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Using a modified version of TR-20 (5CS computer progran),
McTernan et al. (1987) conducted a study to evaluate the
effectiveness of wvarious BMPs upon the preduction of nonpoint
source pollutants from small agricultural watersheds in northern
Virginia. The SCS5 CN eguation and the USLE are incorporated in TR~
20. Observed data collected from five basins are compared to data
simulated by the model.

TABLE 3. Calculated Algebnic Yield Comparions Between
Simdations sod Observed Data Base for Delivered Sediment. -

Stomu Maun Yiedd Calculatsd Exror®
Evalunted ** (pounds) {pounds)} Percent of Mean
Al 558 159 2.85
Sroall Eveniy 1.3% 0.34 [ 3}
Large Events 1115 327 19

N
*Enor = N L M-5
=1

H = Famber of Samples.
M = Meamaved Sediment Yield, -
5 = Simulated Sediment Yield.

**5ix Totzl Storms TABLE 4, Model Parametcrs Used 10 Simulate Discharge and

3 ymalt tvenn (2505 inch) Delivered Sediment for Seleet Managemen Practices,
3 huge cveuts {x 2.5 tnches)

Name of Parameter

Poactice N C LS 3 K
No-THll 81 0,003 13 10 D43
Minimum-Til 83 0.024 13 1.0 043
Conventional Tl & 338 13 1.0 0.43
WellManaged Farture 74 0.004 13 1.0 0.43
Overgrazed Pasture a8 6.01 1.3 18 0.43
Forest 73 0.0001 13 1.0 043
No-Till Cantour 1 ©.003 i3 .50 0.43
Win.-Ti} Contour 73 0.024 13 0.50 543
Conv.~THl Contour 81 0.338 313, 050 043
No-Tit! Tersase 13 0.003 1.8 0.50 0.43

73 0.003 035 0.50 0.43
Min-Till Terrace 76 0.024 1.8 0.50 0.43
76 004 pas 0.50 0.43
Cony STl Terrace 78 Q.338 1.8 050 041
78 0.338 035 Q50 D43
CN = SCS Curve Number.
< = USLE Cover Factor,
LS = USLE Length-Slupe Factor.
P = USLE Practice Factor.
K = Soll Erosion Factor,

Source: McTernan , W.F., B.L. Weand, and T.J0. Grizzard. 1987.
Evaluation of management practices to control
agricultural poliutants. Water Res. Bull. 23(4):691-700.
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TABLE 5, Simulstion Results for Three Tilisge Alternatives Without Additional Practices.

Rain Runot! Total Sediment  Peak Sedtiment
Depth Time to Prak Time (o Base Peak Flow Yolume Load Discharge
Practice {inches) {houg) * (hous) {els) (acre [eet) (Tos) {tbs/hr)
No Tl . 0.50 2.0 2.2 0.03 0.0005 0.0 0.1}
328 8.9 13,8 5.6 2.00 1318 34
5.50 24 6.2 69 7.30 15385 19,525
1.50 9.9 24.2 70 112 16 660 ’ 13,580
Minimum Till 0.50 2.0 2.2 0.58 0.008 152 90
125 58S 132 10.5 1,55 23,960 8,170
5.50 24 (] 7 7.7 134380 171,050
7.50 9.9 24.2 73 1.7 142,084 166,655
Conventional Til 0,50 2.0 22 15 0.02 913 5375
338 [ X 132 1.4 KK 351,085 126,550
550 24 62 77 2.2 2,058,210 2,621,800
7.50 9.9 - 242 76 - 122 2,125,620 2,484,300

TABLE 6, Simulation Results for Three Alternative Tlllage Methods, Practics = Contour Flowing.

Rain . . Runoff Total Sediment Peak Sediment
Depth Time to Peak Time to Base Peak Flow Yolume Load Discharge
Pactice {inches) (bours)} (howg) {cfs) (acre fect) {bs) (b /hr)
No Till 0.50 Nia MIA- . - 0 1] L] 0
3328 L K 132 7.2 24 878 324
550 24 52 ' 57 6.1 5,761 7170
7.50 9.9 24.2 61 9.8 6,113 7,889
Minimum Till 0.50 NiA NiA Q 0 [ 0
325 8.9 132 8.3 2.8 B664 3,122
5,50 2.4 62 63 6.7 53,520 67,404
7.50 5.9 42 . & 105 60,082 70,716
Conventional Till  9.50 2.0 1z 0.24 0.003 26 155
325 gy 132 10.2 3.4 152,489 54,730
5.50 24 6.2 na 7.5 905974 1,151,855
N 750 9295 2432 na 114 969,383 1,138,515

Source: °~ McTernan,W.F. et al. 1987. Evaluation of management

practices to control agricultural pollutants. Water Res.
Bull. 23(4):691-7060.



TABLE 7. Simulation Resulty for Three Alternative Tiilage Methods, Practice = Terracing.

Rais Runoft Total Sediment  Pesk Bediment
Dopth Tise to Pesk  Thaa to Base Peak Flow VYaolume Land Discharge
Practcs (nchvea) (houzy) (hours) {cfs) {acze feat) (ibs) {Tus/hr)
Ne TaI 0.50 /A N/A 0 0 0 o
1.35 9.0 17.4 5.5 2.2 350 213
3,50 5 k8] 36 57 5,824 3,158
750 100 WA 43 9.4 7,13¢ 3,880
Minimum Till 0.50 NiA N/A 0 o 0 o
0.5 9.0 172 6.3 1.5 8577 2,115
5.50 L5 .6 41 6.2 54,185 30480
750 10.0 262 43 19.1 65,150 35875
Conventional Tl 0.5 N NiA 0 ¢ ¢ a
335 9.0 17.2 55 2.3 135415 34,040
550 23 54 43 6.6 §21.816 482395
150 10.0 262 51 10.6 271,420 £51,820
TABLE 8. Sediment Yicld Comparisons for
Simulated and Collected Data Bases.
Sedinsent Vield
. Simulated Data  Collecied Dats  Pexcent
Practice [Cover @ity Gv/achyr) Change
Overgrazad Pasture 339 106 111
Well Mamaged Pastute 0 3 —_
No-Til Coxm 0.06 15 -39.6
Minitours-THl Corn 35 19 108
Forest v 119 —
Sources McTernan,W.F. et al. 1987.

Evaluation of management

practices to control agricultural pollutants. Water Res.
Bull. 23(4):621-700.
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Two watersheds in Chioc ~ Treynor and Coshocton — were selected
to model sediment yield for a single-storm event. Both watersheds
were planted in corn on the contour. Sediment yield or deposition
was calculated by comparing total soil detachment and the transport
capacity (basic eguation was USLE) . Runoff volumes and peak rates
were predicted using USDAHL-73 (Holton & Lopez, 1973). C factors

of 0.50 for Treynor and 0.29 for Coshocton were held constant
through the run.

TABLE 1. ERCSION-DEFOSITION CHARACTERISTICS
FOR STORMS SIMULATED ON TREYHNOR W1 AND
COSHOCTON Wil3.

Dals Rainfall R, ' Sediment Predicied Pre-
amouni, N iyiald . eroson dicted
kn. deposi-

‘Mens Pred. intermill Rill \on

LIRS BET ACTT

Treynor

62565 0.53 g8 051 098 0.47 0.60 0.08
62865 0.62 8.5 1.84 149 0.37 1.26 0.1d
28465 1.20 3i.8 B.36 574 1.36 4.90 0.5)
6-29-65 .42 264 .65 8211 1.01 1.95 0.7%
T-1-6 b6 .60 1.8 0.58 0.2 0.07 0.30 0.03
7165 0.25 05 0.5 005 0.02 0.02 0.004
Coshecton

5-6-T1 1.71 10.4 1.93 421 Q.25 4.06
&137T2 1.50 179 232 45 0.3% 310
15712 0.70 87 449 481 a.17 464

7-10-72 .60 2.8 06 073 064 0.09
11-1-72 13 £9 038 363 0.21 347

[-N-R NN

Source: onstad,C.A. and G.R. Foster. 1975. Erosion modeling on
a watershed. Trans. ASAE. 288-292.
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Dﬁring 1985-86, a rainfall simulator was used to evaluate the
effectiveness of BMPs on water quality on eight (8) demonstraticon
pleots in Virginia. Seven of the elght sites were located in the

Chowan River Basin.

Plot descriptions and results are tabulated

below.
‘Tabie L Mol Chacscteristics and Oporating Condiliont
rOoT TIJAGE SYSTEM  AREA s1.0PB SOILTYPE
{m7) L))
SOQUTHAMPTON COUNTY, YIRGINIA - CORN - MAY 13 & 16, 1955
L Fo-iil 2320 2 Cialdsbor fine sandy Joam
R&O2 Convenlional 320 2 _ Gioldsbara fine sandy leam
ESERX COUNEY, YIRGINIA « SOVIIANS - JUNE 19 & 20, 1585
RSO Conventional 1299 3 Slagle G sandy Joam
RXNS Na-till 1390 3 Slagle finc sandy loam
CITY OF SUREDILK, VIRGIHIA - SOYDEANS - JULY 26 & 27, 19RS
xho Conventinnal am 2 Sulfolk loamy aand
RsIn Chisct piow 70 2 Sulfolk loamy axnd
RS Moo=l P ] 2 Sullotk loamy aand
RICIIMOND COUNTY, VIRGINIA - CORN - AUGI_JST 6& 7, 1986
335 Conventional 690 7 <. Tetotum fine sandy loam
RX13 No-ull . 690 7 " Tewtum {ine sandy loam
SURRY COUNTY, VIRGINIA « SOYREANS - AUGUST 11 & 12, 1986
514 Ho-1ift 1219 L) Caroline fine sandy loam
R513 Conventional 1210 & Caroline fine 3andy loam
Tabe 5. Saliment and Nutriend Vickd {areal basiay
. TRE T TP OF TN TPD
piadd mlu r:\l;g'—m. g kprhs hgma kg lgu E1 7.3
SOUTHAMITTON - CORN
NOSTH.L. RS0) LA ¥) o1l s 0.40 0.33 C.I6 . 0.0 anl
COpne,  RRO: - 388D aM 0.5 145 3T 1as . o DR
. UXSIX - SOYACANS
CﬂN\_f. R0 1430 0.3z apx PR )] 3.00 241 . 147 ol
NCHTILL, RSDR 1034 D04 an3 L5 B ¥ | 003 . 0% 0.0}
SUrFPOLK - SOYRRANS
woNy, R0y 1215.44 0,08 ans 136 242 1.2% . a
C_Iils‘lil. RIia 480,74 003 0.0) 1.3) 154 0.7 - g::i m
RO REI1 . 1IGMLA il L% ] A3 1% p.2a . % 1 ] o0y
T RITHMONL - O
CHAav.  wS)2 )95 DI DO} 1M1 163 QA aag o.
NOSRILE RR)) £1.9% nan [ % + ] DAk om .ok oL :j; Oji
SURRY « SOYDRANS ’
N{)—‘_I'll.'l. R514 & id 0.17 014 oIt D43 0.08 D 0
CONY, RIS 13197.5% D.49 0.2G .65 3.34 246 3-0; ﬂ'.%g g:?i
Source:

Ross, B.B., M.L. Wolfe, V.O. Shanholtz, M.D. Smolen, and
D.N. Contractor.

1982. Model for simnlating runoff and

erosion in ungaged watersheds. Virginia Water Resources
Research Center Bulletin, VPI, Blacksburg, VA, 130:72 o



REAMS was applied on a typical field in the Southern Coastal
Plaincland resouggi area of Georgia..The quel was run for sezﬁn
management systems for a 20-year pericd. Major cropﬁ grown o:t e
Tifton loamy sand are corn, soybeans, and peanuts; but co oni
tobacco, small grain, and horticultural crops are also grown,
three-year rotation of corn-soybeans-peanuts is a common cropping
systen.

TABLE L. -<Mantgemant Systems en Tiftsn Losmy Sond for CREMHS
- Applicakion -

Rinagement

Systen Bescription
1 LonventTona ape -

T Fall wo
doap; apring dish 300 ma deap: kwe
wn; eultivations 50 m duep; tillage
acress concentrated-flow area; straipht

iz,
2 Conventional tillage; same &3 2ystem ) ga-
- Kapt 4 grass witerwyy 15 maintained in
v, ~ thy concantrited-flow area,

3 Contour t1))ape; tillase #3 the same a1 1n
1rsten 1 eacept en appreximts contesr;
$Ta33 watarwdy 15 miintained 6 concen-
trated-tiow sma.

4 Contawr terraces: tilege 35 the zame a3
Systam | except e oeatour; srass wie
tervay §a concentrated-Tlow ared as 2

. Lerraca outlet chunel.

5 ConCour tillige, rasiove mAsagement: shred
crep residwe; chisel an conteur 315 m
Seep; mintain prass watenvay tn con-
ceatrated-few ares.  (3pring moldbcard
prise te pramucs).

& Contour Lerraces; centeur tillage, residue

. RARRQEmenL; SMME 83 1)3tem 5 except

. field 11 tarraced,
? Conventionsl Lillage, winter cover: 2111-

Ayt and Mitervay same a3 in rstem ;

TABLE 3. --Suesury of CAEN Eresfen Sisulstion Marige Am:I_IH;s ,'
195574, Southern Coastal Main Field 1a ‘Ill"il

Hanapanent Sedimant Enrichaent Preduct
Runeff Tielg Ratigh {3TERYY et
) 10,4 .M 2.08 .44 1
2 70.4 ©.52 6.08 . 6.0 2
b $5.4 0.40 565 1.46 3
4 TR .00 13,79 124 s
s 30,0 820 113 3.0 5
§ 128 0.04 14.45 0.58 7
7 328 0.2% 2,% 1.92 4

*Enrichment ratlo 13 ratis of seciment particly surface arma to
original 511 particle swrfoce ares.

Brreduct of sedimant Yield (37) ama -nricl;-ut ntie [EX),
e

Rinking SY-ER, highest to Jowert valwes.

Source: DelVecchio,J.R. and W.G. Knisel. 1982. Application of a
field-scale nonpoint pollution model. Water and Soil
Management 11:227-~-236.



Source:

b4

TABLE 4, --CREAMS Eraston Simulation By Element For Single Storm of

farch §, 1959 . - - T
Sediment Yield
DverTand- Enri{chment
Management Qverland- Channel- Ratio
Systes Runoff Overland Channel® Channel®  Freld  FiedeS
() it/ha) .
1 . L4 7.46 - 1.46 2.26
2 1.6 1,14 1.4 - 1,14 5.75
3 1n.s 0.5 0.4 - 0. 54 6.00
4 4.9 1.1z 0.09 0.09 Q.09 9.12
5 25.4 0.34 0.34 .- 0.34 5,65
6 19,3 0.40 0.2 0.0z 0.02 10,12
7 21,3 0.13 .13 - 0.13 5.44

0verland-channel represents the overland fiow and waterwdy flow

sequence (systems 1, 2, 3, 5, and 7).

Boverland—chinnel ~channe? represents interterrice overiand flow,

-

SEnriclment ratio ts ratic of sediment

original sofl particle surface arss.
pos 2oL R R AL I S L TR

grnce chantel fiow, and grassed waterway fiow sequence {systems 4 and

plrtli:h surface area to

TABLE 5. --Summary of CREAMS Plant Wutrlent Simulatfon, Average Annual

Lusses, 1955-74, Southern Coastal Flaln {n Gesrgiy

Ritnoff - Sediment

Management Nitrate-H
System  Nitrogem _ Phosphorus l(t;t;:%n Phosphorus  leached
—— - b 04741 P ESES -—— A —

1 1.15 0.17 .6 12.83 n.72
2 1.15 0,17 6.26 . 2.25 u.n
3 0,84 0.13 .02 1.07 3M4.82
4 0.4 0.07 Q.72 - 0.5 36.46
5 0.39 0.07 1.51 0.53 37.16
5 0.21 0.04 0.32° o1} 37.6%

7 0.49 0.08 1.75 0.62 20.18

]

DelVecchio,J.R. and W.G. Knisel. 1982. Applicaticn of a
field-scale nonpoint pollution model. Water and Soil

Management 11:227-236.
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The table below compares loadings from urban and rural
Wisconsin watersheds. The values represent 2- to 4-year averages
determined by monitoring.

" Table 2. Comparisca #f water asd poilutiem ylslds Erom Wisconaim expecivantal vatarsbiede = 1380-81 (Source -
Visconsin Dapactaens #f Watural Resocurces) .

Pollutien yield** (kg/ha~yz}
Vatstohad atea lmpervieusnsss Rumelf uipende

Waturshed cypa (ha) {3) ceafficienct sulide” Jetal P Tetal luad
Uzban
Storm ssvars .
Coamarrcial I 11.7 7 v.58 718 1.48 1.3
Commerulal I1 8.1 111 0.89 1197 1.30 .50
Rasldencial I 14. % 57 0.40 87 1.11 0.90
Kastdentlal I 15.3 5 &.33 172 .62 0.1
Raaidential TII} 1}.3 50 Q.33 161 0.5 Q.11
Renldancial -
191 under comstructiso 332 (1 0.3 767 u.?s 0.21
Suburban
Low density casidantlel,
partly sevared 924 7 0.10 . .30 .11
Agriculeural L %00 <8 0.06 752 1.1 -
n . 1528 4] 0.4 T4y [ -
III 24518 L4 ] 0.09 470 - -
v 1144 L4 0.0 8 0.4 -

*Anauval rusoff velumsivaiafall voluws.
rExcluding winter,

Source: Novotny, V. and G, Chesters. 1986. Delivery of sediments
and pollutants from nonpoint sources - a water quality
perspective. Milwaukee River Nonpoint Source Abatenment
Research Project. Water Resources Center, University of
Wisconsin-Madison. 34 p.
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A site in the lakebed region of northern Ohio was selected to
study the sediment and chemical content of agricultural drainage
water. The soil is poorly drained, fine-textured, and classified
as Toledo silty clay:; a Mollie Haplagquept, fine, illitic, nonacid,
mesic, Clay content ranges 47-59% in the upper 150 cm. Crops by
years starting in 1969, in order, were: three years of corn,ocats
(with tallage in July), bare soil, twe years of alfalfa~timothy
sod, and three years of corn-cats-soybeans combination in each
rlot. Fertility levels were as recommended by soil test for typical
farm usage. Tillage practice was conventional with fall moldboard
plowing and spring seedbed preparation, except during 196%~71 when
two of the four replications were managed with no-tillage cultural
practices. Annual surface runoff losses averaged:

2548 kgsha for sediment
12.1 kgs/ha for NCO3-NW
2.2 kg/ha for P

TABLE ). ANRKUAL RAINFM."I., DRAINAGE FLOW, AND SEGIMENT LOSS BY GRAINAGE TREATMENT,
Shallow Plipe Oralns Deép Pipe Drains Surface vrains

Yaar Lrop Precip. Flow -Sediment Flow s:dimnt_ Flow Sediment
o, mm kg/ha hen kg/ha am kg/ha
1061 . 206 2776 157 2058
:ggg Ez:x 818 N . 150 k19 164 175\
1971  Corn* 689 51 236 a8 773
Avarage B5b Y39 (R1 131 1541
- ! 9054

19572 Dats~bare 151 341 chis 33
1973 Bare soll 967 . 298 . haB 301 7365
- Average 1060 110 hous  316- 820
. L7 1085

1974 Alf-grass 799 166 423 zsl_ 837 t
1875  Atf-grass 842 189 185 . - J08 163 196 528
Average 820 Y78 284 180 500 172 as7
' 221

1976 €S-0 827 76 i 29 8z L6
1977 CoS-0ir 1022 16t 205 ash L% 261 ‘91?
1578 C-s-o% B 175 18l I SR U R -1
Average 898 137 168 184 124 152 841

Avecage {all years} 502 153 218 197 1529 183 2548

@ Conventional titlage for corn and soybeans.

Source: Schwab, G.0., N.R. Fausey, and D.E. ZXopcak. 198¢C.
Sediment and chemical content of agricultural drainage

water. ASAE Paper No. 79-2024, Ohia Agricultural Research
and Develaopment Center, Wooster, QH. 16 p.
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»

Source:

TABLE 3.

Cﬁmi’cal Year

{snalysis oF)

NO3-K 1969
70

(water) ch
72
73
74
75
76
77
78

Average Annual

Avg. Percentage for Dormant Season

Phosphorus 15969
(water and 70
sediment) 71
72

7

74
75
L] 76
77
78

Average Annual

’

CHEMICAL LOSSES BY DRAINAGE SYSTEM AND YEARS.

Losses l-n kg/hs

Shallow pipe Deep plpe

Surfece drains

Avg. Percentage far Dormant Season  57%

Potassium
{water and 70
sediment) T

Average Annual

dralns drains

20.9 18.3

26.4 35.3

7.5 10.6

26.8 18.6

22.p 5.5

9.4 . 9.0

F 5.3 0.8

16.4 6.6 [

25.4 38.3 8.7

6.3 10.4 3.6

1.2 18.7 12.1
Loy Ly 29%

a.2 1.2

- 0.8 8.3

0.3 1.3
2.4 2.5 .

2.0 2.6

0.8 1.2 1.2
1.3 1.5 3.6

0.4 0.h 6.2
1.0 2.1 1.2
0.3 0.6 0.3

0.8 1.2 2.2
50% 3I5%

12.5 2.9

7.9 17.6

2.2 7.6

87.2 113.7

§7.4% 92.2

9.7 16.6 23.0
9.7 19.4 34,4
5.8 1.0 3.9
13.3 14.8 15.0 |
5.4 6.0 5.4
8.7 22.5 31.6'
sy 39%

Avg. Percentege for Dormant Season  42%

10

Schwabf G.0. et al. 1980. Sediment and chemical content
of.agrlcu}tural drainage water. ASAE Paper No. 79-2024.
Ohieo Agricultural Research and Development Center,

Wooster, OH.

16 p.
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Using simulated xainfall, Sharpley (1980} evaluated the
effects of varying soil physical and chemical properties, soil
slope, rainfall intensity, and source on the enrichment of soil p
in runcff. ER values for total P have ranged f£from 1.3 {(Rogers,
1941) to 1.5-3.1 (¥noblauch et al.,1942; Neal, 1944; Stoltenberg
and White, 1953). Soils used were Bernow (fine-loamy, silicecus,
thernic Gleossic Paleudslfs), Kirkland (fine, mixed, thermic Udertic
Paleustolls), and Pullman (fine, mixed thermic Typic Ustochrepts)
which represent major soil types in Oklahoma and Texas.

Table 3—-Enrichment ratios [o.r P in ralnlal) rusell Irom several
* solls, with ; 25, 50, and 100 kgfhe P ameadmente

Enrichmadi rativs st I addition fg/badt

Sall 0 25 _ B 100

..Bm—_ 243 415 507 [ %3]
Huu:ﬂ “}42 n 1.84 Y
Wirkland 1.26 2.03 240 268
Puollman L2 ~3 .36 -
Woalwerd L1y - 136 | -
7 AJL uryatananty, 4% alope and § cevhour rainfall latenasity,

1 Nol detcrmined.

alile 4-=Enrichacn( ration fur PP in rune({ Trom Lhe 50 kg Pihe
smeadiment 1o Bernew and Houston soils suvjecied
Lo severai Lecatments.

- —

Italn Anrichnunl tw

slope, ioLansiLy. - Eoric ._ﬂ -

Bunall soarce = eavhour Barnow  Heustun
Rain 4 1 587 .84
Rain 4 12 559 .59
Halo 1 £ 423 240
"Raln 4 & Large acreen [ &) .02
Rain 4 & Medium wreen [ €5 4.1%
Rain 4 % Fine screen .5 [ L]
Orenriang DNiow 4 ) [ 3 38 f % ]

Scurce: Sharpley, A.N. 1980. The enrichment of soil phosphorus
in runoff sedinments. J. Environ. Qual. 9({3):521~526.
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The New York State Department of Agricultural Engineering
published a bulletin " Determining Sediment Yield from Agricultural
Land". The bulletin provides a simple procedure for evaluating the
effects of field location upon the ‘amount of sediment delivered to
a stream. A small farm with six fields located southeast of
Skaneateles, NY was used as the example site. The USLE was Used.

Table 2. Factors Used in Determining Sofl Erosion on Example Farm, Skaneateles, K.Y.

Fiald Canser- Soil
Identifd- Sail Crapping Slope Siope vation Ernstion
cation Type History Gradient Length Practices R K c LS P Tre
115 Honeoye  Corn/Cern/Cats n 800 Nona w0 .32 43 .49 1.0 5.7
116 Honeoye  Corn/Comn/Oaty 5% 300 1t Contoursd 100 .32 (43 .93 0.5 6.4
117 Limg Hay/Hay/Cats 3% 200 ft  Contoured 100 ,32 ,17 .35 0.5 1.0
112 Argale  Wheat/Corm/Corn o 3 325 ft  Contoured 100 .37 .41l .41 0.5 3.1
115 Angola - VheatMay/Hay 5% 80 1t . Mone w00 .37 .14 L0l 1.0 5.2
120 Heneoye  May/Hay/torn 113 195 ft  Contoured 10O ,32 .23 2.20 0.6 9.7

Table 3. Estimated Sediment Delivered to a Streas from Exaspls Farm

Fleld Distance to Sall Sediment Sediment
Identif1- Streaa Erozion® Tield Area Yeld
cation ft SR x T/ac ~ Tfac x, ac - )

115 L 200 31 6.7 2.1 8.0 16.8
116 . Q 1.0 6.4 6.4 2.8 17.9
1n? BAD 23 1.0 0.2 8.0 1.6
118 i 540 «25 3.1 0.8 8.2 6.6
112 180 32 §.2 1.7 10,0 17.0
120 [ 1.0 9.7 9.4 3.4 33.0

W3 W3

*See Table 2

Source: Wr?lter, M.F. and R.D. Black. 1982. Determining sedinent
yield from agricultural land. 11 p.



Smith et al.
sediment in runoff from
Prairies (Bp), High Plains

hmeasured amounts of nitrogen,

(HP), Reddish Prairies

13

Phosphorus, ang
grassland watersheds in the Blacklang
(RP), angd Rolling

Red Plains (RRP}, Texas. Three- to five-year study periods includeg

treatments involving fertilization, cultivation,

and burning,

Overall nutrient concentrations ranged from 2-10 mg/L for N and

0.3-2 ng/L for Pp.

Takie I.Chwdm;wnmtunrbmmlﬂ‘llmthﬂ

Approx
Roource  Wajer- Sizc slope Towt
ans shed tha) ({3) events  Major soils Major grasses Land use
BP Y-14 2 2 2 Howson Biack clay Kicin {Panicum coloretum) Moderuic graze
(Riesel, (Udic Peltusicrs)
Tex.) Wei0 19 2 19 Coastal bermuda) Moderate graze?
{Cynodon dactylon)
Sw-)) 1.1 1 20 Harding wintergreen Moderaie graze
{Phalarix scquaiica)
HP N.G. 0os 1 4  Pullman clay loam Bluc grama (Boute foua Wie
{Buzhland, : - (Torrertic Palusiolis) grociliv and
Tex.) 5.G. 0.04 . 4 Buffalo 1dle
. : (Buchioe dactyloides)
RP FR-| 1.6 3 12 Bethany silt loam Litle bluestem " Heavy graze (double stocking)
{ glkl;t;w. {Pachic Pakusiolls) (Andropogon scopariys)
FR.} 1.6 3 14 and ) Meoderate praze/ fertilizert
FR-1 1.6 3 13 and Big biuestem Mederate graze
{Andropogon Zerardil) and
FR-4 1.6 4 13 Kirkhand silt boam Sideoars Moderate grazc/lenilizer}
(Udertic Palcustolis) {Bowseloua curtipendula) Spriag burn’
FR-5 1.6 4 15 Moderaie graze 10 wheatt
FR-6 L6 3 [} Moderate graze 10 whears
FR-7 1.6 k| it Moderate graze to whear
FR-% 16 b ] 17 _ Moderalc grare to whesrt
RRP Ww.} 4.7 7 21 Woodward loam Sideoats grama Moderate graze
" (Wood- {Typic Ustochrepus) {Boure bous curtipendiula)
ward, Okl.} ) )
ww.2 35 | a5 and and Modcrate graze?
Ww.3 27 ] 2 Quinlan loam Hairy grama Moderate grase 1o wheart
{Typx Usiochrepis) (Bosieloua hirsuta)
WW-4 29 | 27 Moderaic yraze 1o whestt

U0 kg N-ha surface brosdcan in 7.
TS kg Noha surfacr brosdean in 1979, 80: 27 kg PQu/ha in 1990,
TSN e surfack bvoudcas in 1979, 80 22 1g
bura in I%7% priorig fenitiring 0.6 '&?h’lﬂb‘?ﬁlﬁ'ﬁ'ﬂu. 10, but 8ot renolf events occurred 1 following yesr,
‘Manted 10 wikeal since fal 1970, ey i i goal
2Ei3 N b 22 kg POk ia 1960 May and Sepe. defer grazing,

Smith,S8.J., R.G. Menzel, E.D. Rhoades, J.R. Williams, and
H.V. Eck. 1983, Nutrient and sediment discharge from
southern plains grasslangs. J. Range Mgmt. 3¢ (4) :435-439.

Source:




%-. .

me*mwhmt—mm

.

14

ﬂ\lzmuﬂwdn'hnﬂuim-' of e masan

from southern plains grasslands. J.

36(4):435-439.
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Source: Smith,S5.J. et al. 1983. Nutrient and sediment discharge

Mgmt.
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Total P efflux from the Sandusky River into Lake Erie has been
measured since 1969. 1In 1976, a P removal plant was installeq
upstream from the measurement point. The following table shows no
such decrease in p loads. Conclusion was that longer records are

‘hecessary to determine reductions.

Table 1—Anznal phosphorus loada from the Sandasky River

to Lake Erie.t
; Calandar year

Parameter 1969 1994 1975 1996 1sTT
Annual Joads of:
Total P 40T | B06 448 233 684
Mlotric tons'ysar s P ®161 A1 w24 = 2 1S3
Annual Dow, ' sec™ M6 35.3 5.0 18 376
Motz anous] Jonds of: | )
Total

P 329 J 279 17 298 312
Matric tons/ysar as P all0 & 31 = 1B & 3 a1

1Dats provides by the River Studiss Labocatory, Heidelberg Colege,
3 Calculated using the flowconceatration relationship for that ysar and
, Pow probabilities from tha $0-year record,

Source:; Verhoff, =.H. and s.M. Yaksich.
concentrz-ions as g

wveather.

1982. Storm sediment

: ffected by land use, hydrology, and
J. Environ. Qual. 11(1):72-78, '
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Three research watersheds located at the So i
uthern Piedn
Consevation Res‘earch Center near Wakinnsville, GA were used 022
evaluate cropping-tillage effects on erosion probabilities in
Southern Piedmont. Soils were predominately Cecil sandy loam (Typic

gzgiz?ults) . Thr-_: four tillage systems and results are described

TADLE 1. CROPFING-TILLAGE SYSTEMS O THREE RESEAACK MATEASKEDS IN THE SOUTHERN PIEDHONT

System
Matershed Nusber Period ta Effect Susemer Crop Winter Crep THilage Implement
P 1 10-1-72 to 10-21-74  Soybesns Hone Conventional Disk Harrow
F4 10-22-74 to 10-1-7& Graln Sorghum Barley Conservation Fluted Coulter
3 11-5-78 to 11-7-80 Soybeans Wheat Conservation  Goulter Inrow Chisel
4 11-8-80 to 10-13-82 Grala Sorghue Clover Conservation  Coulter Inrow Chisel
p k! 5 12-4-72 to 11-5-75 Soybeans Rye, Barley Conventional Pisk Harrow
6 11-6-75 to 11-5-78  Grais Sorghus Mariey. Wheat Conservation Flyted Covlter
7 11-6-78 to 11-7-79 None Wheat, Rye Grass None None
8-  11-B-79 to 11.9-82 Soybeans Wheat Conservation Coutter Inrow Chisel
M 9 11-2-73 to 11-5-75 Cara kye Convent iona) Dlsk Harrow
- 10 11-6-75 to 11-5-78 Soybeans barley, Wheat Contervation Fluted Coulter
11 11-6-78 to 11-7-19 Mone* Hheat, Rye Grass None None
12 11-8-79 to 11-10-82 Seybeant Wheat Conventions! Disk Marrow

« Terraces reconstructed during summer.

Source: Mills, W.C., A.W. Thomas, and G.W. Langdale. 1985.

Erosion probabilities in Southe i i
> rn Piedmont: -
tillage effects. ASAE Paper No. 842546. 24 p. eroppins



TABLE 3. RAXIMM, MINIMUM, AYERAGE, AND MUMBEN OF SCS CUAYE WUMDERS 0OTA{NEQ FOR THREE R(-

SEARCH WATERSHEDS UNDER IJ!FFEIE!T CAOPPING-TILLAGE SYSTEMS IN THE SOUTHERN PLEDMONT

Hax,
Kin.
Avg,
Ko,

Natershed
[ 41 " 2] _
_?ropplng-‘ﬂllm System Cropping-Tillage System Cropping-T1)1age System
i 2 k| 3 5 [ 1 7 ] $ H 11 12

98.03 90.26 86.71 54.43 94.95 87.32 B8.06 86.01 91.9) B3.78 B6.46 B9.44
S5.95 55,25 51,39 40,92 63.41 46.62 67.59 44.03 £7.35 45.32 64,03 44,03

85.57  76.11 £8.69 47.68 80.93 £5.07 80,15 63,05 m0.p0 €6.93° 80,03 72,75
36 19 1o 2 » 12 7 10 F4 12 5 14

TABLE 5. MAX1mm, MINIMUM, AYERAGE, AND MUMBER OF USLE C - P FACTORS OGTAINED FROM THREE RESEARCH

WATERSHEDS WNOER DIFFERENT CAOPPING-TILLARE SYSTEMS IN THE SOUTHERK P IEDMONT

-

Watershed
F1 | X (L]
Cropping-Tiliage System Cropping-Tillage System Cropping-T111age System
1 H4 3 4 5 [ 1 ? ] 9 10 11 12

Max. 1.5888 0.0195 0.0090 0.0021 0.8312 0.03% ©.0113 0.0722 ©.2401 0.0567 0.6115 0.1159
Min. ©.0162 0.0003 0.0001 ¢.0015 0.010% 0.0036 0.0000 0,0000 0.0000 0.0049 0.0041 0.0000

Avg. 0.2555 0.0048 0.0030 0.0018 G.1498 0.0129 0,0050 0.00)6 0.0659 0.0270 0.0081 0.0497

No. k7

19 10 2 » 1z ? 10 23 12 5 14

Source: Mills, W.C. et al. 1985.
Southern Piedmont: cropping~t

No.

B42546, 24

Erosion probabilities in
illage effects. ASAE Paper

17
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Rudra et al. applied CREAMS to a loam soil research plot in

southern Ontarioc.

TABLE 10. BEST-FIT FHOSTHORUS PARAMITERS
FOR FACH PLOT

ot Mot Soluble-P Parteulate-F
mARLFepEnl parumaeliers PAIAIR L
3oLr EXKYr A »
ke/ha
1 NS, NM, NP 1.5 0015 1.1 =0,003
2 NE M, NP &0 0.003 1.0 «0.002
3 5 M, NFr s 0,080 30.0 =0.3
+ NS, M, P 1.5 0.008 28 =020
. S M P (%] 0.030 0.7 .0

N5 — No Stover (S1over removed)
£ — Stover (Stover lafl)
MM — NHo Munure applied
M — Manure spplied

NP = No fall ploughlng
F— Floughsd in Jall

TABLY 12 COMPARISON OF OBSERVED AND COMPUTEID SOLUBLE THOSTRORUS

N RUNOFF FOR MAJOR EVENTS YOR THE CALIBRATION AND

VERIFICATION THASES

Foluble phosphorus, ke /o
Event
. dats Fleot 2 TioL B ‘Pot & Net 7
Com- O Cozse Ol Com- Ob- Com- O
putsad mrved  puted arvwd  putad served  prutad metved
June 33 1971 Q128 0164 0.037 0.019 0.07& 0.003 0153 0.003
July 26 1971 0,036 0.030 0.037 G006 0072 0012 0.066 0022
Aug 261971 0.071 0.022 0,030 0,030 0,016 0,018 G.0%0 0.022
May 16 1974 0L1E2 0176 o213 0.288 0.062 Q.106 D1y 0188
Juss 18 A9TE D033 0054 0,080 0016 0086 0.03¢ o021 00213
Aug 231978 0112 0142 0082 0,083 0072 0.04% 0.083 Q.OB6
*The best Bt BOLP and EXKP are given in Table 30, ‘ i
P., W.T, Dickinson, and G.J.

Source: Rudra, R.

Wall. 1985.

Application of the CREAMS model in southern Ontario

conditions. Trans. ASAE 28(4):1233-1240.



19

In 1980, Beasley et al. TYeported using ANSWERS to.simulate
Several management alternatives for a4 primarily agricultura)l
watershed ip hortheastern Indiana under several different

Precipitation events. A Summary of two Black Creek watersheds is
below: '

TABLE 3, SUMBMARY OF OBSERVED AND PREDICTED WATERSHED
RESFONSES FOR SEVERAL STORMS IN 1978

-Runotf Sediment yie)q
Manage-
Watenshed ment Rainfall, Obeerved, Predicted Observed, Fredieted,
name Practice Date mm mm mm kg kg
—
Smith.Fry 2 2105 . 31.% 3.5 14 20000_ 8109
(942 na) 2 6/3/15 23.% 9.5 6.5 75000 96600
: 3 6315 . 22.5 - 6.5 - 53100
Upper Black 7 4121478 s 4.0 3.2 30000 36300
Creek 2 §/3175 25.1 g2 7.2 55000 73200
{714 ha) 2 §123175 64.0 16,5 1T.4 325000 202300
] GRS 25.1 - 7.2 -_ 46900
3 &r23rrs 4.0 - 7.6 - 102000

Source: Beasley, D'.B., L.F. Huggins, ang E.J. Monke. 193¢.

ANSWERS: A model for watershed Planning. fTrans. ASAF,
23(4):938-944,




20

ANSWERS was tested by Park et al. with data from two small

agricultural watersheds (5.6 and 7.5 ha)

in the Four Mile Creek

watershed in Iowa. Soils were Tama silt loam and Colo-Judson §ilt
loam. Eleven storms from 1977-78 were used in'the simulation.
Watersheds were planted with soybeans and corn in rotation. They
were tilled in the spring and one of the watersheds was covered
with cornstalk residue.

TABLE 2. SUMMARY OF EAOSION MODEL PARAMETERS AND SDMULATED MAXIMUM SEDIMENT CONCINTRATION

. Mar. concsntraton, Fredicied
Sterm Soll parameter® - Crep parmaters* Ppoa sediment
Watanhsd e&vant sl 2 Xy Coa Cy oluerved simulaied yield xg
151 T71409 .0 .23 1.0 0.25 1.00 040 0.40 T440 LE4T 36924
TI18015 10 033 1.0 0,258 0.60 0.25 0.15 36070 4SS 10718
7718128 .0 0,30 1.0 0.13 0.45 0.25 016 2647 8355 47
TRI4NT 2.0 0,23 1.2 0,25 0,80 045 0.30 14500 23767 1065
TRISI27 1.8 .13 1.0 0.08 0.60 0.32 0.25 45540 43521 211%
mean 20 0.28 1.0 - 9.20 0.6% 0.33 0.25% 37833 421330 131
suz 7fans 20 0.33 s 0.25 014 0.17 0.03 44580 43011 2592
Talen7 2.0 0.25 1.0 0,03 1.00 0.2% - 0.10 -318C 11550 1446
TRIANLS 1.5 01 1.0 0.03 0.66 0.25 0.04 4560 14853 187
TR5/27 1.5 012 1.2 0.21 0.65 0.25 0106 25020 20033 12934
msan 1.5 0.21 1.2 0.11 - 0.81 0.16 0.08 19580 22362 4315
*50l and crop parameters defined in equations [6] and (11].
Source: Park, S.W., J.K, Mitchell, and J.N. Scarborough. 1982,

Soil erosion on small watersheds:
model. Trans. ASAE 25(4):1581-1588.

a modified ANSHWERS



Land Use

Lo Till
Hi Ti11

Lo Till

Hi TT1]

Lo Till
Hi Til1

Total N

Total N Load
{lb/ac/yr)

5.0

12.0

lo.86

17.9

21

and P Loading Rates

Total P Load
(lb/ac/yr)

Reference

Chesapeake Bay Basin
Model-2A Final
Report (Jan. 1983)

Hartigan et al. 1933,
Calibration of NPps
model loading
factors. J. Environ.
Eng. 109(6):1259-
1272.

Southerland, E. 1981.
A continuous
simulation modeling
approach te nonpoint

pPollution management.
(Dissertation).
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Tabie 6-1. Urban Flow-weighted mean concentration (mg/1)

NEW OLDER CENTRAL NATIONAL HARDWOOD NATIONAL
SUBURBAN URBAN BUSINESS ~ NURP FOREST URBAN
NURP SITES AREAS DISTRICT STUDY (Northern KIGHWAY

POLLUTANT (Wash.,DC) (Baltimore) (Wash.,DC) AVERAGE Virginia) RUNOFF

PHOSPHORUS
Total 0.25 1.08 - - 0.46 0.15 -
Ortho 0.12 D.26 . 1.01 - 0.02 To-
Soluble 0.16° - - 0.16 0.04 0.59
Organic 0.10 . 0.8z, - 0.13 0.11
NITROGEN
Total - 2.00 13.6 2.17 3.31 0.78 -
Nitrate 0D.48 8.9 0.84 0.96 0.17- -
Ammonia 0.26 1.1 - - 0.07 -
Organic 1.25 - - - 0.54 -
TKN - 1.51 7.2 1.49 2.35 0.61 2.72
CoD 35.6 163.0 - 30.8 >40.0 124.0
BOD (5-day) 5.1 - 36.0 11.9 - -
METALS
Zinc: 0.037 0.397 0.250 0.176 - D.380
Lead 0.018 0.38%: 0.370 0.180 - 0.550
Copper - 0.105 - 0.047 - -

Source: Schueler, T. 1987. Controlling urban runoff: a practical
manual for planning and designing urban BMPs. Department
of Environmental Programs.
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-Table 2. Comparison of selected constituents for stations in the Natral-Quality Network with stations in the Primary
Network, October 1974--Semptember 1975 -

Mountain province Fiedmoni—Cosstal Plain province
. Cataloothee Creek French Broad River Tumer Swamp MNeuse River neap
Constituer: atCauloochee, N.C. at Marshall, N.C, near Eureka, N.C. Clayton, N.C.
{natural-quality) {primary) (natural-quality) - lprimary}
Tota) Ritrogen 0.18— 1.7 0.66—4.8 0.58-1.7 0.33-13.1
(mg/L). .
Dissolved phosphorous 01— 02 02-.09 02-.05 D4- %0
{mg/1).
Tola! phytoplankion '260--320 17001900 64~ 490 1700~ 28,000
(cells/ml ),
Fecal coliform '<10-2,000 20-10,000 "10-3700 40~3000
(col./100 m1),
i ical oxygen <l-20 S=39 J-31 1L6—6.1
demand (mg/L), .
Petiphyton—biomass 1.5-13.9 3-8 4.6-18 4.6—5.4
ashwt, (g/m?.
Pcriphytm-—biomus 23-62 4.6-2] . 6.2~ 18 69-85
dry wt. (g/m?),
Dissolved organie 3.6—49 3.6-15 60— 1412
@rbon (mg /1)
Chromium (ug/L) :

.................... 1-<10 <10-%0 <I0-10 0—10
Sl:ltpmded ................ 1-<10 <10~—90 <10—10 - 0-10
Dissobved ... ., .. 0 " 0~} 0 : 1] 0
Bottom .. .. . " <10 <10 <10 10-20

Lead (ug/L)
gﬂ_ll n.dgd ................ 053 4-250 421 2=-130
Uspended . L. L. 0-58 2250 1-2] 2—-130
Dissolved .., .~ 777 0-2 0-20 1-) 0-3
Botom ..., . 7T <10-10 <|0 - <10-10 <10-250
Zinc (ug/L) .
Total ..., ... 5—-40 30—440 4-10 7—40
S!_lspcnded ................ 5-40 30—430 0-7 0-40
Dissolved .. 777" 0 0-50 0~10 0-20
Bowom ... ... 17T 20 40-60 10—6D 40

"Single nontypical vylyc notincluded.
0 value in Lhis Soncentration mnge.

Source: Water Quality of North Caroclina Streams. Geological
Survey Water-Supply Paper 2185 A-D. 13583,
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TOTAL NITROGEN QRCANMIC MITROGEN

EXPLAMATION
I Geothemical zoar
Mron conslitven) concenlralion,
in milligrems per liter
0.04 pigh tiew
0.02 Low llow

Figure 8.

Mean concentrations of nutrients in unpolluted streams of North Carolina.

Source: Water Quality of North Carolina Streams. Geological
Survey Water-Supply Paper 2185 A-D. 1982.
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Table 6. Mean vaiues and ranges In concentrations of varlous forms of‘nhrolen and phosphorus in the French Broad
fiver at Marshall, N.C., 1974=77 water years. {(Ali values In mililgrams per liter, except a5 noled.)

: Range
Corutituent Number of Mean
- samples Minimum Mazximum
Tota) MNitrite plus nitrate (N} .,...... ... .. e 32 0.50 0.23 24
Dissolved nitrite plus njirate Ny o 2 45 30 34
Total ammonia nitrogea (N),....... .. .~ Cerenian 29 A2 00 A2
Dissolved ammonia nitrogen (NH, asN) ........ . . 29 o8 -00 =9
Dissolved Ammonia (NH) ...,.,, . . . """ 29 10 -00 37
Toul organic nitrogen ¢N) <. 07T e, 29 Tk 00 4.0
Dissolved organic nitrogen (N)...... ... N 2% 26 .00 1.2
Total Kjeldahi nitrogen (Ny .. 000 Crreenean.. 2 B3 £0 4.2
Suspended Kjcldabl nitrogen (N) . ... .. cereani, k| .54 00 2.3
Dissobved Kjeldapi nitrogen(N) ..., .. .. 2 .l A0 12
Tou.lniuogcn(bn...'.... ......... e e 32 1.4 .66 48
Towul nitrogen (NOY ... ... .. veees 32 63 19 |
Total nitrite plus filratc in bouom deposits (mg/kp) | . 5 2.9 1.2 6.0
Total Kjckdahl Ritrogen in botlom deposils (mg/kg) . . 5 200 EO 560
Total phosphorus By oo e 2 .22 .03 1.2
Dissolved phesphorys Py ....... e aicaaaan, . . a2 07 A1 A8
_Tl?ulorthopbosphorus(l') v, Ferangaa., b} .10 0] A8
Dfssolvndorthophosphoms(P].................... i} 05 00 .26
Dissolveg orthophosphate (PO ... . ... 000 k]| .15 .00 B0
Totai phosphorys i bottom material (mg/kg) ....... 4 142 100 T 240

Source: Water Quality of North Carolina Streans. Geological
Survey Water-supply Paper 2185 A-D. 1982,
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Table 10. Comparison of water quality of samples from the French Broad River at Marshall, rg.c., with samples from

basellne-quality sites in the tame area

French Broad River at Marshall

Basellne quality sites

. Rangein
Mean value Mean value pc;:::b:'
abre &
Low Hi'h Range of Range of [1+] PO.II(I'D!'I
flow {low all samples Low High all samples based on
{<laoe  [(>I800 flow flow meanvahsest
/) F1/s}
Major dlssoired constiteents (mliligrams per Hier) -
Caleium .. .................. 1.0 4.6 3.2-10.0 Ly 1.2 0.5-30 Ti="31
Magnesivm ., . .veneiounnn... 1.2 1.1 2-2.0 .5 4 2309 50—-64
Sodium ............. ... 14.0 5.3 24=-220 1.5 .2 A=~21 §6--19
Polassium ...vveevnnnnnon,.. 1.7 1.6 1.6~2.% 1.0 K.} d-18 %1-62
Bicarbonate .............. . 260 150 90-350 7.4 5 2,095 66—"12
Sulfate ... ... ... .. 24.0 1.0 . 5.1—420 2.2 22 2~57 809}
Chloride .. ....c.iiniinn.... 4.3 30 9-58 0.9 a1 0-20 TI—*1r9
Flueride ...... heeemen e . J 2 O-1.2 01 0 0-0.35 10— 50
Silica....coonieinnnnn vesean. 100 3.2 3.7-110 -8.1 &6 35-94 Y 9~20
Dissolved solids .............. 76.0 44.0 300~112.0 is0 150 12.0-22.0 65—175
Nutrents (milligrams per Nter)
Totalnitrogen oovovnunnn... o 12 LS 0.66—48 0,19 03 0.0-092 8084
Organicnitrogen ............. .50 g9 0—-4.0 .11 13 0=-0.29 78—B4
Nitrale nitrogen .............. 5.2 6.8 29-21.0 08 A7 0=4.0 93-98
Ammonia nitrogen* ..... aaaras Nk .11 0—0.42 .0 0l 0-0.01 91—*100
Total phosphorus . .. .......... A6 W24 03=-1.2 .01 0l 0-0.02 19496
Trace Metals (micrograms pet liler)
Totalamsenic........oooen.... 033 52 0.0—-10.0 0.1 0.0 0.0~1.0 70-100
Total chromium .. .. .. vesvesns 12,0 240 L0—-%0.0 10,0 100 1.0—%20.0 H7-58
Totalcopper oovvvvinninn.. ... 11.0 3.0 - 0-200 4.0 4.0 0=13.0 w4—-28
Touwliron ............00u.... 958.0 20.602 410—70,000 4600 18000 - 20=-"860Q 5191
Totallad .. ................. 41.0 58.0 - 0-250.0 5.0 9.0 0—*+25 B4-188
Totalmercury ............... A7 Jd2 0-0.5 .10 A0 .0-0.50 |7-4]
Total u‘:lmium crweaeas P 50 17.0 D-29.0 .0 0 0=29.0 100- 100
Towlzdne ......cooouuun..... 58.0 4240 10.0—6900.0 10.0 10.0 0=440.0 BI-98
'S«:nc conslituents have a higher percent atiributable Lo poliution a4 high Now whereas others have a higher percem atributablc 1o
pollution at low Now.
Low flow,

*Excroded Iim.iu recommended in Safe Drinking Waier Act, Federal Regisier.
‘Eaceedod Jirnits mcommended in Quality Criteria for Water, U.S, Environme

*Ne retom mendod limiu.

Soufce:

Water Quality of WNorth cCarolina Streans.
Survey Water-Supply Paper 2185 A-D. 1982.

Dec. 24, 1975, in somc samples.
atal Protection Agency, 1976 ia some samples.

Geological
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" Table 8. Comparison of water quality of samples from the Neuse River near Clayton with samples from baseline water.
Quality sites in the basin upstream from Clayton

¥

Neuse River near Clayton Basel&ne-qunlily sites Percent
: ) atiribut-
Mean Vialue Mean Valve ableto
‘ pollution
Base High Range of Range ol
flow tlow all Base High all Base High
(<370 {>370 samples flow flow samples flow flow
fu/s) fir/s)

Major dissolved constituents (mg/L}

Calcdum ..., .. . 9.6 5.3 33-12 44 2.2 0.5-10 54 58
Magnesium . 2,7 1.7 9-133 1.9 .3 3=4.] 30 53
Sedium ... . 7 25 8.4 2.6-37 4.6 L5 A=73 82 82
Potassium | e, 4.3 2.4 1.5—6.4 1 1 S3-1.9 77 58
Bicarbonate .., . | 42 n 8.3-70 4.6 5 244 89 77
Sulfate S te e, 13 2.1 6.3-24 25 5.5 B~82 g] 40
Chioride et eeanaa... 26 83 2.7-4| 4.1 1.5 0-10 B4 32
Fluoride e aiaan.., .5 .2 RES ] 8| .1 0-.5 80 50
Siliea.............0 .. 16 : 1] 4.5—19 | I 6 3i=29. - 45
Dissolved solids ... . . . 120 58 I4-170 49 21 12-78 60 63
Nutrients (mg/L}
Tou_tnilmm 3.7 1.9 J-6.1 34 14 0—~1.5 9t 23
Orzanic nittogen .. ... 57 A3 T0-34 15 38 0,69 B& 54
Nitrnie hitrogen ... ... 25 62 d=-d4.4 4 .l 0~ 94 84
Ammonia Ritrogen , .. . & 37 . p-Lp 01 .0l 0-.07 98 97
Tota} Phosphorus . .., . 14 St A07--2.7 02 02 0-.05 99 %
Trace elements (ug /1) h -
Toularsenic.......... . %3 42 0-30 A6 7 0-23 96 £3
Toul chromium ... .. 83 2.5 0-20 10 10 10-20 50 -
Tolalcoppcr ........... 16 i7 2=-70 4 4 0=12 76 76
Yotaliron ..., ' 750 4800 520-20,000 570 4100 2013000 24 14
Totalkead ___ Treevaaa.. 32 29 2—3500 6.4 1.6 T 0-25 92 T4
- Total mercury .. _....... 25 25 0-5 .15 5 0--.5 40 -

Total sflem'um ......... 2 6.1 012 4] 0 Q-0 100 g
Total zine e, 210 40 0-t400 o 10 0-20 95 73
—_—

Source: Water Quality of North Carolina Streams. Geological
Survey Water-supply Paper 2185 A-D. 1982,
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Table 9. Comparison of water quality of samples from the Neuse River at Kinston with samples from baseline water-
quality sites in the basin upstream from Kinslon

Neuse River al Kinslon Bareline-quality sites : Percent
anribut.
Mean Yalue Mean Value - ableto
. polivtion
Base High Range of Rangeol
flow flow all Base High all Base High
<370 {>370 samples Now flow samples flow flow
v/} f13/s)

Major dissolved constiwents {mg /L)

Calcivm ....vieia. .. %4 4.8 32-88 2.9 1.9 0.2—-40 58 -]
. Magnesium .., ......... 2 B - 1.1-2.5 13 & Je-d0 kLY &0
Sodiwm ............... 12 6.3 3.5-17 L} ) 1.8 A=T73 67 7!
Potassivm . ............ ) . 2.3 1.7—4 2 8 d-1.9 70 65
Bicarbonate .......__.. 29 15 740 34 33 044 88 k1)
Sull’at_: ............... 11 9.5 7.2~15 4.3 6.3 6-13 61 M
Chlnqdc .............. Ll 72 3.6—17 19 2.3 0~ 10 66 - 68
F!l{orldc Cvbeearibaeas 2 2 0-.5 A . =5 S0 50
St_llca ................. 9.4 9.2 -4 13 54 14-29 . 4]
Dissolved zolids ... ... .. Jj0 49 3451 39 22 il-78 4 55
Nulrients {mg/L)
Total lgi!rog:n ......... 1.4 1.2 62,1 A 5 0—-1.5 | 58
Ofpmc nitrogen . ...... g 7 Doe-1.1 J 4 0~.99 57 43
Nitrate pitrogen ......... - - - K- B 08 01 . T .
Ammonia pitroges - .03 09 02-.27 o1 K| 0--,07 &1 89
Total phosphorus ...... . 3 2 07-.38 02 .02 0-—-.05 93 90

Source: Water Quality of North Carolina Streams. Geological
Survey Water-Supply Paper 2185 A-D. 1982.
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Table 5. A summiry of nuirient satisslcs for iwmples of the Neute River near Clayton and at Kinsion, 1974-77 waler
years. All values ame In miligrams per Kier , '
CLAYTON KINSTON
Mean Mean
93 parcent Nurewlee r 5 perceny . Number
- Range of cendldence Range of
Mmim . sampies Mmity : smplet
Towl
s 2] 12
or — R 3-8 . L1-1 20
arbon . Wit LA T
Dissobved
organic »2 2820 » 12 1-19 12
carbon 3-102 8e-157
Toul
; 51 o7 ~
Wuoger  ——t o 19 s 02-27 13
(as by 3-7 0-11
Dissoived " 0s
Ammonia i "
i —_— 0-1.3 » — o-.18 "
(“"ﬁ‘;“ 3=3 Ba= 08
Dissobved
Eapuiide 32 06
it 0.-22 3 - 9-2 I
(s NH) B = B1=11
Toa!
; E 7 £
gy~ e 0-34 0 ———— Dsel 13
Er 7=1 S0-37
Dissobved
orpans 2 .52
vl et —_— 613 » 35-76 1
fas ) A= : 143
Toul
L 2 AS
- “ —_—— o 41
fas Ny RN S6—40
Total
14 k]
E{aam D=4y 4 JA=14 )
e =y Ty
Total
; 24 13
REIupen -4 “ — H-21 47
T 223 12-14
P! 14 2
Phocphaie 0-y 41 —_—— . D68 12
(a2 FO -2 7238
Teta]
Phosphorys T o aq Q —n -
(IEP) = : 33 __.01' ] ) 47
Source: Water Quality of North carolina Streams. Geological
Survey Water-—Supply Paper 2185 A-D. 1982,




TABLE 1I1-4

GENER.AL]ZED VALUES OF THE COYER AND MANAGEMENT FACTOR, C,
{Stewart et al, 1975)°

TN THE 37 STATES EAST OF THE ROCKY MOUKTAINS

32

Productivity level 2

Source: Water Quality Assessment:

US EPA. EPA/600/6-85/002a. September 1985

l'::e Crop, rotalion, and management 3 tlgh Maod.
Cvalue
Bam valuc: conlinwous [aflow, tilled up wnd down slope 1.00 1.0U
CORK -
1 C. RR. [3ll TP, conv (1) 0.54 0.62
2 C, RdR, spring TP, conv (1) -50 .59
3 C. R6L fall TP, conv (1) A2 -52
4 C, RdR, weseeding. spring TF. conv (1) A0 A9
5 C. RdL, sunding. spring TP, conv (1} 51 ] A8
6 C. (3}l shred stalka, spring TP, conv (1) 9} A4
7 Cusilage }WRAL, [all TP} (1) BT 33
) C, RAL, fall chisel, spring disk, 40-30% re (1) .24 30
9 Clailage), W we secding. ne-till pl in ok W (1) -20 .24
10 CIRILPW(REL spring TP) (1) .20 .28
. il C. fall sheed stalks, chisel pl. 40-30% 1c {1} 19 2
12 C-C-C-W-M. RdL. TP lor C. disk for W (5} a7 .23
<1l C. RdL suip Lill row zones, S5-40% 1o (1) 16 24
14 . GC-C-WaM-M, RAL. TP lor C, disk for W (6) 14 -0
1§ CC-W-M, RdL. TP for C. disk for W (4] A2 A7
1& C. fall shred, no=till p1. 7O-50% tc 11) 1 K
17 C-C-W-M-M, RAL. TP for L. disk For W {5) o8 14
13 CC-CW-M, RAL. no-till pl 2d & 3rd C3) 076 13
19 C-CG-W.M, RAL. no-till p1 2d (4} KTy | 1
20 C no-till pl in ok wheat. 90-704 1 (1} 062 NE)
2l C-CCW-M-M, no-till pl 2d & ded € (6) 061 R
12 CWeM. RdL, TP for C. disk for W (3) 038 095
3 C-C-WeM-M. RdL, no-iill pl 2d C(5) D51 094
24 C-%-M-M. RAL, TP for ¢, disk for W (4) 019 U4
25 C-W-M-M-M, Rdl. TP for C, disk for W3] 032 061
3% . Conerillp) in ok sod, 95-80°% re {1 0117 083
coTTond _
17 Cot. vony Western Plains) (1) 042 0.49
28 Cou, cony {South) (1) 40
MEADOW
29 Grass & Legume i
0.0 v.0l1
30 Allalis, dcspedeia or Sericu A0
3l Swret clover 0158
'SORGHUM, GRAIN {Western Plainat®
1. RAL_ spring TP, conv (1) 0.43 0.51
1) No-till pl in shredded 70-50% r¢ A1 A

A Screening Procedure for Toxic and

Conventional Pollutants in Surface and Ground Water—--Part 1 (Revised-1985).
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TABLE [11-4 (Continued)

Preductivity lt'v-'l-l2

+ .1 —
] :.“ ) Grop, rotation. and management L High - Mod.
Cralue

SOYIEA.NS‘

34 B RdL spring TP, conv (1) _ 0-:;‘ °»:l‘

s Go, 1P hnwally. cony {2) ) . -2 '23

b1 B, no-3lf py -I: "

7 C-B, no-till py, fal shred C 51ak;g (2) } )
WIIEAT . 0.38

n WoF, fall TP alier w [ #34] .

b1 ] W, #ubble mulch, $00 Ihy re{2) 2

49 WK stubble mulch 1000 i te {2} -3l

4] Spring W, R41_ Sept TP, venriN & S bax) (1) «23

a2 Winter W, RaL Aug TP, conv (Kans} 11} 19

4) Spring W, stubbe mulkch, 750 1bs re {1} 35

4 Spring W_ stubbe mulch, 1250 by e (1) . A2

45 Winler W, yubbie mulch, 750 Ibs'sc (1} 1

46 Winlar W, stubbie mukh. 12350 by e () } . 10

47 W-M, cony (2)

054
43 WoM-M, rony {1) AN L26
49 W-M-M-M. conv {4} 021

corn or 3 lony prasvand-legume hay; of Colton manage-
fment that segularly Provides rood stands snd gowih,

Numbers in Parcniheses indicyig Rumber of years in 1he roiation cycle. Na. (i )dtsi;mlq 2 vontinuous enc—igp iyuem.

Curain sorghum, soybeany, or celton may be subsgipy led for corn in lines 12, 14,15, 17-1%, 21-25 o estimate C valucs for sod-
based rotaliona,

B . K ybeang F + hillow

- vorn - M -grass & kegume hay
c-k - chemically kiljeg Pl - pany
Cony - conventionat W - wheat

ol - cotton WC - winter cover

o1 ze - Pounds of crop Tesidue per acee rcmiinin; On surface after mew Crop seeding
% - Percentage of yoif surlace covered by residue mulch afier new cro, seeding
TO-50% pe - 0% ’

Source: Hater Quality Assessment; 4 Screening Procedure for Toxic and
Conventional Pollutants ip Surface anpd Ground Water--pare 1 {(Reviged 1985)
US EPa. EPA/600/6-85/0024. September 1985 '




TABLE 11!-6
. 34
C FACTOR YALLES FOR PERMANENT PASTURE, RANGE AND IDLE LAND

(Wischmeier and Smith, 1978)1

Covar Ihat tuntects the il surfocs
Porceni grovad gaver

Vagriotive canapy

Typv ond Farcent
heighi 2 enverl Treed ¢ 0 40 »® o P
No appratiable G 0,45 0.20 0.10 0,847 0.012 0.003
cancpy w45 24 a5 oM 04 ol
" Toll weeds or 3 G 36 .47, .09 038 .013 .003
shert brush w 36 .20 .13 08 041 ol

with averagse

drop fall height 50 G 26 13 07 035 012 000
of 20 in : w 26 38 01 078 009 0N
73 G A7 0 06 032 .0 003
w J7 12 o 060 038 oM
Appratioble brosh 23 G 40 18 0P 040 03} 00
or buthes, with w 40 22 14 087 042 .01

sverege drop fal}
height of 4% 11 350 G g4 L4 03 038 012 0O)

W A4 0% 10 o2 040 0N
75 G .28 14 .08 036 012 003 -

w 29 .17 a7 078 (040 01

Trees, bl ne 25 G A1 .02 10 04 012 003

oppreciable low w A1 23 14 0By 042 .01
brush. Average

drep Foll height 50 G ~f .18 .09 040 013 003

of 13 0r w &% .3 4 087 042 011

{
73 A6 17 0F 029 012 003

G
W 38 20 .3 .084 04 0N

Yhe Fisted € volues mssume that the vegeistisn ond mulch ere
randamly disteibuied over the entire wres.
2Conepy height i1 mucsured a5 the everage foll haight ol waler
dreps lalling Trom the cenepy 1o the ground. Canopy sRect ia in-
variely praportionsl to drep [ell beight ond is aegligible If foll
height aacseds 37 1.
wat_ioa of 1olal-oren wiloce thot would be hidden from view by
CRAOpY in @ vericol prejeciion (a bfrd‘u-cyc view),
i1g. cover of svrfece is gran, granbike plonh, decoring com-
pocted dull, or lHier ol leatl 2 in deep. C
W: cover al surlnce Is mouly braodieol herbacronn ploniy (o4
weeds with linle laterolrost nerwork mear the surloce) or
vadecayed residues wr both,

Source: Water Quality Assessment: A Screening Procedure for Toxic and
Conventional Pollutants in Surface and Ground Water-~Part 1 (Revised-1985).

US EPA. EPA/600/6-85/002a. Seprember 1985



TABLE 111-7

35

€ FACT(R VALUES FOR UNDISTURBED FOREST Lanp

(Wischmeier ang Smith, 197g)
) : I
Percent of Area Percent or Area
Covered by Canopy Covered by
of Trees and Durr tlitter) 2t Factor
Undergrowt h least 5 cp deep c
- T
100-75 100-90 0.0001-0.00]
70-45 85-75 0.002-0. 004
40-20 70-4p 0.003-0.009
—_—

Water Qualirty Assessment:

Cnnventlonal Pollutant

EPA/GOO/G—SS/O

S in Surface a

02a.

September 1585

A Screening Procedure for Toxic and
nd Ground Waterf—Part 1 (Revised-1983),
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TABLE 111-8 ‘ | '“.'

C FACTOR YALLES FOR MECHARICALLY PREPARED WOODLAND SITES

(Wischmeier and Smith, 1978)

Seil sondillent and werd caverd

:.-.:pu-llou :::':H Ladalinni Gond talr Fanr
HC wC HC wC NC Wl HC WC

Fatganl

Diked, raled,

e bedded? Hene 037 070 072 027 0450321 094 0.36
10 33 5 46 20 84 34 40 26
20 24 02 A4 A7 40 20 44 22
40 A7 0% 1 27 A7 A0 a9
8 1y o8 O5 0Y a8 L4 20 a8
50 03 o4 07 .06 0P O 00 .0F

burnedd ..l Mems 25 00 26 10 91 12 NIERY
-1 10 24 a0 26 A% 38 .18
20 7 0 9 a8 a3y a1 a7 4
40 4 0P 14 0P S 0 AT )
40 00 & O 07 ¢ 08 .11 .00
10 04 04 03 04 05 04 04 05

Deum ehappedS Mane 06 07 07 07 20 08 29 11
W a3 o7 a8 L7 a7 o0 .1 a0
® A2 D¢ 17 08 N4 07 I8 o9
40 00 05 0 06 10 .06 .01 07

) 40 04 D5 08 05 07 .05 07" DS
00 03 8 03 L3 0 03 04 04

Source: Water Quality Assessment:

Conventional Pollutants in Surface and Ground Water--Part 1| (Revised-1985).
US EPA. EPA/600/6-85/002a. September 1985

\

1 parconings of aurface coversd by emildva la conloc) with (ke
sell,

2 grcellent toll condltion—Highly stable sail aggrepeles In top-
soil with Kne trea reals and Sliter mined In. )
Gasd—Modsralsly siebls sell aggregater In lapisil or highly

stable wgoregatas In swbiell [lepisll removed during ruking), ealy
Sracer of Hiier mined Ia,

falr——Highly wnstoble soll sggregetes In 1spaell ar maderalnly

slable aggregates In subisll, ne lither mixed In.

Foor~——HNe lepisll, highly eradible sell aggragater In subsell, ne

litar mixed In. ) ' :

HC—Ms liva vegeinlion,

WC~—75 parcenl covar of grons snd weedi hoving sn sverege.
drap fall helght of 20 In. For Inlsemadiats purcon
oger ol caver, alerpalals belwssn columns,

4 Modily 1he lited € velues o1 fallows te wecounl for ollacts of

swlece roughneit end aglag: ’

Hot year slier keeatmanti muliiply Uited € voluss by 0.40 for
rovgh surfoce (depressions >4 In); by Q.85 lor moderslsly
revgh; ead by 0.90 for 1mosth (deprosslens <2 in),

For } 1o 4 years ahior weotmenty multiply lined fuctors by B.7.

For 4-+ 1o B yearsi vse luble 6.

-More than § yeors: vie lable 7,

For Fest 3 yonras van € volver wr linled,

For 3-1 1o & yours alter treatmenti uie lakls 6,

Mere than & years sHer ireatments vaa 15bla 7.

A Screening Procedure for Toxic and
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TABLE IIj-12

REPRES-ENTATIVE DISSOLYED NUTR JE NT CONCENTRAT JOKS N RURAL RUNOFF

Nitrogen Phosphorus

5011 Cover {mg/1) {mg/1)
Faltowt 2.6 0.10
Cornd 2.9 0.26
Small Grainsge 1.8 0.30
Ha 2.8 0.15
Pastupred 3.0 0.27
Inactive Agricu)tyred .

Easternp U.s. 1.6 0.14

Midwest 1.5 0.14

West 1.5 0.14
ForestC

Eastern 1.5, 0.19 0.006

Nidwest 0.06 0.009

West - 0.07 0.012

Snowmelt Runoff from Manured Fieldsd

Fallow 12,2 1.9
Corn 12.2 1.9
Smal) Grains 25.0 5.0
Hay 36.0 8.7

aDor-nbushg_t__g_]_ (1974)
bAverage of pasture and forest
COmernik (2977). see Figures 111-4,5

dGi‘lbertson 2t al (1879}, These concentrations are asso-
ciated wi th wititer manure Spreading.

Source; Water Qualj Ly Assessment; A Screening Procedure for Toxic and
Conventiona) Pollutants ip Surface and Ground Water--Pare ) (Rev‘ised-—19BSJ-
US EPa. EPA/600/6-85/0023 . September }98s
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Table 1. Major Soils of the 3058 ha Mill Creek Watershed

Soil Area (ha) Percent of Total
Loam . 2,242 73.3
Loamy Sand 489 16.0
Muck 153 5.0
Sandy Loam : 99 - 3.2
Alluvial Land 30 1.0
Fine Sandy Loanm & 0.2
Fine Sand 4 0.1
(Lakes) 35 1.1

Source;

Seminar on Water Quality Management Trade-Qffs:
Bourcs Pollutisn (Confarence

Point Source vs. Diffuse
EPA-905/9-B0-009,

) Septambar 16-17, 1980, GChicago, Illincis. US EPA.
Saptembar ]1980.



Table 1.—Phoasphorus loadings to Chesapsaks Bay by major besin (Mare oo

41

Source:

Macknis, Joseph.

Perspectives on Nonpoint So

"Chesapeake Bay Nonpoint Source Pollution,"

urce Pollution:

Estuarine Quali Tty

ppl65-171

P

\

PHURFEFR AL

¥ Orthver 1 Toisl
) rou:u % Cropland g nnpolnt
Phosphorus (hp) soniributlon contribution SOUIT mm‘:“ hm‘-‘- =
Besin Dry Av Wel  DOry Avg. Wel Dy g, Wel Dy A
Purt A: st e B3l Wne - s " s .M
Susquansnna B41.000 1318000 2864000 24 2 12 - & T - 8 U "W T N
Panmant 156,000 149,000 474,000 §2 90 76 T s T LW N ™ OB R
Posnmac ey Mo m w1 - BB -0 2o®mowon
: Pappanasnock 40,000 47,000 130,000 1 i i C 74 m - 1 12 ®\ B =
York 0,000 35,000 151,000 ? 7 2 -ono» - B s %5 & om
S 90000 40000 890000 45 LY I 11 - TR
TotAL 1.801,000 2,286,000 5,086,000 33 28 4 52 mn woonf
Pert B: %0 Udal welers (balow the sl Bos) ’ - s T 18 o
W, Chesageahe P30 voaToco 1ae4000 B3 a5 &7 - 4 2 - 7 4 7 ¥ B
Putuaem 00 e 1o B N B N H BB AN
Polorac 882,000 915000 1263000 B2 y§ 57 - 27 &8 - 12 % 1 =% N
Rappahannock 54,000 79000 221,000 ] &1 22 - 7 o _ 10 M 15 8 K-
York 30,000  E3000 208000 B 50 16 - 23 14 - 4 s 4 7
Jamas TAISD00 1374000 1,6TO000 @6 P2 M - 5 - W0 5 M OK K
Esstern Shors 25000 79,000 BE2000 44 40 18 - s —
55 12 % 7 B 13 1
TOTAL 3,652,000 3,967,000 5,734,000 a7 [T 4 -
PertC:Purl A + Parl B : n M
NI0013N000 2864000 24 B a2 - @ ® - W@ ow H TN
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Eastern Shory J5.000  I7R000  9E2.000 “ 40 1% - 50 79 - 1 "
TOTAL 5.493.000 6.253,00010,785,000 89 61 35 27 = 12 N n K
Table 2.—Nitrogen loadings 10 Chesapenke Bay by major basin (March-Oclober)
¥ Point W Cropland ¥ Other 1 Totsl
"G oad sourcy koad © monpobnt
Hirogen (xy) contribullon contribulion sburcs contrib, contribution
Boule, Dry Avg. Wel  Dry Avg. Wsl Dry Avg. Wel Dry Avg, Wet Dry Avg. Wet
Purt A of the 1a0 Bne
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Tt MWO000  ITC000 3,264,000 10 w0 10 - a2 - 12 . W W W
| 1,780,000 2.300,000 5,030,000 10 ] [ - T 7 - 1] LTINS - TR 11 =2
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Pommac 5,084,000 B.0M9,00011.9804,000 77 74 85 - 17 ar - » 5 D 2 &S
Fappatunnock 70000 831,000 2.047,000 ar 17 5 - 7 [ 1] - 10 [ [5] £ »”
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Eamern Shoce 3.260,000 3,972,000 9,500,000 13 10 q - a3 o2 - ? 4 [ 90 L]
ow 24,847,000 I8._585,000 45, 425,000 T2 [T s 30 [ [ 7 T > "
Pt Purt A Part B .
21,500,000 26,455,000 47,727,000 10 10 5 - 85 9 = 5 4 « 90 %
Patncort 1015000 1,133,000 2,088,000 41 FH 2t - 4 &8 - '} [ IR TR (|
Potctrac HIETO0015,944,00020, 387,000 48 44 28 - a8 - s 6 52 $5 T2
Aupahannock $75.000 1,330,000 3,734,000 a7 12 T - T2 [ X - t5 ] [ L] a7 Lo
® $30.000 1,058,000 3,492,000 22 12 7 - ba4 87 - 10 s ™ a7 3
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W Cuwsappaky 6.179.000 7.265,00010,038.000 85 72 52 - 20 40 - ] [ ] 15 28 2
Exstarn Shows 3.209.000 3,973,000 9,500,000 13 .1 4 - Eu 92 - 7 4 [ AN T
TOTAL 55.967,000 85.47.000119,861.000 38 33 19 80 75 7 [ &2 67 n
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