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ABSTRACT 

This project was developed as part of the implementa
tion phase of the PL 92-500 Section 208 Program for control 
of nonpoint pollution from agricultural sources. The pro
ject objective was to determine the effect of Best Manage
ment Practices on sediment and nutrient yields in agricul
tural watersheds. 

The research consisted of field monitoring at two small 
watershed sites in the Bush River basin, near Farmville, 
Virginia. One watershed used Best Management Practices (BMP 
Watershed) consisting of contour strip cropping in combina
tion with crop rotation and sod waterways. The second 
watershed, with conventional management ( CONV Watershed), 
was approximately half agricultural and half forested. Con
current with the small watershed monitoring study, a weekly 
sampling program was maintained to evaluate the ambient 
water quality on the main tributary system of the Bush 
River. 

The results of the study include the first field-based 
quantification of sediment yield and delivery ratios in this 
area. Al though the results of this study are not cone lu
si ve, the agricultural watershed with recommended Best Man
agement Practices tended to produce reduced levels of gross 
erosion, runoff, and sediment and nutrient yields. Sediment 
delivery ratios were compared with several alternative esti
mation techniques. Particle size distributions, nutrient 
enrichment ratios and sediment delivery ratios estimated in 
this study may be useful in computing nonpoint pollution 
effects of agricultural land use in the Southeastern Pied
mont of the United States. The ambient data developed in 
this study may be useful in the future to estimate the 
effect of a planned PL-566 Conservation Plan that is being 
implemented on the Bush River watershed. 

- iii -



ACKNOWLEDGMENTS 

Special acknowledgment is made to the following, who 

generously gave their time and support to this project: Mr. 

David Farmer, District Soil Conservationist; Dr. Marvin 

Scott, Department Head, Natural Sciences Department, Long

wood College; Mr. Donald Gantt, Agricultural Stabilization 

and Conservation Service. 

Others who have made significant contributions toward 

the monitoring, collection, tabulation, laboratory analysis, 

and reduction of data include Steve Elliot, Allan Farmer, 

Ila Skinner, Julie Petruska, and Susan Trapanese. 

This study was made possible by funding from the Vir

ginia State Water Control Board, contract 13-81-208. 

- iv -



TABLE OF CONTENTS 

Abstract 

Acknowledgments 

1. INTRODUCTION 

2. DESCRIPTION OF BUSH RIVER STUDY SITE 

Hydromorphology 
Intensive Study Sites 
Ambient Study Sites 
Soils and Slopes . 

3. MONITORING PROCEDURES AND ANALYTICAL METHODS 

iii 

iv 

1 

2 

2 
5 
8 
8 

12 

Field Procedures . 12 
Rainfall Gaging 12 
Sample Collection 13 
Runoff Monitoring 15 

Laboratory Procedures 19 
Gross Erosion Estimation 23 
Particle Size Analysis . 27 
Particle Size Distribution and Enrichment Ratio 27 
Nutrient Analysis 27 
Sediment and Nutrient Yields 28 

4. RESULTS . 

Rainfall 
Ambient Water Quality 

Orthophosphate-P (P0 4 -P) 
Total Phosphorous (TP), TKN, and NH 4 -N 
Nitrate-N (N0 3 -N) . 
Sediment Concentration 
Dissolved Oxygen Concentration 

Storm Runoff . 
Rainfall / Runoff 
Gross Erosion . 
Sediment Yield 

- v -

33 

34 
36 
36 
36 
38 
38 
41 
43 
43 
45 
45 



5. 

Delivery Ratio (DR) . . . . . . . 
Soil and Sediment Characteristics 
Coarse Sediment Yield . . . 
Nutrient Loading Estimates 
Enrichment Ratios (ER) 

DISCUSSION 

Ambient Water Quality 
Statistical Analysis 

Storm Runoff . . . . . . 
Erosion Characteristics 

Rainfall and Runoff 
Gross Erosion 
Sediment Yield 
Delivery Ratio 

47 
47 
49 
52 
53 

56 

Watershed Soil and Sediment Characteristics 

56 
57 
59 
59 
59 
60 
60 
61 
63 
66 
66 
66 
67 
68 
68 

Coarse Sediment Yield 
Nutrient Loading Characteristics 

Nutrient Yields 
Enrichment Ratio (ER) 

Gage Overflows . . . . . . 
Change in Farmer Attitude 

6. CONCLUSIONS 

7. SUMMARY .. 

BIBLIOGRAPHY 

Appendix 

A. EROSION CHARACTERISTICS DATA 

B. AMBIENT CONCENTRATIONS OF TKN , NH 4 -N, AND TP 

70 

74 

. . . .. 75 

. 79 

JANUARY 1981 TO APRIL 1983 . . . . 83 

- vi -



LIST OF TABLES 

Table 

1. LS, P, and K Factors# . 24 

2. Log-Log Regression Relationships Used As Rating 
Curves To Estimate Event Sediment Yield From 
Event Runoff Yield . 32 

3. Monthly Rainfall Distribution in Prince Edward 
County, Va. During Best Management Practices 
Evaluation Study 35 

4. Seasonal and Annual Rainfall-Runoff Summary 44 

5. Seasonal and Annual Gross Erosion Estimates 46 

6. Seasonal and Annual Delivery Ratios 48 

7. Characteristics of Watershed Soils and Sediment 50 

8. Coarse Sediment - CONV Watershed . 51 

9. Seasonal and Annual Nutrient Yields* 54 

10. Enrichment Ratio Estimate 55 

11. Analysis of Mean Ambient Concentrations in Prince 
Edward County, January 1981 to November 1982 58 

12. Comparison of Annual Delivery Ratio Estimates 64 

- vii -



LIST OF FIGURES 

Figure 

1. Bush River Basin and Buffalo Creek Watershed . 4 

2. Field Boundaries and Field Numbers - BMP Watershed 6 

3. Field Boundaries and Field Numbers - CONV Watershed 7 

4. Soils Map - Both Watersheds 10 

5. Soil Associations in the Bush River Basin 11 

6. Gaging and Sampling Installation at BMP Watershed 16 

7. Gaging and Sampling Installation at CONV Watershed 18 

8. Record of Quality Control for Autoanalyzer Analyses 
of Undigested Samples . 21 

9. Record of Quality Control for Autoanalyzer Analyses 
of Digested Samples. Circled Points were Rerun 22 

10. C-Factors for USLE at CONV Watershed 25 

11. C-Factors for USLE at BMP Watershed 26 

12. Log Sediment vs Log Q 30 

13. Ambient Concentration of Orthophosphate-P and 
Average Daily Precipitation. January 1981 
April 1983. 

14. Ambient Concentration of Nitrate-N and Average 
Precipitation. January 1981 through April 

15. Ambient Concentration of Sediment and Average 
Precipitation. January 1981 through April 

to 

Daily 
1983. 

Daily 
1983. 

16. Ambient Concentration of Dissolved Oxygen and 
Average Precipitation. January 1981 through 

37 

39 

40 

August 1982. . 42 

- viii -



1. INTRODUCTION 

This project was developed as part of the implementa

tion phase of the PL 92-500 Section 208 program for control 

of nonpoint pollution from agriculture. The project objec-

tive was to determine the effect of specific Best Management 

Practices on sediment and nutrient yields in agricultural 

watersheds. These data would also be used for future com-

parison with computer simulations of the same watersheds to 

evaluate Best Management Practice effectiveness. The 

research consisted of field monitoring at two small water

sheds with different levels of conserv ation management, and 

ambient water quality monitoring on the main tributary sys-

tern. Both watersheds were located in the larger Bush River 

basin near Farmville, Virginia. The hydrologic performance 

of each of these small water sheds was studied in d etail dur

ing two years of hydrologic monitoring and water quality 

sampling. 

Six months prior to the installation of the gaging 

sites for hydro logic monitoring, a weekly sampling program 

was initiated and maintained to e v aluate the ambient water 

quality of the larger water sheds that contained the two 

sites. As soon as the gaging s ite s were operat i onal , t he 

ambient and h ydro l ogic monitoring programs ran c oncurrently 

until project comp l eti on. The purpose of t he ambient moni-

toring was two-fold: to dev elop a p e rspe c ti v e from which to 

e v aluate results from the intensiv e monito ring study, and to 
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provide baseline data for future investigations to estimate 

the effects of a planned PL-566 Conservation Plan, after 

implementation on the Bush River watershed. 

This report details the experience gained from monitor

ing the Bush River and the intensive study sites; it pre

sents the water quality record of the Bush River during the 

period of study; and it evaluates the erosion and sediment/ 

chemical delivery systems of the two study watersheds. 

Although the study period was short, weather conditions 

encountered were diverse and no comparable data are availa

ble from other research sites in Virginia. 

2. DESCRIPTION OF BUSH RIVER STUDY SITE 

2.1 HYDROMORPHOLOGY 

The Bush River drains approximately 150 square miles 

and is the largest watershed that contributes to the Appo-

mattox River above Lake Chesdin. It is located on the edge 

of the Piedmont physiographic province of Virginia and has 

an average elevation of 450 feet above sea level. The soils 

of the study area are typical of the lower Piedmont through

out the Southeastern United States, generally having a sandy 

surface that is underlain by clayey subsoil. 

Buffalo Creek, Briery Creek, and Bush River are three 

adjacent watersheds in Prince Edward County, Virginia (Fig

ure l); they are defined in this study by the water sampling 
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points, BUFF, BRIE and BUSH, respectively. The BRIE and 

BUSH watersheds are both part of the larger Bush River 

basin, defined by the mouth of the Bush River where it 

enters the Appomattox River. Several additional sampling 

points are located within the BRIE watershed SLAYOl, 

SLAY02, and BMP - and one additional sampling point, CONV, 

within the BUSH watershed. 

also defines a watershed. 

Each of these sampling points 
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Figure 1: Bush River Basin and Buffalo Creek Watershed 
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2.2 INTENSIVE STUDY SITES --- ---

Two small watersheds within the larger Bush River basin 

were selected for intensive monitoring to evaluate the 

effectiveness of Best Management Practices. The conserva-

tion-managed watershed, BMP, consisted of 7.7 ha entirely in 

row crops and hay, and was located within the SLAYOl water-

shed of BRIE. Figure 2 is a map of the BMP watershed and 

its field boundaries. The conventionally-managed watershed, 

CONV, contains 115.6 ha, approximately half agricultural and 

half forested. A map showing the field boundaries of this 

larger of the two intensive study watersheds is shown in 

Figure 3. The BMP watershed used Best Management Practices 

consisting of contour strip cropping in combination with 

crop rotation and sod waterways. The CONV watershed, on the 

other hand, was managed without consideration of Best Man-

agement Practices or soil conservation. 
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; 
l" - 365' 

- -- Drainage flow path 

Figure 2: Field Boundaries and Field Numbers - BMP 
Watershed 
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1" = 660' 

- -- Drainage flow path 

Figure 3: Field Boundaries and Field Numbers - CONV 
Watershed 
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2.3 AMBIENT STUDY SITES 

Sampling sites inside the larger Bush River basin were 

located at points where water quality could be expected to 

change due to construction of PL-566 reservoirs and imple-

mentation of soil conservation plans. The study site in the 

adjacent BUFF watershed was selected for comparison with 

those of the Bush River. During the study, the BUFF water-

shed was more active in terms of agricultural land use than 

were either the BUSH or BRIE watersheds within the Bush 

River basin. The BUSH watershed had more agricultural land 

use than did the BRIE watershed. 

2.4 SOILS AND SLOPES --- --

The soils map (Figure 4) shows the distribution of soil 

types in the two intensive study watersheds. Two major soil 

types from these watersheds are typical of the Southeastern 

Piedmont region: Cecil and Seneca fine sandy loams. The 

smaller, BMP watershed consisted almost entirely of these 

two soil types, while the larger, CONV watershed also 

included a variety of other soils typical of the region, 

such as Madi son clay loam, Wilkes sandy loam, and Helena 

fine sandy loam. The area along the stream in CONV con-

sisted of mixed alluvial soils and Worsham sandy loam. 

Average field slopes ranged from 1.5 to 8 percent in the BMP 

watershed, with a watershed average of 3. 6 percent. The 
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range at CONV was from 2.5 to 10 percent, with some slopes 

on the lower part of the CONV watershed approaching 20 per-

cent. The watershed average at CONV was 6 .1 percent, and 

for the cropped portion alone, 5.8 percent. 

As shown in Figure 5, intensive study site BMP and 

watershed SLAY are located in the Cecil-Madison-Wilkes Asso

ciation in the western portion of the Bush River watershed. 

Intensive study site CONV is located in the Madison-Louisa

Cecil Association in the north central portion of the Bush 

River basin. 

- 9 -



CONV 
Watershed 

Soil Types 

.Ad 
Ca 
Cf,Cg 
Hb 
Ll,I.q 
Mb,Mc 
Ma,Mf 
Ml 
Sa 
Sb 
Wg,Wk 
Wo 

Appling fine sandy loam 
Cecil clay loam 
Cecil fine sandy loam 
Helena fine sandy loam 
IDuisa 
Madison clay loam 
Madison fine sandy loam 
Mixed alluvium 
Seneca fine sandy loam 
Starr loam 
Wilkes sandy loam 
Worsham sandy loam 

Cf 

l" = 890' 

BMP 
Watershed 

- -- Drainage flow path 

Figure 4: Soils Map - Both Watersheds 
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3. MONITORING PROCEDURES AND ANALYTICAL METHODS 

3.1 FIELD PROCEDURES 

3.1 . l Rainfall Gaging 

Rainfall was recorded at each intensive sampling site 

by a digital punch tape recording rain gage (5 minute punch 

interval) with resolution of 0. 1 inch and capacity of 20 

inches. The rain gage was protected from freezing with 

antifreeze, and evaporation was control led by mineral oi 1. 

These gages were not heated and, therefore, were not equip-

ped to measure snowfall. The operation of the digital rain 

gages was inspected each week, and the recorded punch tape 

removed and returned to Blacksburg for processing through 

the hydrologic analysis system (Stavros et al., 1981). 

In addition to rainfall measurement at the two study 

sites, rainfall reports were received from two National 

Weather Service (NWS) observers and from the local radio 

station, WFLO, in Farmville, Virginia. Each NWS observer 

was located within two miles of an intensive monitoring 

site. The NWS observers provided us with copies of the 

daily rainfall report which they sent to the weather ser-

vice. During the first year of the project, the NWS obser-

vers reported whenever there was more than one inch of rain 

per day. This service became unnecessary when a part-time 

technician living in Prince Edward County was hired. 
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3 .1. 2 Sample Collection 

Five ambient water quality monitoring sites were 

selected inside the Bush River basin (BUSH, BRIE, SLAYOl, 

SLAY02, and CONV), and one ambient site was selected in the 

adjacent Buffalo Creek watershed (BUFF). The locations of 

these study sites are shown in Figure 1. Hand samples were 

collected from each site weekly from January 1981 to Novem

ber 1982. The site denoted CONV was also used as an inten

sive monitoring site with flow gaging and automatic storm

f low sampling. Sampling point SLAY02 was located between 

the other intensive monitoring point, BMP, and SLAYOl. Sam-

ples were taken only periodically at SLAY02 as flow occurred 

only during wet weather. These samples were considered 

representative of near-surface groundwater, and were used as 

a reference for the other ambient samples. 

Water quality samples were taken in SOOml polyethylene 

sample bottles. At the ambient quality stations, samples 

were taken by hand once each week. The sampling location at 

each station was standardized at a point near the bank where 

flow was well mixed. At station CONV the outlet of the 4-ft 

HL flume was used as the sampling location. Station BMP was 

not used for ambient monitoring, as no baseflow was present 

there. Except for the Bush River site (BUSH) and the Buf

falo Creek site (BUFF), the stream cross-sections were less 

than 10 feet wide. The BUFF and BUSH cross-sections varied 

from 20 ft. to 30 ft. All sites were selected to be acces-

sible in all weather and to be representative of the flow. 
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The following measurements were performed at weekly 

sampling visits in the field: temperature, specific conduc

tance, pH, and dissolved oxygen (DO) content. These field 

data and water samples were collected routinely until Novem

ber 1982. 

During 1981, project personnel traveled each week from 

Blacksburg to Prince Edward County to collect ambient water 

quality samples and to perform routine maintenance on the 

sampling and gaging equipment. Additional trips were made 

whenever the NWS observer reported that significant rainfall 

had occurred. There were few major rainfall events during 

the first year of hydrologic monitoring. 

Beginning in January 1982, a part-time technician, who 

lived near the project sites, was hired to collect water 

samples from the field and to pack them with coolant for 

shipment to Blacksburg by commercial carrier. This proce-

dure allowed closer attention to be paid to the performance 

of the sampling and gaging equipment, and improved the suc

cess rate of storm sampling. The disadvantage was a somew

hat longer transit time from the field to the laboratory. 

The transit time was kept to two days except when samples 

were collected just ahead of a weekend. At such times, 

transit time was typically three days. During this phase of 

the project, assistance was received from the Natural Sci

ences Department at Longwood College and the District Con

servationist, Soil Conservation Service (SCS), at Farmville, 

Va. 
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3 .1. 3 Runoff Monitoring 

Two small agricultural watersheds, BMP and CONV, were 

monitored for runoff quality and land use. The sampling 

site at watershed BMP consisted of a 2.5-ft H-flume (capac

ity 19. 2 cfs) at the end of a grassed waterway. Flow was 

constrained to pass through the measuring flume by plywood 

cutoff walls. The flume was attached to a concrete pad 

underlain by gravel. No attempt was made to cut off subsur

face flow at the outlet of the watershed. This gaging and 

sampling installation is shown in Figure 6. 

The measuring flume at BMP was equipped with a Belfort 

FW-1 recorder with a 24-hour clock, an automatic pumping 

sampler (Manning 84040), and an event recorder. The auto-

matic sampler was triggered by a magnetic reed switch that 

responded to magnets mounted on the float wheel of the FW-1 

recorder (Grizzard and Randall, 1978). Through most of the 

project period, the sampling system was set to operate at 

every 0.1 ft interval of stage. The sampling interval was 

later changed to 0.2 ft to reduce the number of samples and 

to assure that there were enough sample bottles to continue 

throughout a large storm event. The BMP gaging site had a 

sensitivity of about 0.0118 mm/hr (0.00046 in/ hr). 

The sampling site at CONV consisted of a 4-ft HL flume 

(capacity 117 cfs) located in the stream channel. Here too, 

no attempt was made to cut off subsurface flow. A concrete 

footer and a triangular base were poured in the stream chan-

- 15 -



Figure 6: Gaging and Sampling Installation at BMP Watershed 
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nel to support the flume made of sheet metal and angle iron. 

Plywood wing walls were held in place by vertical pipes set 

in concrete. 

in Figure 7. 

This gage and sampling installation is shown 

The monitoring station was equipped with a Fisher &. 

Porter ( F&P) punch tape recording gage. A Belfort FW-1 

stripchart water level gage was used as a backup recorder to 

prevent data loss. The float wheel of the FW-1 recorder was 

equipped with magnets and a magnetic reed switch to trigger 

an automatic sampler at 0.2 ft intervals of stage as 

described above. This site was also equipped with an auto

matic pumping sampler (ISCO 1690) and an event recorder to 

show the time of sampling. The CONV gaging site had a sen

sitivity of about 0.00212 mm/hr (0.00008 in/hr) at the nor

mal stream stage of 0.2 ft. 
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Figure 7: Gaging and Sampling Installation at CONV 
Watershed 
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3.2 LABORATORY PROCEDURES 

All samples received in the laboratory were handled ~y 

standardized routine procedures. Standard forms were used 

to establish the chain of custody and to account for each 

sample that entered the laboratory. All samples were split 

into aliquots for solids analysis and nutrient analysis. 

All samples were preserved and stored prior to assay using 

recommended procedures (EPA, 1979). 

The laboratory nutrient analysis centered around nitro

gen (N) and phosphorus (P), the two most prominent nutrients 

in agricultural runoff pollution. Nutrient forms assayed in 

the laboratory were ni trate-N (N0 3 -N), ammonium-N (NH 4 -N), 

total Kjeldahl-N (TKN), orthophosphate-P (P0 4 -P), and total 

phosphorus (TP). Nitrite-N (N0 2 -N) exists in small amounts 

relative to N0 3 -N, and since N0 2 -N rapidly converts to 

N0 3 -N, the v alues given for N0 3 -N reflect a combination of 

both N0 2 -N and N0 3 -N. 

Sample 8-ml aliquots for assay of dissolved inorganic 

nutrients (N0 3 -N, NH 4 -N, and P0 4 -P) were preserv ed in dupli-

cate by freezing. Assays were performed by centrifuging 

these aliquots, after thawing them in a water bath. Total 

suspended s olids, volatile s uspended so l ids, and total sol-

ids were assayed by standard method s (APHA , 1975). Assays 

for dissolv ed and particulate forms of N and P were per

formed by automat ed methods (Smolen et al., 1978). 
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Duplicate 20-ml aliquots were preserved for digested 

assay of TKN and TP by acidification (sulfuric acid to pH 

2.0) and refrigeration. The filtrate from membrane filtra-

tion was also preserved by acidification and refrigeration 

for assay of dissolved TKN and TP. 

TKN and TP assays were performed by high temperature 

digestion with sulfuric acid, potassium sulfate, and mercu

ric oxide (EPA, 1979). After digestion the samples were 

diluted with water and assayed for NH 4 -N and P0 4 -P using the 

Technicon Auto Analyzer II (Smolen et al., 1978). 

The error in laboratory analysis was handled by quality 

assurance procedures (Smolen et al. , 1978) . The error of 

nutrient assays was estimated for each run by assessing the 

standard deviation from a multiple regression data reduction 

procedure. In this procedure, concentration standards were 

placed at randomly-selected locations in the analysis 

stream. For soluble nutrients - N0 3 -N, NH 4 -N, and P0 4 -P -

each run of 40 to 200 samples was considered an analysis run 

unit. An analysis run unit for digested analysis, TKN and 

TP, was a single tray containing 32 samples and eight stan

dards at randomly- selected sample numbers. The record of 

quality control for chemical analyses on the Autoanalyzer is 

shown in Figures 8 and 9. Those assays which exceeded the 

allowable standard deviation were repeated using the dupli

cate preserved aliquots. 
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3.3 GROSS EROSION ESTIMATION 

Gross erosion was calculated on an event basis by the 

Universal Soil Loss Equation (USLE) for each of the inten-

sive study watersheds, BMP and CONV. All USLE factors were 

calculated according to Wischmeier and Smith ( 1978). The 

soil erosivity factor, K, was computed for each watershed as 

an area-weighted mean of the K-values for the soils in each 

field. Average 

for each field, 

slope was estimated from topographic maps 

and the slope length was determined along 

this slope for the LS-factor calculation. The P-factor was 

defined as 1. 0 for fields where no land conservation mea

sures were used, and as 0.5-0.6 where contouring was used. 

These values were halved when contouring was used in con

junction with strip-cropping. The USLE factors, LS, P, and 

K used in this study are shown in Table 1. 

The R-f actor was calculated for individual storms as 

Wischmeier and Smith's EI 30 term. Land use and cover condi-

tions, noted periodically throughout the project period, 

were used to evaluate the C-factor. Figures 10 and 11 show 

the seasonal variation in C at the CONV and BMP watersheds, 

respectively. 

Both gulley and channel erosion were negligible in the 

BMP watershed, except for some minor gulleying that occurred 

in conjunction with tobacco cultivation in 1982. Gulley and 

channel erosion were extensive, however, in some areas of 
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TABLE 1 

LS, P, and K Factors# 

Field Area L s LS p K LSPK 
No. 

ha m % metric 

BMP Watershed* 

15 0.04 22.9 8.0 .8579 1. 0 . 362 .3106 
16 0.14 48.8 3.1 .3981 1. 0 . 362 .1441 
17 0.40 91. 4 3.3 .5800 1. 0 . 362 .2100 
18 0.34 94.5 2.6 .3508 1. 0 .362 .1270 
19 0.41 99.l 1. 5 .2316 0.6 .362 .0503 
20U 1. 16 42. 7 3.0 .3162 0.25 . 362 . 0286 
20L 1. 42 167.6 3.6 .8604 1. 0 .346 .2978 
21A 0.46 38.l 6.4 .8158 0.3 . 362 .0885 
21B 1. 38 91. 4 3.3 .5804 0.25 . 362 .0525 
22 0.81 54.9 5.5 .8049 0.5 .353 .1420 
23 0.69 45.7 3.3 .4104 0.25 . 358 .0367 
24 0.43 45.7 2.7 .2920 0.25 . 362 .0264 
25* 1. 65 91. 4 3.3 . 5804 0.25 . 362 .0525 
26* 0.99 76.2 4.0 .6505 0.3 .362 .0705 
27* 0.78 99.1 4.6 .8702 0.6 .362 .1889 

CONV Watershed 

1 5.79 356.6 2.6 .5225 1. 0 .319 .1 668 
2 3.36 155.4 3.9 .9034 1. 0 .326 .2942 
3 10.20 329.2 6.0 2.203 1. 0 .331 . 7287 
4A 1. 98 204.2 6.0 1.736 1. 0 .357 . 6190 
4B 3.76 152.4 7.0 1.840 1. 0 . 344 .6323 
4C 4.69 266.7 4.0 1. 217 1.0 .353 .4292 
4D 4.65 204.2 9.0 3.038 1. 0 .367 l. 1147 
SA 5.22 176.8 7.8 2.302 1. 0 .362 .8328 
SB 1. 09 128.0 3.6 .7519 1. 0 .362 . 2720 
6 11. 25 292.6 5.7 1.945 1. 0 .358 . 6961 
7A 1. 30 140.2 8.7 2. 396 1. 0 . 362 .8668 

# These factors assumed constant during the monitoring period 
except when field boundaries were changed as noted above. 

* In May 1982, Field 25 was created from Field 21B and part of 
20U, Field 26 replaced Field 21A and part of 20U, and 
Field 27 replaced Field 19 and part of 20U. 

- 24 -



M M 

1981 O.BN 
0. 4 

o.o 
M A 

1981 

o.ar ' 

M 0 

1982 

' ', , ~elds 4B ,4C 
, Field SB - -

' 

1982 

' ' 

Field 6 

M 

1983 

--~~~~~~~-~ 

1983 

0 . 4~..--------·---' 

O. OL.___,.____. _ _._ _ _._ _ _.___....__..__,____,'--_._-__,_ _ _.._ _ __._ _ _.__.._--''----'--'---'---'---'--.._-.__ 

M M A M D M A 

1. 0 

Field 7A 

0 . 5 

A H M M 

1981 19 82 1983 

Figure 10: C-Factors for USLE at CONV Watershed 

- 25 -



0
.8

 

~ 
::. 

, .
 F

ie
ld

s 
1

6
,1

8
,2

3
,2

4
 

h
j 

.. -
.....

 
0

.4
 

l.Q
 s:: t;
 

CD
 

I-
' 

I-
' 

o.
o 

t'1
 

J 
J 

A
 

s 
0 

N
 

D
 

J 
F 

M
 

A
 

• 
M

 
J 

J 
A

 
s 

0 
N

 
D

 
J 

F 
M

 
A

 

0 
19

81
 

19
82

 
19

83
 

I h
j 

0
.8

 
OJ

 
0 rt

 
I 

F
ie

ld
 1

7 
0 t;

 
{I

J 
0

.4
 

tv
 °' 

H
) 

0 t;
 c:: (/
) 

t1
 

o.
o 

tx:
I 

M
 

J 
J 

A
 

s 
0 

N
 

D
 

J 
F 

M
 

A
 

M
 

J 
J 

A
 

s 
0 

N
 

D
 

J 
F 

M
 

A
 

Ill
 

rt
 

19
81

 
19

82
 

19
83

 
o:

i 
3:

 
0

.8
 

"t
l 

~
 

~
 
~
 F

ie
ld

s 
2

2
,2

7
 -

Ill
 

F
ie

ld
s 

19
 ,2

1A
,2

1B
,2

2 
-
-

F
ie

ld
 2

6 
-

-
rt

 
F

ie
ld

 2
5 

· ·
 •

 
CD

 
F

ie
ld

 2
0U

 -
-

t;
 

0
.4

 
{I

J !J
' 

I 
'
-

-
-
l
 

\ 
CD

 
\ 

0.
. 

'-
-
-
-
-
-
-
-
-

o.
o 

M
 

J 
J 

A
 

s 
0 

N
 

D
 

J 
F 

M
 

A
 

M
 

J 
J 

A
 

s 
0 

N
 

D
 

J 
F

 
M

 
A

 



CONV, al though gulley erosion was not estimated in this 

study. 

3.4 PARTICLE SIZE ANALYSIS 

Field soil samples were collected from each field in 

both intensive study watersheds during May 1983 to evaluate 

nutrient content and particle size distribution. Solids, 

which settled from water samples obtained during the last 

six months of monitoring, and core samples from flume depo-

sits at CONV were also analyzed for nutrient content and 

particle size distribution. No comparable sediment deposi-

tion occurred in the flume at the BMP watershed. 

3.5 PARTICLE SIZE DISTRIBUTION AND ENRICHMENT RATIO 
~~ ~- -~~ 

The particle size distribution was determined for three 

size classes: sand, silt, and clay. Wet sieving was used 

to remove sand (53 microns). Silt particles (between 50 and 

2 microns) and clay particles (smaller than 2 microns) were 

separated from the suspension by the centrifuge method 

(Jackson and Turner, 1947). 

3.6 NUTRIENT .Z\NALYSIS 

Nutrient analys is on soil and sediment samples was per-

formed by the Virginia Cooperative Extension Service Soil 

Testing Laboratory at Virginia Tech. These analyses 

included standard tests for av ailable P, N0 3 -N, and percent 
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organic matter, which were used in calculating runoff 

enrichment ratios. 

Clay, N0 3 -N, TKN and P0 4 -P enr i chment ratios were com

puted as specified by Massey et a l . ( 1953). Part i cle size 

distributions and percentages of N0 3 -N , available P, and 

organic matter, were determined from composite soil samples 

obtained from each field in the study watersheds. TKN con

tent was estimated from the organic matter content by assum

ing th.at soi 1 organic matter contained approximately five 

percent nitrogen (Allison, 1973). Percent ages of N0 3 -N, 

TKN, and available P in the sediment were calculated by 

dividing the annual yield of each nutrient by the annual 

sediment yield and multiplying by 100 percent. 

3.7 SEDIMENT AND NUTRIENT YIELDS 

Sediment yield was calculated on an event basis from 

discrete samples taken at intervals throughout each storm at 

CONV and BMP. It was assumed that the storm runoff samples 

were well-mixed by the throat cross-sections of the flumes; 

therefore, a single discrete sample was used to represent 

the average concentration at the time of sampling. The 

total solid concentrations in these samples were integrated 

with discharge to estimate the yield of material for a 

storm. Integration was performed by assuming that the sol-

ids concentration varied linearly between samples (Grizzard 

and Randall, 1978). Basef low was not separated from runoff 
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in computing storm yields because its discharge rate and 

solids concentration were generally very low. The deli very 

ratio, used to relate sediment yield at the watershed outlet 

to gross erosion estimated by the USLE, was calculated on an 

event basis by dividing the sediment yield by the gross ero

sion for that storm (Novotny and Chesters, 1981). 

A sediment rating curve was developed to estimate storm 

yields for those runoff events where field records were 

inadequate. Guidelines were established for selecting 

storms to construct the rating curve, as follows: 

1 . the rainfall data should be complete, 

2. the solids data should be complete, and 

3. the sample distribution for the runoff event should 

include samples taken during the peak discharge. 

Twenty-three storms were selected from the sampling record 

at the BMP watershed, and 47 storms were selected from CONV. 

The rating curves, plotted as log storm sediment yield ver

sus log storm runoff yield are shown in Figure 12. The 

regression relationships developed from these rating curves 

were used to estimate sediment yield from the remaining 

storms in the 99-storm record. 

Similar regression relationships were developed between 

the storm yields of N and P and either total storm runoff or 

sediment yield. These regression relationships are shown in 

Table 2. Regression relationships were selected from this 

table to estimate the yield of N and P in storms where the 
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data were incomplete. Annual loads were estimated by sum-

ming all of the individual storm loads. 
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TABLE 2 

Log-Log Regression Relationships Used As Rating Curves To 
Estimate Event Sediment Yield From Event Runoff Yield 

Dependent Independent Intercept Slope R-Square 
Variable Variable 

BMP Watershed 

LOGPHOS LOGQ -.654 1. 261 .745 
LOGN03 LOG SS 0.206 0.588 .417 
LOGNH4 LOGQ -.168 0.628 . 729 
LOGTP LOG SS 0.054 0. 778 .806 
LOGTKN LOGSS 0. 776 0. 728 .841 
LOGSS LOGQ 0.899 1.100 .541 

CONV Watershed 

LOG PH OS LOGQ - . 272 1.175 . 726 
LOGN03 LOGQ 0.810 1.057 .799 
LOGNH4 LOGQ 0.069 0.989 .621 
LOGTP LOGQ 0. 721 1. 317 .784 
LOGTKN LOGQ 1. 321 1. 230 .774 
LOG SS LOGQ 0.807 1. 266 .549 

* PHOS orthophosphate phosphorus 
N03 nitrate nitrogen 
NH4 ammonium nitrogen 
TP total phosphorus 
TKN total Kjeldahl nitrogen 
Q discharge 
SS sediment 
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4. RESULTS 

The complete record of storms that occurred during the 

monitoring period for each watershed is listed in Appendix 

A. This listing includes the associated rainfall, the com

puted rainfall energy, runoff, sediment yield, computed 

gross erosion, and the sediment deli very ratio for each 

storm. Those storms in which sediment yield was calculated 

from observed data are indicated with an 11 0 11
• Storm yields 

estimated from the regression equations are indicated by an 

"E". Most storm yields were calculated directly from sam

pling data, and those estimated by regression are intermixed 

throughout the record. 

This report covers a 23 1/2-month period of intensive 

runoff monitoring. To utilize the data set fully, the first 

project year was defined as the period 1 May 1981 through 30 

April 1982 and the second year as 1 May 1982 through 15 

April 1983. Seasons were designated as three-month inter-

vals such that SUMMER is the interval May through July; FALL 

is August through October; WINTER is November through Janu-

ary; and SPRING is February through Apri 1. This seasonal 

designation was used to avoid splitting the monitoring per

iod into partial seasons at the beginning and end of the 

project. These seasons also fit the cultural calendar used 

by the farmers at the two intensiv ely-monitored sites. 
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4. 1 RAINFALL 

The precipitation records at various points within 

Prince Edward County during the project period (Table 3), 

show considerable variation in annual rainfall between sta-

tions. The monthly precipitation also varied considerably 

between stations throughout the project period. Because BMP 

and CONV watersheds were separated by 10 miles, they often 

did not receive the same amounts of rainfall in a storm 

event. The average daily precipitation record for all sta

tions is given in Figures 13 - 16. Daily rainfall totals 

for each storm are listed in Appendix A. 
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TABLE 3 

Monthly Rainfall Distribution in Prince Edward County, Va. 
During Best Management Practices Evaluation Study 

WFLO BMP KEYSVILLE CONV GREEN BAY* 

---------------------inches------------------------

1981 Apr 3.15 2.5 2.22 
May 3.63 2.44 3.4 3.14 
Jun 2.88 3.7 4.36 3.3 3.66 
Jul 5.61 5.6 4.47 7.6 7 .11 
Aug 6.59 2.0 1.19 3.1 2.29 
Sep 3.20 4.3 4.08 3.2 4.07 
Oct 4.45 5.1 5.14 5.3 4.29 
Nov 0.94 0.7 l. 50 0.5 0.65 
Dec 3.98 4.7 2.45 4.9 3.34 

Total 34.16 26.l 25.63 33.8 30. 77 

1982 Jan 4.10 3.9 2.38 3.1 5.21 
Feb 4.15 4.0 4.21 4.0 3.52 
Mar 2.65 2.5 l. 83 2.9 2.50 
Apr 2.13 l. 9 1. 91 l. 8 l. 84 
May 4.12 5.2 3.51 4.7 5.85 
Jun 5.59 3.5 3.02 5.6 5.09 
Jul 6.88 5.1 4.99 4.9 5.65 
Aug 3.30 2.2 2.41 2.6 4.07 
Sep 2.35 2.5 2.59 2.1 2.33 
Oct 4.07 4.4 4. 34 4.7 4.22 
Nov 2.62 3.4 2.49 3.9 3 .11 
Dec 3. 43 4.1 3.41 3.6 4.62 

Total 43.39 42.7 37.09 43.9 48.01 

1983 Jan l. 79 l. 6 1.24 l. 6 l. 63 
Feb 3.67 3.8 2.85 3.8 3.27 
Mar 6.55 7.2 5.04 6.9 6.08 
Apr 7.21 5.4** 6.62 6.2** 7.22 

Total 19.22 18.0 15.75 18.5 18.2 

*Rainfall stations: WFLO is radio station in Farmville; 
BMP is a project site; KEYSVILLE is National Weather Service 
observer 1/2 mile from BMP; CONV is a project site; Green 
Bay is a Weather Service Observer 3 miles south of CONV. 

**Rainfall records at BMP and CONV ended April 17 and 
April 16, respectively. 
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4.2 AMBIENT WATER QUALITY 

4.2.1 Orthophosphate-P (P0 4 -P) 

The complete record from water quality sampling for 

P0 4 -P concentration at SLAY, BRIE, CONV, and BUSH is shown 

in Figure 13. The BRIE watershed is largely forested and 

encompasses the SLAY watershed; the BUSH watershed contains 

the CONV catchment. The concentrations of P0 4 -P at SLAY and 

BRIE correlated closely through time. The presence of a 

peak concentration during the wet period, April through June 

1982, was notable because it was present at all sampling 

stations. The P0 4 -P concentration at CONV was consistently 

higher than that observed at BUSH, and the P0 4 -P concentra

tion at CONV also tended to fluctuate with weather condi

tions and land use activities in the watershed. The concen

tration of P0 4 -P was consistently higher at CONV than at 

BUSH, and generally higher at BUSH than at BRIE or SLAY. 

The concentration of P0 4 -P at BUSH followed that of CONV 

closely only during the extremely wet period from Apri 1 

through June 1982. 

4.2.2 Total Phosphorous (TP), TKN, and NH 4 -N 

TP, TKN, and NH 4 -N concentrations were also examined 

graphically. These plots are shown in Appendix B without 

discussion except to note that the spring 1982 P0 4 -P peak 
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noted previously was not observed for TP. There was, how

ever, some increase in NH 4 -N during that period, but no 

increase in TKN. 

4.2.3 Nitrate-N (N0 3 -N) 

The variation in concentration of N0 3 -N is shown in 

Figure 14 . The N0 3 -N concentrations at BRIE , SLAY,and BUSH 

were generally very low (0-0.1 ppm). Except for the SPRING 

and SUMMER period of 1981 and two extreme observations in 

FALL 1981 and 1982, the records at BRIE and SLAY were nearly 

identical. There was no peak N0 3 -N concentration in SPRING 

1982 like the P0 4 -P peak concentration observed at all sta

tions at that time. Although there was no exceptional peak 

concentration in SPRING 1982, the record at BRIE and SLAY 

matched very closely at that time. 

4.2.4 Sediment Concentration 

The ambient concentration of sediment is compared among 

stations in Figure 15. Watersheds SLAY and BRIE had similar 

sediment concentrations (typically between 10 and 40 ppm), 

al though in storm periods the BRIE sediment concentration 

often exceeded that at SLAY. 

On the average, sediment concentrations at CONV and 

BUSH were similar to those of BRIE and SLAY. In wet 

weather, however, much higher sediment concentrations were 

observed at CONV and BUSH than at BRIE or SLAY. Except for 
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ten distinct occurrences in the two-and-one-half year per

iod, the sediment concentrations at CONV and BUSH were below 

80 ppm. There was no peak sediment concentration to corres

pond with the SPRING 1982 P0 4 -P peak noted above. 

4.2.5 Dissolved Oxygen Concentration 

The record of dissolved oxygen (DO) concentration at 

BUSH and BUFF is shown in Figure 16. The DO records from 

CONV, SLAY, and BRIE were similar to those in Figure 16. 

The DO concentration followed the temperature saturation 

relationship. 
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4.3 STORM RUNOFF 

4.3.1 Rainfall/Runoff 

Daily runoff totals are listed for individual storms on 

both small watersheds in Appendix A. These data show that 

rainfall did not always occur simultaneously at both water

sheds. Even when rainfall was received at both sites on the 

same day, substantial differences in temporal distribution 

and energy were apparent. Seasonal rainfall, runoff, the 

percentage of total rainfall energy contributing to runoff, 

and the runoff/rainfall ratio are listed in Table 4. Seven 

storms contributed runoff in the first project year at BMP, 

while 28 storms contributed runoff in the second year. In 

contrast, at CONV, twenty-eight storms contributed runoff in 

the first year, and thirty-six storms contributed in the 

second. Seasonal discharge was always greater at CONV, 

because of the baseflow component. A greater annual runoff 

volume in the second project year was recorded at CONV than 

in the first project year. 

Table 4 shows that the total rainfal~ energy contribut

ing to runoff more than doubled from the first to the second 

project year at BMP. No significant increase occurred, how

ever, at CONV during the same period. The runoff/rainfall 

ratio was greater for CONV than for BMP in all seasons of 

both years. 
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TABLE 4 

Seasonal and ~nnual Rainfall-Runoff Summary 

No. of Rainfall Runoff/ 
Year Season• Runoff Rainfall Runoff Energy Rainfall 

Events Contributing Ratio 
to Runoff 

mm mm % % 

BMP Watershed 

1981 SUMMER 2 248.92* 9.22 45.9 3.7 
FALL 1 289.56 6.44 19.4 2.2 

1982 WINTER 1 236.22 4.53 2.7 1. 4 
SPRING 3 213.36 10.24 33.0 4.8 

First Year Total 7 988.06 30.43 25.3 3.0 

1982 SUMMER 10 350.52 42.78 70.5 11. 6 
FALL 1 231.14 0. 31 18.6 0.1 

1983 WINTER 3 231. 14 21.65 47.0 9.4 
SPRING 14 416.56 66.61 68.6 16.0 

Second Year Total 28 1229.36 131.35 56.4 10.5 

CONV Watershed 

1981 SUMMER 9 363.22 25.61 78.3 7.1 
FALL 7 294.64 24.59 68.7 8.3 

1982 WINTER 5 215.90 37.29 60.0 17.3 
SPRING 7 220.98 33.08 53.9 15.0 

First Year Total 28 1094.74 120.57 67.2 11. 0 

1982 SUMMER 11 386.08 54.96 69.7 14.2 
FALL 6 238.76 7.80 70.5 3.3 

1983 WINTER 6 231.14 66.66 59.1 28.8 
SPRING 13 429.26 133.66 78.0 31.1 

Second Year Total 36 1285.24 263.08 70.7 20.5 

. SUMMER: May 1-Jul 31; FALL: Aug 1-0ct 31; 
WINTER: Nov 1-Jan 31; SPRING: Feb 1-April 30. 

* Monitoring began 5-19-81 for the BMP watershed. 
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4.3.2 Gross Erosion 

Gross erosion was estimated by the USLE for each daily 

rainfall event which contributed runoff at either watershed. 

Erosion due to snowmelt was not considered in this study. 

Seasonal and annual gross erosion estimates are shown 

in Table 5. Gross erosion was higher at CONV during all 

seasons in both years, and most erosion occurred in SUMMER 

each year on both watersheds. The least amount of erosion 

typically occurred each year in WINTER. In the second pro

ject year, estimated total erosion increased approximately 

five times from the erosion in the first year at BMP, but 

gross erosion at CONV remained essentially unchanged. 

4.3.3 Sediment Yield 

Sediment yields for individual storms at both water

sheds are listed in Appendix A. One storm at each watershed 

produced almost half of the two-year total sediment yield. 

Seasonal sediment yields are shown in Table 6. Sediment 

yields were greater at CONV for all seasons, with the excep

tion of SUMMER in the second year. That season produced the 

largest sediment yields for both watersheds. Loss of data 

during the largest storm at CONV in that season may account 

for its smaller seasonal sediment yield compared with BMP. 
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TABLE 5 

Seasonal and Annual Gross Erosion Estimates 

BMP Watershed CONV 

Year Seasono Rainfall Gross Erosion• Rainfall 
mm kg/ha mm 

1981 SUMMER 249# 1374.25 363 
FALL 290 297.26 295 

1982 WINTER 236 37.13 216 
SPRING 213 423.44 221 

First Yr Total* 988 2132.08 1095 

1982 SUMMER 351 6514.21 386 
FALL 231 80.50 239 

1983 WINTER 231 1864.09 231 
SPRING 417 2201.58 429 

Second Yr Total*1230 10660.38 1285 

Two Year Average 6396. 23 

o SUMMER: May 1-Jul 31; FALL: Aug 1-0ct 31; 
WINTER: Nov 1-Jan 31; SPRING: Feb 1-April 30. 

Watershed 

Gross Erosion• 
kg/ha 

12,308.68 
4,748.89 

1,980.67 
1,802.17 

20,840.41 

8,670.31 
2,563.82 

2,183.90 
4,862.71 

18,280.74 

19,560.58 

* Year was defined as May 1-April 30. The second year ended 
April 16. 

# Rainfall monitoring at the BMP watershed began 19 May 1981. 
• Gross Erosion contributing to surface runoff. 
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4.3.4 Delivery Ratio (DR) 

Sediment delivery ratios, computed for individual 

storms, are listed in Appendix B. Delivery ratios greater 

than 100 percent were obtained from the BMP storm of 29 May 

1982 and one other storm. Delivery ratios greater than 100 

percent were also computed for the two largest storms at 

CONV. All storms on the smaller BMP watershed with sediment 

yields greater than 100 kgjha had DRs above 26 percent, 

although large DRs did not accompany all storms where large 

gross erosion was estimated. 

Seasonal and annual DRs are listed in Table 6. The 

seasonal and annual DRs were larger for BMP in all seasons, 

both years, except for the SUMMER and FALL seasons in the 

second project year. The FALL season, however, corresponded 

to extremely low runoff volumes for both watersheds. Within 

each watershed, the annual discharge and the annual DR 

increased dramatically from the first to the second project 

year. The increase between years was particularly large at 

the BMP watershed. 

4.3.5 Soil and Sediment Characteristics ----

Particle size distributions and soil test results are 

shown in Table 7. The BMP watershed contained a larger per-

centage of clay and silt than did the CONV. watershed. 

Fields 4a, 4d, and Sa of CONV (pastures, Figure 3) had par-

ticle size distributions similar to the less-eroded fields 
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TABLE 6 

Seasonal and Annual Delivery Ratios 

Year Seas one 

BMP Watershed 

1981 

1982 

SUMMER 
FALL 

WINTER 
SPRING 

First Year Total 

1982 

1983 

SUMMER 
FALL 

WINTER 
SPRING 

Runoff 

mm 

9.22 
6.44 
4 . 53 

10.24 

30.43 

42.78 
0.31 

21.65 
66.61 

Second Year Total 131.35 

CONV Watershed 

1981 

1982 

SUMMER 
FALL 

WINTER 
SPRING 

First Year Total 

1982 

1983 

SUMMER 
FALL 

WINTER 
SPRING 

25.61 
24.59 
37.29 
33.08 

120.57 

54.96 
7.80 

66.66 
133.66 

Second Year Total 263.08 

Gross Erosion Sed. Yield# 

--------------kg/ha-----------

1374.25 
297.26 

37.13 
423.44 

2132.08 

6514.21 
80.50 

1864.09 
2201.58 

10,660.38 

12308.68 
4748.89 
1980.67 
1802 .17 

20840.41 

5472.73* 
2563.82 
2183.90 
4862.71 

15,083.16 

104. 71 
53.94 
41. 75 
93.43 

285. 96 

3050.47 
2.24 

428. 16 
643.22 

4127.67 

354.36 
434.89 
365. 77 
223.56 

1378.58 

1293.75* 
116. 40 

1219.56 
1208.18 

3853.33 

c SUMMER: May 1-Jul 31; FALL: Aug 1-0ct 31; 
WINTER: Nov 1-Jan 31; SPRING: Feb 1-April 30. 

* The storm on 6-3, 4-82 was omitted from these figures. 
# Sediment Yield totals exclude contributions by snowmelt. 
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D.R. 

% 

7.62 
18.15 

112.43 
22.06 

13.41 

46.83 
2.78 

22.97 
29.22 

38. 72 

2.88 
9.16 

18.47 
12.41 

6.61 

23.64 
4. 54 

55.84 
24.85 

25.55 



at the BMP watershed. Flume sediment deposits at CONV were 

almost totally sand. 

Soil test results were reported as percentages of 

N0 3 -N, organic matter and available P, for each field in 

each watershed and for the flume sediment deposits. Suffi-

cient quantities of runoff sediment were not available for 

soil testing at BMP. Higher concentrations of soi 1 N0 3 -N 

and available P were observed generally in the soils at CONV 

than at BMP. The organic matter contents at the two water

sheds were essentially the same. 

4.3.6 Coarse Sediment Yield 

Coarse sediment yields were measured at CONV from 

December 1982 through 15 April 1983. These yields, corres

ponding to each storm, are listed in Table 8. Many of the 

storms at CONV carried extremely high coarse sediment loads 

compared with the suspended sediment loads. Six out of the 

fourteen storms in this period had coarse sediment yields 

equal to or greater than the associated suspended sediment 

yields. Coarse sediment yield may have been somewhat over

estimated because the automatic sampler intake was located 

below the notch in the flume where it could be affected by 

bedload movement. No coarse sediment was observed in runoff 

samples from BMP. 
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TABLE 7 

Characteristics of Watershed Soils and Sediment 

Field Particle Size Distribution Soil Test Results 
No. Clay Silt Sand N03-N OM Available p 

-------------%------------ ------------%------------
BMP Watershed 

15,20L 8.8 26 . 9 64.3 .0013 3.6 .0010 
16,18 14.4 21. 0 64.6 .0010 1. 5 .0005 
17 10.8 23.4 65.8 .0013 1. 7 .0013 
22 13.5 30.8 55.7 .0009 3.1 .0008 
23 16.9 27.7 55.4 . 0013 2.2 .0010 
24 8.0 26.7 65.3 .0017 2.1 .0003 
25,26 11. 7 30.8 57.5 .0017 2.3 .0005 
27 12.4 28.2 59.4 .0013 2 . 2 .0010 

Area-weighted 
Watershed Average: 

11. 8 28.3 59.9 .0014 2 .52 .0008 

Runoff Sediment Composite: 
46.9 43.2 9.9 

CONV Watershed 

1 31. 0 24. 0 45.0 .0038 2.0 .0015 
2 27.3 24.4 48.3 .0049 2.0 .0018 
3 21. 9 23.3 54.8 .0041 2.1 .0025 
4A 6.8 23.7 69.5 .0041 4.2 .0028 
4B,4C 23.8 21. 8 54.4 .0032 2.0 .0030 
4D,5A 6.5 21. 6 71. 9 .0031 3.6 .0073 
5B,7A 16.3 20.0 63.7 .0033 2.3 .0095 
6 20.8 22.8 56.4 .0051 2.3 .0015 

Area-weighted 
Watershed Average: 

19.6 22.7 57.7 .0040 2.47 .0034 

Flume Deposits: 
0.0 2.8 97.2 .0010 0.7 .0003 

Runoff Sediment Composite: 
23.3 40.l 37.6 
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TABLE 8 

Coarse Sediment - CONV Watershed 

Storm Runoff Sediment Coarse 
Date Yield Sediment 

mm kg/ha kg/ha 

12- 6-82 5.07 49.75 45.65 
12-16-820 37.63 906.42 100.43 

1- 5-83 1. 44 0.99 27.82 
2- 2-83 3.47 43.28 76.63 
2- 7-83 1. 34 4.30 54.98 
2-17-83 9.25 11.14 3.56 
3- 1-83 2.21 4.70 1.10 
3- 6-83 1. 29 2.82 0.81 
3- 7-83 3.51 34.14 4.53 
3- 8-83 6.86 82.28 0.0 
3-18-83 19.54 246.66 95.85 
3-27-83 18.02 160.39 332.16 
4- 9-83 13.63 120.15 115.45 
4-15-83 39.41 336.90 18.91 

o Flow exceeded flume height during these storms. 
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Several times each year, it was necessary to shovel the 

sediment deposited in the approach to the flume at CONV. 

Approximately 9 metric tons of sediment deposits were 

removed in this manner during SPRING and SUMMER, 1982. 

4.3.7 Nutrient Loading Estimates 

At the BMP watershed, four storms contributed most of 

the nutrient yield, although each storm contributed a dif-

ferent combination of nutrients. The storms on 28 and 29 

May 1982 contributed large amounts of N0 3 -N, organic N, and 

TP. The storm on 16 December 1982 produced substantial 

yields of all forms of N and P, while the storm on 7 March 

1983 produced an extremely large amount of NH~-N in addition 

to large amounts of other N forms. 

On CONV, the two storms that overtopped the rated sec

tion of the measuring flume contributed most of the nutri-

ents. Specifically, the storm of 16 December 1982 produced 

extremely high values of organic N and all forms of P, and 

the storm of 15-16 April 1983 produced the highest yield of 

TP that occurred during the two-year study. 

Seasonal and annual nutrient yields are listed in Table 

9. The seasonal TKN varied directly with seasonal runoff 

except for the two highest seasonal totals observed at BMP 

in the second year. Most of the peak seasonal totals of 

other nutrients did not occur in the season with the highest 

runoff, the main exception being SPRING in the second year 
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at CONV for all nutrient categories. The lowest seasonal 

yields for all nutrients generally corresponded to the low

est seasonal runoff in both years and at both watersheds. 

The annual yield of each nutrient form increased with 

the size of the watershed and with the amount of annual 

runoff in all cases. Flow-weighted mean concentrations of 

total N in runoff at the smaller, BMP watershed increased 

from 2.36 to 4.12 ppm from the first to the second year and 

from 4.30 to 5.87 ppm at the larger CONV watershed. Flow

weighted mean concentrations of TP in the runoff varied from 

0.55 to 0.93 ppm between years at BMP and from 1.03 to 1.12 

ppm at CONV. 

4.3.8 Enrichment Ratios (ER) 

The ERs calculated for N0 3 -N, TKN, and available P are 

listed in Table 10. The enrichment of all of these forms 

varied inversely with annual runoff for both years on both 

watersheds. The ERs were lower for all measured nutrient 

forms in the second year, on both watersheds, than in the 

first. 
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TABLE 9 

Seasonal and Annual Nutrient Yields* 

Year Seasono P04-P TP NH4-N N03-N TKN Runoff 
-----------------kg/ ha----------------- mm 

BMP Watershed 

1981 SUMMER .004 . 042 .003 .025 .176 9.22 
FALL .014 .060 .006 .059 .129 6.44 

1982 WINTER .001 .021 . 002 . 014 .090 4.53 
SPRING .007 .042 .003 .032 .181 10.24 

First Year Total .026 .165 .014 .130 .576 30 . 43 

1982 SUMMER .012 .607 .023 .289 2.905 42.78 
FALL .000 .002 .000 .003 .011 0.31 

1983 WINTER .011 .256 . 009 .058 .583 21.65 
SPRING . 027 . 348 .051 .231 1. 285 66 . 61 

Second Year Total .050 1. 213 . 083 . 581 4.784 131. 35 

CONV Watershed 

1981 SUMMER .017 .270 . 040 . 219 . 860 25.61 
FALL .033 .260 . 018 .227 .561 24.59 

1982 WINTER .035 .357 .044 .391 11.82 37.29 
SPRING .077 .361 .088 .620 1.122 33.08 

First Year Total .162 1. 248 .190 1 . 457 3. 725 120.57 

1982 SUMMER .015 .806 .168 .686 2.780 54.96 
FALL .005 .076 .009 .054 .264 7.80 

1983 WINTER .049 .806 .029 .339 3.737 66.66 
SPRING .187 1. 250 . 694 1.167 6.417 133.66 

Second Year Total .256 2.938 .900 2 . 246 13.198 263.08 

* Note that the units on these yields have been changed to kg/ ha 
from gjha for the individual storm yields. 

Cl SUMMER : May 1-Jul 31; FALL: Aug 1-0ct 31; 
WI NTER: Nov 1-Jan 31; SPRING: Feb 1-April 30 . 
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TABLE 10 

Enrichment Ratio Estimate 

Available 
TKN P N03-N 
----- enrichment ratio 

Observed 

BMP 
First Year 1.56* 11. 1 31. 4 
Second Year 0.92* l. 5 10.0 

CONV 
First Year 2.01* 3.2 24.2 
Second Year 1.29* 0.9 6.8 

Estimated 

BMP 
First Year 3.26# 4 . 4# 
Second Year l. 58# 2.5# 

CONV 
First Year 2.48# 3.5# 
Second Year l. 62# 2.4# 

Clay 

3.98 

l. 19 

Annual 
Runoff 

mm 

30.43 
131.35 

120.57 
263.08 

* Estimated from the organic matter content of the soil. 
#Estimated from regression equations (Massey and Jackson, 1952). 

- 55 -



5. DISCUSSION 

5.1 AMBIENT WATER QUALITY 

No clear relationship was observ ed between N0 3 -N con

centrations at CONV, the intensive study site, and BUSH, the 

larger watershed that surrounds it, even during extremely 

wet periods. The N0 3 -N time series of concentration at BUSH 

resembled that at SLAY and BRIE more than that at CONV, 

which was considerably higher. These data suggest that CONV 

watershed is a N0 3 -N source area. It is also apparent that 

source areas like CONV do not predominate in the Bush River 

Watershed. 

Larger sediment concentrations were seen at BRIE than 

at SLAY during storm periods, even though one would expect 

dilution from the large forested area at BRIE. This differ

ence in sediment concentrations at these two sampling sites 

may have been a function more of flow velocity than of any 

substantial difference between the watersheds, because the 

gradient was very low at SLAY. 

The DO record suggests that none of the streams in this 

study are subject to excessive loads of organics or other 

oxygen-consuming materials. Surprisingly, the station with 

the highest nonpoint pollution level, CONV, also had the 

highest DO concentration. 
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5.1.l Statistical Analysis 

The spatial and temporal variation of ambient water 

quality parameters (sediment, P0 4 -P, NH 4 -N, N0 3 -N, TP, and 

TKN concentrations) was examined by analysis of variance, 

using the assumption that weekly samples from sampling sites 

were random and independent estimates of ambient water qual

ity. The random element was the time interval between regu

lar sampling visits and the storm events that controlled 

nonpoint loading. The regular sampling schedule was inde-

pendent of the occurrence of precipitation events. Water-

shed, season, and year were considered as possible sources 

of variance. 

As shown in Table 11, the mean concentrations of P0 4 -P 

and N0 3 -N were significantly higher (P <.05) at CONV than at 

any other watersheds. 

significantly higher 

The mean concentration of P0 4 -P was 

in October through December than in 

any other period. The N0 3 -N concentration was highest dur-

ing April through September, suggesting an effect of direct 

field runoff rather than subsurface flow. The P0 4 -P concen

tration was significantly higher in 1982 than in 1981, but 

N0 3 -N concentration did not vary significantly between 

years. The ambient mean P0 4 -P concentration for all sta-

tions during the project was 0.050 mg/ l, and the mean N0 3 -N 

concentration was .257 mg/l. The highest N0 3 -N mean concen

tration at CONV, 0. 726 rng/l, was well below public heal th 

drinking water standards. The P0 4 -P concentration, however, 
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TABLE 11 

Analysis of Mean Ambient Concentrations in Prince Edward 
County, January 1981 to November 1982 

MEAN CONCENTRATION* 

Sediment P04-P NH4-N N03-N TP TKN 
Watershed --------------------------ppm-----------------------

CONV 24.6a .069a .043a . 726a .075a ,p .46la 
BUSH 23.7a .049b . 033a,b .066c .093a .482a 
BUFF 22.7a .049b .040a .195b .066a,b .423a 
BRIE 18.7a,b .043b .025b .054c .OSlb .446a 
SLAYOl 12.3b .036b . 024b .074c .049b .376a 

Period 

Apr-Jun 19.7a .039b .023b .290a,b .068a .3la 
Jul-Sept 24.0a .029b .029a,b .308a .066a . 412b 
Oct-Dec 23 .2a .089a .038a .197c .082 a .491b 
Jan-Mar 15.5a .032b .038a .243b,c .051a .494b 

Year 

1981 14.4a .038a .028a .272a .067a .459a 
1982 26 .lb .061b .040b . 242a .066a . 412a 

*Mean concentrations separated by Duncan's Multiple Range test; 
means in a group followed by the same letter are not signifi
cantly different at P < .05. 
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approached the level where it could contribute to eutrophi

cation of an impoundment. 

Although there were few significant differences between 

sediment, NH 4 -N, or TKN concentrations among the watersheds, 

these concentrations were significantly higher in 1982 than 

1981. 

5.2 STORM RUNOFF 

5.2.1 Erosion Characteristics 

5.2.1.1 Rainfall and Runoff 

Increases in rainfall-runoff parameters help to explain 

the increases in sediment and nutrient loads observed in the 

second year of hydro logic monitoring at both watersheds. 

Increased seasonal rainfall totals and increased runoff were 

the primary causes of the increased yields. 

The large increases in runoff that occurred between the 

first and second year at BMP were probably influenced by the 

larger periods of high soil moisture that resulted from more 

frequent rainfall events. There was also an increase in the 

runoff/rainfall ratio, and a detectable, prolonged interflow 

was observed in some seasons during the second year at BMP 

that did not appear in the first year. An additional fac

tor, that may have contributed to the increased runoff/rain

fall was the change in conservation practices that occurred 

between years. 
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5.2.1.2 Gross Erosion 

Large differences were observed in estimated gross ero

sion between watersheds because of the conservation prac-

tices used at BMP and not at CONV. These practices were 

reflected in the P factor of the USLE, and they reduced the 

estimated gross erosion on a field basis between 40% and 

75%, depending on the combination of practices used. 

A large increase in estimated gross erosion at BMP was 

estimated the second year because the upper contour strips 

had been combined for tobacco production. These changes 

increased the LS and P factors for those fields, thus 

increasing the estimated gross erosion, as shown in Table 6. 

WINTER was the season with the lowest estimated ero

sion. The highest estimated erosion corresponded with the 

period of field preparation for planting. 

5.2.1.3 Sediment Yield 

The largest sediment yields at BMP occurred during the 

storms of 28 May 1982 and 29 May 1982, just after the upper 

two contour strips of the cropping pattern were merged and 

had undergone seedbed preparation for tobacco production. 

The sediment yield from these two storms, 2570. 32 kgjha, 

represented 58 percent of al 1 sediment removed from the 

watershed during the two-year period. 

The largest sediment yields at CONV occurred during two 

storms on consecutive days, 3-4 June 1982. These storms 
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were estimated to account for 45% of the two-year total sed

iment yield. However, due to an equipment malfunction, 

these data are not reliable. From observation, the storm 

yields for these two days were estimated as 2822. 21 and 

1554.03 kgjha, respectively or approximately ten times the 

amount estimated from the rating curve. These two storms 

were, therefore, deleted from the record prior to analysis 

of storm yields. 

Combining the upper contour strips, thereby breaking 

the conservation plan, and introducing tobacco may have con

tributed to the increase in annual sediment yield at BMP in 

the second year, but the data were insufficient to verify 

this hypothesis. In terms of estimated gross erosion, how-

ever, increases were expected because tobacco requires more 

primary tillage for land preparation and more subsequent 

cultivation than does corn, and it produces a less protec

tive vegetative cover during the growing season. Therefore, 

one would expect more runoff and a larger sediment yield 

with tobacco production. 

5.2.1.4 Delivery Ratio 

On four occasions, the delivery ratio exceeded 100 per

cent, probably because of underestimation of gross erosion 

by the USLE rather than an overestimation of sediment 

yields. Delivery ratios in excess of 100 percent may be 

explained by the occurrence of gulley or channel erosion or 
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by the effect of high antecedent moisture. Neither of these 

contributors to sediment yield is accounted for properly by 

the USLE. All four of the storms with DRs greater than 100 

percent had been preceded by storms earlier in the week, and 

antecedent moisture conditions were higher than normal. The 

USLE would , therefore, be expec t ed to underestima t e gross 

erosion for storms occurring under wet field conditions. 

Gulley and streambank erosion present at CONV may also have 

produced more sediment than predicted by the USLE. 

Larger DRs are generally expected in smaller water

sheds , as was observed for BMP watershed in this study. For 

watersheds with similar slope steepness, a smaller watershed 

with shorter flow paths will be expected to give less depo

sition of sediment enroute to the stream. 

The annual DRs for these two watersheds were compared 

with estimates using other published procedures. The annual 

DR computed by the equations of Maner (1962), Renfro (1975), 

Williams and Berndt (1972), and Roehl (1962) are shown in 

Table 12 in comparison with the observed annual average DR 

from this study. The equations of Renfro and of Williams 

and Berndt gave DR values lower than the two-year average DR 

from this study, though all predicted values were within the 

range of annual values obtained in this study for each 

watershed. The predictions by Maner's and Roehl's equations 

consistently overestimated DR. The one estimate greater 

than 100% for Roehl' s equation is meaningless. All four 
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formulas predicted smaller DRs for CONV relative to BMP, in 

agreement with the findings of this study. 

Renfro' s equation and Williams and Berndt' s equation 

gave the closer estimates for both watersheds. Maner's 

equation overestimated DR by a factor greater than 2, and 

its predicted values were outside the range of annual values 

calculated at each watershed. Roehl's equation is inappro

priate for use with these watersheds, possibly due to the 

low resolution of topographic information available for 

estimating B on smaller watersheds. 

5.2.1.5 Watershed Soil and Sediment Characteristics 

The average particle size distributions differed appre

ciably between the two study watersheds, even though their 

soil types were similar. The particle size distributions 

from field soil samples were compared with a particle size 

distribution for soil profiles of a typical Cecil fine sandy 

loam (USDA, 1960). The comparison, shown in Table 12, sug

gests that the field soils of CONV were severely eroded, 

except in the lowe r fields which appeared to be somewhat 

less eroded. These lower fields were used as pasture during 

the project period and little erosion was expected. The 

well-developed gulley system in the lower fields of CONV, 

however, suggests that erosion in these fields did occur, 

but was localized. The upper fields of the CONV watershed 

appear to be eroding at a much faster rate than the fields 

in the smaller watershed. 
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TABLE 12 

Comparison of Annual Delivery Ratio Estimates 

Relationship Estimated DR 

BMP CONV 
Watershed Watershed 
-----------%-------------

Maner ( 1962): 
log D 2.94 + 0.824 log R/L 63.1 54.9 

Renfro ( 1975): 
log D = 1. 534 - 0.142 log A 22.5 15.3 

Williams & Berndt ( 1972): 
D = 0.627 S**0.403 14.9 14.7 

Roehl ( 1962): 
log D 4.50 - 0.23 log lOW 

+ 0.51 log (R/L) - 2.79 log B 382 65.8 

Two year average for this study 
using the D = Y/E relationship 34.6 14.9 

D is the delivery ratio, R/L is the relief-basin length ratio, 
A is area in hectares, W is area in square miles, B is the 
bifurcation ratio, Y is sediment yield, and E is gross erosion. 
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The particle size distribution in runoff samples from 

BMP, shown in Table 7, indicates a four-fold clay enrich

ment, almost 2-fold silt enrichment, and 80 percent reduc

tion in sand, as compared with the particle distribution in 

the field soil. Runoff sediment from CONV had a particle 

size distribution that was similar to the field soil. These 

results indicate extensive loss of bulk soil at CONV, and 

selective erosion of finer particles at BMP. 

The higher clay enrichment ratio observed at BMP is 

expected from properly-implemented soil conservation prac

tices. The high clay enrichment indicates that the velocity 

of runoff could not transport the larger particles, a logi

cal consequence of reducing slope steepness and introducing 

roughness with a grassed waterway. Although good management 

practices increase the percentage of clay in the suspended 

load, 

the 

they decrease the total amount of soil removed from 

watershed. A clay-enrichment ratio near 1.0, as 

observed at CONV, on the other hand, suggests that erosion 

is acting on the entire layer of topsoil. 

A limited conservation practice was used at CONV during 

this study, keeping the lower fields in permanent pasture. 

Permanent pasturing, however, provided a minimal buffering 

effect because of the well-developed gulley system that con

veyed water from the upper fields to the permanent stream 

channel. The use of lower fields at CONV as pastureland was 

probably unavoidable, because the steep slopes limit acces

sibility to machinery. 
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5.2.1.6 Coarse Sediment Yield 

The coarse sediment bedload, estimated from limited 

observation, appeared to move in a cyclical pattern related 

to the sequence of events having large suspended-sediment 

yields. Consecutive storms following a high-yielding storm 

moved the bedload at a decreasing rate until the next large 

storm delivered a new load of coarse sediment (Table 8). 

Nutrient analysis of the coarse sediment in flume depo

sits showed it to be largely inert. Therefore, imprecise 

estimation of this coarse sediment load did not affect the 

estimates of nutrient yield at CONV. 

5.2.2 Nutrient Loading Characteristics 

5.2.2.1 Nutrient Yields 

CONV was observed to have higher yields of sediment

bound nutrients such as TP, NH 4 -N, and TKN than BMP, as 

expected from the larger sediment yields observed at CONV. 

The CONV runoff, however, was not as enriched in clay and 

silt as was the runoff from BMP. The nutrient enrichment at 

BMP was also, therefore, higher than at CONV. This smaller 

fraction of sediment-bound nutrients from CONV did little, 

however, to reduce the impact of its much greater sediment 

loads. The yields of soluble nutrient forms, P0 4 -P and 

N0 3 -N, were also higher at CONV than at BMP because of the 

larger quantity of runoff coming from CONV. The increases 

from Year 1 to Year 2 were due primarily to the increases in 

runoff and sediment yields. 
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The flow-weighted mean concentrations of all nutrients 

were well within the ranges reported in the literature. The 

average TP concentrations in storm runoff from both water

sheds in this study, however, were generally near the Fed

eral recommended water-quality criterion of 0.05 ppm. 

5.2.2.2 Enrichment Ratio (ER) 

One would expect the high clay enrichment of runoff at 

BMP to be associated with larger sediment bound nutrient 

loads such as: TKN (organic-N and NH 4 -N) and TP. Neither a 

large TKN enrichment nor a large NH 4 -N enrichment was 

observed. 

The high N0 3 -N enrichment ratio indicates that only a 

small concentration of N0 3 -N is present in the field soils, 

as N0 3 -N is readily leached. 

The ERs for available P, shown in Table 11 and esti

mated by the Massey and Jackson equations (1952), were 

within the range of values observed at BMP, and overlapped 

the range observed at CONV. While most of the N in the soil 

usually occurs in the organic form (Burwell et al., 1975), 

the calculated TKN enrichment ratio was less than predicted 

by Massey and Jackson's equation. Soi 1 TKN al so may have 

been underestimated by the procedure used in this study. In 

general, Massey and Jackson's equations appear to perform 

reasonably well when compared with results from this study. 
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5.3 GAGE OVERFLOWS 

In the original · design of monitoring stations at the 

two study watersheds, the decision was made to design the 

gages to give high accuracy for storms with an estimated 

return period of two years or 

sion, we expected to have an 

less. Because of this deci-

occasional runoff event that 

exceeded the capacity of the runoff gages. This problem 

occurred on several occasions during the project, and on one 

occasion at the BMP watershed near the start of the project, 

6 June 1981, flow broke through a retaining berm and circum

vented the rated portion of the gage. On several other 

occasions the runoff rate exceeded the capacity of the 

flumes. When gage capacity was exceeded, discharge was 

estimated by measuring the cross-sectional area of the flow 

above the flume and mul tipling by the velocity of flow in 

the flume at capacity. Storms for which this correction was 

required were the 29 May 1982 storm at BMP, and the 24 July 

1981, 4 June 1982, 15 December 1982, and 15 April 1983 

storms at CONV. 

5.4 CHANGE IN FARMER ATTITUDE 

Over the course of this study the farm manager's atti

tude at CONV watershed seemed to have changed. Whereas ini

tially he paid no attention to conservation, soon after the 

project started, he planted one field in no-till corn. This 

effort was not very effective, however, since the sod cover 
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was poor and the skant growth was cut prior to planting, 

reducing the effectiveness of the conservation practice. 

This mixed management was reflected in the C-factor, which 

was estimated to be lower than conventional tillage, but 

higher than no-till. Toward the end of the study, the farm 

manager's attitude had changed so much that he arranged with 

the SCS for assistance to install several grassed waterways, 

an action he was not previously inclined to consider. 
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6. CONCLUSIONS 

The results from this study were based on 2 1/2 years 

of ambient data and 2 years of hydrologic monitoring data. 

This study included periods of extreme dryness in 1981, and 

periods of intense rainfall activity in May and June of 1982 

and in March and April of 1983. The data for this study 

include both of these extremes and represent a wide range of 

storms in between. Although these results are not defini

tive because of the short monitoring period, the data are 

the first quantification of sediment yield and delivery 

ratios for the area. 

Annual sediment yields at CONV, the conventionally

tilled watershed, were 2 to 9 times greater than at BMP, the 

conservation watershed. Although the DR was extremely vari

able on a storm basis, the results were consistent among the 

larger storms, generally increasing with size of storm. The 

large DR at BMP was accompanied by high clay and nutrient 

enrichment ratios, al though the actual yield of runoff and 

materials were low. Analyses of particle size distribution 

in the fields of BMP indicated there was little history of 

erosion. In contrast, the particle size distribution of the 

row-cropped fields of CONV was similar to its subsoil, indi-

eating severe erosion in the past. The lower fields of 

CONV, however, showed little long-term erosion, except in 

their prominent gulleys. The large sediment yields from 

this watershed during this project also indicate that severe 

erosion persists. 
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The majority of the two-year sediment yield at each 

watershed resulted from a single day-and-a half storm in the 

middle of seedbed preparation. Unfortunately, during this 

storm, the SCS-designed contour strips were not maintained. 

It is difficult to ascertain if this break in applied con

servation was a primary factor in producing the large sedi

ment yields at BMP. The quantity of runoff and the sediment 

concentrations in that storm at both watersheds were, how-

ever, unusually large compared to previous storms. Further 

investigations are necessary to examine this phenomenon. 

Overall, lower runoff, sediment, and nutrient yields 

were observed at the conservation watershed ( BMP) than at 

the conventionally-tilled watershed 

ratios determined by this study 

(CONV). The delivery 

were consistent with 

reported values, and were larger for the smaller BMP water

shed. The high clay enrichment at BMP, 3.98, was typical of 

conservation watersheds, whereas the clay enrichment at 

CONV, 1.19, was indicative of a watershed in which all size 

particles in the topsoil were eroding fairly uniformly. The 

ER for sediment-bound organic N was greater at CONV where 

higher sediment yield was measured. The flow-weighted con

centrations of TP in the runoff for both watersheds were 

generally near the Federal Water Quality criterion levels of 

0.05 ppm. 

Although the results of this study are not conclusive, 

BMP, the agricultural watershed managed with recommended 
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Best Management Practices, tended to produce reduced levels 

of gross erosion, runoff, and sediment and nutrient yields 

compared with the conventionally-managed CONV watershed. 

The main exception to this tendency was the situation where 

the recommended Best Management Practices were not properly 

maintained, and data were insufficient to evaluate the 

interaction of variables. These tentative results do, how-

ever, provide quantitative data on sediment yield and deliv-

ery ratios that have been lacking for this area. Both 

further monitoring on these two watersheds, with consistent 

maintenance of their management styles, and computer simula

tions of the individual watershed's responses with different 

land use management, are needed to verify the trends noted 

in the data from this study. 

The results from this study can be used to estimate 

sediment-bound nutrient yields from watersheds with similar 

characteri sties through the use of various loading func-

tions. Two such loading functions are the one found in 

CREAMS (Frere et al. , 1980) and the EPA loading function 

(McElroy et al., 1976). 

To calculate nutrient loading with CREAMS, the only 

local data needed would be soil nutrient concentrations, 

available from a soil test. The sediment yield and ER 

values from this study can be used along with the soil test 

information to predict nutrient yields. 
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With the EPA loading function, a DR value from this 

study for the appropriate size watershed can be used in con

junction with a local estimate of gross erosion to predict 

sediment yield. A local soi 1 test, the estimated sediment 

yield, and ERs from this study can then be used to calculate 

TP, organic matter, and TKN loading. 

When applying these results to other watersheds, keep 

in mind that parameter values varied considerably from year 

to year and from storm to storm, and the degree of replica

tion was insufficient to determine the sources of variabil

ity. 
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7. SUMMARY 

Erosion and nutrient-loading characteristics were quan

tified for two small agricultural watersheds in the Bush 

River Basin of Piedmont Virginia. Annual sediment yields 

ranged from 294 to 4128 kg/ha at BMP, the smaller watershed 

with Best Management Practices, and 1496 to 8230 kg/ha at 

CONV, the larger conventionally-tilled watershed. These 

observations of sediment yield were compared with gross ero

sion estimates of 2130 to 10,600 kg/ ha at BMP and 18,300 to 

20,800 kg/ha at CONV, and delivery ratios were computed on a 

storm by storm basis. 

Two storms on consecutive days at BMP, the smaller con

servation watershed, produced over half of the total sedi

ment yield for the entire two-year period, at a time when 

conservation practices had been abandoned on a portion of 

the acreage. 

All nutrient yields were higher at CONV watershed by a 

factor of 3 on the average. The clay enrichment, however, 

was higher at the BMP watershed by a factor of 3. The ERs 

for soluble nutrients were also greater at BMP. 
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Appendix A 

EROSION CHARACTERISTICS DATA 

- 79 -



EROSION CHARACTERISTICS - BMP WATERSHED 

Storm Rainfall Rainfall Runoff Gross Sediment Delivery 
Date Energy Erosion Yield Ratio 

mm * mm -------kg/ha------- % 

6- 6-81 63.50 24.70 9.21 1250.39 104.55 E 8.4 
7- 5-81 12.70 16.39 .0079 123. 86 0.16 0 0.0 

10-27-81 55.88 19.32 6.44 297.26 53.94 0 18.3 
1-31-82 12.70 2 .22 4.53 37.13 33.88 E 91. 2 
2- 3-82 27.94 8.68 8.14 139.43 90.85 E 65.2 
2-17-82 20.32 7.80 1. 09 124.76 1. 69 0 1. 4 
3- 7-82 20.32 7.62 1. 01 159.25 0.89 0 0.7 
5-28-82 45. 72 16.98 3.00 2375.75 618.88 0 26.1 
5-29-82 27.94 11. 91 13.41 1396. 67 1951.14 0 139.7 
6- 4-82 20.32 9.65 2.36 431.74 13.07 0 3.0 
6-10-82 15 .24 5.08 0.46 80. 21 29 .31 0 36.8 
6-13-82 17.78 5.82 1. 62 88.47 32.24 0 36.0 
6-17-82 15.24 5.12 0.152 230.03 4.98 0 2.1 
7- 3-82 22.86 8.68 1. 52 655.87 176.06 0 26.8 
7- 5-82 38.10 12.63 14.08 491.07 169.43 E 34.5 
7-11-82 20.32 10.00 3.95 473.03 37.17 E 7.9 
7-12-82 17.78 4.22 2.23 291.37 1. 65 E 0.6 

10-25-82 50.80 13.57 0.31 80.50 2.24 E 2.8 
11-12-82 45. 72 15.78 6.02 815 .11 90.69 0 11. 1 
12- 6-82 17.78 5.22 0.65 101.75 5.62 E 5.5 
12-16-82' 35.56 16.52 14.98 947.23 331. 85 0 35.0 
2-14-83 10.16 3. 77 2.09 34.89 4.43 0 12. 7 
2-16-83 s s 2.39 s 2.61 0 
2-18-83 s s 1. 49 s 0.97 0 
3- 6-83 22 .86 7.10 0.36 130.94 0. 34 0 0.3 
3- 7-83 15.24 6.45 5.29 286.65 120.96 0 42.2 
3- 8-83 12.70 4.32 2.40 160.43 15.16 0 9.4 
3-18-83 45. 72 14.58 8.64 199.36 34.09 0 17.l 
3-21-83 12.70 4.18 0.55 62.52 4.24 E 6.8 
3-27-83 25 .40 7.89 1. 97 159.70 18.14 E 11. 4 
3-28-83 12.70 3.61 3.68 31.12 36.88 E 118.5 
4- 2-83 20.32 7.64 2 .54 257.16 25.94 0 10. l 
4- 7-83 10.16 3.31 0.170 55.44 0.20 0 0.4 
4- 9-83 22.86 10.53 7.22 173.40 15.37 0 8.9 
4-15-83 66.04 21.79 27.81 649.97 367.46 E 56.5 

s Denotes runoff due to snowmelt. 
' Flow exceeded flume height during this storm. 
* Units of Rainfall Energy are hundreds of ft-tons/acre. 
0 Indicates yields from observed storms. 
E Indicates yields estimated from a rating curve . 
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EROSION CHARACTERISTICS - CONV WATERSHED 

Storm Rain- Rainfall Runoff Gross Sediment Delivery Coarse 
Date fall Energy Erosion Yield Ratio Sediment 

mm * mm -------kg/ ha----- % kg/ha 

5- 6-81 15 .24 4.75 0.17 217.72 0.03 0 0 
5-19-81 22.86 7.43 0.86 388. 72 0.22 0 0.1 
5-28-81 15.24 5.12 0.12 373.63 0.17 0 0 
6- 1-81 20.32 8. 77 0.56 767.49 20.62 0 2.7 
6- 6-81 48.26 16.86 10.47 2353.33 125.34 E 5.3 
7- 2-81 12.70 4.61 0.07 273.42 0.24 0 0.1 
7- 4-81 48.26 12.65 1. 36 998.93 9.47 E 0.9 
7-24-81' 81.28 29.64 9.38 5574.04 109 . 06 E 2.0 
7-28-81 25 .40 10.21 2.62 1361.40 107. 22 0 7.9 
8- 7-81 35.56 14.11 5.37 1739.18 246.24 0 14.2 
9- 7-81 30.48 9.32 0.65 221.38 2.22 0 1. 0 
9-15-81 30.48 10.45 2.43 546.87 19.74 E 3.6 
10-18-81 12.70 4.14 0.26 56.58 0.85 0 1. 5 
10-25-81 20.32 7.02 0.58 236.80 0.52 0 0.2 
10-26-81 22.86 7.84 2.49 714.05 75.51 0 10. 6 
10-27-81 50.80 16.95 12.81 1234.03 89.81 0 7.3 
12-15,81 45. 72 16 .81 6.18 606.30 64.31 E 10. 6 
12-25-81 25.40 8.82 6.40 179.55 16.23 0 9.0 
12-31-81 20.32 6.35 6.26 438.62 65.37 E 14.9 
1- 3-82 15.24 5.32 5 .40 184.23 54.22 E 29.4 
1- 4-82 22 .86 7.45 13.05 571.97 165.63 E 29.0 
2- 3-82 22.86 7.19 11. 65 331.48 113. 03 0 34.l 
2-17-82 15.24 9.09 4.75 313.78 46.10 E 14.7 
2-27-82 25.40 10.37 1. 39 236.89 0.01 0 0 
3- 2 -82 s s 5.27 s 117.33 0 
3- 7-82 25.40 8.50 8.13 362.79 50.23 0 13.8 
3-20-82 15.24 5.34 1. 13 485.06 11. 31 0 2.3 
3-26-82 5.08 1. 65 0.76 72 .17 2.88 0 4.0 
5-22-82 20.32 5.85 0.26 190.54 26.82 0 14.1 
5-24-82 22.86 8.48 1.19 950.42 112. 86 0 11. 9 
5-28-82 25.40 9.32 5.33 618.88 53.33 E 8.6 
5-29-82 17.78 6.54 5.21 842.75 11.30 0 1. 3 
6- 3-82' 30.48 14.00 16.83 2735.28 2822.21 0 103.2 
6- 4-82' 40.64 11.08 10.22 462.30 1554.03 0 336.2 
6-13-82 17.78 5.82 3.58 206.31 267.73 0 129.7 
6-17-82 17.78 6.44 3.57 445.59 20.34 0 4.6 
7-20-82 12.70 4.91 0.26 229.39 4.39 0 1. 5 
7-23-82 45. 72 18.15 7.14 1760.21 776. 13 0 44.1 
7-31-82 15.24 5.34 1. 37 158.64 20.b5 0 13.1 
8-11-82 12.70 3.94 0.25 94.64 3.76 0 4.0 
8-25-82 10.16 3.97 0.10 179.17 2.84 0 1. 6 
8-27-82 15.24 6.89 0.59 537.48 40.01 0 7.4 
9-26-82 30.48 9.76 0.37 319.40 1. 82 0 0.6 
10-13-82 35.56 10. 86 0.26 213.38 1.17 0 0.5 
10-25-82 58.42 18.62 6.23 1219.75 64.97 E 5.3 
11-4-82 15.24 5.20 0.29 203.48 1. 34 E 0.7 
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11-12-82 43.18 
11-28-82 12.70 
12-6-82 22.86 
12-16-82'30.50 
1- 5-83 10.16 
2- 2-83 27.94 
2- 7-83 s 
2-17-83 s 
3- 1-83 17.78 
3- 6-83 17.78 
3- 7-83 7.62 
3- 8-83 17.78 
3-18-83 45. 72 
3-21-83 12.70 
3-27-83 33.02 
4- 2-83 30.48 
4- 9-83 33.02 
4-15-83 84.00 

14.59 
4.71 
7.29 

11. 86 
3.44 
8.59 
s 
s 

6.60 
5.43 
2.83 
6.54 

17.26 
3.92 

14.36 
11. 65 
10.42 
27.68 

7.41 
14.82 
5.07 

37.63 
l. 44 
3.47 
l. 34 
9.25 
2.21 
l. 29 
3.51 
6.86 

19.54 
2.98 

18.02 
12 .15 
13. 63 
39.41 

669.16 
53.79 

249.40 
951.83 

56.24 
140.71 

s 
s 

71. 96 
82.87 
92.68 

213.87 
519.04 

72. 60 
483.10 

1079.59 
295.54 

1810. 75 

S Denotes runoff due to snowmelt. 

66.50 0 
194.56 E 

49.75 0 
906.42 0 

0.99 0 
43.28 0 
4.30 0 

11. 14 0 
4. 70 0 
2.82 0 

34.14 0 
82.28 0 

246.66 0 
25.55 E 

160.39 0 
151.31 E 
120.15 0 
336.90 0 

' Flow exceeded flume height during these storms. 

9.9 
361. 7 

19.9 
95.2 
l. 8 

30.8 

6.5 
3.4 

36.8 
38.5 
47.5 
35.2 
33.2 
14.0 
40.7 
18.6 

* Units of Rainfall Energy are hundreds of ft-tons/ acre. 
0 Indicates yields from observed storms. 
E Indicates yields estimated from the rating curve. 
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100.43 

27. 82 
76.63 
54.98 
3.56 
l. 10 
0.81 
4.53 
0.0 

95.85 

332.16 

115. 45 
18.91 



Appendix B 

AMBIENT CONCENTRATIONS OF TKN, NH 4 -N, AND TP 
JANUARY 1981 TO APRIL 1983 
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Virginia's Agricultural Experiment Stations 

1-Blacksburg 
Virginia Tech 

2-Steeles Tavern 
Shenandoah Valley Research Station 

3-0range 
Piedmont Research Station 

4-Winchester 
Winchester Fruit Research Laboratory 

5-Middleburg 
Virginia Forage Research Station 

6-Warsaw 
Eastern Virginia Research Station 

7-Suffolk 
Tidewater Research and Continuing Education Center 

8-Blackstone 
Southern Piedmont Research and Continuing Education Center 

9-Critz 
Reynolds Homestead Research Center 

10-Glade Spring 
Southwest Virginia Research Station 

11-Hampton 
Seafood Processing Research and Extension Unit 

/ L ........ ". 
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