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ABSTRACT Drainage construction on the Delmarva Peninsula was started in colonial 
times in the 1700’s.  Most of the drainage is open ditch drainage with very little tile 
drainage.  Environmental issues became a concern in drainage projects in the 1970’s.  
Some controlled drainage was installed in the late 1980’s and 1990’s in some of the tax 
ditches.  A number of drainage water quality studies have been reported.  Ritter and 
Chirnside (1986) in a three year study, found phosphorus concentrations were increased 
by drainage construction.  In another study herbicides were leached rapidly to shallow 
groundwater shortly after they were applied in both controlled and uncontrolled drainage 
sites.  The Soil Conservation Service evaluated the effect of drainage on sediment yield 
over a 16 year period.  Drainage decreased sediment yield.  Several more recent studies 
have shown drainage ditches may release ortho phosphorus from bottom sediments and 
transport it to the estuaries along with high nitrate loads in baseflow.   
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INTRODUCTION The Delmarva Peninsula consisting of Delaware, counties east of the 
Chesapeake Bay in Maryland and two counties in Virginia is located in the coastal plain 
with wet soils and flooding problems.  Twenty five percent of the cropland in Delaware 
and 30% of the cropland in Maryland is drained. (Pavelis, 1987).  Most of the cropland 
drained in Maryland is located on the Delmarva Peninsula.  Drainage on the Delmarva 
Peninsula dates back to colonial times.  Most of the drainage of the Delmarva Peninsula 
is surface drainage or subsurface drainage is carried out by open ditches.  From the 
1700’s to the 1930’s construction techniques were primitive and limited to hand tools or 
horse drawn excavation tools.  In 1949, the State of Delaware issued the first equipment 
loan act which allowed the purchase of draglines and bulldozers by the Conservation 
Districts (Smith and Sprague, 1988).  In the 1970 and 1980’s environmental concerns 
started to become a concern for drainage projects. 

HISTORY OF DRAINAGE LEGISLATION AND PROJECTS Legislation 
authorizing drainage projects in Delaware dates back to 1793.  From 1700 to 1775 four 
legislative actions involved the improvement of drainage on marsh lands.  From 1813 to 
1934, Delaware drainage laws were passed and amended to formalize drainage activities 
through Superior Court and drainage corporations.  The Delaware Ditch Law was passed 
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in 1816 (Smith and Sprague, 1988).  Some of Delaware’s major watersheds had drainage 
project active in the early 1800’s.   

Prior to 1951 drainage organizations in Delaware had been formed as corporations or as 
ditch companies.  Ditch companies were granted Superior Court rights-of-way and 
typically had a life of seven years, which was sufficient to construct the channels and 
collect the necessary taxes to pay for the construction.   

In 1951 a new drainage law was passed allowing the creation of political subdivisions of 
the state called tax ditches.  The law consisted of three key elements.  The first key 
element made tax ditches perpetual organizations.  A maintenance tax for keeping the 
channels in good working order was required.  Tax ditch organizations would be formed 
“to the end that the conservation of the soil, water, wildlife and forest and other resources 
of the state may be accomplished in a workable and practical manner.”  Existing drainage 
systems did not automatically become tax ditches, but had to go through the formation 
process.  By 1988, 220 tax ditches had been formed that managed 3200 km of channels. 

In Maryland, the first organized drainage project was authorized by the legislation in 
1789 for drainage of the Long Marsh in Queen Anne’s and Caroline Counties.  Drainage 
jurisdiction was delegated to the county commissioners in 1844.  The drainage laws were 
amended in Maryland in 1941 allowing the formation of Public Drainage Districts which 
allowed the construction and reconstruction of agricultural drainage projects (Green and 
Merrick, 1962).   

With the passage of the Watersheds Protection and Flood Prevention Act (PL566) in 
1954 many agricultural drainage projects in Delaware and Maryland were done through 
the USDA PL566  Small Watershed Program and the USDA Resource Conservation and 
Development Program. Under PL566 the Secretary of Agriculture was authorized to give 
technical and financial aid to local organizations in planning and carrying out the 
authorized projects.  The Ben Hole Watershed Project in Sussex County, Delaware, 
covering 1830 ha, was the first PL566 project completed in the U.S.  The Upper 
Nanticoke River Watershed Project, which covered 48,436 ha in Kent and Sussex 
Counties, Delaware, was initiated in 1958.  The Marshyhope Creek Watershed Project 
(40,713 ha) in Kent and Sussex Counties, Delaware and Caroline and Dorchester 
Counties, Maryland, was initiated in 1964.  Both of these projects utilized a broader 
scope of the PL566 program incorporating the environmental issues of  nutrient reduction  
and wetlands.  The Bear Hole Watershed Project in 1958 had identified wildlife, forestry 
and agriculture production as the main benefits of the project.  In 1958, nutrient reduction 
and wetlands were handled as resource management decisions and not environmental 
issues.  Freshwater wetlands were incorporated into the Bear Hole Watershed Project to 
serve as flood control and nutrient reduction was an economic benefit to the farmer.   

In 1965 the Upper Choptank Watershed Program, covering 40,715 ha in Kent County, 
Delaware, and Caroline and Queen Anne’s Counties, Maryland, was initiated.  The 
project called for the reduction of flooding and drainage problems to cropland.  All four 
projects did not require an environmental impact statement when the projects were 
initiated, but because of environmental concerns that arose during the construction phase, 
environmental impact statements were required for the Marshyhope and Choptank 
projects after they were started. 
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With the increase in environmental concerns during the 1980s and the negative impact of 
drainage on water quality, the Upper Chester River Project was not implemented.  The 
Upper Chester River watershed covers 3550 ha in Maryland and Delaware.  The Soil 
Conservation Service had proposed in 1982 to spend between $7.5 and $10 million to 
drain approximately 5670 to 8910 ha of periodically flooded agricultural lands.  Drainage 
project opponents maintained that the drainage would sacrifice valuable wetlands, 
forestlands and increase the nutrient and sediment loads downstream.  In recent  years the 
State of Maryland has developed a Watershed Restoration Action Strategy for the Upper 
Chester River as part of the TMDL. 

 CONSTRUCTION TECHNIQUES On the Delmarva Peninsula, agricultural fields are 
interspersed among wooded areas.  The fields may vary in size from less than 40 ha to 
several hundred ha.  The flat topography of the Delmarva Peninsula allows channel 
grades of only 0.05 cm/m in many cases requiring construction of channels through these 
wooded areas to establish adequate drainage in the agricultural fields.  Generally the 
wooded areas are at a lower elevation than the agricultural fields.   

When draglines started to be used in the 1940’s, substantial areas of woodland had to be 
cleared to swing the boom while excavating the channel.  Typically the side of the 
channel from which the dragline operated required 15.2 m of clearing in the woodland.  
When the hydraulic excavator became available in the mid 1970’s, the clearing width was 
reduced to 10.7 m (Smith and Sprague, 1988).  Before the availability of the hydraulic 
excavator, two-sided construction was the most common type of construction used.  In 
this type of construction both sides of the channel are cleared sufficiently to operate 
equipment and dispose of the soil and debris.  With the hydraulic excavator one-sided 
construction was done, which consisted of deepening and widening the channel from one 
side with no construction on the side slope or bank on the other side.  The hydraulic 
excavator offered a number of environmental advantages in addition to reduced clearing 
area.  The use of buckets shaped to the channel allowed smooth undisturbed side slopes 
which were free of sediment to wash downstream.  The excavator could easily cross an 
existing channel, allowing construction and clearing to be switched from one side of the 
channel to the other side when needed.  The hydraulic excavator also decreased 
construction time so the amount of time disturbed areas were susceptible to water and 
wind erosion was reduced.  In the 1960’s sediment traps were installed to reduce 
sediment during construction.   

In the late 1980’s and 1990’s water table control structures were installed in some of the 
tax ditches.  Cost sharing was made available through agreements between the tax ditch 
organizations and the local conservation districts to retrofit control structures in existing 
ditches and incorporate control structures in any new projects.   

DRAINAGE AND WATER QUALITY STUDIES 

Choptank River Watershed Study  Three watersheds (Routes 269, 10 and 103) in 
western Kent County in the Choptank River basin were selected for monitoring in 1982 
(Ritter and Chirnside, 1986).  Drainage construction was underway in the watershed at 
Route 269 in 1982.  The watershed was located on Sangston Prong, which is a tributary 
of Gravelly Branch.  The Route 10 watershed, located near Sandtown on the Sandtown 
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Branch, had no drainage construction.  The third watershed, located on a tributary of the 
Tapahana Ditch on Route 103, had drainage constructed approximately 10 years ago.   

Drainage constructed was completed on the Route 269 watershed in early 1983, so it was 
decided to move the monitoring station at Route 269 to another watershed where drainage 
construction was occurring.  The watershed at Route 266 was selected for monitoring 
because drainage construction would continue until the project was completed.  It was 
located on White March Branch which is a tributary of Gravelly Branch.  Watersheds 
265A, 265B and 265C which are sub-branches of the main Route 266 tributary were also 
selected for monitoring.  Routes 265B and 265C had drainage construction and cleaning 
taking place in October 1983 and Route 265A was to have no drainage construction.   

The size of the watersheds varied from 220 to 1257 ha.  Over 50 percent of the land use 
in each watershed was cropland.  All of the cropland was planted either to corn or 
soybeans; no livestock or poultry were located in the watersheds.  Over 75 percent of the 
soils on each watershed were classified as poorly drained.  The major poorly drained soil 
types were Pocomoke sandy loam and Fallsington sandy  loam.  Watersheds slopes were 
less than one percent.   

Stormflow and baseflow samples were collected from March to September, 1982, and 
from March 1983 to July 1985.  Storm samples were collected with 24 bottle automatic 
samples and baseflow samples were collected by hand every 7 to 14 days. 

All storm runoff and baseflow samples were analyzed for pH, ammonia, nitrate-nitrate 
nitrogen, organic nitrogen, ortho phosphorus, total phosphorus, suspended solids, 
turbidity and total dissolved solids.   During the spring of 1982 the median nitrate 
concentration in the Route 269 watershed was 1.60 mg/L, but increased to 3.67 mg/L in 
the summer of 1982.  Median nitrate concentrations remained about 3.0 mg/L from the 
summer of 1982 on Route 269 for the rest of the study.  In general baseflow nitrate 
concentrations ranged from 2.0 to 4. mg/L on the Route 269 watershed from 1983 to 
1985.   

Baseflow nitrate concentrations were higher in the spring and winter than during the 
summer and fall in the Route 103 watershed.   Nitrate concentrations were lower in the 
Route 103 watershed than the Routes 269, 10 and 266 watersheds.  In general, storm 
runoff nitrate concentrations were slightly higher than baseflow nitrate concentrations.  
Average nitrate concentrations for two storms in the Route 103 watershed for May, 1983, 
were 1.87 and 1.76 mg/L while the average baseflow nitrate concentrations for May was 
1.03 mg/L.  

It appears drainage construction in the Route 269 watershed increased the nitrate 
concentrations.  Route 266, 265B and 265C did not show an increase in nitrate 
concentrations since drainage construction occurred.  Route 265A had high nitrate 
concentrations in the fall of 1983 and winter and spring of 1984.  Nitrate concentrations 
were greatly reduced in the summer and fall of 1984 on the Route 265A watershed.  High 
nitrogen uptake rates by the excessive algae growth in the Route 265A may have caused 
the decrease in nitrate concentrations.   
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Nitrate concentrations were lower in the Route 103 watershed in the summer and fall than 
the other watersheds.  Because of drainage, higher crop yields occurred on the Route 103 
watershed, which resulted in more nitrogen being taken up by crops and less leached to 
the groundwater and discharged as baseflow.  During the spring, nitrate concentrations 
were higher in the Route 103 watershed than in the Route 10 watershed where drainage 
construction has not occurred.  Nitrification will occur more rapidly on the Route 103 
watershed because of drainage construction.  Flow rates were also lower in the summer 
on the Route 103 watershed than the Route 10 watershed.   

Both the ortho and total phosphorus storm flow concentrations were greater than 
baseflow concentrations.   For April, 1983, the average baseflow ortho phosphorus 
concentration for the Route 103 watershed was 0.044 mg/L and the storm flow 
concentration was 0.093 mg/L.  For total phosphorus, the baseflow concentration was 
0.065 mg/L and the storm flow concentration was 0.16 mg/L.  Phosphorus concentrations 
for the Route 269 watershed in 1982 were generally lower than phosphorus 
concentrations for the Routes 103 and 10 watersheds.  Both ortho and total phosphorus 
concentrations in baseflow were lower in 1983 than 1982 on the Route 269 watershed.  
Very little drainage construction occurred in 1983 on the Route 269 watershed.  Route 
266 watershed phosphorus  concentrations were higher than Route 269 concentrations. 
During drainage construction both ortho and total phosphorus concentrations increased in 
the Route 266 watershed.  Some undrained watersheds may have high phosphorus 
concentrations than drained watersheds.  The Routes 10 and 265A watersheds had the 
highest ortho and total phosphorus concentrations.   This may be due to release of soluble 
phosphorus under anaerobic conditions.   

Spring baseflow suspended solids and dissolved solids concentrations were higher in the 
Route 269 watershed than the Routes 103 and 10 watersheds in 1982, but this trend did 
not occur in 1983.  In the spring of 1982, baseflow suspended solids and dissolved solids 
concentrations were almost twice as high from the Route 269 watershed where drainage 
construction was occurring than the Routes 103 and 10 watersheds.  In 1983, baseflow 
turbidity, suspended solids and dissolved solids concentrations on the Route 269 
watershed were similar to concentrations on the Routes 103 and 10 watersheds when no 
construction was taking place.   

The major findings of the study were 

1. Drainage construction increased turbidity, suspended solids and dissolved solids 
concentrations in baseflow. 

2. Total and ortho phosphorus concentrations were increased by ongoing drainage 
construction. 

3. Turbidity, suspended solids, dissolved solids, ortho phosphorus, and total 
phosphorus concentrations were higher in storm flow than baseflow. 

4. Ammonia concentrations were highest in early spring and lowest in the winter. 
5. Drainage construction may have increased nitrate concentrations.   

Sedimentation Studies In 1965 the Soil Conservation Service began a long term 
sediment monitoring project in the Upper Nanticoke River Watershed in Delaware to 
evaluate the effects of agricultural drainage projects on sediment yield (Iivari, 1990).  
Sediment surveys were conducted over a period of 16 years on two old mill ponds.  Herns 
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Pond was used as a control watershed in which no drainage improvement activities were 
performed.  Fleetwood Pond had 52.9 km of channel improved to provide drainage.  
Herns Pond had a drainage area of 3270 ha and Fleetwood Pond had a drainage area of 
3980 ha.  Soil type and land use in both watersheds were very similar.  Land use in 
Fleetwood Pond watershed did not change significantly after drainage improvements.  
Corn and soybeans along with small grains were the major crops.  After 16 years 
Fleetwood Pond accumulated sediment at the annual rate of 119 kg/ha and Herns Pond 
accumulated sediment at the annual rate of 246 kg/ha.  Iivari (1990) concluded the lower 
sediment yield in Fleetwood Pond was due to an increase in infiltration and a decrease in 
surface runoff because of drainage, the ability to use conservation tillage on drained 
cropland and the use of in-stream sediment traps during and after construction.   

The Soil Conservation Service also conducted a sediment concentration study on the 
Choptank Watershed in Caroline County, Maryland, between 1974 and 1982 (Iivars, 
1991).  Three sediment sampling stations were established on three tributaries of the 
Upper Choptank River.  One station was above any construction activity and was 
monitored from July 1974 to July 1981.  Generally the average monthly sediment 
concentration ranged from 4 to 20 mg/L with 85% of the means less than 10 mg/L.  
Station “CS” on Coolspring Branch was monitored from July 1974 to August 1982.  Data 
was gathered for three and a half years before construction began.  In December 1977, 
construction began about 300 m downstream of the station and quickly proceeded 
upstream past the monitoring station until 21.9 km of channel was improved by April 
1979.  The preconstruction mean sediment concentrations ranged from 3.5 to 45 mg/L 
with 88% of the values averaging less than 10 mg/L.  During the channel construction 
period, average monthly concentrations ranged from 10 to 192 mg/L except for the month 
when construction was underway at and immediately upstream of the station.  During that 
period the average concentration was 435 mg/L.  After construction was completed in 
April, 1979, the average monthly concentration dropped to 7 to 30 mg/L for the 
remainder of 1979.  From August 1980 until sampling was discontinued in 1982, the 
average concentration ranged from 5 to 10 mg/L. 

Data was gathered on another unnamed Tributary from 1974 to 1982.  Average sediment 
concentrations during the preconstruction period ranged from 5 to 21 mg/L and from 18 
to 345 mg/L during the construction phase.  For one year after the construction phase the 
concentrations ranged from 15 to 50 mg/L and after that from 5 to 29 mg/L. 

In both the sediment and nutrient drainage surface water studies only concentrations were 
reported. The data should be used with some caution, since without  drainage volume 
nutrient and sediment loads were not estimated. To determine the full  environmental 
impact of drainage construction on the stream  or estuary  nutrient and sediment loads are 
needed. 

Pesticide Study A water table control structure was constructed on a drainage ditch at the 
University of Delaware Research and Education Center in the spring of 1992.  A total of 
15 monitoring wells were installed in a 1.7 ha field adjacent to the drainage ditch and at 
distances of 30 and 60 m from the ditch in a straight line and at depths of 2.5, 3.5 and 4.5 
m.  In 1993 and 1994, the field was planted to corn and the herbicides simazine, atrazine, 
alachlor, metolachlor and cyanazine were applied at rates of 2.24, 2.24, 2.24, 1.68 and 
1.68 kg/ha, respectively.  Monitoring wells were also installed on an uncontrolled 
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drainage site across the road from the controlled drainage site.  The site was also planted 
to corn in 1993 and 1994 and the same herbicides were applied at the same rates.  The 
major soil type on both sites was a Fallsington sandy loam soil which is classified as a 
poorly drained soil. 

Groundwater samples were collected two weeks and five weeks after the herbicides were 
applied in 1993 and 1994 and approximately every five weeks thereafter.  In 1994, 
samples were only taken three times after application because the project was only 
funded to September 30, 1994.  Groundwater samples were also taken before any 
herbicides were applied in 1993.  A total of 8.6 cm of rainfall occurred from when the 
herbicides were applied until the groundwater was sampled 13 days later (May 27).  The 
groundwater was sampled a second time 35 days (June 18) after the herbicides were 
applied.  A total of 16.2 cm of rainfall occurred before the second sampling.  Herbicides 
were detected in the groundwater on both the controlled drainage and uncontrolled 
drainage sites for the May and June samplings, but in low concentrations.   

Cyanazine concentrations for the May 27 sampling were greater than the other four 
herbicides.  Cyanazine was detected in all of the monitoring wells on both controlled and 
uncontrolled drainage.  On the controlled drainage, concentrations ranged from 0.6 to 4.6 
µg/L.   Concentrations on the uncontrolled drainage ranged from 0.6 to 6.9 µg/L.  
Cyanazine concentrations in the groundwater for the uncontrolled drainage decreased for 
the June 18 sampling but remained approximately the same as the May 27 sampling for 
the controlled drainage.  Cyanazine was only detected in 4 of the monitoring wells on 
June 18 for the uncontrolled drainage.   

Metolachlor was not detected in any of the May 27 groundwater samples on the 
controlled drainage and was detected in 5 of the samples on the uncontrolled drainage.   
For the June 18 sampling, most of the monitoring wells had low concentrations in both 
the controlled and uncontrolled drainage (<0.1 to 2.1 µg/L).   

Simazine was detected in all of the monitoring wells on the controlled drainage site and 
in 8 out of 9 wells on the uncontrolled drainage site for the May 27 sampling.  
Concentrations decreased for the June 18 sampling.  For the uncontrolled drainage site, 
average simazine concentrations ranged from 1.2 to 1.9 µg/L for the May 27 sampling for 
the different well depths and ranged from 0.3 to 0.5 µg/L for the June sampling.  
Simazine concentrations were slightly higher in the ground water for the controlled 
drainage than the uncontrolled drainage.  

Atrazine was detected in all of the monitoring wells on the controlled drainage site and in 
8 out of 9 wells on the uncontrolled drainage site for the May 27 sampling.  
Concentrations ranged from <0.1 to 2.5 µg/L for the uncontrolled drainage and 0.2 to 1.8 
µg/L for the controlled drainage.  Atrazine concentrations were lower than simazine 
concentrations for the May 27 sampling.  Atrazine concentrations increased in both the 
uncontrolled drainage and controlled drainage from May 27 to the June 18 sampling.   
For the June 18 sampling, atrazine concentrations were higher for the controlled drainage 
than the uncontrolled drainage.  Seven samples on the controlled drainage had atrazine 
concentrations above the EPA drinking water standard of 3.0 µg/L. 
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Alachlor was detected in all of the monitoring wells for the May 27 sampling.  There was 
very little difference in concentrations between the controlled drainage and uncontrolled 
drainage.  Alachlor concentrations increased n the ground water for the controlled 
drainage for the June 18 sampling compared to the May 27 samples.  Three of the 
monitoring wells had alachlor concentrations above the EPA drinking water standard of 
2.0 µg/L on the controlled drainage.  There was very little difference in alachlor 
concentration between the two sampling dates for the uncontrolled drainage.  

After the June 18 sampling, all the herbicides were detected infrequently at low 
concentrations.  In 1994, very little rainfall occurred shortly after the herbicides were 
applied so they did not move to the ground water.   

FUTURE CHALLENGES Most of the drainage improved land on the Delmarva 
Peninsula either drains into the Chesapeake Bay or Delaware Inland Bays.  Both of these 
water bodies are important estuaries that are highly stressed and do not meet water 
quality standards.  Both estuaries have TMDL’s that call for large nitrogen and 
phosphorus load reductions.   

Nitrogen transport in the Inland Bays and Chesapeake Bay watersheds on the Delmarva 
Peninsula is dominated by baseflow groundwater discharge.  Sims et al (1998) estimated 
annual baselfow nitrogen discharge at a highly drained site in the Inland Bays over a two 
year period was 24 kg/ha/yr.  Ritter and Chirnside (2005) measured extremely high 
nitrate concentrations during parts of the year in a drainage ditch in the Nanticoke 
watershed.  In 1995 average seasonal nitrate concentrations ranged from 11.7 mg N/L in 
the fall to 16.6 mg N/L in the winter.  The highest seasonal nitrate concentration was 19.1 
mg N/L in the fall of 1994.  The high nitrate concentrations were probably caused by 
poultry manure where the nitrates were leached to shallow groundwater and moved 
laterally to the drainage ditch.   

The drainage ditches also serve as a mechanism for the transport of soluble phosphorus to 
the estuaries.  Sallade and Sims (1997) found that sediments in drainage ditches in the 
Inland Bays are enriched in the forms of phosphorus that are important in the 
eutrophication of surface waters.  During summer months anaerobic conditions exist in 
the drainage ditches that will release soluble phosphorus from the sediments that may be 
transported to the estuary.  Ritter and Chirnside (2005) also measured high soluble ortho 
phosphorus concentrations in a drainage ditch in the Nanticoke watershed which were the 
result of anaerobic conditions and release of phosphorus from the sediments.  Very little 
ditch maintenance is occurring on the Delmarva Peninsula today because of 
environmental concerns.  Grassed and forested buffer strips are being encouraged along 
drainage ditches today to reduce transport of nutrients and sediment.  One of the concerns 
of farmers with the buffer strips is it takes cropland out of production.  Many farmers still 
plant right up to the ditches edge.   

REFERENCES  

Green, R. L.  and C.P. Merrick.  1962. The Drainage Law of Maryland. University of 
Maryland Cooperative  Extension Service, College Park, MD. Ext. Bul. 196. 

CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 8 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 9 

Livari, T.A., 1990.  Effects of Surface Drainage on Sediment Yields in Southern 
Delaware.  Proceedings of National  ASCE Irrigation and Drainage Conference, July 
11-13, 1990, Durango, CO.  305-314.   

Livari, T.A. 1991.  Effect of Choptank Drainage Project on Suspended Sediment 
Concentration.  Proceedings of ASCE National Irrigation and Drainage Conference, 
July 22-26, 1991, Honolulu, HI.  W.F. Ritter, editor.  223-230. 

Pavelis, G.A. 1987.  Economic Survey of Farm Drainage. In: Farm Drainage in the 
United States, History,  Status and Prospects.  USDA, Washington, DC. Misc. Pub. 
1455.  110-136. 

Ritter, W. F. and Chirnside, A.E.M. 1986. Impact of Agricultural Drainage In Delaware. 
American Society  of Agricultural and Biological Engineers. St. Joseph, MI. Paper 
No. 86-2559. 

Ritter, W. F. and A.E.M. Chirnside. 2005.  Water Quality Issues and Nutrient 
Management in the Nanticoke Watershed. Proceedings of ASCE 2005 World Water 
and Environmental Resources Congress, May 15-18, 2005, Anchorage, AK. CD-
ROM. 

Sallade, Y.E. and J. T. Sims. 1997.  Phosphorus Transformations in the Sediments of 
Delaware’s    Agricultural Drainageways: II Effect of Reducing Conditions on 
Phosphorus Release.  J. of  Environmental Quality 26:1579-1588. 

Sims, J.T. and S. Andrea, J. M. Denver, W. J. Gangloff, P.A. Vadas and D.R. Ware.  
1998.  Assessing the  Impact of Agricultural Drainage on Ground and Surface Water 
Quality in Delaware.  Development of Best management Practices for Water Quality 
Results.  University of Delaware, Newark, DE.  Final Report. 

Smith, R. T. and L. A. Sprague. 1988.  Changes and  Accommodations of Environmental 
Issues in Drainage  Projects, a Missing Documentation.  American Society of 
Agricultural and Biological Engineers,  St. Joseph, MI. Paper No. 88-2605 

 

 

 

 

 

 


