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FIOANOKE VALLEY REGIONAL STORMWATER MANAGEMENT PLAN
WATER QUALITY REPORT

1.0 Summary

This report sumumarizes the water quality analyses conducted on the Roanoke Valley
Regional Stormwater Management Plan study area. This study area consists of 16 priority
watersheds that are tributary to the Roanoke River and that drain a combined area of

247 square miles.

The primary components of this report include:
= This summary.

= Analysis and results of the pollutant loads assessment. The analysis is described and the
values of each varlable are included {i.e., event mean concentrations [EMCs], areas,
runoff coefficients). bummaries of the results are provided.

= Recommendations for implementing reglonal best management practices {BMPs) (not
specific to watersheds) and estimated phosphorus removal efficiencies of some BMPs.

s Summary of the currently anticipated requirements in the Phase II NFDES stormwater
regulations that are expected in Septermber 1997,

s List of references,

The 16 priority watersheds listed below and the pollutant loads assessment data for these
watersheds are summarized in Table 1.

Back Creek Lick Bun
Barnhardt Creek Mason Creek
Puit Hollow Creek Miudiick Creek
Carvin Creek Murray Run
Cole Hollow Branch Ore Branch
Dry Branch Peters Creck
(aish Brangh Tinker Creak
Glade Cresk Woll CUreck

2.0 Loads Assessment

The 16 priority watersheds are subdivided into 436 subwatersheds, and analyses were
conducted at both the watershed and subwatershed levels. For each watershed and
subwatershed, pollutant loading factors {pound/acre-year [Ib/ac-yr}) and annual pollutant
loads (pound /year {Ib/yr]} were developed for the following pollutants:

»  Total phosphorus (T17)

s Total nitrogen (TN}

¢ Total suspended solids {T55)

»  Lead (Pb)

»  Zinc{Zn)
Aormual runct! volumes also were estimated.

The approach used to estimate annual pollutant loads, pollutant loading factors, and annual
runoff volumes for watersheds and subwatersheds located within the study area
incorporated simplified, planning-level hydrologic technigues. In particular, the equation
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FOANOKE VALLEY REGIONAL STOHMWATER MANAGEHENT PLAN
WATER QUALITY REPORT

presented in the United States Environmental Protection Agency (BEPA} Guidance Manua! for
e Preparation of Part 2 of the NFDES Permit Application for Discharges from Municipal Separate
Storwn Sewer Systems (1992) was used to calonlate annual pollutant loads for each land use
and soil type in a watershed or subwatershed and summed over all land uses and so0i!
types, as provided below,

L= (P« (P x Rv) / 12] s {EMO) x (&) x (2.72)
where: L= Pollutant load (Ib/vyr)
and where: P = Annual average precipitation (inches/vear {in/yr)
Py = Rainfall correction factor
Ry = Runoff coefficient

EMC = Pollutant event mean concentration {milligrams per
liter fmg /L]

A = Watershed aren (acres)

and 12 and 2.72 are conversion factors where 12 inches = 1 foot and 272 1bs/yr =
[{f1/yry{mg /Lilacres)] x 143,560 s/ acre)(lb /453,592 mg)(28.317 1./ch)]

Pollutant loading factors were computed as follows:

1.7 = LA
where: i = Pollutant loading factor (Ib/ac-yr)
Annual runoff volumes were computed as follows:

O =[P xPjxBv iZlx A
= Armual runoff volume (ac-ft

where: Rv = = Weighted runoif coefficient for each area

2.1 Determination of Parameter Yalues

Determnination of each parameter value in the above equations is described in this section.

Annual Average Precipitation (P}
The long-term average annual average precipitation recorded at the Roancke Alrport rain
gauge is reported as 43 inches for 1948 through 1995.

Rainiall Correction Factor {(PD)

Multiplying the annual rainfall depth by Pj will reduce the annual runo > volurne and
accounts for that part of the annual rainfall that produces no runoff. As reported in the EPA
Guidance Document, P typically is assigned a value of 0.9, which was used in this analysia.




FOANOKE VALLEY REGIONAL STORMWATEN MAMAGEMENT PLAR
WATER QUALITY REPOAT

Runoff Coefficients (Rv)

Runoff coefficients are based on the degree of watershed imperviousness, as follows:

v = 0,05 + 0.009 (1} {Metropolitan Washington Council
of Governments [MWCOG], 1987)

where: 1 = the percent of site irnperviousness

Site imperviousness is based on soil types and land use. Runoff coefficients and
imperviousness values are shown in Table 2 for each land use and soil type.

Weighied Runoff Coefliclents {Ry,)

Weighted runoff coefficients were calculated for each watershed and are shown in Table 1.

Event Mean Concentrations {EMCs)

EMC values were developed for each combination of water-guality parameter and land-use
category. Several sources of information were used to develop the EMUs. Table 3
summarizes e EMC data.

Watershed Areas (A)

Arga values for the watersheds and subwatersheds were developed from the geographic
information system (GIS} program. The 16 priority watersheds are divided into 35 tributary
watersheds in the GI5. These tributary watersheds are divided further into 436
subwatersheds. The subwatersheds are identified by a three-letier code and a two-number
code {e.g., BACOL). The letters identify the tributary watersheds and the numbers are
assigned in order {i.e., 01,02, 03, etc.). Table 4 shows the priority watershed areas and which
tributary watersheds are included in each priority watershed, Table 5 shows the
subwatershed areas.

2.2 Land Use

The data on land cover {land use) were obtained from Dewberry & Davis (D&D). Existing
iand use for the study area was developed using 1995 aerial photography, comprehensive
pians, and other aerial photography and data, In this effort, D&D defined the following
land cover categories:

»  Open space {lawn, parks) »  Openwater (lakes, ponds)
»  Paved areas (parking lots, roads) Corunercial and business districts
#  Industrial districts Raliroad
a  Residential districts, 1/8 acre average Residential districts, ' acre average
fot size iof size
» Residential districts, ¥ acre average Residential distr 1Tacre average lot
lot size size
#  Residential districts, 2 acres average Agricultural, cultivated land
lot size .
Brush, weed, and grass mix
s Pasture, grassland, or rangeland
s Woods and {forest




HOGENOKE YALLEY BEGIONAL STORMAMATER MANAGEMENT PLAN
HATER QUAL

Tame?
Runoif Cosfficients and Impenviousness Yalues
Hoanoke Yalley Stormwaler Management Plan

By by Soll Type tmorrvicusness by Soll Type
Lit

Land Use (LU Code ki 8 o (] Fid ) B e 8] W
Agriculture, cullivatad AL 008EE o104 0113 0127 Q005 5 8 7 2 B
land
Pasturs, grassland, or AP 0095 00904 D133 (0122 .085 5 5 7 8 5
range land
Brush, wesd, and grass AR 0085 004 0413 0122 0.0%5 5 5 7 8 &)
el
Cornmercial and SO 0797 0B0B 0815 4824 0085 83 a4 BE B& 2
business districls
industrial districts i 088  0.88% G698 0707 0085 70 71 72 73 5
MNoncontributing areas MG 005 005 L05 0.05 0.085 O O & Y i
Open space OE 0 0.085 0104 00113 0122 Q095 i & 7 8 4
Open waler WA .8t DOL 095 085 (.095 100 100 100 100 5
Paved parking iois, PR 086 086 0805 083 0085 80 B Q0 80 o
roois, driveways, sto.
HMesidenial disiricts, M1 0484 0212 023 0248 0085 15 18 20 22 5
1 acre average ot size ‘
Hesidertial districts, A2 0.238  0.257 D275 0283 0095 21 23 28 27 5 |
1/2 acre avsarags iof size ‘
Hesidential districls, 13 D284 0802 032 0.338 0085 28 28 30 a3z 5 |
1/3 acre averags ol sizs
Residential districts, Mi4 03506 DE74 0382 041 0085 34 36 34 4f 5
1/4 avre average 0t sive
Masidential districts) Hi8 0589 0817 0835 0853 0.00% 0 61 83 &5 &7 g
1/8 acre averags ot size
Residential districts, He 0122 D04 08B 0178 0.085 a i0 12 14 5
2 acres average lof size
Hailroad AR 004 0122 014 BUIBB 0095 8 4 10 12 5
Woods WE G095 0104 00193 0122 0.095 5 £ 7 8 5
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ROANGKE VALLEY REGIOMAL STORMWATER MANAGEMENT PLAN

WATER QUALITY REFORT

Tarle 4

Watarshed Basing and Areas

Roanoke Valley Regional Stormwatar Management Flan

Airen HAroa
Watershed Name Basin Mamas {acras) Isguare miles)

Back Creek BAC, BOA, BOB, LBC, MAR 37,588 5B8.7
Bambhardt Cresk BAR 2,552 4.2
2utt Hollow Creak BUT 1,722 27
Carvin Cresk CAR, DEF, WHC 17,848 28.0
Dois Holow Branch G, PRE 5,757 5.4
Dy Branch ey 2,844 4.4
fish Branch 58 1,285 20
Glade Cresk GOK, GLA, GLE, GLD 21,113 33.0
Lick Run LG, TRY 4,581 7.8
Magon Cresk PAAS, UM RSV 27.8
Mudiick Creek MDC, MUD, MCT, WMC £,121 2.8
dMurray Run MUR 1,832 29
{Ore Branch ORE, ORT 2,803 4,7
Feters Creek TA, PTE, FYC. PTH 5772 9.0
Tinker Creck TR 27,388 42.8
Woll Cresk WLF 3,147 4.9
Totals 158,399 247

<]
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Estimatad Subwatershed Areas

Foanoke Valley Regional Stormweater Management Flan

Subwater-  Area  Subwater-  Ares  Subwaler- Area  Subwaler-  Arga Subwasisr-  fAres Subwaier-  Ares
shal {acres) shed {acres; shed {acres} shed {acres) shed Mame [acres) ahad {acres}
MNams Mame Mame Mams Mams

Back Creak Back Creek Cole Hollow Glade Creek flason Creek Peiars Craek

{oont} Greak {oond) {cont.) {cont.} {cort.}

BALOY 940.4 BOADS 4356.3 U2 43,2 LDEE 158.0 MASEE R13.0 PTHIR L TeRY,
BACDZ 2547 BOROY 1830.8 COLs 770 GLD2G 2.1 MABRG 2017 FTRi4 179.0
BACOZ 10113 LBCOY 781.5 COLta 40.5 (31030 137.2 BMARRD 173.8 PTRIS 3485
BACGA 4185 LBCO2 7577 CoLiS 368.7 GLDE 8.0 MAB3Y 25843 FTRIB 261.4
BACHS 373 LRBCO3 256.1 GOLAE 2187 3,032 8510 MABDZ HE FTHAT 12589
BACOG  108.0 LBOO4 4325 GCOLT7T 1198 GLDE3 2855 MADB3E 4818 Tinker Cresk

BACDY 2568 LBCUS 319.4 PRBoT 4088 GLD24 G088 MAE34  1B7.0 TR 1052.8
BACOE 3948 MARDT 4011 pEBo2 1484 51035 33.3 MAZEE  GO68 TRROZ 7014
g8ACED 1311 MARIOZ 4921 PEBD3 1482 GLD3s 338 MABEG 3085 TEROG  11568.2
BAGIO 115613 MARDZ 216.5 PRBOS 7.3 GlLD37 4290 FAARZ7 1804 THRO4 945.5
BALTY 46,1 Barnhardi Cresk PEBOE 2658 GLDBE 1494 MAZ3E 2187 THROS 133.8
Baciz 872y BARDY 114.2 Dry Branch GLD3Y 2885 MARZS B5.3 THIROS  208B7.0
BACTE 28.1 BAROZ 316.9 DY 9332 GLDEG 27 MAS40 1689 THRO7 7843
BACI4 9320 BAROS 411.3 DRYDZ 1851 L4t 163.8 MALAT 3120 THROE 418.5
BACIS 13.0 BARGS 4718 DRYD3 1983 GLidaz 1418 MAS4AZ2  107.8 THREDD Z2E5
BAGIS 8700 BARDE 131.8 DRYD4 30.4 3L.0D43 3748 MASAZ 4002 THRIO 11974
BACTY  817.0 BARCE 34.4 DHYDS BOGE GLDdd 3410 MAD44 728 TR 9578
BACIE 7340 BAROTY 308.7 DRYOS 297.4 GLDas 2849 MADAS 208.7 TER1Z 1288.5
BACID 1847 BARDS 7.0 DRYO7  157.8 A.046 3970 MADAE 3206 TRR13 2858
BACED  47E7 BARCD 1122 DRYDS 41.9 GLD47  Be6S MAR4AT 2108 T4 65148
BACZ 150.5 BARID 2584 DFyog 7.8 GLD4s 1825 fudlick Cresi THRIE 3E22
BACEE 52.4 BARTY 289.4 DEYH 2235 Lick Fun MOTOT 8341 TKRI1B 48.8
BACZE 8287 BaR1z 46.6 DY 551 LICOT 2208 MDODT BZ1E THRY7 5.4
BACZ24 1138 BARIS 87.4 DRY1Z B0.5 LICOZ 4432 MUDDT 103298 THRIS 144.5
BAGCZE  BIR4 Butl Hollow DRY3 £6.3 Loz arzs MLIDO2 64,1 TER1D TH7A
BAGES 4370 BUTO 564.1 Gish Branch LG04 58S MUD0OE 1080 TREAZD 10483
BAGZE? 2018 BUTOR 118.4 GIBOt 2B87 LIGOE  18B.G MUDR4 3205 THR21 455
BACZE 3608 BLTOR 2458 Glaiz 1818 LICo8 Lobs MUDOE 2858 THRz2 172.2
BACZD 2089 BUTO4 2288 G803 712 LHSGT BO2.5 BMUDGS 185.5 THRZZ 711
BAC3D 3702 BLTDS 1941 G504 12.8 LHz08 G5 MLUDGT 83.4 THFZ24 B877.2
BALZT 2834 BLITOS 13.9 LHiS08 837 LICng 1088 MUDOB 2187 THFZ2E 352.%
BAC32 7445 BUTE? Z2h.0 G808 12.9 R IOR VIR i MLDOD 5074 THHZE 150.1
BAC3Z 6708 BUTOH 1927 G007 333 LI 1372 MUDTD 5822 THRZ? 112.8
BALS34 6683 BUTOS 30.7 GIB0H 85.8 Licz 3.5 KDY 34.8 THHZ28 2B6.3
BAC3E 577.% BUTIO 10.4 GiB0L 487 TRTOI 897.8 MUD2 2385 THRZS 9R7.7
BACZS 11929 Carvin Cresk CHCRECR B kT TRTHZ 67.7 MULDIZ 5453 THE30 315.4
RACTT 876.7 CARDY 111999 SIS BY.2 THTO3 43,2 MUID4 1191 THH31 251.0
BACEE 2080 OARGZ 513.6 G512 1882 THTO4 6880 WHICDT  B4R.2 THR32 58.5
BAC3S 1208 ARG 794.2 31813 TR TRTOS 8.5 MURDT 3231 THKH33 5147
BAC4AL  117.0 CARDS 152.1 (iS4 757 Mason Gresk MURDZ 8820 TKRz4 4863
BACA4T 72.3 CARDS 1454 G315 27 JUMOT 4850 MURDOE 2942 TKR3E 4853
BAC4Z 1406 CARDE 1810 Glads Oresk SUMDZ 4278 KMiIRD4 38.8 THH3G 3827

Pege 1 or2




FOANORE YaLLEY REGIONAL STORRMWATEN MANAGEMENT PLAN
WATER QUALITY HEPGET

fstimatad Subwatershed Araas
Foanoke Valley Regional Stormwater Managsment Plan
Subwaier-  Area  Subwatsr- Ares Subwaler fAres Subwaler  Area  Subwater-  Ares  Subwaler-  Area

shed {mores) shead {acres) shadl {acras) shad {acres) shed Nams {(acres) miha] {acres)
Mams Meams Mame Mame Mame
Back Dreek Back Crael {oont) Cole Hollow Gilade Cresk Mason Creek Petors Craek
Droak (cont.) {nont) {zont.} {eomt.)

BAC4AR 597.9 GARGY 243.3 GO 5023 SJUMOZ 2504 MUMDBL 23028 THE3T B4z.7
BACA4 397 CARDE 5422 COKGZ 13081 SLUIBOS 383 MURDGE 3464 THR38 48.5
BACAE 9154 CARDS 2615 COKEI 2842 JUMIDE 1353 Ore Branch TEF2ZS 10887
BACAE 1885 DBR 4331 GLADT 8131 HUROE 1188 OGREST 3119 THRA4AD 2.2

BAC4T  B7ZZ2 ABROZ 1481 GLEsy 8887 JUROT  BBI OREN2 V2.8 T4 221.0
BAC4R  6BLS DBRO3 2288 GLboz 3408 JURMGE B340 ORED3 T785 TER4Z BB.3
BAC4AS B394 DBRo4 2477 GLIMOY 3332 MASOT 18074 OREDd 1727 THHAD 3274
BACSD 2815 DBHROS 45 4 GLDoz 16877 MADBOZ 13114 ORTOT 2508 THRR44 78.5

BACDT 3449 WO 7h2.8 GLDO3 bozt MABODZ  B3i2 ORTeZ 2399 TRR45 520.48
BACEZ 8527 WFCHEZ 2323 GLDDA 06,7 MABDSE 1889 DRTG3 605.2 TrR48 208.5
BACES 11285 WS ag.4 GLDOS 30,5 MASDE 1958 ORTe4E 1830 TRHAY BOE.2

BACSS 5715 WO 170.3 GLDDS 4858 PASOE 691 Peters Creek TKR4G 51.4
BACBE 1788 WHCDS 376.5 GLDO7 8359 MALGT 75.5 PTAG 424.7 TeRHas 702
BACES 1140 W08 163.2 GLDOE 4798 MALOE 3451 PTADZ 2144 THRED 4150
BACET 48,4 WHCO7 34.9 GLDOe 13337 MADGE 2758 PTBG 7544 TS 138.8
BACLE 3245 WECOB 213.3 GLDAG 3285 MABID 1822 ez 1798 TEREZ 24391
BACED 1187 WECDR 1515 GLDN 2997 MAZTY 326.0 TBO3 1785 THRSZ 1362
BACED 564 WECIO 48.4 GLDZ2 4883 MALIZ2 3805 PTRBO4 14877 THRE4 199.8
BALCET 44848 WFCT1 525 GLDIE 10624 MADIZ 6088 PO 432.2 THRES 248.5
BACGZ 251 W12 35618 GLDI4 B452 MRSt TE0.8 PTCoz 90.4 TKREE 158.2
BACSE  18BS WECAS 760 GLDYS aray MASIE 1884 PTCOS 5.6 Woll Cresk

BACG4 2023 Lole Mollow GLDiG 176 MAZIE 1705 TR 150.4 WILFG 2943

BACSE 6838 COLO 469.1 GLDI7T 40890 MASYY ad.a FR0Z 99.8 WLFOZ 146.5
BACGE 3317 COLoz 337 ELDTB 791 MALIE 1789 FTRO0S 1868 WLFD3 1775

BACEY 31.5 GOLO3 2946 GLOEY 3851 MASDTD 226 PTROA 8.1 WIFO4 315
BACGE 1417 DORD4 2335 GLD2o 26.4 MAGRD 3062 PIRGS 3.7 WILFDS 815.5
BACBZ 1584 COL0G 782 GLD2Y 5030 MAB2T 2124 FTROs 3787 WLFOS 4041
BACTD 11585 COLos 386.3 GLiez 2725 MASRZ 8383 PYROY 1387 WLFOT 18.0

BACTT  B3z4 COL07 2418 GLD2E 2594 MASZR 4817 PTROB 2883 WLFOB 287 .3
BOADYT 8B7.0 COLOR 177 .8 GLD24  a8bE MADZ4 1747 PTROS 2311 WLFCS 2335
BOADZ 3967 LOL0Y 28.0 GLOZE  A00.4 PAAREE 52480 PTHR1D 53.7 WLF10 2938
BCADZ 517 COLD 160.6 GLD2S 728 MAL2E 1400 TR 143,53 WL 3580
BOALS 489 GO 1550 GLD27 255 MASZT 3200 PTHIZ 2245 W12 883

LA
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FOANOKE ¥ALLEY REGIONAL STORMWATER MANAGEMENT PLAN

WATES QUALITY B MY

2.3 Anaiysis Resuiis

Pollutant loading factors and average annual pollutant loads for the watersheds and
subwatersheds are shown in Figures 1 through 20. The loading factors and pollutant loads
by watershed were divided into ranges to show prioritization. The figures are organized as
follows:

¢ Pollutant Loeading Factors by Watershed

Figure 1, Total Phosphorus; Figure 2, Total Nitrogeny; Figure 3, Total buspended bolids;
Higure 4, Leadd; and Figure 5, Zinc.

= Average Annual Pollutant Loads by Watershed

Figure 6, Total Phosphorus; Figure 7, Total MNitrogen; Figure 8, Total Suspended bolids;
Figure 9, Lead; and Figure 10, Zinc.

¢ Pollutant Loading Factors by Subwatershed

Figure 11, Total Phosphorus; Figure 12, Total Nitrogen; Figure 13, Total Suspended
Solids; Figure 14, Lead; and Figure 15, Zinc.

s Average Annual Pollutant Loads by Subwatershed

Figure 16, Total Phosphorus; Figure 17, Total Nitrogen; Figure 18, Total Suspended
Solids; Figure 19, Lead; and f— gure 20, Zinc.

The results of the pollutant loads assessment analysis are in Figure 1-Pollutant Loading
Factors by Watershed-Totals and provided in the following attachments:

@ Attachment 1 includes estimated annual runoff volumes, average annual pollutant loads,
and poilutant loading factors by watershed.

T
watersheds ranked by loading factors for total rhosphorus, total nitrogen, total
suspended solids, lead, and zinc.

¢ Attachment 2 includes pollutant loading factors and annual pollutant loads for the 16

s Attachment 3 includes pollutant loading factors and annual pollutant loads for the 436
subwatersheds.

3.0 Recommendations for BMP Implementation
There are two approaches to managing the quality of stormwater flows:

1. Provide numerous onsite stormwater management facilities, with water quality or best
management practice (BMP) features, serving small drainage areas. These facilities
typically are located within each aﬁnwﬂ@pm{ﬁt site, and ii‘%ﬂ? design does not take into
consideration the hvdrologic characteristics of the watershed in vﬁs’.ﬂd; they are located.

-

5 of drainage
surh as the models

2. Provide regional stormwater management facilities serving at least 50 a
area. The location of these facilities will be based on models, s
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prepared for the Regional Stormwater Management Plan, and water quality analysis,
such as the analysis pr;semed in this technical memorandian,

To manage a watershed effectively, a combination of these two approaches is usually

implemented.

3.1 Hegional Facilities

The stormwater management facilities recommended in the Regional Stormwater
Management Plan have as their main pﬁ’rwwe the reduction of fing problems in the

lood
Roanoke Valley, Converting these flood control facilities into BMP facilities is feasible and
recommended duri ing the final design of the facilities. The locations of proposed stormwater
management projects are shown in Figure 21

Adding water quality or BMF features to the regional facilities will reduce nuirients, metals,
and sediment loads. In addition, properly designed facilities will sig

gnificantly reduce the
potential for streambank erosion and other impacts associated with future development.

The selection of appropriate BMP locations, or BMP targeting, will be facilitated with the use
of the maps and tables presented in the previous section. Priority shouid be given to the
watersheds and subwatersheds with the highest pollutant loads. In addition, erosion and
sediment control practices should be enforced throughout the ”&rm, but priovity for
enforcement should be given to the watershed that produce the b highest total suspended
sediment loads,

3.2 Onsite Facilities

Onsite facilities should be constructed in areas not served by regional facilities. In future site
development projects, the municipalities should consider the implementation of a runoff
redluction hierarchy. The intent of this hierarchy would be to minimize runoff volumes and
pollutant loads at the source and to mitigate uncontrollable runoff increases using accepted
practices such as detention and retention. The following are some of the elements of thﬁ
proposed runoff reduction hierarchy:

» Minimize impervious surfaces

= Attenuate flows in vegetated swales and depressional (bioretention) storage areas
» Infiltrate runoff onsite {(if feasible, depending on soil characteristics)

® D@%am,/ retaln excess stormwater

»  Construct storm sewers

The goal of this hierarchy is to reduce development costs and to maximize environenental
protection.

3.3 mpiementalion

To manage the Roanoke Valley watersheds effectively, a combination of different controls
and approaches {regional and onsite} can be used 1o fit different site constraints and to solve
the erosion, Hooding, stormwater, and habitat problems in each specific watershed. The
design of the proposed controls should include careful consideration of the maintenance
requirernents to ensure long-term performance.

e

Traditionaily, the control of stormwater has been based on managing the 2- and 10-vear
storms for solving quantity problems. In the 1980s, controlling the first half-inch of runoff

13
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was the standard for solving water {gu”ﬂ ty problems. Watershed managers have identified
p;ﬁobiem@ using these “standards” and are working on nontraditional approaches to meet
the needs of the wqiuﬂze\jb {Center for Watershed Protection, Watershed Protection
Technigues, Vol 1, No. 2, Surnmer 1994}

We recommend that the muﬂéaipaﬁﬁ@% consider sizing water quality controls on the basis of
a 1.25-inch rainfall event using a simple runoff coefficient. The resulting treatment volume
will adequately control pollutants and will control velocities, thereby reducing erosion
problems and providing opportunities for habitat enhancement. This type of "sizing rule”
also can be used in dem;?mngj retrofits for urban areas not currently served by BMPs and
existing stormwater facilities. Stormwater e tm%tmw involves modifyi ing or comverting
existing stormwater management facilities or convevance facilities or constructing new

'3

facilities to remedy existing water quality and g uammwmlamd problems.

The achievement of water quality and stream channel erosion protection, as well as stream
restoration goals, depends on the timely and systematic implementation of effective,
watershed-wide land use and stormwater management controls. Implementing regional
and on-site BMUPs, along with carefully selected retrofit sites, will improve water qualzhﬁ and
siream habitat, Alihough the full restoration of moderately or severely d{ﬁ:mded urban
streams {to their predevelopment physical, chemical, and biological condition) is generally
infeasible; significant improvements can be made if the appropriate tools and techn@logi&-}&
are applied.

The following BMPs could be considered for new developments, in addition to traditional
extended detention ponds and wet ponds:

e Off-line grass-swale and extended detention marshes
&  Bioretention areas

e Construcied stormwater wetlands

a  {ulvert retrofits

s Stream restoration

= Sand {ilters

s Stormwater management ponds

Off-line grass-swale and extended detention marshes are constructed opern-channel

dr az_’;.m?mv»-- ays. They are used as an alternative to, or an enhancement of conventional storm
sewers. bwales vegetated with grass or other suitable vegetation are usefnl as both runeff
conveyance facilities and as pollutant filtering and mf;it‘rav@n devices, Grass swales can be
combined with shallow marshes and vegetated filter sirips to convey sheet runoff from
impervious surfaces to drainage pipes or other conveyance devices. A well-vegetated lawn
can function as a filter strip. Filter strips are a recommended measure to “disconnect”
impervious surfaces from storm sewers and channels,

The idea behind this nontraditional method is to use flow splitters to divert the small storms
tless than a Z-vear storm) from exifing drainage i ned o slow
down the water and planted with ¢ hmt .5pecié:»‘a that will increase pollutant removal. At the
end of the grass swale, for examplef an extenced detention marsh retrofit can be constructad
o further siow down the water, remove pollutants, and de-synchronize the peaks

V¥ stems 04 STass swa 1o desizr

Biorstention areas. The bioze‘temir;m areas are a combination of grasses, shrubs, and trees on
top of a sand and topsoll mixture that either infiltrates or filters stormwater {depench

soil conditions and grades available) from parking lots, rooftops, or other xmn”sﬁvmua area
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These areas combine physical, biological, and chemical processes to maximize pollutant
removal. If enough of these areas are found in a watershed, the available storage can recduce
the peaks and velocities in the affected stream reach. This is an experimental practice and no
data are available on efficiency or long-term maintenance. However, demonstration
projects in Maryland and Virginia are showing good results for the treatment of stormwater
runoff. Bioretention facilities will require a different approach to site planming: (1) treat the
stormwater as it moves through the subdivision, instead of piping the stormwater and
constructing ponds in the low spots, and (2) look for multifunctional uses of all available
gTEE Space.

Bioretention facilities are most effective if they receive runoff as close as possible to its
source. A site designer needs to look for opportunities to incorporate bioretention facilities
throughout the site, and minimize the use of inlets, pipes, and downstream controls, Prince
George's County, Maryland, reports savings on drainage infrastructure costs of up to

50 percent in a development that incorporated bioretention facilitles. Sirnilar savings have
been achieved in Prince William County, Virginia, in sections of developments with
pioretention facilities,

Bioretention areas were used initially as off-line systems in urban and suburban areas. New
onfigurations and designs include diverting the recommended treatment volume or the

c
fizst flush from drainage pipes into a bioretention area, incorporating on-line bioretention

concepts to swales and adding collector pipe systems in areas not conducive to exfiliration.

Constructed stormwater wetlands are shallow pools that create growing conditions suitable
for marsh-plant growth. Stormwater wetlands are designed to maximize pollutant removal
through wetland uptake, retention, and settling. Stormwater wetlands are constructed
systems and typically are not located within delineated natural wetlands, In addition,
stormwater wetlands differ from artificial wetlands created to comply with mitigation
requirements in that they do not replicate all the ecological functions of natural wetlands.

Enhanced stormwater wetlands are designed for more effective pollutant removal and
species civersity. They also include design elements such as a forebay, complex
microtopography, and pondscaping with multiple species of wetland trees, shrubs, and
plants.

Constructed wetiands are applicable to most sites, bui require larger areas of land than other

ge
stormwater management facilities. However, properly designed stormwater wetlands can
enhance the appearance of the site.

Culvert retrofits. Nontraditional retrofits create a small detention area upsiream of existing
culverts that can incorporate a micropool or a shallow marsh. All larger storms {larger than
a d-year storm) are safely passed through the culvert. The retrofitted culverts also will
provide pollutant removal and stormwater storage for the small storms that cause erosion on
the targeted stream channels.

Stream restoration. Once the regional facilities proposed in the stormwater plan are
implemented to control the hydrologic regime, the targeted siream reaches can be restored
using bioengineering techniques and natural stability concepts. These concepts are based on
fluvial geomorphology studies developed in the 1950s and more recent practical applications
developed by Dave Rosgen, a hydrologist formerly with the National Park bervice. The
stream restoration efiort includes restoring the equilibrium channe! geometry {recreating
meanders and using the floodplain} to reduce streambank erosion, restoring the instream

habitat straciure, and augmenting the riparian cover.

s
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Sand filters treat the first flush of runotf by diverting the flow into a seif-contained bed of
sand. The runoff is then strained through the sand, "'(;51@( ted in underground pipes, and
discharged into either a storm drain system or a sivreamn or channel. Enhanced sand filters
use layers of peat, imestone, or topsoil, and also may have a grass cover crop. The
adsorptive media of enhanced sand filters is expected to improve removal rates.

Closed sand filters are BMPs that treat the first flush of runoff by diverting the flow into an
underground vault. The runoff is strained through a bed of sand within the vault, collected
in pipes at the bottom of the vault, and discharged into either a storm drain system or to a
gtream or charmnel. A variety of closed sand filter designs have been developed and
nplemented. The most extensive applications include:

= Siormwaler sand filter basins in Austin, Texas

#  Underground vault sand filters developed in the Dis
o Delaware double-trench sand flters

e Modified District of Columbia and Delaware sand filters in Alexandria, Virp ginia

rict of Columbia

Stormwater management ponds, These types of tacilities are constructed depressions with
outfiow capacities sufficiently restricted to store stormwater and gradually release it to the
downsiream drainage system. Stormwater management ponds are designed to control the
guantity and the guality of runoff. These facilities reduce peak discharges, reduce
downstream erosion problems, reduce pollutant loads, and hel lp eliminate the
environmental problems normally associated with development activities. Maximum
discharge rates should be regulated to conform with the capacity of the downstream channel
or drainage system.

Stormwater ponds can be divided into detention facilities (dry ponds) and retention facilities
{wet ponds). Dry ponds rely primarily on settling to remove pollutants. However,

additional removal can occur via biological uptake and trans formation by aguatic organisms
and wetland vegetation. Settling efficiency and, to some extent, biological uptake and
transformation are dependent on the runoff detention Hime. Thus, pollutant removal
efficiency primarily is dependent on detention time and the presence of appropriate wetand
and aquatic vegetation, Pollutant removal efficiency can be increased by extending the
detention time, and constructing forebays and micropools to treat runoff from small, more
frequent, storms. In general, the site-spe fitions that potentially affect the design of
dry ponds include land availability, site topog mphf, environmental benefits, soil
characteristics, and site size. Dry ponds may be used for a wide range of drainage areas.
However, the upper range for contributing drainage area, without having to take base flow
nto mﬂmuwrniwﬂ is ﬁga}i,ai E%G é;@ 7\) acres. Aam e this ir;:mg;* wm pfmf are more ’m;ﬁ%m sle.

ézxaam% :iﬁvd{}pm@ﬂt

Wet p{maﬁs are an é’x'fii.?ﬂ’ iv affective %Mi‘ it pzr pem dm;if‘r%:&@d and Wl&iﬁuﬁﬂi“d wel ps@m%

d?niﬂ}ﬂ}? é?i(‘? 4‘?1& p@nu Pﬂ? tant remov rﬂ Oﬂiuem%ﬁ 8 can %J@ increased by mﬁ{}rgjﬁ@r ahnv
sediment forebays, biofilters, and aquatic benches in the d e*,wﬁ of the facil ity. The most
inportant aspect in the design of a wet pond is the existence of an adequate base flow to
ensure that the pﬁrmzmm% pool can be maintained. Other factors to consider in the design of
wet ponds include topography, soil cha;r acteristics, groundwater location and use, depth of
bedyock, accessibility, and aesthetic and environmental concerns. Simil

r to dry ponds, wet
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rations where land and a

ponds generally are applicable in most new development si
reliable source of water are available.

Implementation of water quality requirements for stormwater management will require
maodifications to municipalities” ordinances and design manuals. The proposed model
ordinance includes water quality requirements for consideration by the Technical Advisory
Commitiee.

Estimated levels of pollutant removal efficiency and reliability for some of these BMPs are
shown in Table 6.

4.0 Phase ll NPDES Stormwater Permits

This section sumnarizes the currently anticipated reguirements in the Phase TI NPDES
stormwater permit regulations that are expected in September 1997, The November 16, 1990,
regulations that created the NPDES stormwater permit program /mpﬁémd only to urbanized |
areas with populations exceeding 100,000 that ave served by a municipal separate storm
sewer systern (MS4), and to “stormwater discharges associated with industrial activity” in 11
categories of industrial activity. In the Clean Water Act revisions of 1987, Congress

mandated that stormwater discharges that are potential sources of water quality prz}bmf}n@
and that were not covered in the Novernber 1990 regulations will be addressed in Phase I
regulations by October 1, 1992, That deadline was nussed. The EPA is currently facing a
court-ordered deadline of iss: uing regulations by September 1997,

TagiE
Pollutant Removal Efficiency and Reliability of BMPs
Hoaroke Valley Hegional Slormwater Management Plan

Phosphorus Removal Pollutant Hemoval
BhEP Oplion Efficiency Faliability

Wet Ponds 40 0 95% dadium
Dry Ponds 3010 B0% Badium
Constructed Wetlands <120 0 9797 Medium
Grass Bwales 30%%° Madium
dodified Grass Bwales/ Biofiters a0%" Mesdivm
Filter Sirips 260 7% Low

Bioretention 18 1o 7aA9° edium
Band Filters {open) AD%, sand Medium

TO%, sand/peat’
Sand Fiters (closed) BO%) Misdiurm

" insyfficient data are available. In this study. 22 sites ware 5 sink for phosphorus and 6 sites were a aource for
phosphorus. The median removal afficiency was 45 percent {Shaver and Maxied, 1994),
" Pradicted valus for a well r*ewqawed and well-maintained grass swale {Schusler, 19923,

* Fange of efficiencies reported in a study of agricuitural areas was 26 parcent o 7Y percent. Use of this BMP in
an wrban selting is sxpacied to provide efficiencies near the lower end of this range (Maan, Barfisld, and Haves,
1094).

* Prince George’s County estimate {Prince George’s County Government, 1893).
TGy of Austing 1988, Gall, 1980,

City of Alexanddia, Virginia, rscognizes a 60 percent phosphonss removal rale based on Austin, Texas, and

Alexandria monitoring of similar fiters (Bell, 1995),
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Koanoke Valley municpalities were not included in the 99(’ regulations because
population of each municipality was not large enough. It is @xgefiwi that the Roanoke

Valley municipalities w;i] need to comply wrﬁ:iz the Phase [l regulations, because Phase 1
focuses on m*ba nized areas” rather than municipal populations. The definition of an
“urbanized area” as applied in these regulations is not clear currently,

In developing the Phase Il permit program, the EPA has b‘> . working with an Urban Wet
Weather Federal Advisory Committee (UWWEFAC) Phase 11 Subcommittes. The following
surrgmnary is based on information CHZM HILL has @?;)mmffa‘i through its participation in the
LWWEAC as well from the Stormwater Permit Manual updates {Thompson Publishing
Group). The UWWFAC stakeholder participation process has resulted in several changes in
direction, so the information summarized below is likely to change again before the final
regulations are issued.

The Phase I program includes requirements for stormwater discharges from:

# Industrial aveas
= Construction sites
® Mumﬁ;cépaé separate storm sewer sysioms

potef.nai fo the ia’r ge%i anaf‘t o1 Eﬁi@a* m)ke "‘z/ ailﬂ’a umupahﬁ% All three programs are
described below.

4,1 Construction Permits

The threshold for coverage under construction general pﬂrmz% will be lowered from the
current 5 acres of disturbed area to 1 acre. To avoid duplication, general permit programs
would be coordinated with local and state erosion and sediment (E&S) control programs,
such that if a construction facility is in compliance with the E&S programs, it would be
considered to be covered and in complance with the construction general permits.

s .
industrial Permiis

Two additional categories of industrial facilities will be subject to requirements similar to

those developed for the Phase | program, including preparation of stormwater poliution

prevention plans. These include:

= Facilities engaged in heavy industrial vehicle maintenance {rehabilitation, RPAairs,
painting, fueling and lubrication) or P{%dipl’ﬂéﬁ% cleaning operations related to

construction equipment and municipal equipment m.rzia

= Publicly owned bus maintenance facilities that engage in vehicle maintenance
Service stations will not be covered as a category under the Phase Il rule, but would be

considered on a case-by-case basis,

4.3 Municipal Stormwater Dischargers

Mumnicipalities in urbanized areas as idengified by the latest 10-year census would be
required to obtain a Phase Il permit. Muni sipalities that ave not located in urbanized areas
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may also be required to obtain Phase H permits if they meet certain criteria, such as high
population density, high growth potential, or large amounts of rainfall,

To obtain a Phase I ‘pf—‘rrnit municipalities would be required to develop local stormwater
PrOgrams to address six stormwater minlmum contro! measures:

* Public education and outreach

= Public involvement and participation

o  {llicit discharge detection and elimination

»  Construction site discharge control

w  ost construction stormwaler mana A EeTTe

e Pollution prevention and good ho m&&ekeepmg m maunicipal operations

Specific requirements have not been established. EPA and authovized states, such ag
’Vﬁg}zmc would issue general permits that wonld pmv;de details on the required program
elements. EPA has indicated that the upcoming regulations will promote the use of BMPs
rather than requiring numeric effluent Hmitations.

Mumnicipalities will be required to submit a list of the BMPs to be implemented by the
municipality and measurable goals for the six measures listed above. According to the draft
regulations, the permitting authority, in this case the Virginia Departinent of Environmental
Cuality, may exempt an wbanized area for the NPDES requirements if:

® There is a comprehensive watershed plan or total maximum daily load {TMDL)
evaluation and if relevant compoenents of the plan are reflected in the NPDES permit

# Thewatershed plan or TMIDL demonstrates that murdcipal discharges do not cause or
have potential to cause water quality impact

* Any necessary nonpoint source controls identified in the watershed plan or TMDL are
enforceable

Implementation of the Roanoke Valley Regional Stormwater Management Plan will facilitate
g:@mg;lmﬁce with the NPDES regulations, if Roanoke Valley municipalities are included in
the Phase I implementation. In addition, much of the information needed to develop
TMIILs has been developed through the preparation of the Roanoke Valley Reglonal
Stormwater Management Plan.
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Estimated Average Annual Pollutant Loads and Poliutant Loading Faclors
Total Phosphores (Ranked by Pollutant Loading Facior)
Aoancike Valley Ragional Stormwater Managsment Plan

Watershed Toial Phosphorus Tota! Phosphorus
Mame Hyerage Annual Pollutant Ayarage Annual Pollutant
Loading Feclors {Ib/ac-yr) Loads {Ihiyre}

Byt Holiow Cresk .31 531

Magson Cresk 2.37 &,560

Dry Branch .41 1153
Carvin Oreel 0.42 7,526
Harnhardt Cresk 0,44 1,169

Back Uresk 0.48 18,221

ol Hollow Branch .57 1,942

Gish HBranch 0.78 1,008
Patars Gresk 0.83 4813
Murray Flun .94 1,720
Mudiick Cresk 0,98 5,987

Ure Branch 0.64 2577

Wioll Creek 1.04 3,277
Glade Creek 1.05 22,2203

Lick Fun 1.35 BBy2
Tinker Cresk 1.62 44 260
Totals A 129,843

Estimated Average Annuat Pollutant Loads and Poliutant Loading Factors
Total Mitrogen (Ranked by Pollutant Loading Factor)
FHoanoke Valley Regional Stormwatar Management Plan

Watershed Tolal Kitrogsn Tolal Mitrogen
Mamea Average Annual Pollutant Ayvarage Annual Poliutant
Loading Factors (Ib/ac-yr) Loads {Infye

But Hollow Creak 3.4 5787

Mason Cresk 3.7 85,6583
Dry Branch 3.8 19,218
Barnhardt Oreok 4.4 10,6086
Carnvin Creek &0 72,164
Hack Crask 4.3 167,521
Coke Hollow Branch 4.7 17,548
Gish Branch g4 B174

Patars Crask 5.4 B7,185
BMurray Fun 7.2 13,266
Mudiick Crask 7.4 45,250
Glade Croek 75 157,681
Wolf Cresk ) 23,8282
Ore Branch 7.8 20,304
Lick Run 9.2 45 417
Tinker Craak 107 283,605
Totats P& a84%,1a87
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Estimated Average Annual Pollutant Loads and Pollutan! Loading Factors
Totat Suspended Solids (Ranked by Pollutant Loading Factor)
Roanoke Yallzy Regional Slormwater Management Plan

Watershed Total Suspendead Solids Total Suspended Solids
Tame Average Annus! Pollutant Average Annusl Pollutant
Loading Factors (iwac-vre) Loads (bfyr)
Back Creek 87.4 2,538,375
Butt Holiow Craek 728 125,552
fason Creek Ta.5 1,404 B34
Carvin Cresk £86.3 1,548,170
Dry Branch B89 247 1085
Glade Creel 898 1,882,241
Barphard Cresk 94.8 251,473
Coie Hollow Branch a7z 365,310
Yol Crask 104.2 327,793
Tinker Creslk 071 2,802 866
Paters Graek 1834.6 TIB.BIG
{3ish Hranch 185.0 173,482
Mudlick Creek 156.0 954,804
Cre Branch 181.7 473,088
Murray Fun 851 340,834
Lick Run VRS GO5,830
Totals i 15,342,051

bEstimatad Average Annual Polistant Loads and Pollutant Loading Faclors
Lesd {Ranked by Pollutart Loading Factor)
Hoanoke Yalley Regional Stormweter Management Plan

Walarshed |.eaed Lead
Mame Average Annual Pollutant Averags Annual Pollyiant
Loading Facters (Ihiac-yr) Loads {lbiyr)

Back Creel 0025 925
Butt Hollow Crask 0,027 48
Mason Creaek 0,028 488
Candn Creek 0.031% Hh4
Dy Branch 0052 a1
Banhard: Oreek £.033 89
Glade Creak 3.035 735
Cole Hollow Branch 0.037 138
Wolf Creek 03,040 126
Tinkar Crask .045 1,220
Pelars Creek D.04A% 285
Gish Branch 0,068 74
Mudlick Croek 0,058 355
Murray Flun 0070 128
Ore Branch 3,073 185
Lick Bun D079 394
Teotais A B BED
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fstimated Average Annual Pollutant Loads and Pollutant Loading Factors
Zine (Fanked by Pollutant Loading Factor)
Foancke Valley Ragional Stormwatar Management Plan

Watershed Zing Fikiste:
Mame fyerage Annual Pollutant Average Annual Poliutant
Loading Factors {(bfac-yr} Loads (bfvear)

Back Crask 3,041 1,545
Butt Hollow Crask £.045 T8
Mason Creel £.068 1,173
Bambhardt Cresk £.079 208
Carvin Greek 0,079 1,421
Dry Branch 0,091 258
Glade Creslk 0,107 2,262
Oonle Hollow Branch 0114 427
Wiolf Creel 0118 E73
Paters Creek 0.154 BHEG
Tinker Craal 0171 4,685
dudlick Cresk 0,187 1,187
Burray Hun 0288 4937
Giish Branch 0.385 418
Ore Branch {.344 794
Lick Run 0,350 1,756
Tolals ' M A 18,0286
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Estimated Avarage Anaual Pollutant Loads and Pollutant Loading Faclors
Hoancke Yailey Heglonal Stormwater Management Pian

Averpge Annual Pollutant Loads Ayverage Annual Potlutant Loading
{Iofye) Factors (biac-yr)
Water- o1 e
shed walershed Area
Mame Mame {sorss; TR TH TE4E Ph &n TFOTH TS Pl Zn

BAL BACDT 9404 4325 45570 BoBBE 208 302 048 48 605 0022 0032
BAL BAGOZ 2541 2870 21028 15730 58 1.5 113 B3 6189 0028 0085
BAC BACEZ 101311 IB9.3 34448 S58B4 204 150 04% 34 5H2 0020 G015
BAC BACH4 4185 102 14707 24881 A7 B8 428 35 837 0021 0.0
BAL BACHE 375 82 1007 2228 0.8 12 025 27 BT 0.021 0.032
BAC BACOHT 108.0 51.8 AGY.E 9,793 3.2 G4 049 44 B8T  0.O30 0 D080
BAL BACGY 2588 1030 11573 15410 A8 5.5 040 4 &0.0 0028 0025
BAL BACOS 348 2276 18801 20877 111 BRT7 088 50 7RL G028 Q087
BAC BACOY 131.1 444 485340 2233 3.3 48 B34 37 T4 0025 0.035
BACG BACTD 11813 3124 48B4.0 0 TOE3RY 243 319 027 BB 810 0021 0027
BAG BACT 46,1 4.9 1331 3,295 1.1 200 432 28 T 0,025 0.044
BAC BACIZ  BYZT7  88YL 73312 B3B10 RS BYS 143 84 813 D028 D068
BAL BACTS 281 235 1861 1,782 0.7 14 083 68 818 0025 0.080
BAC BACI4 w320 7R85 82791 BEIYS 2392 BEZ OBE 87 624 0025 0.059
BAC BACIS 3.0 41, 2528 921 0.5 21 347 184 708 0038 0184
BAD BACIE 8700 1012 21572 40,071 134 80 {015 32 538 0020 0.012
BAC BACIY  617.0 1828  217A5 37457 128 BE 021 85 BO7  0.020  0.0%14
BALC BACIB 7840 3048 B35T.3 43887 6.0 182 042 46 528 LOP2 G028
BAC BALCTE 47 333 5629 9524 3.4 2.5 020 34 BTE L0217 DB
BAC BADEG 47B7 42846 J8336 31,892 185 270 080 7.0 8565 0.028 0087
BAC BACZY 180.5 3.z 5018 89,204 3.1 3.2 021 33 512 L02t 0021
BAC BACZZ b4 0.3 1713 3319 1.2 020 3.3 B34 L.02F D021
BAC BAGZ3 6287 B731 43080 45807 178 450 0481 &89 728 .028 0072
BAL BALRZ4 1135 343 4572 7,709 2.5 4.0 030 40 877 4022 0038
BAC BACZE 5384 18B8 22774 3RB42 118 5 Q37 42 £33 0022 0090
BAD BACZE 4370 2244 20084 38826 13, 253 051 448 B45 0030 0,058
BAL BAC2Y 2018 782 7827 iBBE3 8 38 942 0034 002
BAG BACRE 3808 3044 24784 24513 98 201 084 85 878 0027 0.066
BAC BAC2S 2049 277 B3%5 12012 4.1 20 014 3 BRE DD2C .0
BAC BAC3D  aroz 481 1E38.89 20882 T4 37 043 31 BB3 0020 0010
BAC BALCET 2924 550 o4z 20028 74 9.3 049 33 883 D024 0032
BAC BACEZ 7445 1992 20270 48204 154 102 048 31 822 0021 0014
BAC BACEZ 8706 1121 21873 40203 137 QA7 32 BBS D020 0.3

%5

h
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Estimatad Average Annual Polivtant Loads and Pollutant Loading Faciors
Moancke Yalley Regional Siormwater Management Plan

Average Annual Poljutant Loads Aversgs Annual Poliutant Loading
{Thlyr) Factors (n/ac-yr)
Walier- S
shed watershed Araz
Mame  Mame (acres) TP TH TESE By Zn TROTHM O THES Ph in

BAC BACE4 G883 17RO 25276 4DBTT 142 130 427 3E 814 0021 0.009
BALC BACIE L5770 BB4 40781 34,831 141 2YE L8771 BG0 0 0024 D.048
BAC BACIE 11829 2108 39822 TEE1T 244 G0 048 33 605 0020 0.013
BAC DACIY  BTGY 1553 EBIBZ BES48 196 153 418 33 BBY  0.007  0.0%7
BAC BACES 20680 1235 11409 12888 47 82 080 L5 825 0023 4.040
BAC BAC3D 1208 48,4 5415 7,496 2.7 3.1 040 45 621 0022 6.028
BAD BACLD 7o 1iBE BbY s 7,408 2.9 8.5 088 78 B33 0025 0058
BAC BAC4T 723 853 6522 4,425 1.8 4.8 124 90 812 Q027 DO6B
BAC BAC4Z 140,40 4.8 G288 8,364 3.0 2.2 059 45 bBeh 0022 0023
BAL BACAZ  5B7.8 96.2 18240 251468 1203 87 018 22 BBE  0.021 Q015
BAC BALC44 387 57 1542 2,410 0.5 o4 044 31 B80T 0020 L0
BAL BACAL 8154 1911 31218 BDIBS 187 187 021 34 848 0022 0080
BAC BAL4AS 1885 83.8 S8z 12185 43 651 D42 485 820 0022 0.028
BAC BACAY 8722 3281 BVRO% 52418 203 227 Q87 43 BY0 0023 0.098
BAG DACAB  £89.5 2882 21545 43511 185 182 042 48 BR1 0022 0095
BALC BACAS BI04 2207 BIELH 4878 1vE T 08B BT BRA 0.02Y (.05
BAL BACLO 2015 1115 12844 17455 63 8.8 038 44 588 0021 0.023

BAL BACEY 344.9 995 13375 20478 75 7000028 3.9 584 Q022 020
BAC BACSZ  BE2T 2427 32818 54423 189 224 0BR 38 BABR 0022 0028
BAL BACSEE 11285 10468 82438 72574 ZATY 880 DE3 7R 844 0005 0082

BAC BACHL  H715 2632  2BBEZ 42843 154 236 046 45 T4 D027 0.041
BAC BAUSS 176,60 1781 18255 11,7BO 4.7 Toh 8s 7.8 887 4027 G008
BAC BACSE 114.0 469 45885 10,838 38 0.3 447 40 859 (.033 0.0B5
BAL BACLY 564 121 451 8,000 32 $.20 128 BB B3I Q033 4085

BACG BACSE 3248 4631 30862 23,194 98 288 140 95 715 0030 0.088
BAL BACEZ 1181 a6 4685 7228 2.5 200 030 39 8hg o021 0025
BAC BALS0 98.4 LEN 2842 B74B ERY 26 014 2% 588 0.021 0027

BAC HALEY 448,86 6374 4B45E  B2E9Y 138 404 142 57 728 0031 D.0%0
BALG BACHEZ 25.1 36.0 2531 1,583 0.7 1.9 148 101 631 0028 0078
BAL BACES 1888 a0.2 2085 11,803 4.2 L5 048 48 828 D0E2 G029
Bal BALZB4 2023 8.4 9381 13234 47 850 44 44 8654 0023 0.030
BAC BACESD 6838 7603 5500.2 L0OGS4E 2IS B4R 142 BRI 732 O032 0124
BAC BACEE 3317 S4.2 10487 20584 5B 56 048 3 8271 2021 0.017
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Estimaled Average Annual Pollutant Loads and Peliutant Loading Faciors

Hoanoke Yailey Hegional Stormwater Management Plan
Average Annual Pollutan? Losds fvarage Annual Pollutant Loading
{lafyr) Factors (dbfac-yr)

Water- b=
shed walershed Area
Hamsa Mame  {acres) TF T TEHE P 20 TEOTH TES P Zn

BAL BACET 315 8.9 80.7 1,991 0.7 0.8 022 29 833 0021 0025
BAC BACSH 14101 283 4304 8,083 4.1 3.3 20 37 B45 (022 .6E3
BAD BALSY B84 1128 B44T BE2 3.7 5% 471 60 826 0024 0043
BAC BACYO 11555 #2 GYB5.E 88950 287 515 41 5B 5RT Q023 0.045
BAC BALCTY 5324 247 18915 32258 108 70 06 32 608 0020 D013
BALC BOADT BE7.2 5847 482837 58384 227 B16 062 57 881 0427 0080
BAG BOADZ 88361 987 13393 20888 75 5.9 425 34 520 0018 o017
BAC BUAGZ  BI7.7 1328 18254 39,087 134 180 D268 35 TEO 0028 0031
BAL LLAGS 49.9 47.2 3787 5,071 1.5 8 095 7.8 1017 0438 0075
BAC BOADL 4363 685 913133 28100 L0 ARGV £ B § SR8 G020 L0
DAL BOBOY 15308 191210 90476 214892 79.0 2372 073 59 1404 0082 D185
BAG LB Je1.h 2BV 39826 61838 228 B03 038 42 812 0030 0.088

Pa
2]

BAC LBCOZ  7EV.Y 2208 28580 44214 158 173 030 39 BB4 0081 0.023
BAC LBCGE 2861 2052 17088 1506 81 1.3 080 87 5850 0024 0.044
BAL LBCOS 4328 3093 28784 25534 102 173 071 B2 BDY 0023 D040

BAC 1LBOOE 2194 837 HHZS Z0BES 74 8.8 020 42 BLZ 0023 0028

BAC MARDT 4011 1078 18885 23730 84 7.8 027 28 532 0021 0018
BAC MARDZ 4929 3403 20244 BOBEAS izt 229 088 5n 827 0025 0048
BALC MARSZ 2185 1489 12054 16988 &2 2.0 088 hE YB3 0.029 0 0.085
BAF BARDT 1142 20.5 2804 728 2.3 4 L8R 33 8624 0020 L0012
BAR BAaROz 3189 428 BEIY 1858D 8.8 20 04 21 BET QL2001
BAR BARDZ 4113 1223 15918 24,594 8D 88 0540 d8  BIE Q022 0.021
BAR BARO4  471.B 2BBO ZIEREG 40,147 138 235 085 Bt BB 0028 [L.080
BAR DARDS 1518 543 5783 13321 44 7.5 041 440 1011 Q.033 0 0057
BAR BARDES 344 11.0 0o 313 i1 3.8 032 32 910e 0033 114
BAR BAMGY 3097 96.6 0137 2781 105 452 447 33 BBE 0034 (048
BAR BARGE 5.0 357 3084 8244 2.8 700 448 41 NMDG 0038 £.094

BAR BAMOD 2.2 40.7 BEOZ 1 TB 4.1 14 D44 500 1087 0035 0102
BAR BARIG 254 1832 18BSZ 38,733 142 B0OS 071 B4 1485 D05 (1195
BAR BAHTY 289.4 4R8O 16178 ZVETE 128 281 088 56 1305 0045 0090
BAH BARMZ AB.4 28.5 2013 5,245 1.8 36 055 43 125 0035 0077
BAR BARS B7.4 FRER: 6138 14,860 55 170 D81 7.0 1707 0062 (.194
suT BLUTM 5841 7.5 17284 31487 1132 5% 443 34 858 0020 0.010
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Estimated Average Annual Pollutant Loads and Poliutant Loading Factors
Foanoke Valley Hegional Siomwater Managament Plan

Averane Annual Pollutant Loads Averags Annuel Polluteant Loading
{Iafyr) Factors {lvac-yr}

Walgr- Bube

shed walershad Arss

Mame Mame {acres) TP TN THE P Zno 1 TE TR TSE P 1
puT BUTHZ 1164 Z3.8 357.2 7,345 2.8 28 420 31 B8R 0022 0025
BUT BUTGE 3468 437 10572 18934 89 25 043 41 547 0020 0010
BuT pBuTod 2zBs 298 8801 12,8898 47 45 013 A0 588 0020 0.020
BUT BUTOD 1841 10674 BB1D 188534 47 77485 51 B4S 0024 0,039
BUT BUTOE 15.9 15.0 126.0 3,183 11 2.3 108 91 2800 0079 G151

R4S 4]
BUT BLUTO7 2510 19.8 1827 4018 1.4 28 079 61 1604 0085 0113
BuT BUTGE 1927 1518 11597 E34M8 B4 203 079 60 1215 0044 0108
2UT BUTOo 307 48.5 3834 7.REZ 3.4 BO4 TER 119 2554 0111 0664
BUT BUTIO 10.4 18.3 1034 3816 1.6 8.2 176 99 3859 0148 0791
AR CARGT  11188.9 18687 334443 G49.854 2105 1108 014 A0 5B 0018 0010
CAR CARGEZ  §i38 2371 BYOT.L 43517 146 BB 089 486 TO9 0024 0.044
CAR CARGE 7542 14BBB  GES04 27814 421 1958 183 124 123.2 0053 0247
GAR ARGE 162 2048 18183 25388 103 482 17 O L0880 0.297
AR CARGE 1454 1133 8RR2 22154 78 5.5 078 61 1824 002 0108
8 2
£

AR CARDE 181.0 3330 242377 49274 218 1349 1. 0920 0,745
LAR CARD? 2438 1851 18970 37807 1383 33 D085 0,188
CAH CARDE 3422 6047 47BIZE 105,203 438 2228 142 88 1942 D0AC 0411 ‘
AR CARGS 2815 2464 18243 48834 176 638 094 T4 1783 0087 0044 |
GAH DBRo1 4331 4180 30BS.4 81825 220 532 008 70 1427 008317 0193 |
AR DBRG2 481 2023 14561 ZBERE 118 577 137 8B 1808 0078 0850
CAR DIBRL 226.6 1744 t447.4 0 30721 108 BEO G777 64 1558 DD4R 0115
LAR DBERD4A 2477 3180 24B44  B4732 224 177 128 BE 2210 QD90 0475
GAR DBROS 46,4 TR 433.1 9,532 3.8 18.7 120 83 2055 0082 0404
CAR WERCD 7E2.R 1141 24003 49454 1L 750 LE 32 857 D020 0010
CAR WFCOZ 2323 85,1 10820 23,873 8.0 153 041 47 018 04034 0088
CAR WECHS 58.4 885 832 8,853 27 780 LOc 7S 787 0030 (.088
CAR WHCO4 1703 1805 10889 21B03 B2 277 DEBR A5 10RO 0048 083
CAR WECDE 3765 16831 16508 34200 1.8 232 043 44 908 D031 0082
CAR WHCDE 1832 853 BBRY 1B122 9.4 2.8 0bE 53 Y2 DO3% 0079
CAR WEFCD7 34.9 2.0 2340 h7ER 2.0 4% D82 67 842 0.057 4042
CAR WECOE 2483 80.5 2100 IBETE &8 184 033 43 932 0032 4077
CAF WHCDE 1518 1253 10743 24698 102 820 083 71 637 0087 0.54%
CAH WHCID 48,4 60.0 4677 10851 A3 217 125 97 2200 0080 [.448
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Estimated Average Annwal Pollutent Loads and Pollutant Loading Factors
Roanoke Valley Regional Stormwaler Management Plan

Averagse Annual Pollutant Lostds

Byverage Annual Polisgant Loading

(exfyey Faciors {Ib/as-yr)
Water- Sul-

shed watershed  Ares

Name  Mams {acres; TP TH THE Pl Zn T T TsS ¥h Zn
CAR  WFCIt 52.5 225 2313 5593 7.1 6.4 043 44 1085 G040 0982
CAR  WFDIZ 3515 2473 21946 424863 194 818 070 82 1407 G085 D230
DAF WEC3 750 BO.6 8572 14,004 53 212 .08 8.8 1870 4071 G286
OO 0L 4881 62.0 14396 26,984 9.4 L8 D2 34 7.5 L0200 0012
COL GoLoz 837 12.5 1450 2,084 0.7 o8 037 43 olZ 0028 0024
OOl COL03 2546 62,3 10214 16,938 6.1 540 021 35 575 4021 4.8
GOl COLO4 2335 84D G008 18483 58 74 4T 45 706 0.024 0 0032
SO0 LOLoE 722 16.5 237.2 5,078 1.7 i8 0 RES 33 703 0023 0025
SOL COL0S 388.3 FE. 26286 24010 8¢ 7480 018 33 822 0427 0.020
S04 CoLoY 2418 770 DEBE 15,408 B2 . DE2 0 400 837 D022 0023
CoL QOLpe 1778 488 8500 11,808 3% B4 028 37 884 0.022 0018
oo COLOS 28.0 £.9 86.3 1,950 0.8 068 D26 33 750 0024 0.031
LOL COLIG 1808 1823 11358 13585 5. 114 085 7.1 B44  Q.032 0071
COL oL 1550 638 TO00 12427 42 B0 D41 45 B2 2027 0.038
OOl oLz 332 375 2BB.2 7,578 2.8 54 113 87 2282 L4078 0082
200 SO 7re H77 GEDL 176 8.1 255 14 B8 20486 0080 035344
COL CoL14 4.5 52.4 2861 8,987 a7 w4 12D 9.8 2227 D082 0478
e LoLs 387 £0.5 5248 11904 B0 322 188 143 3025 0138 DETT
GO COLe 2187 1586 13707 30782 118 485 470 8.3 1407 0085 0213
0L COLI7 iae 1747 13248 29015 127 FAT 146 111 242 D08 0.843
CoL FRE 400.6 B4 12645 ZRASD 8.2 41 03 38 BR2 40200 0010
COL FRBOZ 1484 297 A58 BTER 3.3 370020 33 BhE o022 0025
COL PEBOE 1482 2280 1B3ZE IBSYE 62 145 181 08 054 0041 0173
oL PREG4 17.9 21.7 1818 3782 1.3 2.8 121 9.0 2108 0073 G5B
{08, PERBOS 2858 2688 27807 BEYBS  28.0 1973 144 108 2455 0102 (537
DY DRYOY 9332 APBL0 0 28064 BE4BS 187 83 D14 A BRE L0200 0040
LRy DRY0OZ 1851 487 6688 12408 4.2 47 0.8 38 870 0023 0026
DAY DRYOS 1883 810 BONDA 14345 48 710046 45 TR4 L0250 0088
Dy DFY04 304 87 3EB0 0 2727 1.1 280 1483 128 BIY  003B 047
DEy DRYSE B0EE 714 18220 30983 900 BA 014 a4 812 0.020 0 0.0
DRy DHYDG 2974 764 9BZY 19519 V4 198 026 33 880 0025 0.087
DEy DRYO7 1657.5 31.0 A70.4 11,051 2.5 81 020 R0 704 L0240 0.OBY
DRy DRYOB 41.8 20.0 2017 4,524 18 3.0 048 48 107.8 0038 04073
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Estimated Average Annual Pollutant Loads and Pollutant Loading Faciors
Hoanioke Vallzy Regional Stormwater Management Plan

Average Annual Pollstant Loads Average Annuat Pollutant Loading
iyl Factors (Ifac-yr}
Water Suby-
shad waltershed  fres .
Mame Mame {acres) TP ™ TES Pl Zn 1 TP TN TSE P 2

oy DFY09 87.8 146.0 2688 11,830 4.5 2.0 188 1.0 1348 0051 O

DRy DHYI10 2285 1703 13415 33,815 127 480 078 8.0 1513 0087 0215
ey DHRY 1 5514 £88.5 G580 34813 63 350 181 119 2688 0114 0635
DRy DRyiz2 505 To0s 7468 18423 T2 437 188 123 2713 0118 L7222
DRy DEY13 £56.3 122.2 0 w103 18080 87 877 184 137 2875 031 0870
GiS GiSot 2887 37.0 4268 15980 54 3.2 G4 589 L0800 o2
Gl G502 181.8 33.4 5892 12,078 44 3.5 008 23 684 D023 0.021
Gl 41503 71.2 169 2477 5,115 1.9 24 024 35 TIB 0026 G033
(3l 31504 12.8 4.8 3.9 1,230 0.4 0.8 038 43 978 0082 0.049
Gils GHBOS Ba.7 0.8 186.8 3,853 T3 1. f.20 0 3.5 YLT 0024 D019
Gis 51808 12.9 9.4 858 276 &7 a0 073 8.8 1881 Q087 0097
GiE GiB07 333 7.0 1810 4,243 1.4 22 051 54 1273 0043 0085
43 G808 89,8 42.5 410.7 9,898 3.4 57448 486 1113 0037 0063
Gis BIB00 46,7 132 1787 3.0B5B 1.3 1.8 GEe 39 848 D028 0.032
ks GIS10 32 1078 8205 18415 482 4.7 085 871 1716 0073 L41p
&g Gt 872 28.8 Fae0 45738 74 462 1.02 8.3 i8OS 0081 0530
(il G512 1582 2842 18310 BE829 154 1027 1.87 120 2108 0087 0.849
Gis EHENE 8.7 874 1378 BREE 134 974 238 175 3874 0470 1237
Gis (it 5.7 1045 14176 2BDIE 428 1013 257 14T 8817 (182 1338
Gilss GIS1S 27 5.9 ELB 083 0.5 3.5 255 188 3798 Q81 13w
i GO BU2.0 4835 39BR4 BLYYT 182 288 08B0 85 BELD  DORE (047
G CORKGZ 13067 1517.3 109423 112855 450 1403 118 B4 863 0034 0107
35 COROE 3843 2823 208672 46,133 1568 540 089 57 1267 0048  0.148
GLA GLADY 8131 14078 BOLE.L 155837 6003 2358 172 108 1919 0074 n.2a0
At (33,801 b7 20642 282DE  BEAZY 180 387 048 41 TP 0027 0.088
GLA GLEBOZ S40.6 0 4002 28842 34185 428 307 148 B4 1003 0037 D090
3LA 1001 3337 B&7 12053 6220 8.0 T4 2B 38 7RT O DORT 0034
GLA GLDOZ  1867.7 11742 102487 108808 3092 850 070 £1 852 0024 0.038
GLA GLIG3 BOZ.1 3444 3EBE4 ITEBE 134 1899 DBB RS B3RS 0023 0,032
GLA GLDO4 967 1135 8389 8534 2.5 A0 17 BT 678 0028 D082
GLA GLDOS 30.5 1067 BAB4 2202 1. Db BB 212 742 0040 0180
GlA GLDOS  4ps.8 8.8 15227 28740 47 4.8 274 31 812 D020 .00
GLA GLDDY 8359 1480 29477 44,842 154 163 023 34 T0T 0024 D026

0

™3

3%
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Estimaled Average Annual Pollutant Loads and Pollutant Loading Facion
Hoanoks Vafley Regional Stormwater Management Plan

Ees

Average Annual Pollutant Loads Avarage Annual Poliutant Loading
{lnfyr) Faciors {ib/as-yr}
Water- Sushy-
shed walershad  Area
Mams Mame {acres)} TP T TEs Py Zn TEOOTH TS L 4 Fiy

{34 Gl 4788 98.1 1587.8 32271 11, 673 0.023  4.082
GLA GLD0R 13337 3168 79087 BBBE9 364 840 0B 50 741 0027 0048
GLA GLDIC 3288 8320 41414 27281 117 387 1.97 G035 o412
GLA GLDTY 299.7 3417 25485 20125 7.8 181 144 BE 872 0.026  D.080
GlA GlLM2z 4883 2304 680544 35859 159 BR4 189 129 V&Y 0084 4112
GLA GLD13 10624 129957 93874 B1BE3 328 D45 122 BB P10 0081 0089
LA GLD14 B4BZ 100 67301 37,178 185 BZE 185 123 BRZ 0030 0.097
LA GLDIS 3787 7408 ABVBES  2688% 117 3BEB 186 1285 625 0031 0103
GLA G118 789 28.4 5786 10,535 38 20 G647 33 Bos 0020 .z
GLA GLIMT 4088 BO.G 14483 24312 B3 58 022 346 557 0.020 0014
GLA GLO D 79.1 2108 13201 54585 2.8 0.8 285 167 693 0035 0138
3L GLDTS 3851 1321 16268 23086 A2 7.8 034 42 BBE G027 4020
GLA GLE2G 26,4 764 4727 1,789 1.0 3.8 ZEB 178 B7.0 0 DOEE 0,148
LA GLG2T 503.0 7LE 1B745 30218 104 L3 04 31 601 0.020 0 0.010
GLA GLDze 2728 1812 1B0d4 20083 T8 148 067 55 789 0.028 0054
GLA GLbhzz 288 1840 18283 285,551 7.8 201071 B9 888 0034 5078
GLA D24 BB5 5149 34005 35113 138 414 133 88 9100 00368 0107
GlLa GLDES BOD4  TB22 54200 45018 192 8BS 158 108 800 D088 0187
GLA GLO2s 7.8 1271 B56.5 G467 2.7 g4 175 1.8 BT D037 4115
GLA aLozy 25.5 1.1 2332 2470 0.9 2% 122wy 88 D037 0083
GlA GLD2S iBBL G742 23629 10,889 B3 215 237 150 6887 0034 0.1Eh
Gla GiLoze &1 1713 a2z 1,079 2.4 1.2 J20338 1340 2053 00181
GLA GLD3o 1372 _ 9. 56 467 748 (.035 0138
GLA GLD3Y B4 131 897 1,378 0.5 e 8L 113 1732 G083 0154
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GLA GLO32 8510 10488 74482 82133 PAY BB3 183 BT 730 0083 008D
GLA GLDAEZ 28585 6879 44459 23108 108 686 283 167 1098 00561 0251
GLA GLD34 3086 8553 42458 22071 2.5 345 22 138 713 G032 0912

GLA GLDAS 33.3 4.2 A4 ERIT 1.5 48 193 124 11853 0048 0137
GLA GLDES 336 71.8 4528 3458 1.4 4.7 274 135 HZ4 0043 D138

GLA GLOE7 O 4200 TE65 51443 28477 1285 404 179 120 684 0030 0.094
GLA GLID3B 1494 3046 1973.0 11756 5.2 172 204 132 TAET7 D035 01
GLA GLD39 2385 23486 18255 14827 8.0 126 088 77 813 D025 0.053
GlLA GLDAD 27.1 324 2364 1,718 3.7 T7otaR BY O B3IZ 0026 0083
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Estimated Average Annual Polluiant Loads and Foliutant Loading Factors
Hoancke Vallay Megional Stormwater Managemsnt Plan

Average Annwal Pollutant Loads 1 Average Arnuat Pollutant Loading
Mty ' Factors {bfac-yr)
Water- Suly-
shed walsrshed Area
Mame Mame  (aeres) TP T 1T858 Pb &n TEOTH TES Pl Zn

GLA Glne 1638 4402 27488 149682 6.4 254 288 168 B34 L0322 0BS5S
GLA G1.042 1416 2003 14619 9,665 4.0 O 148 102 883 0028 04078
LA GLDE43 37448 2824 29244 28,905 108 325 06

Gl GLD4s 3400 1088 12045 23899 91 29.2 g2 A5 70 Q027 0080
GLA GLDss 2848 165 13033 32175 128 552 59 49 1215 D048 4208
Gla GLOGE 39740 5336 40236 80150 378 20246 134 101 227 Q095 0510
GLA GLD47 86682 TBE2R L1E34 154048 581 2BER4 17 7R OP310 L0BO (.379
GLA Gll4as 62.5  30B2 22872 48343 218 1455 190 4.1 2975 0135 0895
L0 LICoT 2206 SEL5 22891 38833 147 897 148 144 1825 4.087  0.818
LAC Loz 443.2  3I00 28882 T2E30 208 1432 683 81 1638 0088 L3P0
LG LACT 3725 BB21 44886  47BE4 213 1084 183 120 1286 0087 0.297
LI Lio04 5188 12402 82814 107,685 447 1B4E 239 160 20705 0085 0.378
L2 LHS05 168.0 88.5 6882 17038 64 248 053 41 1014 0038 4148
LG LIC08 BRSE  1I1Y.E TREBD 127040 B3B BVRZ 188 41 21322 L0080 0489
LG Lion7 5625 7BAB BIIBE 8145 328 1007 140 95 1548 0058 0179
Lo LHCUB S0.5 79.8 61329 18,147 5.5 14 088 68 1785 0.081 0128
L LGOS 106.5 78.0 8273 1BBt8 558 138 473 B9 O 1E7S 0055 0430
LG LICiD 1777 14B7 0 11785 22481 114 308 082 88 1827 D084 073
Lz LICt1 1372 1635 10147 35882 3.8 808 1149 T4 2822 0407 0444

g B7 TIZ D028 .087

Lc LIC1E 83.5 853 4661 22825 88 434 152 7.3 8547 0139 0.684
L0 THRTOt BYT.B 4123 32163 99548 386 1308 058 46 1427 0052 0.188
LG THTOZ 577 108 L2803 25EBL 88 4748 .84 TH 3733 0140 0703
LIz THTOS 43,2 669 3202 15820 84 3188 T4 3815 042 4700
LG THTO4 G89.0  WORE 58500 ZITTIE 2.0 4440 150 8.6 3302 D3 0844

LEC THTS #.5 0.2 7.9 1,887 07 28 157 1iEs 4B 008 0.814
MAR JUMOY 4950 YeY O 1BB3E 31,302 1000 57 045 341 632 0020 .01
MAD JUMDz 4278 7548 1401.6 27,085 8y 68 018 33 833 4020 4048
MAD SURDS 2804 454 BEET7 18388 5.0 37 048 34 654 0020 0015
MASD JURDS 39,3 6,9 1233 2,852 ga 0.8 048 27 848 402t 0018
MAD JUMDS 1363 205 4314 B,BYT 2.7 140 G5 320 BES 0020 D010
WAL JUBDE 118.8 21.1 G025 7,838 2.4 708 34 6B4 D020 004
MAS JUMDY 8811 1045 181098 34072 1B 104 019 320 805 D021 0015
MAS HUMOE 5340 1078 18030 34536 108 9 019 34 847 DOED 0017
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Estimated Average Annual Poliutant Loads and Poliutant Loading Factors
Hoanoke Valley Hegional Stormwater Management Flan

Average Annuat Pollutar Losds Ayerage Annual Pollulant Loading
{lbfyr) Factors (Ib/ao-vr}
Watar- Sub- ;
shed walershed Arps
Mame Mame  {acres) TP i TES Pis Zn TF  THOTEE Py Zn

MAD MASOT 18074 2548 BBE33 110453 361 181 014 21 611 0020 0.010
MAD MADOZ 13114 3001 47140 83084 289 200 023 35 B33 0021 0015
MAD MAGRI 5312 1208 19103 34,586 0.9 740023 38 851 0020 4014
MAS BMALDY 1585 296 6313 12829 4.0 240 015 322 845 0020 L0010
MAS RAME0E 1958 1028 10178 12750 4.4 57 053 b2 8851 D022 0029
MAS MALDS 5891 10.6 2202 4539 1.4 8.7 05 320 855 020 4010
MAS MABDY 756 3.2 3418 4810 1.4 .7 040 45 8386 0022 0023
MAS MAS0E 3451 1.5 10958 22,301 8.9 2.5 0B 32 848 00200 0.010
PMAS MAESDH 27548 80,1 96:4 18,081 5.8 44 D2 G021 oM
MAL MABID 1822 49.6 880.0 12,71 4.0 35 027 38 88
AL MAST 326.00 2821 20784 BE 7.8 13.0 a7t 82 8B40 0024 0.040
MAD MASIZ 3805 56.2 11855 2338 7.3 3% 06 32 849 0020 0011
MAE MAS1E  60B.B 3837 34989 E5238 144 240 0483 57 845 0.024  0.030
MAS MASI4  TH05 1337 24480 S0613  1ES M2 048 B3 874 0021 0018
MAS MASTS 186.4 95,1 g2yt iReut 4.5 8.5 0BT 5O 8RZ D024 0035
MAD MADIE 170.5 41.9 LY6.2 12428 44 45 025 34 29 0024 0.027
MASD MASYY 44.4 0.0 86930 3,272 1.8 D Z248 156 747 D035 0432
MAS MAGIS 176.8 2238 15755 13340 82 B4 126 88 Vb4 0028 0070
MAL MAL1D 22.5 50.4 H20.9 1,455 0.7 27 222 142 849 0032 0418
MAD MASZ0 3082 1183 13637 18987 8.6 892 038 45 819 0021 o022
MAS MASZ2Y AV 014 14 13700 47 62 048 48 848 D022 0.029
AL Makz2 HBH.3 1572 19353 8048 &7 8¢ 1B 17 885 0030 0.097
AL MAG2E 4817 58.0  140B8  ZBASD o 4.6 043 37 B4L 0020 .00
MAS MASZ4 1747 453 B4z 10583 3 3.7 020 33 804 0021 0021
MAS MASZE 5240 1298 18419 33851 08 7.9 025 37 842 0021 0015
MAL MAS2E 140.0 86.5 7712 8,623 32 5.3 08E B85 816 0023 0.038
MAE MABZY 3200 2185 1BBEE 23799 89 248 088 58 744 0028 0.077
AL MARZE 5130 BRO 184806 34347 108 a0 047 3z 8700 0027 0014
MAD MaALRZE 2017 80.0 6833 15728 B3 7.t 4 7RO 0028 0.037
MASZ MASLLG 173.8 61.8 7222 11.B73 4

s

D022 .09

Hiw
)
)
i

L
£
5

]
£
03

s
5]

[
o
Tk
fax)
s

g 880 002z (.024
B 855 0021 0.018

MAZ MASD 264.3 687 a94.1 47,305 B5 4.2 026 3
MAS MATLZE 159.1 250 50001 10344 32 .80 416 31 85 4020 0012
MAD MASEZ 4819 716 14824 30225 B3 O D16 220 854 D020 0.0
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Estimated Average Annual Pollutant Loads and Pollutant Leading Faciors
Floancke Valiay Regional Stormwater Management Plan

Average Annual Poliutant Loads Sverage Annual Pollutant Loading
{ibfyr} Fastors {bias-yr)
Water- Sy
shed walershed fAres
Mame Mame {scres) TP TH TES Ph Zin T T TES Py Zn

MAS MABZE 157.0 259 487.2 10,181 3.2 21 48 a3

h
2

180 4.020 0 03

MAZ MABEE  688.8 10285 218985 44422 140 V8 075 B2 838 0020 0011
MAS MAB36 3035 1385 13838 33054 1018 365 046 44 1089 0038 0120

MAD MABZ7 1807 353 §17.6 12823 42 2.8 41 32 L LG22 01D
MAD MAZES 2187 24001 17413 40188 155 B34 110 B0 1B37 0071 0.28D
MAS MATBEY 853 155 8723 12235 53 284 135 102 1434 0082 0.333
BAL MABAD 1688 2004 18312 32845 143 BEE 11D 87 1951 G085 0507
PAAE MAB4AT 2120 2908 23059 54813 218 1038 083 74 757 0070 0332
MAS MARAZ 1076 I8BT4 18834 30,172 132 814 174 129 2805 0123 D.7BE
MAS WMAZ4Z 4002 4890 38078 BZ068 347 1949 115 B0 B2O50 0087 (.487
MAS MAL44 72.9 297 3847 9,518 3.2 780 085 53 1306 0044 0088
MAS MABAL 2097 1834 1BI398 GGTBY tBE BRY 087 TR iYB4 0076 0.488
MAS MASAE 3256 BBRI 20449 6722V 273 1387 117

&

9.0 2085 0084 0420
MAS MADAT 2108 78.3 6853 B21,843 84 74 038 33 1036 0040 0178
BALID MOTOH 9341 BE3Z2  8RTRT 184347 E23 2418 088 75 17BES D087 0.25%
BMUD  mMDCO \ Bavg  TBA3  bAZes 101981 397 1878 144 104 1940 0078 0321
MUD  MUDOT  103D8  B465  B7428 74095 287 842 0B1 BB 1.3 0027 o082
MUD  MUDDZ £69.3 30.9 3054 6258 2.2 40 045 44 9085 0031 0058
MUD  MUDOS 1000 1842 10485 12583 48 118 141 88 NIBZE D042 01400
MLED  MUDGE 3205 2545 20027 36536 130 280 079 65 1141 0041 0083
MUD  MUDOS 280 15.7 1434 B3B3 1.2 23 454 B0 1248 4.047 .08
MDD MUDDE 1655 1537 11880 31,174 109 73 QB3R 7.2 B84 0086 0.165

MUD MUDGY 834 855 529.8 12187 47 202 143 B2 iBRE 0075 0%in
MUD MUDOE 2187 2911 18344 41898 140 432 088 74 IBGA 0068 0.108
MUD MUDOS  BO7.4 8324 47874 115,472 444 1BEY 125 8.4 2276 0.08BR  0.981
MUD MUDI0 5822 8013 45037 103435 379 1223 107 B0 1B4D Q067 0918
MUD MUDTT 348 307 236.2 8,214 2.1 44 0B 88 1788 0082 0126
MUDTZ 2385 1812 14788 38245 130 2ET 078 £2 1604 0054 0108
MUDTE 8453 BAETS 40703 368340 344 981 089 TE 1TET7 0083 0176
MUDIE 189 2275 15842 26,148 112 811 187 134 2194 0084 0513

WRACOT 8422 3872 34883 BE311 299 68 062 L4 132EB 0.047  [ICG3
MUROY JE30 0 34T 2rBERB O YB41 2Bz 1 0.305

a
8.8 138 Bo 2324 0.0680
§ 092 7.3 18246 0088 0.239

o
=]

75
b
=S

MURDZ  B820 5443 43117 1GBO7S
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Ratmated Average Annual Pollutant Loads and Pollutant Loading Faclors
Hoanpke Valley Hegional Stormwaler Management Plan

Average Annual Pollutant Loagds Averages Annusl Pollutant Loading
{hinfyry Factors {Ihac-yr}
Watar- Sl '
shed walershed Area
Marme Mame {acres); TP T Tes P it} TR TM TES e Zn

LI MURDZ 2942 1977 16242 42830 B BBZ 087 55 1458 0054 o
pALIH pALIRO4 39.8 30.8 2436 6470 2.2 50 0 DT7 &1 827 G088 (1128
MLIE MURGS 23688 2175 17347 42,488 15¢ 7309780 G087 0.245
MUR MURDS 3484 35814 27477 66261 253 1014 101 7.8 1813 D03 0203
ORE ORHEDT 31t 2835 3BID 8,024 3.4 182 084 11 257 D017 (0.058
ORE OREDZ 72.8 57 210 287 1.1 44 234 17 408 L0150 0.080
OHE OREDE YTBS B2E.0 B3B3 12027 50 269 119 07 154 Q008 0038
ORE OREQ4 1727 3384 1978 4,531 1.8 S0 tes 1 2820 0011 L0586
oY ORTH 2588 1204 1714 4229 1.5 5.6 048 07 183 0.008 0022
ORT OHYoR 2382 1262 2444 8,545 2.5 94 053 1.0 278 L.00 D.03%
o7 OHT0E 60582 3817 4756 310,884 44 204 083 68 180 0007 0.034
ORT ORTO4 1633 Zeb4 2237 5,000 2.1 1.0 183 14 308 0013 0087
PTH PTALT 424.7 86,9 13732 ZBO0E 85 45 048 3.2 658 0020 0.0
PTH FTADZ 2144 2007 2VIBE 2BBE2E 108 408 138 98 1182 0048 D191
FTH FTEM 7R44 1IAT 239

i
£h

o
fad
5y
]
rerch
58]
B3

oy

A
a2
B3

Lt 4B384 162 B8 GU1B 0 32 835 0080 0042
PTH PTRo2 1796 1787 141 38,721 5.8 148 100 Y9 10472 0038 0082
PTH PTRGS 1765 2831 190 165,148 65 8.8 180 108 215 0037 0108
PTH PTRBo4 177 IBGT 14353 211 7.5 52 00 73 1088 0038 4077
PTR FTCOT 4322 B79.0 3RG3D B3 206 574 134 92 1275 0048 0133

i
w
wd

]
fa3

.

PR FYC0E 0.4 61.2 4822 13,068 4.5 6.4 D88 B4 1445 0.0BL 0115
PTE PTO0S EARE 5.8 2815 7AT4 2.8 O 471 BB 47T 0851 4059

PTH PTG 1504 1082 Ry 22758 TR B2 01 B8 15LE 0082 4108
PTR PTHROZ 9.8 277 Gdg.7  TEa0 2.6 4.8 028 32 B4 D02 0.045
LA RE FTR03 1888 1878 11750 21,983 84 248 085 7.0 1817 0048 0148
PR PTR04 881 81.0 8188 15768 58 158 082 83 1808 0057 0,181
PTH PTHROS 3.7 3.0 232 BOD 0.2 D4 081 BZ 1840 0058 (.15
FTH PTROE 3767 4321 30705 BB2B3 201 B17 1145 B2 M4BT 0083 0137
PR PTRGY 1567 1810 2508 25811 112 854 118 2.1 1888 0082 0478

TH PTROZ 2883 2743 20820 46872 173 B4R 082 70 1575 D.OBB 0184
PTH FTROZ 2317 2L 18818 40977 151 BDD  0.9% 7B ATYE 0085 0.220
PR PTHID 53,7 82.7 5160 14038 58 308 154 115 281 G108 0570

Iy
“

FTH TR 1408 2039  1837.8 35308 145 754 145 108 2508 0103 0.53B
PR PTRZ 224.5 2704 208605 48588 194 866 120 52 2208 DOAY  0.388
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Estimated Average Annual Pollutant Loads and Pollutant Loading Factors
Foanoke Yailay Fogional Stormwater Management Flan

Aversge Annusl Pollutant Loads | Averace Annual Pollutant Loading
(Mesdyr) Factors (Ibfac-yr)
Waisar- Suby-
shed walershed Area
Mame Mams  {acres} TP TH TSS Po Zn TR TN TES h Zn

TR PYRIZ 3664 2802 28553 BR280 210 855 079 B4 1642 0088 0185
PTH PTR14 T80 1388 11228 280350 8.8 194 008 63 1822 0055 0108
PTH PTRIG 3485 2253 189304 44,549 153 332 084 55 1275 (044 0085
PR FTRIS 2814 2402 17672 50242 187 BHE 082 88 1922 0071 0267
FTR PTRY7 1260 12783 1017.0 23672 9.6 487 10Z B 1887 Q076 0387
THR THROT 10828 16819 116487 685854 502 BRZ 180 110 854 0028 0.084
TR THRDZ 7014 BERZ 47003 45273 171 318 481 87 B4AE 0024 0,045
TR TRAGE 11862 268720 171176 7088 281 1388 237 148 684 0033 0120
ThE THRO4 8455 25938 181567 65835 338 13441 274 171 854 0038 014D
TKH TERGE 183,86 3085 1485 8817 4 4 158 227 48 BET 0023 40118
THH TEROB  2087.0 88858 408845 167,721 817 5477 B.20 108 FEE D035 BT
TKR THROT 7849 23388 144347 59913 208 i2PA 2O8 1B4  7H3  D.OBE 0156
T THHOB 4195 14335 BT085 30,778 168 738 342 208 734 0040 0178
TER TRiROY 2255 3284 22477 18,201 8.8 92 148 100 718 4030 0.085
THR THRRID 11974 23079 165300 80,244 403 1350 200 30 T4 0034 0113
TER TKHT1 9578 21829 138744 TRE22 332 1177 228 148 7RSS 0485 0.123
THH THERIZ 12865 14500 1089880 97354 358 12B0 143 85 YE7 0087 0.007
TR THKR13 2888 6767 42850 15BBE 9.2 352 255 180 711 0035 0433
TER THHI4 8118 2058 28304 38328 132 132 084 41 B27 0022 0092
THE TKRIS 3822 4210 30334 84283 122 387 120 86 87.% 0037 0140
TKH TRMIG 4848 1282 7840 48862 2.3 7.8 283 183 855 D043 )

THA TRRYY 5.4 3.2 313 765 .3 G4 DB2 B8 1429 0048 0.082
THH TRAS ta4 B 1248 I0T4R 0 8130 a5 87 086 70 832 0024 0047

TR THRI1D 7701 H8Z0.7 168030 TBEPE 326 1086 214 140 1083 0048 014
TR THREG 10485 20486 134850 B2.885 280 1479 188 129 790 0038 0140
TER THR21 A58 Hes VY0S 11,843 B2 1.7 248 6B 2542 0115 (.89
TR THR22 1722 4235 ZBBO4  BB2ET  VE 1008 248 187 2224 G100 (.3586
TR THR23 714 25.0 3355 548 1.5 28 0335 47 702 L0220 D.040
THR TER24 6772 7944 5BS7S 110386 433 1834 147 7.0 1650 0084 0288
THR THAZS 35217 8128 40130 25887 117 424 174 114 735 0033 0120
THH THR28 15001 2037 14403 18857 74 202 142 856 1287 0.049 0168
TER TRRZY 112.8 1518 10285 18783 4.3 14

94 135 B 1488 00868 D72
e THHZE 2883 1B6D  18B51 17,968 88 10,3 08: BB 827 D023 0.036




Estimated Average Annual Poliulant Loads and Pollutant Loading Faclors

Heanoke Yalley Heglonal Stormwater Management Plan

Average Annual Pollulant Loads

Byprage Annuat Pollulant Loading

finiyi Factors {hfac-yr}
Water- Saurhy-

shed watershed Area

Mams  Mame {scres; TP ™ THS i &n T OTH TEE Ph Zrs
THR TeH29 9877 7818 BBGYZ 88408 252 B0 0T8 &0 672 0.026 0082
THR THR30 3184 3OLE  ZI752 32364 120 307 085 6.0 1028 0038 0097
THR THR3 2510 2303 17405 3BR2000 0 117 343 0892 88 1275 0045 D187
THRA THR3Z 56.5 753 489.0 7310 30 149 133 88 1283 0053 0.284
TER HiSce 8147 4862 38835 40777 152 B8 485 69 782  L.030  0.088
TKR THR24 4803 11836 74409 683,730 2V.B MIB2 245 183 1310 0057 0243
THH THR3E 4853 4883 38325 TREED 2003 1202 098 7.7 1828 009 0.243
TR THR3E ERT O BET.Z 41878 435851 218 1125 187 115 1366 0088 0310
THA THIR37 427 785 499Y.6 87,743 267 913 132 B2 248 0.048 0188
THH THRAE 48.5 49.4 34700 GBI 41 2007 102 TR OZI1BT D0BL D418
TR THHEZ 10887 12824 92888 98508 399 1447 148 BE 912 0038 0137
THH TER4D 12.2 7.8 BrE 1,631 0.8 1.8 085 5.8 1338 0048 0130
THR TER4T 2210 2008 14493 43807 158 4580 095 BS5  1UBZ L0071 0208
T®R THR4Z BR.8 B4.9 7G4 1TYTE S 840 193 095 85 2003 D072 D217
THR TRE4Z 3271 2190 17880 46400 160 329 087 55 1418 0.048 001
TR THR44 7.5 67.4 5084 12301 4.3 9.1 BBE B85 1668 0084 0118
THE TKRah 5208 3058 28835 51477 84 415 080 B2 BES  0.035  0.080
THR THALE 2085 882 7481 20488 78 274 041 38 9R2 0 0037 03
T THRAY BOBZ  3BRE  PBRELY 80,807 37.6 1889 480 31 1087 0041 0iB4
THR THFAS B4 18.0 1955 4,538 1.7 40 085 39 280 0034 D077
TR THR4S e 45,7 BES . 7884 27 5.2 285 B5 1051 0038 0088
TER TR 4150 4152 2Ri88 74287 207 814 140 7.0 1780 0084 0108
THE THRSY 1388 2025 1BBE3 340871 147 BAY 148 113 R4ABT 0008 0A2E
TR THHED 24301 29845 224355 BRT 284 2OBE B480L 122 92 282 00B6  G.A80
TR THEEDE 1382 14405 11804 26826 110 B8O 108 B4 195E  00BR1 0428
THR TeRE4 1986 2818 182480 425589 188 11538 1258 9.8 21564 0085 0.ERD
THR THREE 2465 2359 18620 43705 178 912 488 78 1773 0073 087D
TR THREG 1589.2 149.2 991.5 33887 124 448 084 82 2114 0078 0.280
WLE  WLFO1 2343 TT.0 10BO0 22473 77 9.9 028 38 753 0026 0.031
WF WLFDZ 1465 2201 15048 12813 532 150 150 03 881 0038 0102
WALE O WLFOB 1779 2742 187B4 13108 B7 0 180 154 108 737 5.032 0.080
WL WILFO4 31.5 5321 4053 2797 1.2 39 200 130 888 0038 (0.123
WiIF O WLFDE 8155 875 81848 Y5314 BRT 752 100 7E 924 0035 0092
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Egtimated Average Annual Pollutant Loads and Pollutant Loading Faclors
Hoanoke Valley Fegional Slormwatsr Management Plan

Average Annual Poliutant Losds Average Annual Pollutant Loading
{filafyrd Faviors {livac-yr)
Water S
shed watershed  Area
Kams Name {scres) TP TH THS P Zn TEOTH 7SS P £

WL WLFOE 40401 8514 43843 35984 171 684 1819

e
]
o

Du.0 O.042 00184

WLE WLEDT 16.0 23.z 1691 2,871 1.1 582 145 106 1484 0080 03068

WLE WLEDB 2873 Z1BE 18372 38815 154 GHT 078 64 1344 0054 0.239
WL WLFGS 2338 1453 12BREB 29500 104 263 082 B5 1281 0044 0112
WLEF WLEID 2938 3820 26VRT 39,048 149 480 130 9.1 13208 0.051 0157
WLF WiLF dH8.0 I67.8 ETI89 42824 155 3EF 103 78 1198 0043 0.099
WL WLF12 B8.3 36.8 03 9438 3.1 47 342 A4 WEE 0085 0054

WDORAI062/024. D00
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