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Executive Summary: 

The purpose of this report was to determine necessary regulations regarding stormwater 

management at the development site. Additionally, this report contains designs of some 

stormwater Best Management Practices (BMPs) meeting regulatory requirements to control and 

manage runoff from the site post development. The proposed stormwater management includes: 

1. Rain garden level spreaders at the Marquis Landing Site 

2. Green roof on new construction of Intermodal Transportation Center 

3. Rainwater cistern on existing structures at Spot Landing 

4. Sumped Inlet for water quality management at the Spot Landing 

5. Vegetated buffer zone along Bushkill Creek 

6. Miscellaneous green spaces at Spot Landing for recreation 
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1. Site Overview  

The proposed development project is located on two Lafayette College-owned parcels in Easton, 

PA in Northampton County. The development project involves the installation of an inclined 

elevator and the erection of two buildings serving as the landing zones. Approximately 2,500 

square feet of the development area is on existing paved areas. In addition to the buildings and 

elevator path, the proposed developments include rain gardens, an entry plaza, and improved 

pedestrian infrastructure. Runoff from the site enters the Bushkill Creek, Chapter 93 of 

Pennsylvania Code classifies by as High Quality, Cold Water Fishes and Migratory Fishes 

territory (HQ-CWF, MF). A map showing the classification of the Bushkill Creek is included in 

Appendix A. 

Run-off volume and rate reduction will be accomplished by converting exiting developed area 

into rain gardens and by capturing rainwater from an existing roof for irrigation water. Proposed 

landing structures will support green roofs to both reduce peak discharge of rainwater and 

improve rainwater runoff quality.  

1.1  Predevelopment Conditions 

The majority of the development site is wooded area. Part of the sloping woodland includes a 

decommissioned pedestrian pathway. The top landing site is located on a partially wooded, 

landscaped grassy area. The landing area at the bottom of the inclined elevator (called the “Spot 

Landing” due to its proximity with the existing structure called “The Spot”), is a paved parking 

lot and roadway. Adjacent to the Spot is a partially vegetated ditch. This area will be covered 

with an elevated vegetated bridge/platform for pedestrian access to the Spot Landing site and 

Proposed Intermodal Welcome Center.  
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1.2  Topography 

The predominant site topography includes a steep slope that separates the site from the Lafayette 

College campus. This poses interesting stormwater management challenges as water displaced 

by the elevator could channelize at relatively high velocities. The landing points are on fairly 

level ground. The USGS Topographical Quadrangle is included in Appendix B.  

1.3  Soil 

According to the USDA National Resources Conservation Service Web Soil Survey, included in 

Appendix C, the site contains the following soil types: 

 RzF; Ryder-Rock outcrop complex, 25-50% slopes 

 Ukb; Urban Land, occasionally flooded 

 UoB; Urban Land-Dullield complex, 0-8% slopes 

These areas were confirmed by the Easton Planning Commission Soil Map included in  

Appendix D.  

2. Pre-Development Drainage Areas 

The site contains two pre-development drainage areas (PrDDA) all located in Sub-Area 132 of 

the Bushkill Creek watershed, as shown in the Release Rate Map included as Appendix E. 

According to the Lehigh Valley Planning Commission, the sub-area is a 

“Conditional/Provisional No Detention Area” due to the proximity to the confluence with the 

Delaware River that provides adequate downstream capacity for increased peak flows.  

The two PrDDA’s are delineated in Appendix F and summarized below: 
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Drainage Area 1 (DA-1): This area (3.4 acres) in the north portion of the site that drains 

south to the Bushkill Creek. The area includes the gently sloping and terraced land that is 

predominantly mowed grass with some development. South of that area, the ground 

slopes an average of 70% and the predominant cover is woodland and rock outcroppings. 

The southernmost portion of Drainage Area 1 is paved, gently sloping developed land.  

Drainage Area B (DA-2): This area (0.24 acres) includes the footprint of the Mohican 

Building south of Drainage Area A. This stormwater drains north into the Bushkill Creek.  

 

3. Post-Development Stormwater Management 

According to Section 106 of ACT 167, if the impervious area is less than 10,000 square feet, the 

proposed site will be exempted from the Drainage Plan preparation provisions of this ordinance. The 

total area of added impervious area is approximately 8,000 square feet comprised, at the top landing, 

of the Marquis Landing facility and additional pedestrian walkways, and at the base, the excavated 

land where the inclined elevator traverses Bushkill Drive. Since the added impervious area is less 

than 10,000 square feet, the project is exempt from such regulatory requirements. However, 

dedicated to sustainable infrastructure development, Lafayette Engineering Company will be taking 

measures to reduce stormwater runoff to protect the Bushkill Creek and demonstrate Lafayette’s 

commitment to sustainability.  

Post-Development, the two primary drainage areas remain. However, Drainage Area A is now 

subdivided into 5 sub-watersheds. The Post-Development Drainage Plan showing the delineated 

sub-watersheds is included in Appendix G. The Rational Method was used to determine calculations 

for sizing and runoff evaluations. Lehigh Valley Planning Commission protocol for Rational 

Method Calculations are included in Appendix H. 
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DA-1A:  This area, comprised of 14,000 square feet of paved land at the southernmost 

portion of the site. This area is 95% impervious. The proposed design will reduce 

impervious cover by about 20 percent. This contribution will come from a vegetated roof 

on the proposed structure with an approximate footprint of 3,600 square feet. 

Additionally, rainwater from the roof of the existing Spot building will be harvested in a 

cistern for irrigation and additional non-potable water supply. The footprint of the Spot is 

about 2,700 square feet. The remaining impervious area including the parking lot will be 

fed to a sumped inlet that discharges into the Bushkill. This inlet will collect debris, some 

sediments, and grease and prevent such contaminants from entering the Bushkill during 

storm events, as illustrated in Figure 1. The calculations for the inlet sizing are included 

in Appendix I and the proposed storm sewer network and inlet designs are included in 

Appendix J. 

DA-1B: This 2-acre (86,375 square foot) drainage area will also drain to the sumped inlet 

discussed above. The proposed inlet and pipe were sized according to the 10-year storm 

event as the site experiences flooding in the 25-yr and greater flooding events. 

 
Figure 1: Sample Sump Design  

Source: Sea Grant Northeast, Cornell Cooperative Extension 
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DA-1C: This drainage area, comprised of approximately 0.4 acres of land of 

predominately developed land is a tributary of DA-1B. The proposed Marquis Landing 

site cuts off this portion of the watershed from DA-1B. At the bottom of this site, a rain 

garden will serve as an enhanced infiltration area and a level-spreader to reduce 

channelization that could erode the hillslope. The level spreader sizing calculation is 

included in Appendix K.   

DA-1D: Similar to DA-1C, this drainage area is a tributary of DA-1B but is cut off from 

the drainage area by the landing structure in the west. The runoff from this 0.2-acre area 

will also pass through a level-spreader, infiltration area to reduce flow and 

channelization.   

DA-1E: This sub-area is unchanged by construction. This area was delineated separately 

from the DA-1B watershed because is not connected to the proposed storm sewer 

network and will instead drain through rain garden buffer zones to the Bushkill Creek. 

DA-2: This site is also unchanged by construction. The rainwater from the roof of the 

Mohican will be captured with the rainwater from the Spot and applied to the green 

spaces as irrigation. The footprint of the Mohican is 10,372 square feet. 

In addition to planning for the current development, the stormwater management plan included 

preparation for future development of the Marquis Landing Site. Two 8-inch pipes will be 

installed on the bridge that can be connected to a storm sewer system if additional development 

requires more runoff diversion capacity. The pipe sizing calculation is included in Appendix L. 

Runoff calculations assumed the Marquis Landing Watershed (DA-1C and DA-1D) would be 

95% pervious to make a conservative calculation of development.  
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3.1 Runoff Volume and Rate Control Measures 

Runoff volume and rate will be controlled by the proposed green roofs atop the spot landing 

facilities and the stormwater collection system. The proposed construction increases runoff 

volume and rate minimally (Table 1). Calculations of the pre- and post- construction runoff are 

included in Appendix M.  

Table 1: Stormwater rate and peak flow pre- and post- development 

 Pre-Development Post Development 

Storm Return-Period 2 10 25 2 10 25 

Tc (hr) .121 .121 .121 .121 .121 .121 

Runoff Rate (cfs) 4.89 6.84 8.46 5.32 7.44 9.14 

Runoff volume (ft3) 2129 2980 3684 2316 3243 3979 

 

As mentioned previously, release rate volumes are not required in this area because the stream 

has sufficient downstream capacity. The other peak runoff control measures include the 

rainwater cisterns which depends on the size of the cisterns. Volume of stormwater that could be 

collected by cisterns (Table 2) were determined using the 24-hr rainfall depths for each 

respective storm interval defined by PennDOT Intensity - Duration - Frequency Field Manual 

(“PDT-IDF”) (May 1986) and the area of the Spot and Mohican buildings. Cisterns can be 

installed underground or in the proposed Intermodal Welcome Center for educational purposes.  

Table 2: Runoff Volumes generated by 1-yr, 2-yr and 5-yr storm events 

 Square feet 

of Building 

1-year 

volume 

2-year 

volume 

5-year 

volume 

Units of 

Volume 

Spot 2,697 539 674 809 Cubic feet 

4,035 5,043 6,052 gallons 

Mohican 10,372 2,074 2,593 3,112 Cubic feet 

15,517 19,396 23,275 gallons 
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3.2 Water Quality Measures 

Since the disturbed area is less than 10,000 square feet, water quality volume controls are not 

required. As per Chapter 93, Permits will be required to discharge the stormwater from the 

sumped inlet into the Bushkill Creek since it is a High Quality waterway and a Cold Water 

Fishes and Migratory Fishes territory. 

Measures to improve runoff water quality include the sumped inlet, rain garden and green roof. 

Native planting will be used as a sustainable landscaping and for educational benefit and 

research opportunities.  

4. Proposed Stormwater Collection and Conveyance Systems 

The proposed collection system includes the sumped inlet and 15-in diameter pipe directing 

water to the Bushkill Creek. The Rational Method for small watersheds in conjunction with 

Manning’s Equation was used to determine the sizing of pipes and the sump inlet mentioned in 

the description of the post-development stormwater management drainage areas.  

5. Environmental Resources Site Design Assessment 

Lafayette Engineering proposed best management practices even though regulations did not 

require such management methods due to the relatively low area of disturbance and increased 

impervious area. Such BMPs include the green roofs atop the new proposed intermodal transit 

center, green spaces around impervious area at the Spot Landing, rain garden level spreaders at 

the Marquis Landing Site, and the sumped inlet design to capture contaminants that would 

otherwise run off into the Bushkill Creek.  
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6. Resources 

Jaber, F, Woodson, D, LaChance, C, York, C. Stormwater Management: Rain Gardens. 2012. 

Texas A&M AgriLife Extension. 

“Field Manual of Pennsylvania Department of Transportation” STORM INTENSITY-

DURATION-FREQUENCY CHARTS PDT-IDF” May 1986. 
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Lehigh Valley Planning Commission 
Stream Quality Map
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APPENDIX B

U.S.G.S Topographical Quadrangle



Bangor

Nazareth

Wind
Gap

FrenchtownHellertown Riegelsville

Belvidere

BloomsburyEaston

ADJOINING 7.5' QUADRANGLES

Imagery................................................NAIP, January 2010
Roads..............................................©2006-2010 Tele Atlas
Names...............................................................GNIS, 2010
Hydrography.................National Hydrography Dataset, 2010
Contours............................National Elevation Dataset, 2010

USGS: USFS:

#!"

#!"

#!"

#!"

#!"

#!"

#!"

#!"

#!"

#!"

#!"

#!"

#!"

█n

█n

█n

█n

█n

█n

█n

█n

█n █n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

█n

F

F

F

F F

F

F

F

F

F

F

F
F

F

F

F

F

F

F

F

H

H

600

700

200

300

400

400

200

300

300

300

400

300

400

300

200

300

700

300

200

300

200

300

400

300

200

400

30
0

300

300

200

300

20
0

200

400

40
0

500

500

500

500

500

500

400

50
0

500

200

500

600

500

400

400

400

200

200

400

200

200

200

200

800

400

600

500

800

300

200

500

700

60
0

600

900

20
0

400

300

600

300

300

300

300

20
0

400

600

30
0

600

300

600

400

400

700

900

700

600

700

300

300

600

400

300

400

300

400

700

300

700

800

400

400

500

600

700

30
0

700

400

400

400

300

600

600

300

300

700

400

400

700

500

800

300

250

300

300

600

500

30
0

60
0

500

300

300

30
0

300

300

300

300

300

500

400

500

400

30
0

300

700

500

500

400

200

400

600

300

400

200

400

700

500
400

300

700

400

700

60
0

400

30
0

300

600

600

Braden
Airpark

Hartung Airport

§̈¦78

§̈¦78

§̈¦78

§̈¦78
§̈¦78

£¤22

£¤22

£¤Alt
22

£¤Alt
22

£¤22

£¤22

¬«115

¬«115

¬«611

¬«248

¬«611

¬«115

¬«173

¬«57

¬«611

¬«248

¬«1009

¬«611

ESPOSITO RD

HA
RM

ON
Y S

TA

ZUCKSVILLE RD

BEERS ST

BUSHKILL DR

LINCOLN ST

RID
GE 

RD

GREENWICH ST

CO RD-627

MILE RD

MORRIS ST

BE
LT 

RD

RID
GE TRL

BALTIMORE ST

STELKO AVE

W COOPER ST

ST
ILL 

VA
LL

EY 
RD

GREEN ST

KEN
T ST

SHACKLETOWN RD

HAW
THORN DR

4TH 
AVE

APPLE BLOSSOM RD

PENNY LN

RAUB ST

NEWLINS RD W

LEWIS ST

HACKETT AVE

HILLCREST 
BLV

D

FO
X R

UN 
RD

MAP
LE 

AV
E

ST 
GE

OR
GE 

AV
E

BRAKELEY AVE

EDGE RD

CREEK 
LN

ECHO RIDGE LN

WILBUR AVE

MOR
GA

N 
DR

E WAYNE AVE

FO
XW

OO
D L

N

LYNN RD

E ST

LIBERTY RD

CHAMBERS ST

LYNDA RD

DAVIS ST

1ST AVE

7TH 
AVE

S BLVD

BRAINARDS RD

EDGEWOOD AVE

VULCANITE AVE

PARDEE DR

HILTON ST

SAYLORS LN

TURNBERRY DR

LA
CH

ENOUR AVE

DAYTON DR

SLATER 
LN

CREEK RD

UN
IO

NT
OW

N 
RD

WESTER RD

PURSEL ST

SH
AW

NE
E AVE

CLARENDON 
DR

VERA DR

W LAFAYETTE ST

MEMORIAL PKWY

BIDDLE LN

CE
NT

ER 
ST

HOYT ST

FLA
FAIR DR

HI
GH

LA
ND

S W
AY

TAY
LOR AVE

HIGH ST

ANN 
ST

SAINT JAMES AVE

FLAGLER ST

COAL ST

OLIVE ST

SEITZ ST

FAI
RBA

NKS AVE

BIRCH ST

RIVER RD

GOAT FARM 
RD

HOBSON ST

CEMETERY RD

BARRYMORE ST

CENTRE ST

OAK DR

SIL
O D

R

MAXWELL DR

N PROSPECT ST

IRON 
LN

KINGS AVE

N 
18TH 

ST

BLOSSOM 
HILL RD

GRANT WAY

FERRY ST

ST
RY

KE
RS 

RD

WEISS AVE

HARMONY BRASS CASTLE RD

IRON 
ST

HOLLY ST

ADRIAN DR

GRUVER AVE

WASHINGTON VALLEY DR

BELVIDERE RD

SC
OT

TS 
MO

UN
TA

IN 
RD

N BU
SH

KIL
L D

R

M ARI GO LD 
DR

ALBIE LN

SCOTT ST

PAXINOSA AVE

TUTTLE 
ST

PEN
NSYLVA

NIA AVE

BILTMORE AVE

COLBY PL

CARPEN
TERSVILLE RD

BY
RO

N DR

MILL ST

DEWALT DR

PU
DD

IN
G 

ST
ON

E W
AY

WARREN ST

S FORK DR

LEE AVE

DAVIS ST

BUTLER ST

SUMMIT AVE

N BLVD

RAUBSVILLE RD

CLUBHOUSE DR

KIRKLAND RD

WAGENER LN

SENECA LN

IAN ST

DE
EM

ER 
RD

HILL
SID

E AVE

FIRETHORNE DR

LE
HIG

H DR

PARK AVE

GRAND
VI

EW 
DR

WINCHESTER DR

RAMBLEWOOD 
DR

N RIVERVIEW RD
HILL ST

ALLAN ST

S 24TH 
ST

ROSEBERRY ST

FROST HOLLOW RD

PINE ST

CULKIN ST

ARNDT RD

MO
UN

TA
IN 

RD

DIEHL PL

FR
EE

MA
NSB

URG 
AVE

NA
PA 

DR

POWDER HOUSE RD

BROWNS LN

WOOD AVE

GARY RD

JACKSON RD

PINE GROVE DR

STONEHENGE DR

AV
EN

UE 
A

SPRING VALLEY RD

JACOB WAY

WOODSIDE DR

ISL
AN

D PAR
K RD

S 25TH ST

ROYAL MANOR RD

TRAILS END CT

PARK RD

ME
AD

OW
VIE

W 
DR

ECHO TRL

GEORGE ST

CIDE R 
PRESS RD

HAMILTON DR

WINTERS RD

PL
AZ

A R
D

MILL ST

LINE ST

EDWARD ST

HAZEL ST

DUMONT RD

FRONT ST

LO
CK 

ST

BU
TT

ON
WO

OD 
LN

ORCHARD RD

CAMELIA AVE

HOLLOW 
VIEW 

DR

WINTER LN

CEDARVILLE RD

WA
RR

EN 
GL

EN 
BL

OO
MS

BU
RY 

RD

HILTON ST W

HECKMAN ST

CANTERBURY RD

HARRY AND PATS LN

HAZE WAY

DEMARIA DR

FOLK ST

HEATHER LN

CO RD-519

BROWNS DR

BELVIEW RD

VENETIAN DR

SYLV IA ST

BU
CK

LE
Y H

ILL 
DR

ALPHA AVE

WASHINGTON ST

RA
VIN

E RD

MARNEL RD

JADE LN

S 4TH 
S T

POWDERHORN DR

GLOVER 
RD

WINCHESTER ST

LANE

LIE
B 

RD

MEADOW 
LANE DR

N FORK DR

GLEN AVE

WILL
EVE

R WAY

DANSER HILL RD

MORGAN HILL RD

DIEHL RD

RA
UB 

LN

KIEFER ST

CHESTNUT AVE

HIG
H ST

HARMONY STATION RD

ROY LN

STANLEY ST

IRWIN ST

JEANETTE ST

MOYERS LN

KELLY LN

FRINGE L N

MYRTLE ST

YOUNG ST

KUEBLER RD

MAIN 
ST

HAY ST

FERRY ST

TREELINE DR

DORI PL

CH
ER

RY 
AV

E

BLISS BLVD

MERCER ST

PAX
INOSA 

RD E

BROADWAY R D

LO
NG 

WA
Y

BU
SH

KI
LL 

DR

BUSHKILL DR

WA
GO

N 
WH

EE
L D

R

JE
S S

AM
INE 

LN

ROWES LN

OLD 
BEL

VIDERE RD

OLD MILL RD

ADAMS DR

S 23RD 
ST

ESPOSITO RD

3R
D 

AV
E

TUSCANY DR

CLARK ST
AVENUE A

DO
GW

OO
D 

TE
R

PEARL ST

TOBOGGAN 
TRL

W CANAL ST

MILANO DR

SPRINGTOWN 
RD

LOWER RD

S 6TH ST

TRUBEC K LN

GLEN AVE

OLD WELL RD

SKY LINE DR

IND
UST

RIA
L DR

MUNICIPAL DR

HOWE ST

BELMONT ST

GL
EN

DO
N AVE

ROCK RD

KY
LE 

DR

SULLIVA
N RD

MORVALE RD

MARBLE MT RD

MA
PL

E A
VE

KNOX AVE

CONGRESS ST

BEN 
JON 

RD

TEXAS RD

PADULA RD

S 3RD 
ST

MELLICKS WOOD RD

N 7TH ST

JENKIN
S 

DR

DANIEL DR

DEER PATH 
RD

RED SCHOOL LN

S 17TH 
ST

MECO RD E

RIV
ER

V IE
W 

RD
SPRING GARDEN ST

HIG
HL

AN
DS 

BLV
D

VISTA DR

MUR
RA

Y 
DR

MEYNER RD

WYNDHAM 
FARM 

BLVD

RICHMOND 
R D

MARSHALL ST

DENNIS RD

E GRANT ST

RIVER 
RD

SHEF
FIE

LD 
DR

BERGER RD

CA
NA

L R
D

EL
M 

ST

HIGH ST

BELVIDERE RD

W LINCOLN ST

MONROE D R

GATES ST

OVERLOOK DR

OL
D 

RIV
ER 

RD

OB
ER

LY 
RD

VISTA DR

CLARK PL

4TH ST

GA
FF

NE
Y H

I LL 
RD

CROWN DR

MECO RD

FOX FARM RD

INDUSTRIAL RD

ST
OC

KT
ON 

ST

WOTTR
ING MILL 

RD

9TH 
ST

WOLF AVE

MITMAN 
RD

MARBLE HILL RD

ELM ST

S 7TH ST

SHERIFF DR

HOPKINS LN

NEWLINS RD E

SITGREAVES ST

WILLOW 
DR

DE
CK

ER 
RD

FAIRWAY DR

CHARLES RD

SNYDERS RD

N M
AIN 

ST

UHLER RD

SPRING ST

HOWARD ST

HOLT ST

VINE ALY

LOWS HOLLOW RD

3RD ST
FEHR ST

GUY RD

BR
OA

D S
T

VISTA CT

2ND ST

FIRMSTONE ST

ROCK ST

KYKUIT PL

DE
LA

WA
RE 

ST

MA
RL

IN 
FAR

M 
RD

MILL RACE DR

MORGAN 
HILL RD

LAWNHERST AVE

MAIN ST

WAYNE ST

MILLBROOK CT

KRESSMAN RD

WOODRIDGE TER

HOBSON ST

DENNIS RD

TUMBLE CREEK RD

GRUVER AVE

HIGH ST

WILLIAM PENN HWY

PENNSYLVANIA

PENNSYLVANIA

PENNSYLVANIA

NEW 
JERSEY

NEW 
JERSEY

NEW 
JERSEY

EASTON

PHILLIPSBURG

NO
RTHAMPTON CO

NORTHAMPTON 
CO

W A R RE N CO

WARREN C
O

HUNT E RDO N CO

Lo
pa

tco
ng 

Cr

Lopatcong Cr

Lopatcong Cr

Delaware River

Delaware River

Dela
ware

 River

Lehigh River

Pohatcong Cr

Bush k i ll Cr

Lopatc
on

g C
r

Lehigh Rive
r

Delaware River

Saint Anthonys Cem

Easton
Heights Cem

Saint Mary
Magdalen Cem

Saints James
and Phillip Cem

Easton
Cem

Saint
James Cem

Hays
Cem

Peter and
Paul Cem

S Easton Cem
Saint

Joseph Cem

Fairview
Cem

Arndts and Messinger Cem

Raubsville Cem

WILSON

West
Easton

Alpha

Uhlers Crossing

Coilton

Carpentersville

Chestnut Hill

Port
Warren

Uniontown

Raubsville

Springtown

Zucksville

Still Valley

Odenweldertown

Harmony

Kennedys

Glendon

Browntown

South Easton

Dietrichtown

Warren Glen

Shernerville

Paxinosa

Lower Harmony

Mutchlertown

Frost
Hollow

Marble
Mountain

Bixlers
Bluff

Morgan
Hill

Chestnut
Hill

Elephant Rock

Waygadt

Watson
Courts

Phoenix
Commercial Park

Fogtown

Harkers Hollow
Golf Course

Old Sow Island

Getters
Island

Whippoorwill Island

Saint Anthonys Nose

Mount
Washington

4 4
45'

10'
894

00

000mFEET (NJ)

30"

4

09

E

45

44

000m

45

83

80

75°
89

09

30"

45

490

81

FEET (NJ)

N

05

30"

40°

VK

85

4

4

4

81

75°

4507

480

45

44

85

4

000

FEET (PA S)

VL

84 874824

000m

FEET (PA S)690

4E

10'

4

45

06

45'

000

02

30"
4

FEET (PA S)

45

45

03

06

83

08

05

75°

79

84

30"

FEET (NJ)000 4
30"

000m

45

0002
15'

40'

07'

07

45

45

37'

FEET (PA S)

10

670 86

40°
86

N

88

660

07'

42'

75°

4

45

45

00

000

VK

44

99

42'

01

04

4

12'

88

30"

520000

45

08

4
12'

310

4

690 

03

44

40°

99

2

45

290

FEET (NJ)

000

45

98

000

10

45

40°

45

45

40'

15'

4502

01

04

37'

45

98

30"

45

VL

EASTON, PA-NJ
2013

Expressway Local Connector
ROAD CLASSIFICATION

Ramp 4WD
Secondary Hwy Local Road

Interstate Route State RouteUS RouteWX ./ H

EASTON, PA-NJ
2013

ROAD CLASSIFICATION

Check with local Forest Service unit
for current travel conditions and restrictions.

FS Primary Route FS High 
Clearance Route

FS Passenger
RouteJ K L

Interstate Route State RouteUS RouteWX ./ H

Expressway Local Connector

Ramp 4WD
Secondary Hwy Local Road

EASTON QUADRANGLE
PENNSYLVANIA-NEW JERSEY

7.5-MINUTE SERIES

U.S. DEPARTMENT OF THE INTERIOR
 U. S. GEOLOGICAL SURVEY

 

PENNSYLVANIA

QUADRANGLE LOCATION

This map was produced to conform with the 
National Geospatial Program US Topo Product Standard, 2011.

A metadata file associated with this product is draft version 0.6.11

CONTOUR INTERVAL 20 FEET
NORTH AMERICAN VERTICAL DATUM OF 1988

SCALE 1:24 000

1 0.5 0

MILES

1

1000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

FEET

1000 500 0 METERS 1000 2000

21KILOMETERS00.51

Imagery..................................................NAIP, July 2010
Roads..............................................©2006-2012 TomTom
Names..........................................................GNIS, 2013
Hydrography....................National Hydrography Dataset, 2010
Contours............................National Elevation Dataset, 2011
Boundaries....................Census, IBWC, IBC, USGS, 1972 - 2012

North American Datum of 1983 (NAD83)
World Geodetic System of 1984 (WGS84).  Projection and
1 000-meter grid: Universal Transverse Mercator, Zone 18T

Produced by the United States Geological Survey

10 000-foot ticks: New Jersey Coordinate System of 1983,
Pennsylvania Coordinate System of 1983 (south zone)

North American Datum of 1983 (NAD83)
World Geodetic System of 1984 (WGS84).  Projection and
1 000-meter grid: Universal Transverse Mercator, Zone 18T

Produced by the United States Geological Survey

10 000-foot ticks: New Jersey Coordinate System of 1983,
Pennsylvania Coordinate System of 1983 (south zone)

Imagery<IMG_LEADER><IMG_CITATION>
Roads<TRANS_LEADER>©2006-2012 TomTom
Roads within US Forest Service Lands.............FSTopo Data
                              with limited Forest Service updates, 2013
Names...............................................................GNIS, 2013
Hydrography<HYDRO_LEADER>National Hydrography Dataset, <HYDRO_DATE>
Contours<HYPSO_LEADER><HYPSO_CITATION>
Boundaries....................Census, IBWC, IBC, USGS, 1972 - 2012
<OPTIONAL_CITATIONS>

U.S. National Grid
100,000-m Square ID

Grid Zone Designation

VL
VK

4500

18T

×

Ø
MN

GN

UTM GRID AND 2013 MAGNETIC NORTH
DECLINATION AT CENTER OF SHEET

0° 7´
2 MILS

12° 24´
220 MILS



APPENDIX C

NRCS Web Soil Survey 
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Map Unit Legend

Northampton County, Pennsylvania (PA095)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

RzF Ryder-Rock outcrop complex,
25 to 75 percent slopes

0.3 35.1%

Ukb Urban land, occasionally
flooded

0.4 48.2%

UoB Urban land-Duffield complex, 0
to 8 percent slopes

0.1 16.8%

Totals for Area of Interest 0.8 100.0%

Soil Map—Northampton County, Pennsylvania

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/11/2015
Page 3 of 3
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Easton Soils Survey Map
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APPENDIX E

Release Rate Map of Bushkill Creek Watershed
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APPENDIX F

Pre-Development Drainage Area Plan
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APPENDIX G

Post-Development Drainage Area Plan
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APPENDIX H

Lehigh Valley Planning Commission 
Rational Method Protocol



C-2  



 

C-4

 

RUNOFF COEFFICIENTS FOR THE RATIONAL METHOD* 
 

               HYDROLOGIC SOIL GROUP AND SLOPE RANGE** 

A B C D 

LAND USE 0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 

CultivatedA a0.18 
b0.23 

0.23 
0.29 

0.28 
0.34 

0.24 
0.30 

0.29 
0.36 

0.33 
0.40 

0.30 
0.36 

0.34 
0.41 

0.38 
0.45 

0.33 
0.39 

0.37 
0.44 

0.41 
0.48 

PastureB 0.09 
0.12 

0.13 
0.17 

0.17 
0.23 

0.19 
0.24 

0.24 
0.30 

0.29 
0.36 

0.27 
0.33 

0.31 
0.38 

0.36 
0.43 

0.31 
0.37 

0.35 
0.42 

0.39 
0.46 

Meadow, LawnC 0.05 
0.07 

0.08 
0.12 

0.12 
0.17 

0.15 
0.19 

0.20 
0.25 

0.24 
0.30 

0.23 
0.28 

0.28 
0.34 

0.32 
0.39 

0.28 
0.33 

0.32 
0.39 

0.36 
0.43 

Forest, Woods 0.03 
0.04 

0.05 
0.08 

0.08 
0.12 

0.11 
0.15 

0.16 
0.21 

0.20 
0.26 

0.20 
0.25 

0.25 
0.31 

0.29 
0.36 

0.25 
0.31 

0.30 
0.37 

0.34 
0.41 

Gravel 0.24 
0.30 

0.29 
0.36 

0.33 
0.40 

0.32 
0.38 

0.36 
0.43 

0.40 
0.47 

0.35 
0.42 

0.39 
0.46 

0.43 
0.50 

0.37 
0.44 

0.41 
0.48 

0.44 
0.51 

Parking, Other 
Impervious 

0.85 
0.95 

0.86 
0.96 

0.87 
0.97 

0.85 
0.95 

0.86 
0.96 

0.87 
0.97 

0.85 
0.95 

0.86 
0.96 

0.87 
0.97 

0.85 
0.95 

0.86 
0.96 

0.87 
0.97 

Residential, Commercial, 
Industrial and Other 
“Developed” 

Runoff coefficients should be calculated based upon weighted average of impervious area coefficients and pervious area 
coefficients from above based upon soil type, slope and the particular development proposal. 

*Coefficients for all land uses except parking and other impervious cover are based on the Rossmiller Equation for translating NRCS curve numbers 
into Rational Method ‘c’ values.  The source for the parking and other impervious cover coefficients is RAWLS, W.J., S.L. WONG and R.H. 
McCUEN, 1981.  Comparison of urban flood frequency procedures.  Preliminary draft report prepared for the Soil Conservation Service, Beltsville, 
MD. 

**Hydrologic Soil Group based on the county soil survey latest edition. 
 
a – Runoff coefficients for storm recurrence intervals less than 25 years. 
b – Runoff coefficients for storm recurrence intervals of 25 years or more. 
 
ARepresents average of cultivated land with and without conservation treatment from TR-55, January 1975.  These values are consistent with several categories of 
cultivated lands from TR-55, June 1986. 
BRepresents grasslands in fair condition with 50% to 75% grass cover. 
CRepresents grasslands in good condition with greater than 75% grass cover. 



APPENDIX I

Sump Inlet Sizing Calculation



Post-Development Runoff Calculation for Sumped Inlet Sizing 

Section 

Area (sq 

ft) cover Sub Area (sq ft) 

Soil 

Type slope 

C (2, 10 

yrs) 

DA-1A 135355 impervious 55607 B >6% 0.87 

  meadow 46486 B  0.24 

  woods 33262 B  0.2 

Total 3.107 acres       0.447777 

 

Time of Concentration 

Flow Type 

Length 

(ft) Slope (ft/ft) Surface 

Time 

(hr) 

Sheet 100 0.092 

Cultivated>20% residue 

(0.17) 0.101 

Shallow 

Concentrated 290 0.093 paved 0.013 

 300 0.48 unpaved 0.007 

Total 580   0.121 

 

Calculating flow Section i(inch/hour) C A (acre) Q (cfs) 

2-yr DA-1A 3.5 0.448 3.107 4.034602 

10-yr DA-1A 4.9 0.448 3.107 5.28672 

 

Assuming 10-yr Rainfall: 

Using D=(nQ/0.464S^1/2)^3/8 n 

S (assume 

to be 0.4) D (ft) D (in) 

Option 1 Steel (lockbar and welded) 0.012 0.01 1.23 14.8 

Option 2 

Concrete (culvert with bends, 

connections and soe debis) 0.013 0.01 1.27 15.3 

 

Choose 15” Diameter Corrugated Steel Pipe 



APPENDIX J

Stormwater Management Plan
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APPENDIX K

Level Spreader Area Calculation



Rain Garden Level-Spreader Area Calcualtion  

Drainage Area Flow Calculaions 

Section 

Area  

(sq ft) cover 

Area 

(sq ft) Slope 

Soil 

Type  C (2, 10 yrs) C 

DA-1C 17614 impervious 7844 

>6% 

B 0.87 0.454 

   meadow 9770 B 0.12   

DA-1D 7061 impervious 2983 B 0.87 0.437 

   meadow 4078 B 0.12   
 

Time of Concentration DA-1C       

Flow Type 

Length 

(ft) 

Slope 

(ft/ft) Surface Time (hr) 

Sheet 100 0.092857 Cultivated>20% residue (0.17) 0.101 

Shallow Concentrated 180 0.092857 paved 0.008 

Total 280     0.109 
 

Time of Concentration DA-1D       

Flow Type 

Length 

(ft) 

Slope 

(ft/ft) Surface Time (hr) 

Sheet 100 0.135714 Cultivated>20% residue (0.17) 0.087 

Shallow Concentrated 180 0.135714 paved 0.007 

Total 280     0.094 
 

  Section i(inch/hour) C A (acre) Q (cfs) 

2-yr DA-1C 2.9 0.454 0.404 0.531901 

2-yr DA-1D 2.9 0.437 0.162 0.20523 

 

Sizing Calculation 

𝑺𝒖𝒓𝒇𝒂𝒄𝒆 𝑨𝒓𝒆𝒂 𝒐𝒇 𝒓𝒂𝒊𝒏𝒈 𝑮𝒂𝒓𝒅𝒆𝒏 (𝒇𝒕𝟐) =
𝑽𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝑹𝒖𝒏𝒐𝒇𝒇 (𝒇𝒕𝟑)

𝑽𝒐𝒍𝒖𝒎𝒆 𝒑𝒆𝒓 𝒔𝒒𝒖𝒂𝒓𝒆 𝒇𝒐𝒐𝒕 (𝒇𝒕)
 

  DA-1C DA-1D 

Water Depth 1 1 

Volume Square Foot (ft3) 1 1 

Surface Area of Rain Garden ft2 45,956 17,732 

*AssuminG A 24-hr 2-year storm event and a water depth of 1ft 

 

Source: Stormwater Management: Rain Gardens, Texas A&M ArgirLife Extension 



APPENDIX L

Pipe Sizing Calculations 
for Future Development of 

Marquis Landing Site



Sizing of Pipe for Elevator to Prepare for Future Development 

Proposed Sub-drain   Assumed 1.5% slope     

Subarea Area (sq ft) Cover Slope 

Soil 

Type  C (1, 2, 10 year) C (25, 100 yr) 

Grey 32196 Impervious 1.50% B 0.85 0.95 

Purple 3876 Impervious >6% B 0.87 0.97 

   1824 meadow >6% B 0.12 0.17 

Total 37896 0.86 acres     0.81691 0.914503 
        

Time of Concentration Determination    

Flow Type Length (ft) Slope (ft/ft) Surface Time (hr)    

Sheet 93 0.015 

Cultivated>20% 

residue (0.17) 0.197    

Shallow 

Concentrated 200 0.015 paved 0.022    

Total       0.219    

        

  i(inch/hour) C A (acre) Q (cfs)    

1-yr 2.4 0.817 0.86 1.69    

2-yr 2.9 0.817 0.86 2.04    

10-yr 3.8 0.817 0.86 2.67    

25-yr 4.3 0.915 0.86 3.38    

100-yr 5.5 0.915 0.86 4.33    

        

Assume full flow for pipes for 100-yr rainfall     

Using D=(nQ/0.464S^1/2)^3/8   n S (assume 0.4) D (ft) D (in) 

Option 1 Steel (lockbar and welded) 0.012 0.4 0.522 6.27 

Option 2 

Concrete (culvert with bends, 

connections and soe debis) 0.013 0.4 0.538 6.46 

 

Choose 8” Pipe. Material at Discretion of Structures Team 



APPENDIX M

Pre- and Post- Stormwater 
Runoff and Volume Calculations



Pre-Development Runoff Calculation 

Area (sq 

ft) cover Sub Area (sq ft) Soil Type  slope C (2, 10 yrs) C (25 yrs) 

135355 impervious 47,599 B 

>6%  

  

0.87 0.97 

  meadow 46,487 B 0.24 0.3 

  woods 41,270 B 0.2 0.26 

3.107 acres 135,356     0.449 0.523 
 

Flow Type Length (ft) Slope (ft/ft) Surface Time (hr) 

Sheet 100 0.093 

Cultivated>20% 

residue (0.17) 0.101 

Shallow Concentrated 290 0.093 paved 0.013 

  300 0.48 unpaved 0.007 

Total 580     0.121 
 

Calculating flow i(inch/hour) C A (acre) Q (cfs) 

Volume 

(ft3) 

2-yr 3.5 0.449 3.107 4.89 1933 

10-yr 4.9 0.449 3.107 6.84 2707 

25-yr 5.2 0.523 3.107 8.46 3684 

 

Post-Development Drainage Calculation 

Area (sq 

ft) cover Sub Area (sq ft) Soil Type  slope C (2, 10 yrs) C (25 yrs) 

135355 impervious 47,599 B 

>6%  

  

0.87 0.97 

  meadow 46,487 B 0.24 0.3 

  woods 41,270 B 0.2 0.26 

3.107 acres 135,356     0.489 0.565 
 

Flow Type Length (ft) Slope (ft/ft) Surface Time (hr) 

Sheet 100 0.093 

Cultivated>20% 

residue (0.17) 0.101 

Shallow Concentrated 290 0.093 paved 0.013 

  300 0.48 unpaved 0.007 

Total 580     0.121 
 

Calculating flow i(inch/hour) C A (acre) Q (cfs) 

Volume 

(ft3) 

2-yr 3.5 0.489 3.107 5.32 2316 

10-yr 4.9 0.489 3.107 7.44 3243 

25-yr 5.2 0.556 3.107 9.14 3979 
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             Railroads are based on unpublished data provided to USGS by the Federal Railroad Administration (FRA).  These data were collected by FRA as part of the Automated Track Inspection Program (ATIP).  Though not originally intended for mapping purposes, the data are judged by USGS to have high positional accuracy and to be suitable for 1:24,000-scale mapping.  The original data were GPS points, which were thinned, filtered, and consolidated by USGS to create the data shown in US Topo.  These data are not complete, and the levels of actual completeness within a map cell or for the dataset as a whole are not precisely known. ATIP is an ongoing program, FRA has committed to continue working with USGS, and the data will become more complete with each US Topo production cycle.  The USGS has elected to use this mechanism and source of railroad data because no sufficiently current, accurate, and non-proprietary railroad dataset with national coverage can be found.  The names of rail lines will be added at some future date.
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             Federal Aviation Administration
             2012
             Airports
             Vector digital data
             Runway outlines are for Federal Aviation Administration (FAA)-recognized public and private airports in the United States. The FAA runway coordinates, FAA_RunwayID, and Airport Location Codes were used by the USGS to digitize runway outlines on recent NAIP orthoimagery. The digitized data were inspected for accuracy and completeness then loaded into the USGS national transportation database.
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             2012
             Fire Stations
             Vector digital data
             Any location where fire fighters are stationed or based out of, or where equipment that such personnel use in carrying out their jobs is stored for ready use. Fire fighting training academies or locations are included. Fire Departments which are Mobile Units and not having a permanent location, are included, in which case their location has been depicted at the city/town hall or at the center of their service area if a city/town hall does not exist. This dataset includes those locations primarily engaged in forest or grasslands fire fighting, including fire lookout towers if the towers are in current use for fire protection purposes.  This dataset includes both private and governmental entities.  Locations that serve only administrative function are excluded. Locations serving both administrative and operational functions are included.
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             2011
             Hospitals
             Vector digital data
             Includes general medical and surgical hospitals, psychiatric, substance abuse and specialty hospitals such as Children's hospitals, cancer, maternity and rehabilitation hospitals. Other types of hospitals are included if represented in data sets provided by various partners for this compilation. Hospitals operated by the US Department of Veterans Affairs are included. Nursing homes, long term care facilities and Urgent Care facilities are generally excluded. Locations that are administrative offices only are excluded from the dataset.
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             State and Federal Partners
             2008
             Schools
             Vector digital data
             The schools within this dataset are composed of Public elementary and secondary education in the US as defined and tracked by the National Center for Education Statistics (NCES), Common Core Dataset (CCD). Private schools in this dataset are composed of Private elementary and secondary education in the US as defined by the Private School Survey, NCES. The colleges and Universities are composed of postsecondary education facilities as defined by the Integrated Post Secondary Education System (IPEDS), NCES. Included are Doctoral and Research Universities, Masters Colleges and Universities, Baccalaureate Colleges, Associates Colleges, Theological seminaries, Medical schools and other health care professions, schools of engineering and technology, business and management, art, music, design, Law schools, Teachers colleges, Tribal colleges and other specialized institutions.
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             U.S. Geological Survey
             2013
             Cemeteries
             Vector digital data
             The Geographic Names Information System (GNIS) is the Federal and national standard for geographic nomenclature. The U.S. Geological Survey developed the GNIS in support of the U.S. Board on Geographic Names as the official repository of domestic geographic names data, the official vehicle for geographic names use by all departments of the Federal Government, and the source for applying geographic names to Federal electronic and printed products. Cemeteries are one feature from the GNIS data base.
             http://geonames.usgs.gov/
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             U.S. Geological Survey
             2013
             Post Offices
             Vector digital data
             The Geographic Names Information System (GNIS) is the Federal and national standard for geographic nomenclature. The U.S. Geological Survey developed the GNIS in support of the U.S. Board on Geographic Names as the official repository of domestic geographic names data, the official vehicle for geographic names use by all departments of the Federal Government, and the source for applying geographic names to Federal electronic and printed products. Post Offices are one feature from the GNIS data base.
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         24000
         digital data
         
           
             
               2013
               2013
            
          
           publication date
        
         Structures - Post Offices
         Geographic feature names
      
       
         
           
             State and Federal Partners
             2012
             Law Enforcement
             Vector digital data
             Includes locations where sworn officers of a law enforcement agency are regularly based or stationed, primarily local police station locations. State and federal law enforcement agencies are generally excluded from this dataset.
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             State and Federal Partners
             2012
             Prisons
             Vector digital data
             Includes government operated prisons and facilities privately operated for the government such as medium and high security prisons and correctional institutions. Low and minimum security institutions such as local jails, prison camps, correctional farms or work farms, detention and treatment centers are excluded.
             http://nationalmap.usgs.gov
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             U.S. Geological Survey
             2013
             Geographic Names Information System (GNIS)
             Vector digital data
             The Geographic Names Information System (GNIS) is the Federal and national standard for geographic nomenclature. The U.S. Geological Survey developed the GNIS in support of the U.S. Board on Geographic Names as the official repository of domestic geographic names data, the official vehicle for geographic names use by all departments of the Federal Government, and the source for applying geographic names to Federal electronic and printed products.
             http://geonames.usgs.gov/
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             U.S. Geological Survey in cooperation with U.S. Environmental Protection Agency, USDA Forest Service, and other Federal, State and local partners. National Hydrography Dataset is a component of a comprehensive base geospatial data model.
             20100704
             Hydrography
             Vector digital data
             The National Hydrography Dataset (NHD) is a feature-based database that interconnects and uniquely identifies the stream segments or reaches that make up the nation's surface water drainage system. The high-resolution NHD was originally created using 1:24,000-scale data. State and Local Stewards are improving the data by incorporating local updates based on more current and more accurate source data. Water features in the real world are relatively dynamic and the differences at the time of data collection mean that water features may not register exactly to other layers. The hydrographic feature names contained in and displayed by the NHD are extracted and validated from the Geographic Names Information System (GNIS). Spatial objects may be filtered or generalized to achieve a 1:24,000-scale representation.
             http://nhd.usgs.gov/
             http://nhd.usgs.gov/gnis.html
             http://nhdgeo.usgs.gov/metadata/nhd_high.htm
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             U.S. Geological Survey
             2011
             Gaging Stations
             Vector digital data
             This dataset, termed "GAGES II", an acronym for Geospatial Attributes of Gages for Evaluating Streamflow, version II, provides geospatial data and classifications for 9,322 stream gages maintained by the U.S. Geological Survey (USGS). It is an update to the original GAGES in 2010. The GAGES II dataset consists of gages which have had either 20+ complete years (not necessarily continuous) of discharge record since 1950, or are currently active, as of water year 2009, and whose watersheds lie within the United States, including Alaska, Hawaii, and Puerto Rico. Only active stations, as identified by the GAGES II dataset, are symbolized.
             http://water.usgs.gov/lookup/getspatial?gagesII_Sept2011
             http://http://water.usgs.gov/GIS/metadata/usgswrd/XML/gagesII_Sept2011.xml
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             Global Land Ice Measurements from Space initiative (GLIMS)
             2012
             Glaciers
             Vector digital data
             The Randolph Glacier Inventory (RGI 2.0) is a global inventory of glacier outlines. It is supplemental to the Global Land Ice Measurements from Space initiative (GLIMS). Production of the RGI was motivated by the forthcoming Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR5). Updates beyond the IPCC 2012 deadlines will take the form of additions to the GLIMS Glacier Database. As resources allow, all these data will be incorporated into the GLIMS Glacier Database.  The RGI data are used without alteration by the U.S. Geological Survey for US Topo maps and are not yet integrated with other hydrography features from USGS datasets. Glacier names are from the Geographic Names Information System (GNIS).  RGI polygon boundaries are not shown in the US Topo representation.
             http://www.glims.org/RGI/randolph.html
             http://www.glims.org/RGI/RGI_Tech_Report_V2.0.pdf
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         Hydrography features and glaciers
      
       
         
           
             International Boundary Commission
             2006
             Vector digital data
             U.S.-Canada National Boundary
             The international boundary dataset between Canada and the United States was provided by Maine Office of Geographic Information Systems (MEGIS), University of New Hampshire, Vermont Center for Geographic Information, Inc (VCGI). The dataset was collected from multiple source agencies such as the U.S. Geological Survey, U.S. Department of Commerce, Bureau of Census, Bureau of Parks and Lands, Coastal Island Registry (CIREG) and various state agencies. The data and attribution accuracy was tested by manual comparison of the source with hard copy printouts and/or symbolized display of digital files and corrected by each state GIS department for use at a scale not greater than 1:24,000.
             http://www.internationalboundarycommission.org/
             http://www.internationalboundarycommission.org/products.html#nad83
          
        
         24000
         digital data
         
           
             
               2006
               2006
            
          
           publication date
        
         U.S. / Canada International Boundary
         International Boundary between Canada and the United States
      
       
         
           
             U.S. Geological Survey, U.S. Department of Agriculture, and the Instituto Nacional de Estadística y Geografía of Mexico.
             2006
             Vector digital data
             U.S.-Mexico National Boundary
             The international boundary between Mexico and the United States, defined as a joint venture between the U.S. Department of Agriculture (USDA) and the Instituto Nacional de Estadística y Geografía of Mexico (INEGI), resulted in an unofficial United States-Mexico boundary dataset that was further enhanced by the U.S. Geological Survey's Border Environmental Health Initiative (BEHI). With the data frame scale set to 1:5,000 in ArcMap, the center of the Rio Grande/Río Bravo was digitized using the NAIP 2004 Imagery. In areas with dense stands of salt cedar (bounding box = UL -104.714 30.038, UR -104.664 30.037, LR -104.666 29.933, LL -104.717 29.934; NAD83), the center of the channel was difficult, and sometimes impossible, to easily determine. To determine the location of the boundary, the GIS analyst compared the location of the line in the INEGI 1:250K Limite feature class with the NAIP 2004 Imagery and adjusted the boundary to the image, thus, the delineation of the international boundary is less certain in these areas. The remaining part of the border was extracted from the INEGI 1:250K Limite feature class and appended to the line feature class created along the Rio Grande/Río Bravo. The U.S. Geological Survey reviewed the original USDA data against 2007 NAIP imagery and further edited 9 line segments in the Rio Grande areas to conform to National Map Accuracy Standards.
             http://borderhealth.cr.usgs.gov/projectindex.html
             http://extract.cr.usgs.gov/BorderHealth/Boundaries/Int_Boundary/International_Boundary_Shapefile.zip
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         International Boundary between Mexico and the United States
      
       
         
           
             U.S. Department of Agriculture (USDA) Forest Service - Washington Office Automated Lands Program (ALP).
             2012
             Vector digital data
             USDA Forest Service Boundary
             The forest service boundaries defined by the USDA Forest Service encompassing the National Forest System (NFS) lands within the original proclaimed National Forests, along with lands added to the NFS which have taken on the status of 'reserved from the public domain' under the General Exchange Act. The following area types are included: National Forest, Experimental Area, Experimental Forest, Experimental Range, Land Utilization Project, National Grassland, Purchase Unit, and Special Management Area. The nationwide Proclaimed Forest dataset was created by the USDA Forest Service, Washington Office Automated Lands Program (ALP) staff from collected source data created by the Regional Offices. Only maps in USDA Forest Service areas will contain USDA Forest boundaries.
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         USDA Forest Service Boundaries
         National Forest Service Boundaries
      
       
         
           
             U.S. Census Bureau
             2010
             Vector digital data
             State and Equivalent Boundary
             The Census Bureau collects boundaries from state and county governments through the Boundary and Annexation Survey (BAS, http://www.census.gov/geo/www/bas/bashome.html), and publishes the results as TIGER files.  The USGS uses the TIGER data without editing or alteration for US Topo.
             http://www.census.gov/geo/www/tiger/index.html
             ftp://ftp2.census.gov/geo/tiger/TIGER2010/STATE/2010/
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         State Boundaries
         State and Equivalent Boundary
      
       
         
           
             U.S. Census Bureau
             2010
             Vector digital data
             County and Equivalent Boundary
             The Census Bureau collects boundaries from state and county governments through the Boundary and Annexation Survey (BAS), and publishes the results as TIGER files.  The USGS uses Census TIGER data without editing or alteration for US Topo.
             http://www.census.gov/geo/www/tiger/index.html
             ftp://ftp2.census.gov/geo/tiger/TIGER2010/COUNTY/2010/
             http://www.census.gov/geo/www/bas/bashome.html
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         County Boundaries
         County and Equivalent Boundary
      
       
         
           
             Office of the Deputy Under Secretary of Defense for Installations and Environment, Business Enterprise Integration Directorate
             2011
             U.S. Military Installations, Ranges, and Training Areas
             vector digital data
             Authoritative locations of Department of Defense sites, commonly referred to as installations, ranges, and training areas. This dataset does not necessarily represent a comprehensive collection of all Department of Defense facilities, and only those in the fifty United States and US Territories were considered for inclusion. Some sites were not included because geospatial data were not available, or because it is a leased site.
             http://www.acq.osd.mil/ie/index.shtml
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             U.S. Dept. of Interior, Bureau of Land Management, Division of Support Services, Branch of Information Resource Management
             Unknown
             Public Land Survey System
             Vector digital data
             Section boundaries were generated from geodetic latitude and longitude coordinate pairs as recorded on BLM's official protraction diagrams of the state of Alaska. The SDMS_PROD protraction tables were modified to include pro_pt83, section83, and township83. The latitude and longitude values in the pro_pt83 table were transformed from geographic NAD27 coordinates to geographic NAD83 coordinates using NADCON for Alaska. The Informix Section83 table is a spatially-enabled table that contains all of the protraction information for each of the 655,483 sections. Section shapes are stored as NAD83 geographic multipolygons. Each section was individually constructed from NAD83 geographic pro_pt (Protracted Point) table and is fully densified by including all township/section offset corners from adjacent township/sections.
             http://sdms.ak.blm.gov/sdms/data_protracted_grid_gis.html
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             USGS - National Elevation Dataset is a component of a comprehensive base geospatial data model.
             20111201
             Hypsography
             Vector digital data
             This contour featureclass was generated from the 1/3 arc-second version of the National Elevation Dataset (NED). The intended viewing scale for these features is 1:24,000. The contours are derived from a filtered elevation raster to achieve smoother arcs. The NED data were modified by the National Hydrography Dataset (NHD) flow lines and water bodies to facilitate improved integration between the hypsography and hydrography on USGS map products. These contours were generated primarily for use as a layer in GeoPDFs created in the US Topo digital mapping program. The raster data source of contours is the National Elevation Dataset (NED) 1/3 arc-second layer. The 1/3 arc-second NED contains resampled data from the 1/9 arc-second layer of NED. Secondary datasets include the high resolution flow lines, water bodies, and areas from the National Hydrography Dataset (NHD). The NHD layers are used in hydro-enforcement of the DEM prior to contour generation. The goals of the hydro-enforcement are to prevent contour lines from extending over the surface of water bodies and to align the contour reentrants with the NHD single-line streams. The NED raster cells are converted to points. Those points, along with the NHD flow lines are input into an interpolation tool to create a new surface. The NHD water bodies and areas are preprocessed to attach the minimum and maximum elevation to each polygon. From these precalculated values, an appropriate value is calculated by which to raise the elevation cells under the NHD polygons. The NHD polygons are then converted into rasters, which in turn will be used to generate a mosaic that includes the new raster surface. The mosaic is filtered to provide smoother contour lines. Contours are generated and depression and index contours are identified. There is no guarantee or warranty concerning the accuracy of the data. Users should be aware that temporal changes may have occurred since these data were collected and generated and that some parts of these data may no longer represent actual surface conditions. Hydro-enforcement and generalization can also significantly alter the spatial characteristics of the contours. Users should not use these data for critical applications without a full awareness of its limitations.
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             Land Cover - Woodland
             Vector digital data
             The Woodland Tint is a derivative land cover product created using several national map layers: three National Land Cover Database (NLCD) 2001 raster layers (Tree Canopy, Imperviousness, and Land Cover); and two vector layers (National Hydrography Dataset and Transportation). The process begins with masking the NLCD 2001 Canopy Data with NLCD 2001 Imperviousness V1 (values from 1-100), and Land Cover V1 (value 11 = Open Water).  The resulting raster data with canopy values of 20 and greater are converted to woodland vector polygons and smoothed via the Paek Algorithm.  The woodland polygons are masked with buffered Transportation (Roads, Airport Runways, and Railroads) and Hydrography (NHD Areas excluding Inundation Area and NHD Waterbodies excluding Swamp/Marsh).  The resulting polygons are checked for scale appropriate size (minimum size of one acre), and the small woodland polygons as well as small clearings within the woodland polygons are deleted. For Alaska, the Woodland Tint is a derivative land cover product created using five national map layers: one raster layer, National Land Cover Database (NLCD) 2001 (Land Cover); and four vector layers (National Hydrography Dataset, Transportation Roads, Transportation Airports and Transportation Railroads). The process begins with combining three NLCD 2001 Land Cover V1 Classes (41 - Deciduous Forest, 42 - Evergreen Forest, and 43 - Mixed Forest). The resulting raster data was converted to woodland vector polygons, and smoothed via the Paek Algorithm. The woodland polygons are masked with buffered Transportation (Roads, Airport Runways, and Railroads) and Hydrography (NHD Areas excluding Inundation Areas and NHD Waterbodies excluding Swamp/Marsh). The resulting polygons are checked for scale appropriate size (minimum size of one acre), and the small woodland polygons as well as small clearings within the woodland polygons are deleted.
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             The Shaded relief is a derivative elevation product created from the National Elevation Dataset (NED) 1/3 arc second.  First there are five separate shaded relief datasets created from the original data.  Each shaded relief has different azimuths and altitude values as follows: 00 450, 1350 600, 2700 450, 3150 450, 450 450.  These five datasets are then combined into one feature class using map algebra to compute the raster layers using the following equation shadedrelief1 + shadedrelief2 + shadedrelief3 + (shadedrelief4 x 2) + shaded relief5 \ 6.  This equation gives double importance to the 3150 azimuth and 450 elevation.
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             U.S. National Grid, UTM grid, and State Plane Coordinate System values are displayed along the map projection.  State Plane Coordinate System State and Zone values are abbreviated per Appendix A in the following document: Stem, J.E., 1990, 'State Plane Coordinate System of 1983', NOAA Manual NOS NGS 5, available at http://www.ngs.noaa.gov/PUBS_LIB/ManualNOSNGS5.pdf.
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         The GeoPDFs for this product are created as follows. All geospatial content is taken from national geospatial databases under the stewardship of USGS data programs. The NAIP imagery is provided by a seamless tile service that delivers image data at the resolution and quality of the source imagery. The raster and vector data, including grids and collar information, are processed using ESRI ArcGIS software and exported as a GeoPDF using the TerraGo ArcGIS software extension. Map formatting is performed using a custom application, which includes post-processing to embed the metadata XML document. GeoPDF is a copyrighted format, with implementation rights held exclusively by TerraGo Technologies. Any use of trade, product, or firm names in this publication is for descriptive purposes only and does not imply endorsement by the U.S. Government.
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What is a US Topo?


A US Topo is a digital topographic map that covers 7.5-minutes of longitude by 7.5-minutes of latitude and is produced at a scale of 
1:24,000. US Topos are freely distributable and are available for download on the Web from the USGS Store (http://store.usgs.gov) in 
Portable Document Format (PDF) with geospatial extensions (GeoPDF®, a registered trademark of TerraGo Technologies). PDF maps 
can be viewed and printed with any conforming PDF software. Versions 9.x and 10.x of Adobe® Reader® and Acrobat® software provide 
access to the geospatial functionality of the US Topo. Adobe Reader is available for free at http://get.adobe.com/reader. Geospatial 
functionality is enhanced with the TerraGo® Toolbar™, a plug-in to the Adobe software that may be downloaded for free at http://usgs.
terragotech.com/home. More information about US Topos and their use is available at http://nationalmap.gov/ustopo.


The base data layer of a US Topo is a recent orthographic aerial photograph. These orthoimages have been corrected to remove scale 
distortions that result from the varying terrain and deviations of the aircraft’s position from the true vertical. The maps include contours 
that show the shape of the Earth’s surface, hydrographic features such as lakes and rivers, roads, boundaries, and geographic names. 
Additional data from the geographic data themes of transportation, names, elevation, hydrography, boundaries, structures (such as 
fi re stations) and land cover (such as woodland tint) is being added to the maps as they are updated, resulting in a product that will 
become progressively more robust over time. Feature data is incorporated from national Geographic Information System (GIS) data-
bases under the stewardship of USGS data programs. The US Topo is intended for conventional map users, not for advanced GIS analy-
sis. However, most of the data sources used are in the public domain and may be downloaded for free from The National Map (TNM) 
(http://nationalmap.gov).


US Topos are revised on a three-year production cycle.


Symbols on US Topos


The underlying orthoimage for each US Topo shows those features on the Earth’s surface that are visible to the eye. Because each map is 
made at a scale of 1:24,000 (one inch on the map represents 24,000 inches or 2,000 feet  on the ground), selected features are also shown 
and emphasized by symbols, geographic names, and highway route numbers.


Map features may be represented as points, lines, or polygons. They incorporate different colors and patterns to distinguish between 
feature types and to show each feature’s importance. For example, a perennial stream is symbolized by a solid blue line while an 
intermittent stream is shown by a blue dashed and dotted line. A large reservoir is depicted by a polygon while a small reservoir may be 
shown by a point symbol if it is too small to show as a polygon.


Point symbols of different shapes and sizes depict features such as structures, dams, gates, rocks, waterfalls, and wells. Linear map 
symbols (lines) show such features as roads, rivers, boundaries, and contours. Color is used to show the class of information: topo-
graphic contours in brown, streams and rivers and other hydrographic features in blue, and roads in black and red. Areal features are 
outlined to depict the areal extent and may also be emphasized by a color tint. Names and labels are shown in different type fonts, 
sizes, and colors.


The unique feature of a topographic map is the contour. These lines do not exist on the Earth’s surface. They join points of equal eleva-
tion above a zero level surface (such as Mean Sea Level) and therefore show heights of the land and reveal the shape of the land 
surface. Heavier brown lines are index contours and are labeled with the elevation they represent. Closely spaced contours indicate a 
steep land slope; widely spaced contours show more level ground. The elevation difference between adjacent contours is the contour 
interval. A map of a relatively fl at area may have a contour interval of 10 feet. In steep areas an interval of 100 feet or more may be 
used to avoid coalescence or convergence of the contour lines. The contour interval is always noted below the bar scale in the map 
marginalia.


The cartographic representation of roads has been updated from a characterization based on organizational maintenance (Interstates, 
US routes, State routes, etc.) to a functional classifi cation defi ned as follows:


• Expressway1: A controlled access, divided arterial highway for through traffi c.
• Secondary Highway1: Hard surface highways including secondary State routes, primary county routes, and other highways 


that connect principal cities and towns, and link these places with the primary highway system.
• Local Connector1: Hard surface roads not included in a higher class and improved, loose surface roads passable in all kinds 


of weather. These roads are adjuncts to the primary and secondary highway system and represent major arteries through 
populated places.


• Local Road1: Roads used primarily for local traffi c.
• Four Wheel Drive Road1: Unimproved roads passable only with four wheel drive vehicles. 


1 Federal Highway Administration Planning Glossary - http://www.fhwa.dot.gov/planning/glossary/glossary_listing.cfm.
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What is a US Topo?


A US Topo is a digital topographic map that covers 7.5-minutes of longitude by 7.5-minutes of latitude and is produced at a scale of 
1:24,000. US Topos are freely distributable and are available for download on the Web from the USGS Store (http://store.usgs.gov) in 
Portable Document Format (PDF) with geospatial extensions (GeoPDF®, a registered trademark of TerraGo Technologies). PDF maps 
can be viewed and printed with any conforming PDF software. Versions 9.x and 10.x of Adobe® Reader® and Acrobat® software provide 
access to the geospatial functionality of the US Topo. Adobe Reader is available for free at http://get.adobe.com/reader. Geospatial 
functionality is enhanced with the TerraGo® Toolbar™, a plug-in to the Adobe software that may be downloaded for free at http://usgs.
terragotech.com/home. More information about US Topos and their use is available at http://nationalmap.gov/ustopo.


The base data layer of a US Topo is a recent orthographic aerial photograph. These orthoimages have been corrected to remove scale 
distortions that result from the varying terrain and deviations of the aircraft’s position from the true vertical. The maps include contours 
that show the shape of the Earth’s surface, hydrographic features such as lakes and rivers, roads, boundaries, and geographic names. 
Additional data from the geographic data themes of transportation, names, elevation, hydrography, boundaries, structures (such as 
fi re stations) and land cover (such as woodland tint) is being added to the maps as they are updated, resulting in a product that will 
become progressively more robust over time. Feature data is incorporated from national Geographic Information System (GIS) data-
bases under the stewardship of USGS data programs. The US Topo is intended for conventional map users, not for advanced GIS analy-
sis. However, most of the data sources used are in the public domain and may be downloaded for free from The National Map (TNM) 
(http://nationalmap.gov).


US Topos are revised on a three-year production cycle.


Symbols on US Topos


The underlying orthoimage for each US Topo shows those features on the Earth’s surface that are visible to the eye. Because each map is 
made at a scale of 1:24,000 (one inch on the map represents 24,000 inches or 2,000 feet  on the ground), selected features are also shown 
and emphasized by symbols, geographic names, and highway route numbers.


Map features may be represented as points, lines, or polygons. They incorporate different colors and patterns to distinguish between 
feature types and to show each feature’s importance. For example, a perennial stream is symbolized by a solid blue line while an 
intermittent stream is shown by a blue dashed and dotted line. A large reservoir is depicted by a polygon while a small reservoir may be 
shown by a point symbol if it is too small to show as a polygon.


Point symbols of different shapes and sizes depict features such as structures, dams, gates, rocks, waterfalls, and wells. Linear map 
symbols (lines) show such features as roads, rivers, boundaries, and contours. Color is used to show the class of information: topo-
graphic contours in brown, streams and rivers and other hydrographic features in blue, and roads in black and red. Areal features are 
outlined to depict the areal extent and may also be emphasized by a color tint. Names and labels are shown in different type fonts, 
sizes, and colors.


The unique feature of a topographic map is the contour. These lines do not exist on the Earth’s surface. They join points of equal eleva-
tion above a zero level surface (such as Mean Sea Level) and therefore show heights of the land and reveal the shape of the land 
surface. Heavier brown lines are index contours and are labeled with the elevation they represent. Closely spaced contours indicate a 
steep land slope; widely spaced contours show more level ground. The elevation difference between adjacent contours is the contour 
interval. A map of a relatively fl at area may have a contour interval of 10 feet. In steep areas an interval of 100 feet or more may be 
used to avoid coalescence or convergence of the contour lines. The contour interval is always noted below the bar scale in the map 
marginalia.


The cartographic representation of roads has been updated from a characterization based on organizational maintenance (Interstates, 
US routes, State routes, etc.) to a functional classifi cation defi ned as follows:


• Expressway1: A controlled access, divided arterial highway for through traffi c.
• Secondary Highway1: Hard surface highways including secondary State routes, primary county routes, and other highways 


that connect principal cities and towns, and link these places with the primary highway system.
• Local Connector1: Hard surface roads not included in a higher class and improved, loose surface roads passable in all kinds 


of weather. These roads are adjuncts to the primary and secondary highway system and represent major arteries through 
populated places.


• Local Road1: Roads used primarily for local traffi c.
• Four Wheel Drive Road1: Unimproved roads passable only with four wheel drive vehicles. 


1 Federal Highway Administration Planning Glossary - http://www.fhwa.dot.gov/planning/glossary/glossary_listing.cfm.
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         This US Topo map product is compiled to meet National Map Accuracy Standards (NMAS). NMAS horizontal accuracy requires that at least 90 percent of well-defined points tested are within 0.02 inch of the true position. In this product, the projection line, grids, and orthoimage are believed to meet NMAS. Positional accuracy of the other data layers is less controllable because of diversity of data sources, and may not meet NMAS.
      
       
         The accuracy of the National Elevation Dataset (NED) is inherited from the source digital elevation models (DEMs). The overall absolute vertical accuracy expressed as the root mean square error (RMSE) is 2.44 meters. The measured vertical RMSE was converted to equivalent NMAS and NSSDA expressions. The accuracy is expressed in terms of the National Map Accuracy Standards (NMAS), which use a 90 percent confidence interval, and in terms of the National Standard for Spatial Data Accuracy (NSSDA), which uses a 95 percent confidence interval. 
      
    
     
       
         
           
             For the conterminous 48 states - National Agriculture Image Program (NAIP) administered by the Aerial Photography Field Office (APFO) for the United States Department of Agriculture.
             20100704
             Orthoimagery - CONUS
             Raster digital data or Digital Orthorectified Image or NAIP Digital Ortho Photo Image or Raster digital data or Digital Orthorectified Image
             An orthorectified image is a layer in every product and is provided by the USDA-FSA-APFO from the National Agriculture Image Program (NAIP) in the conterminous US. This offers the USGS a consistent image product for the conterminous 48 states, normally with a one meter resolution in natural color.  The NAIP image in this product is public domain with no reuse constraints.
             http://www.fsa.usda.gov/
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             TomTom
             2012
             Transportation, commercial roads
             Vector digital data
             TomTom Multinet dataset, licensed to the USGS for use in US Topo (1:24,000-scale topographic maps in GeoPDF format). TomTom retains copyright to these data. The USGS license allows these data to be freely used and redistributed in US Topo instances, provided this copyright notice is retained. TomTom data are filtered and may be generalized by USGS for protrayal in this product. TomTom roads are not mixed with other road data sources within a 7.5-minute quadrangle, with the exception of U.S. Forest Service lands, where public domain data from the Forest Service are used.
             http://www.tomtom.com
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             USFS
             2013
             Transportation, USFS FSTopo roads
             Vector digital data
             The FSTopo database was originally populated with Cartographic Feature File (CFF) data. CFF data were derived from the standard Forest Service Primary Base Series (PBS) or Single Edition Series (SES) map as part of the Forest Service National Geographic Information System Plan. PBS and SES maps were developed from the U.S. Geological Survey 1:24,000-scale, 7.5-minute topographic map series, with enhancements and regular revisions to satisfy Forest Service needs. Except in Alaska, where 1:63,360-scale maps are used, the original USGS 1:24,000-scale source maps were constructed to meet National Map Accuracy Standards, which require that 90 percent of all well-defined features shown on the map are within .02 inches of their true location. CFF data were collected using methods and the best technologies available to ensure that digitized elements were captured within .003 inches of corresponding elements shown on source maps. The USDA Geospatial Service and Technology Center (GSTC) uses the same data collection accuracy standard for additions and revisions to the data. Only maps in USDA Forest Service areas will contain USDA Forest roads.
             http://www.fs.fed.us/gstc/
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         Road centerlines, route numbers, road classification, street names
      
       
         
           
             Federal Railroad Administration
             2011
             Transportation, Railroads
             Vector digital data
             Railroads are based on unpublished data provided to USGS by the Federal Railroad Administration (FRA).  These data were collected by FRA as part of the Automated Track Inspection Program (ATIP).  Though not originally intended for mapping purposes, the data are judged by USGS to have high positional accuracy and to be suitable for 1:24,000-scale mapping.  The original data were GPS points, which were thinned, filtered, and consolidated by USGS to create the data shown in US Topo.  These data are not complete, and the levels of actual completeness within a map cell or for the dataset as a whole are not precisely known. ATIP is an ongoing program, FRA has committed to continue working with USGS, and the data will become more complete with each US Topo production cycle.  The USGS has elected to use this mechanism and source of railroad data because no sufficiently current, accurate, and non-proprietary railroad dataset with national coverage can be found.  The names of rail lines will be added at some future date.
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             Federal Aviation Administration
             2012
             Airports
             Vector digital data
             Runway outlines are for Federal Aviation Administration (FAA)-recognized public and private airports in the United States. The FAA runway coordinates, FAA_RunwayID, and Airport Location Codes were used by the USGS to digitize runway outlines on recent NAIP orthoimagery. The digitized data were inspected for accuracy and completeness then loaded into the USGS national transportation database.
             http://www.faa.gov
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             State and Federal Partners
             2012
             Fire Stations
             Vector digital data
             Any location where fire fighters are stationed or based out of, or where equipment that such personnel use in carrying out their jobs is stored for ready use. Fire fighting training academies or locations are included. Fire Departments which are Mobile Units and not having a permanent location, are included, in which case their location has been depicted at the city/town hall or at the center of their service area if a city/town hall does not exist. This dataset includes those locations primarily engaged in forest or grasslands fire fighting, including fire lookout towers if the towers are in current use for fire protection purposes.  This dataset includes both private and governmental entities.  Locations that serve only administrative function are excluded. Locations serving both administrative and operational functions are included.
             http://nationalmap.usgs.gov
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             State and Federal Partners
             2011
             Hospitals
             Vector digital data
             Includes general medical and surgical hospitals, psychiatric, substance abuse and specialty hospitals such as Children's hospitals, cancer, maternity and rehabilitation hospitals. Other types of hospitals are included if represented in data sets provided by various partners for this compilation. Hospitals operated by the US Department of Veterans Affairs are included. Nursing homes, long term care facilities and Urgent Care facilities are generally excluded. Locations that are administrative offices only are excluded from the dataset.
             http://nationalmap.usgs.gov
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             State and Federal Partners
             2008
             Schools
             Vector digital data
             The schools within this dataset are composed of Public elementary and secondary education in the US as defined and tracked by the National Center for Education Statistics (NCES), Common Core Dataset (CCD). Private schools in this dataset are composed of Private elementary and secondary education in the US as defined by the Private School Survey, NCES. The colleges and Universities are composed of postsecondary education facilities as defined by the Integrated Post Secondary Education System (IPEDS), NCES. Included are Doctoral and Research Universities, Masters Colleges and Universities, Baccalaureate Colleges, Associates Colleges, Theological seminaries, Medical schools and other health care professions, schools of engineering and technology, business and management, art, music, design, Law schools, Teachers colleges, Tribal colleges and other specialized institutions.
             http://nationalmap.usgs.gov
          
        
         24000
         digital data
         
           
             
               2008
               2008
            
          
           ground condition
        
         Structures - Schools
         
      
       
         
           
             U.S. Geological Survey
             2013
             Cemeteries
             Vector digital data
             The Geographic Names Information System (GNIS) is the Federal and national standard for geographic nomenclature. The U.S. Geological Survey developed the GNIS in support of the U.S. Board on Geographic Names as the official repository of domestic geographic names data, the official vehicle for geographic names use by all departments of the Federal Government, and the source for applying geographic names to Federal electronic and printed products. Cemeteries are one feature from the GNIS data base.
             http://geonames.usgs.gov/
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             U.S. Geological Survey
             2013
             Post Offices
             Vector digital data
             The Geographic Names Information System (GNIS) is the Federal and national standard for geographic nomenclature. The U.S. Geological Survey developed the GNIS in support of the U.S. Board on Geographic Names as the official repository of domestic geographic names data, the official vehicle for geographic names use by all departments of the Federal Government, and the source for applying geographic names to Federal electronic and printed products. Post Offices are one feature from the GNIS data base.
             http://geonames.usgs.gov/
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             State and Federal Partners
             2012
             Law Enforcement
             Vector digital data
             Includes locations where sworn officers of a law enforcement agency are regularly based or stationed, primarily local police station locations. State and federal law enforcement agencies are generally excluded from this dataset.
             http://nationalmap.usgs.gov
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             State and Federal Partners
             2012
             Prisons
             Vector digital data
             Includes government operated prisons and facilities privately operated for the government such as medium and high security prisons and correctional institutions. Low and minimum security institutions such as local jails, prison camps, correctional farms or work farms, detention and treatment centers are excluded.
             http://nationalmap.usgs.gov
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             U.S. Geological Survey
             2013
             Geographic Names Information System (GNIS)
             Vector digital data
             The Geographic Names Information System (GNIS) is the Federal and national standard for geographic nomenclature. The U.S. Geological Survey developed the GNIS in support of the U.S. Board on Geographic Names as the official repository of domestic geographic names data, the official vehicle for geographic names use by all departments of the Federal Government, and the source for applying geographic names to Federal electronic and printed products.
             http://geonames.usgs.gov/
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             U.S. Geological Survey in cooperation with U.S. Environmental Protection Agency, USDA Forest Service, and other Federal, State and local partners. National Hydrography Dataset is a component of a comprehensive base geospatial data model.
             20100704
             Hydrography
             Vector digital data
             The National Hydrography Dataset (NHD) is a feature-based database that interconnects and uniquely identifies the stream segments or reaches that make up the nation's surface water drainage system. The high-resolution NHD was originally created using 1:24,000-scale data. State and Local Stewards are improving the data by incorporating local updates based on more current and more accurate source data. Water features in the real world are relatively dynamic and the differences at the time of data collection mean that water features may not register exactly to other layers. The hydrographic feature names contained in and displayed by the NHD are extracted and validated from the Geographic Names Information System (GNIS). Spatial objects may be filtered or generalized to achieve a 1:24,000-scale representation.
             http://nhd.usgs.gov/
             http://nhd.usgs.gov/gnis.html
             http://nhdgeo.usgs.gov/metadata/nhd_high.htm
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             U.S. Geological Survey
             2011
             Gaging Stations
             Vector digital data
             This dataset, termed "GAGES II", an acronym for Geospatial Attributes of Gages for Evaluating Streamflow, version II, provides geospatial data and classifications for 9,322 stream gages maintained by the U.S. Geological Survey (USGS). It is an update to the original GAGES in 2010. The GAGES II dataset consists of gages which have had either 20+ complete years (not necessarily continuous) of discharge record since 1950, or are currently active, as of water year 2009, and whose watersheds lie within the United States, including Alaska, Hawaii, and Puerto Rico. Only active stations, as identified by the GAGES II dataset, are symbolized.
             http://water.usgs.gov/lookup/getspatial?gagesII_Sept2011
             http://http://water.usgs.gov/GIS/metadata/usgswrd/XML/gagesII_Sept2011.xml
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             Global Land Ice Measurements from Space initiative (GLIMS)
             2012
             Glaciers
             Vector digital data
             The Randolph Glacier Inventory (RGI 2.0) is a global inventory of glacier outlines. It is supplemental to the Global Land Ice Measurements from Space initiative (GLIMS). Production of the RGI was motivated by the forthcoming Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR5). Updates beyond the IPCC 2012 deadlines will take the form of additions to the GLIMS Glacier Database. As resources allow, all these data will be incorporated into the GLIMS Glacier Database.  The RGI data are used without alteration by the U.S. Geological Survey for US Topo maps and are not yet integrated with other hydrography features from USGS datasets. Glacier names are from the Geographic Names Information System (GNIS).  RGI polygon boundaries are not shown in the US Topo representation.
             http://www.glims.org/RGI/randolph.html
             http://www.glims.org/RGI/RGI_Tech_Report_V2.0.pdf
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             International Boundary Commission
             2006
             Vector digital data
             U.S.-Canada National Boundary
             The international boundary dataset between Canada and the United States was provided by Maine Office of Geographic Information Systems (MEGIS), University of New Hampshire, Vermont Center for Geographic Information, Inc (VCGI). The dataset was collected from multiple source agencies such as the U.S. Geological Survey, U.S. Department of Commerce, Bureau of Census, Bureau of Parks and Lands, Coastal Island Registry (CIREG) and various state agencies. The data and attribution accuracy was tested by manual comparison of the source with hard copy printouts and/or symbolized display of digital files and corrected by each state GIS department for use at a scale not greater than 1:24,000.
             http://www.internationalboundarycommission.org/
             http://www.internationalboundarycommission.org/products.html#nad83
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             U.S. Geological Survey, U.S. Department of Agriculture, and the Instituto Nacional de Estadística y Geografía of Mexico.
             2006
             Vector digital data
             U.S.-Mexico National Boundary
             The international boundary between Mexico and the United States, defined as a joint venture between the U.S. Department of Agriculture (USDA) and the Instituto Nacional de Estadística y Geografía of Mexico (INEGI), resulted in an unofficial United States-Mexico boundary dataset that was further enhanced by the U.S. Geological Survey's Border Environmental Health Initiative (BEHI). With the data frame scale set to 1:5,000 in ArcMap, the center of the Rio Grande/Río Bravo was digitized using the NAIP 2004 Imagery. In areas with dense stands of salt cedar (bounding box = UL -104.714 30.038, UR -104.664 30.037, LR -104.666 29.933, LL -104.717 29.934; NAD83), the center of the channel was difficult, and sometimes impossible, to easily determine. To determine the location of the boundary, the GIS analyst compared the location of the line in the INEGI 1:250K Limite feature class with the NAIP 2004 Imagery and adjusted the boundary to the image, thus, the delineation of the international boundary is less certain in these areas. The remaining part of the border was extracted from the INEGI 1:250K Limite feature class and appended to the line feature class created along the Rio Grande/Río Bravo. The U.S. Geological Survey reviewed the original USDA data against 2007 NAIP imagery and further edited 9 line segments in the Rio Grande areas to conform to National Map Accuracy Standards.
             http://borderhealth.cr.usgs.gov/projectindex.html
             http://extract.cr.usgs.gov/BorderHealth/Boundaries/Int_Boundary/International_Boundary_Shapefile.zip
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             U.S. Department of Agriculture (USDA) Forest Service - Washington Office Automated Lands Program (ALP).
             2012
             Vector digital data
             USDA Forest Service Boundary
             The forest service boundaries defined by the USDA Forest Service encompassing the National Forest System (NFS) lands within the original proclaimed National Forests, along with lands added to the NFS which have taken on the status of 'reserved from the public domain' under the General Exchange Act. The following area types are included: National Forest, Experimental Area, Experimental Forest, Experimental Range, Land Utilization Project, National Grassland, Purchase Unit, and Special Management Area. The nationwide Proclaimed Forest dataset was created by the USDA Forest Service, Washington Office Automated Lands Program (ALP) staff from collected source data created by the Regional Offices. Only maps in USDA Forest Service areas will contain USDA Forest boundaries.
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             U.S. Census Bureau
             2010
             Vector digital data
             State and Equivalent Boundary
             The Census Bureau collects boundaries from state and county governments through the Boundary and Annexation Survey (BAS, http://www.census.gov/geo/www/bas/bashome.html), and publishes the results as TIGER files.  The USGS uses the TIGER data without editing or alteration for US Topo.
             http://www.census.gov/geo/www/tiger/index.html
             ftp://ftp2.census.gov/geo/tiger/TIGER2010/STATE/2010/
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             U.S. Census Bureau
             2010
             Vector digital data
             County and Equivalent Boundary
             The Census Bureau collects boundaries from state and county governments through the Boundary and Annexation Survey (BAS), and publishes the results as TIGER files.  The USGS uses Census TIGER data without editing or alteration for US Topo.
             http://www.census.gov/geo/www/tiger/index.html
             ftp://ftp2.census.gov/geo/tiger/TIGER2010/COUNTY/2010/
             http://www.census.gov/geo/www/bas/bashome.html
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             Office of the Deputy Under Secretary of Defense for Installations and Environment, Business Enterprise Integration Directorate
             2011
             U.S. Military Installations, Ranges, and Training Areas
             vector digital data
             Authoritative locations of Department of Defense sites, commonly referred to as installations, ranges, and training areas. This dataset does not necessarily represent a comprehensive collection of all Department of Defense facilities, and only those in the fifty United States and US Territories were considered for inclusion. Some sites were not included because geospatial data were not available, or because it is a leased site.
             http://www.acq.osd.mil/ie/index.shtml
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             U.S. Dept. of Interior, Bureau of Land Management, Division of Support Services, Branch of Information Resource Management
             Unknown
             Public Land Survey System
             Vector digital data
             Section boundaries were generated from geodetic latitude and longitude coordinate pairs as recorded on BLM's official protraction diagrams of the state of Alaska. The SDMS_PROD protraction tables were modified to include pro_pt83, section83, and township83. The latitude and longitude values in the pro_pt83 table were transformed from geographic NAD27 coordinates to geographic NAD83 coordinates using NADCON for Alaska. The Informix Section83 table is a spatially-enabled table that contains all of the protraction information for each of the 655,483 sections. Section shapes are stored as NAD83 geographic multipolygons. Each section was individually constructed from NAD83 geographic pro_pt (Protracted Point) table and is fully densified by including all township/section offset corners from adjacent township/sections.
             http://sdms.ak.blm.gov/sdms/data_protracted_grid_gis.html
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             USGS - National Elevation Dataset is a component of a comprehensive base geospatial data model.
             20111201
             Hypsography
             Vector digital data
             This contour featureclass was generated from the 1/3 arc-second version of the National Elevation Dataset (NED). The intended viewing scale for these features is 1:24,000. The contours are derived from a filtered elevation raster to achieve smoother arcs. The NED data were modified by the National Hydrography Dataset (NHD) flow lines and water bodies to facilitate improved integration between the hypsography and hydrography on USGS map products. These contours were generated primarily for use as a layer in GeoPDFs created in the US Topo digital mapping program. The raster data source of contours is the National Elevation Dataset (NED) 1/3 arc-second layer. The 1/3 arc-second NED contains resampled data from the 1/9 arc-second layer of NED. Secondary datasets include the high resolution flow lines, water bodies, and areas from the National Hydrography Dataset (NHD). The NHD layers are used in hydro-enforcement of the DEM prior to contour generation. The goals of the hydro-enforcement are to prevent contour lines from extending over the surface of water bodies and to align the contour reentrants with the NHD single-line streams. The NED raster cells are converted to points. Those points, along with the NHD flow lines are input into an interpolation tool to create a new surface. The NHD water bodies and areas are preprocessed to attach the minimum and maximum elevation to each polygon. From these precalculated values, an appropriate value is calculated by which to raise the elevation cells under the NHD polygons. The NHD polygons are then converted into rasters, which in turn will be used to generate a mosaic that includes the new raster surface. The mosaic is filtered to provide smoother contour lines. Contours are generated and depression and index contours are identified. There is no guarantee or warranty concerning the accuracy of the data. Users should be aware that temporal changes may have occurred since these data were collected and generated and that some parts of these data may no longer represent actual surface conditions. Hydro-enforcement and generalization can also significantly alter the spatial characteristics of the contours. Users should not use these data for critical applications without a full awareness of its limitations.
             http://ned.usgs.gov/
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             U.S. Geological Survey
             2013
             Land Cover - Woodland
             Vector digital data
             The Woodland Tint is a derivative land cover product created using several national map layers: three National Land Cover Database (NLCD) 2001 raster layers (Tree Canopy, Imperviousness, and Land Cover); and two vector layers (National Hydrography Dataset and Transportation). The process begins with masking the NLCD 2001 Canopy Data with NLCD 2001 Imperviousness V1 (values from 1-100), and Land Cover V1 (value 11 = Open Water).  The resulting raster data with canopy values of 20 and greater are converted to woodland vector polygons and smoothed via the Paek Algorithm.  The woodland polygons are masked with buffered Transportation (Roads, Airport Runways, and Railroads) and Hydrography (NHD Areas excluding Inundation Area and NHD Waterbodies excluding Swamp/Marsh).  The resulting polygons are checked for scale appropriate size (minimum size of one acre), and the small woodland polygons as well as small clearings within the woodland polygons are deleted. For Alaska, the Woodland Tint is a derivative land cover product created using five national map layers: one raster layer, National Land Cover Database (NLCD) 2001 (Land Cover); and four vector layers (National Hydrography Dataset, Transportation Roads, Transportation Airports and Transportation Railroads). The process begins with combining three NLCD 2001 Land Cover V1 Classes (41 - Deciduous Forest, 42 - Evergreen Forest, and 43 - Mixed Forest). The resulting raster data was converted to woodland vector polygons, and smoothed via the Paek Algorithm. The woodland polygons are masked with buffered Transportation (Roads, Airport Runways, and Railroads) and Hydrography (NHD Areas excluding Inundation Areas and NHD Waterbodies excluding Swamp/Marsh). The resulting polygons are checked for scale appropriate size (minimum size of one acre), and the small woodland polygons as well as small clearings within the woodland polygons are deleted.
             http://nationalmap.usgs.gov
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         National Landcover Dataset; National Hydrography Dataset; National Transportation Dataset
      
       
         
           
             U.S. Geological Survey
             20111201
             Shaded Relief
             raster digital data
             The Shaded relief is a derivative elevation product created from the National Elevation Dataset (NED) 1/3 arc second.  First there are five separate shaded relief datasets created from the original data.  Each shaded relief has different azimuths and altitude values as follows: 00 450, 1350 600, 2700 450, 3150 450, 450 450.  These five datasets are then combined into one feature class using map algebra to compute the raster layers using the following equation shadedrelief1 + shadedrelief2 + shadedrelief3 + (shadedrelief4 x 2) + shaded relief5 \ 6.  This equation gives double importance to the 3150 azimuth and 450 elevation.
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             U.S. Geological Survey
             2012
             Grids and Coordinate System
             U.S. National Grid, UTM grid, and State Plane Coordinate System values are displayed along the map projection.  State Plane Coordinate System State and Zone values are abbreviated per Appendix A in the following document: Stem, J.E., 1990, 'State Plane Coordinate System of 1983', NOAA Manual NOS NGS 5, available at http://www.ngs.noaa.gov/PUBS_LIB/ManualNOSNGS5.pdf.
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         2.5-minute geographic ticks, U.S. National Grid, UTM grid, State Plane Coordinate System ticks.
      
       
         The GeoPDFs for this product are created as follows. All geospatial content is taken from national geospatial databases under the stewardship of USGS data programs. The NAIP imagery is provided by a seamless tile service that delivers image data at the resolution and quality of the source imagery. The raster and vector data, including grids and collar information, are processed using ESRI ArcGIS software and exported as a GeoPDF using the TerraGo ArcGIS software extension. Map formatting is performed using a custom application, which includes post-processing to embed the metadata XML document. GeoPDF is a copyrighted format, with implementation rights held exclusively by TerraGo Technologies. Any use of trade, product, or firm names in this publication is for descriptive purposes only and does not imply endorsement by the U.S. Government.
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