO site. Aabl1#l3 samples
were analyzed for fecal coliform over the sampling period March 1991 to May 1998foQnly
samples (or less than 4%) indicated fecal coliform densities over 10 MPN. Tharfqples
came from four different wells. Further, all observations above detection liditate no trend
to the data, therefore the incidences of positive fecal coliform concentrataynke due to

sample contamination.

More recent monitoring results.
The following discussions provide an overview of the results of more recent groundwate
monitoring from the past 14 years for the following parameters: pH, chlpndesges,
ammonia, and total solids.

pH:
This parameter is a measurement of the relative acidity or basicity gifdhedwater.

This parameter is usually measured in the field during well sampling evesresases or
decreases in the water pH may infer that the biosolids application is caagargywality
impacts — for example, because lime-stabilized biosolids have been exclapipledg to the
site for some years, movement of biosolids-borne pollutants from the deep rows to greundwat
resources might be suggested by an increase in the pH (due to the lime).
The historical pH values are completely unremarkable, save for the periotk dhat

the pH was elevated immediately following the installation of Well 5-A, whiab performed in
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1989. Up to December 1991, the pH ranged between 7.0 and 10.0 and remained near 7.0 after a
period of approximately 24 months. This provides an indication of how long it can take for
impacts of disturbance (well installation) to subside. From 1991 through the presekt,itas
remained between 6.5 and 8.0. From Figure 7, it is clear that pH levels remaiodiagignt,

with each different well having a slightly different average pH.

pH Values in Groundwater Monitoring Wells

11

pH Value

Sample Collection Date

Figure 7. pH values for each of the eight monitoring wells.

Chloride:
Chloride in groundwater is not typically associated with human health or envirohmenta

concerns. ltis listed in EPA’s Secondary Drinking Water Regulations withiteoli 250 mg/L
to address potential cosmetic or aesthetic effects. Measurement afecida useful tool

insofar as chlorides are usually found within biosolids in substantial concemsiatd, as
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anionic (negatively charged) compounds; they would be expected to move through the soil
matrix at a rate similar other water-soluble compounds, including nitratethéa anion).

The data for chlorides over time is presented in Figure 8. From these graphs)é
seen that a number of wells are exhibiting an increase in measured chlorideratinosnver
the past two years (including Monitoring Well #1, the up gradient well measw@aakgtound
water quality). Prior to this general rise, the chloride concentration in ¥&eHsid #6 rose
higher relative to the other wells, and Well#8 exhibited a relatively high spi@nicentration.
Well #2 chloride concentrations peaked in late 1994 and have generally been decliming sinc
then (in fact, the concentration of chloride for MW#2 on the last sampling dateergigicesn
Figure 8 is lower than the concentration of chloride for the same date in up gradient We
MWH#1). The chloride concentrations in MW#6 peaked in late 2001 and have been trending
downward since.

Changes such as seen in Wells 2, 6 and 8 can be attributed to changes in the influent
water constituents or can also be an indicator that the well has sufferkoie fHithese
changes are a function of the biosolids application, we would expect to observeistrgases

in nitrates in the same wells over the same periods.
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Chloride Concentration in Groundwater Monitoring Wells
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Figure 8. Chloride (mg/L) values for each of the eight monitoring wells
Nitrate:

Nitrate in potable water supplies is a concern. High concentrations in drinkingcamater
impact human health as well as cause impacts to farm animals. The feahrabdrater
standard for this pollutant is 10 mg/L. As indicated above, nitrates are anionic comfi@inds
would tend to move through the soil matrix with water. For these reasons, this is thenpollut
most at issue with the ERCO deep row technique.

Figure 9 presents the historical nitrate concentration data from the ERG@rmg
wells and places those data in context to the 10 mg/L drinking water standard. Asean,be
no sample even approaches the 10 mg/L limit and in fact, only one sample even axceeds

concentration that is one-tenth of the standard. These data indicate that theraaao nit
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migration to groundwater supplies as a consequence of the biosolids relaté@setivhe

ERCO site.
Nitrate-N Concentration in Groundwater Monitoring Wells
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Figure 9 Nitrate values (mg/L N@N) for each of the eight monitoring wells

More importantly, it calls into question the prospective source(s) of chlorides is W
6, and 8. If the presumption that the two compounds would move from the biosolids to
monitoring points at about the same rate is correct, then the data suggelesthahlorides are
not sourced in the biosolids. Conversely, if the chlorides were in fact of biosolids tren
this implies that there is a mechanism in the deep rows for limiting the pidothitrates
and/or denitrification (conversion of nitrates to nitrogen gas).

Ammonia:
Figures 10 and 11 represent the ammonia data for the ERCO site monitoring\e/ells

with many of the water quality parameters evaluated for the ERCOhgite,is no drinking
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water standard for ammonia. Therefore, referring to a “critical” lbaslno meaning. However,
ammonia is a nutrient of concern to the Chesapeake Bay. Therefore, most teasteatment
plants in the region have ammonia limits in their discharge permits. The Bins Effluent
limit for ammonia is 6.5 mg/L. Figure 10 places the historical ammonia conbentrathe
monitoring wells at the ERCO site into context by using the Blue Plainsdsratbenchmark.
Figure 11 places the ammonia concentration in all wells over the period in coitkext w
background levels. As can be quite well seen on Figure 11, in May 2002, Well 2 had an
ammonia concentration spike of 85 mg/L. The subsequent reading was 1.4 mg/L. This is
unusual and one-time events suggest that the well may have direct surface dinikag

integrity of Well 2 may be questionable.

Ammonia-N Concentration in Groundwater Monitoring Wells
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Figure 10  Ammonia values (mg/L NHNH3-N) for each of the eight monitoring wells with
scale truncated at the Blue Plains effluent limit of 6.5 mg/L.
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Ammonia-N Concentration in Groundwater Monitoring Wells
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Figure 11 Ammonia values (mg/L NIHNHs-N) for each of the eight monitoring wells (in
full scale).

Ammonia in groundwater also usually indicates an elevation in nitrates as antemuosa
to be quickly converted to nitrate in this environment. So this spike in Well #2 is also curious
insofar as the water sampled on this date did not exhibit elevated nitrate lepetted as a
nondetect). In any case, it is clear that the levels of ammonia in the desdigeare un-
remarkable, always remaining between non-detect and less than 1.0 mg/L.

Total solids:
Total solids data are presented in Figure 12. Well 2 consistently exceeds Hgeaver

values in all other wells. The average total solids in all other wells is 2@6whgé Well 2
average’s 823 mg/L. Total solids should not be elevated in a well that is samplinghattens

through a porous media. The porous media should filter all but the dissolved solids from the
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water. This well is in the Calvert formation and is finished at a depth of 41 féesameening
ranging from 31 feet to 41 feet.

Unique to this well is that it is finished in marl. All other wells at the ER@®ase
finished in some form of clay and no marl is reported in any of the various drilling eend co
sample logs. Marl doog limeis a deposit of crumbling earthy material principally composed of
clay with magnesium and calcium carbonate. This calcareous clay is foimeedawmarine
deposit is overlain with an organic layer, such as peat. The result is a friabdg¢idornThis is
the last place one would want to finish a well because the flow of water can e dbeaineled
and would be suspect as unrepresentative of actual porous media flow. Furthernvee#, the
sampling technician from Gascoyne has indicated that this well fillpatyras it can be bailed.

This suggests that water moves in an almost unobstructed manner in this locayanomal
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