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10:1
DEFINITIONS:

ARC/INFO: Server based hybrid GIS software package, written and marketed by Environmental Systems Research Institute (ESRI). Comprised of Arc, the spatial GIS component and Info, a relational database, although ArcInfo can also be linked to external databases such as Oracle. Unlike ArcView, ArcInfo unlike the more user friendly ArcView does not run on a Windows based system and therefore has a rather steeper learning curve. A number of add-on extensions are available for example, TIN, GRID, NETWORK and COGO, which provide additional functionality. 

ARCVIEW:  Desktop GIS software package written and marketed by Environmental Systems Research Institute (ESRI). Cheaper and easier to use than their original system ArcInfo, ArcView has become well established as one of the world's most popular desktop mapping packages. Windows based user interface means that novice users can be quickly taught to manipulate analysis and graphical tools. Can be linked to ArcInfo database files and can handle both vector and raster data types through the addition of extensions.

ASCII - American Standard Code for Information Interchange: A set of codes for representing alphanumeric information. For example, the letter 'A' is stored as the value 65, and 'B' as 66 and so on until the letter 'Z' which is 90. However, there are 128 ASCII codes which provide for all the alphanumeric characters, all the keys on a keyboard, and some special non-pointing characters such as 'delete' or 'ring terminal bell'. Text files, such as those created with a text editor are often stored simply as ASCII files. These files can be read by practically every computer operating system and software applications. 

Accuracy:  The closeness of observations, computations or estimates to the true value as accepted as being true. Accuracy relates to the exactness of the result, and is distinguished from precision, which relates to the exactness of the operation by which the result was obtained. 

CAD - Computer Aided Design: The design activities, including drafting and illustrating, in which information processing systems are used to carry out functions such as designing or improving a part or a product. 

COGO - Co-ordinate Geometry: GISA set of procedures for encoding and manipulating bearings, distances and angles of survey data into co-ordinate data. COGO is frequently a subsystem of . 

Contour:  attributeA set of points representing the same value of a selected  and forming an imaginary line. The terms contour or contour line is most commonly used for lines connecting points on the ground having the same elevation. 

Coverage:  layerA term that refers to a  of spatial data within a Geographical Information System. 

DXF - Digital Exchange Format: formatA  for transferring drawings between Computer Aided Design systems, widely used as a de facto standard in the engineering and construction industries. 

Digital Data: formatData represented in a computer compatible . 

Encoding:  ASCIIThe assignment of a unique code to each unit of information, such as encoding of English using the  character set. 

GIS - Geographical Information System - Geographic Information System: A computer system for capturing, storing, checking, integrating, manipulating, analyzing and displaying data related to positions on the Earth's surface. Typically, a Geographical Information System (or Spatial Information System) is used for handling maps of one kind or another. These might be represented as several different layers where each layer holds data about a particular kind of feature. Each feature is linked to a position on the graphical image of a map. 

Layers of data are organized to be studied and to perform statistical analysis. Uses are primarily government related, town planning, local authority and public utility management, environmental, resource management, engineering, business, marketing, and distribution. 

Geocoding:  The cross-referencing between specifically recorded x,y co-ordinates of a location, relative to a standard reference grid such as the UK's National Grid, and non-geographic data such as addresses or post-codes. In this way the accessing of the non-geographic data allows locations to be accurately mapped. 

JPEG - Joint Photographic Expert Group: The original name of the committee that designed the standard image compression algorithm. JPEG is designed for compressing either full color or gray-scale digital images of 'natural', real-world scenes. It does not work so well on non-realistic images, such as cartoons or line drawings. JPEG does not handle compression of black-and-white (1-bit-per-pixel) images or moving pictures. 

Legend:  scaleThe reference area on a map that lists and explains the colors, symbols, line patterns, shadings, and annotation used on the map. The legend often includes the , origin, orientation, and other map information. 

LAN - Local Area Network: Computer data communications technology that connects computers at the same site. Computers and terminals on a LAN can freely share data and peripheral devices, such as printers and plotters. LANs are composed of cabling and special data communications hardware and software. 

NAD - North American Datum: reference ellipsoidThe official  used for the primary geodetic network in North America. 

Orthophotoquad:  orthophotographA standard map sheet overprinted with an 
Orthophotograph:  A modified copy of a perspective photograph of the earth's surface with distortions due to tilt and relief removed. 

Polygon:  A feature used to represent areas. A polygon is defined by the lines that make up its boundary and a point inside its boundary for identification. Polygons have attributes that describe the geographic feature they represent

Query: databaseA statement expressing a set of conditions that forms the basis for the retrieval of information from a . Queries are often written in a standardized language such as SQL. 

Raster:  A method for the storage, processing and display of spatial data. Each given area is divided into rows and columns, which form a regular grid structure. Each cell must be rectangular in shape, although not necessarily square. Each cell within this matrix contains attribute value as well as location co-ordinates. The spatial location of each cell is implicitly contained within the ordering of the matrix, unlike a vector structure which stores topology explicitly. Areas containing the same attribute value are recognized as such, however, raster structures cannot identify the boundaries of such areas as polygons. Also raster structures may lead to increased storage in certain situations, since they store each cell in the matrix regardless of whether it is a feature or simply 'empty' space. 

Relational Database: attributesA method of structuring data as collections of tables that are logically associated to each other by shared . Any data element can be found in a relation by knowing the name of the table, the attribute (column) name, and the value of the primary key. 

Remote Sensing: The technique of obtaining data about the environment and the surface of the earth from a distance, for example, from aircraft or satellite. 

Rubber Sheeting: co-ordinatesA procedure to adjust the  all of the data points in a dataset to allow a more accurate match between known locations and a few data points within the dataset. Rubber sheeting, also known as rubber banding, preserves the interconnectivity or topology, between points and objects through stretching, shrinking or re-orienting their interconnecting lines. 

SQL - Structured Query Language: relational databaseA syntax for defining and manipulating data from a . Developed by IBM in the 1970s, it has become an industry standard for query languages in most relational database management systems. 

Spatial Data: Any information about the location and shape of, and relationships among, geographic features. This includes remotely sensed data as well as map data. 

TIFF:  raster dataAn industry standard  format. TIFF supports black-and-white, gray-scale, pseudocolour, and true-color images, all of which can be stored in a compressed or uncompressed format. TIFF is commonly used in desktop publishing and serves as an interface to numerous scanners and graphics packages. 

TIGER - Topologically Integrated Geocoding and Referencing: A data format developed by the US Bureau of Census for the 1990 US census. 

Tag:  An identifier or pointer to a cartographic object

Theme:  feature classA user-defined perspective on a geographic dataset specified, if applicable, by a name and  or dataset name, attributes of interest, or data classification scheme. 

Topology:  connectivityThe relative location of geographic phenomena independent of their exact position. In digital data, topological relationships such as , adjacency and relative position are usually expressed as relationships between nodes, links and polygons. For example, the topology of a line includes its from- and to-nodes, and its left and right polygons.

United States Geological Survey – USGS: National mapping agency of the United States. Produces paper maps, digital maps and DEMs for the entire nation at a variety of scales, including 1:24,000, 1:100,000, 1:250,000 and 1:1 million. At present the digital map database, which will form the basis of the National Digital Cartographic Database, consists of 1:100,000 maps, which are available as Digital Line Graph (DLG) and TIGER files. The USGS differs from its British counterpart in that it considers national spatial data should be made publicly available at the costs of storage medium only. 

WAN - Wide Area Network: Computer data communications technology that connects computers at remote sites. WANs are composed of special data communications hardware and software and usually operate across public or dedicated telephone networks. 

10:2
INTRODUCTION

Geographic Information System technology is changing rapidly.  Information and data is being provided on the Internet at an alarming rate.  This chapter is designed to provide general information and guidelines for the preparation of drainage district maps, design plans and geographic information systems. State and federal web sites are updated continuously and provide a wealth of data and information and should be used in conjunction with the information provided in this chapter. 

The definition section has been prepared to provide a background of information related to mapping and GIS; it is in a sense an educational portion of this chapter.  The definitions provide a good base understanding and should be reviewed accordingly.

Drainage district maps and design plans must contain a minimum amount of information.  A list of items that should be included on your district maps and plans is outlined.  Also, drafting check sheets have been included in Appendix 2 and 3.  It is important that as your maps and design plans are prepared consistently from one to the next and delivered to you in a digital format.  This will allow the maps and plans to be easily included in an existing or future Geographic Information System.
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DRAINAGE DISTRICT MAPS AND DESIGN PLANS

Preparation of accurate, clear and concise drainage district maps and design plans is essential to providing the required building blocks for a good Geographic Information System.  One of the first considerations made in preparation of district maps and design plans is what base map to start from. 

There are several state and county base maps that are now available in digital format and will provide the required base information to begin from including roads, highways, section lines, etc.  Several sources for digital base information includes the following:

· MIRIS – Michigan Department of Natural Resources – www.dnr.state.mi.us/spatialdatalibrary/

· Michigan Geographic Framework – Michigan Information Center – www.state.gov.us/mic
· USGS – United States Geological Survey – www.usgs.gov
If your county has not already adopted a base mapping system you will need to prepare your own base map or choose a base from the sources above or another qualified source.  Two important considerations are accuracy and compatibility.  For drainage district maps and watershed planning projects the digital base maps that are offered free on-line will provide the required accuracy.  If a more accurate base map is required it will have to be prepared using survey information and/or aerial photography.  From a compatibility standpoint the base maps provided by the Michigan Information Center serves as the digital base map for the state government and will be compatible with the mapping efforts of the MDA, MDEQ, MDNR and MDOT.  See Appendix 1.

Once a base map has been selected the drainage district map can be prepared.  The following is a list of information that should be included:

1. Title

a) Legal drain name and county and/or counties located in

b) Drain Commissioner’s name and/or Drainage Board member names and titles

2. Legend

3. Map scale

4. North arrow

5. Drainage areas totaled by County

a) County road R.O.W.

b) State Highway R.O.W.

c) Publicly owned land

d) Townships

e) Total acreage and percent in each county

f) Acres at public road crossings

6. Length of Drain

7. Drainage District Map Portion Showing:

a) Landowners

b) Acreage of parcel in district

c) Drain with POB and POE

d) Drain crossing locations and stations

e) Townships

f) Section numbers

g) Tributary drains

h) Parcel number

Design plans will be prepared using the base map information along with field survey information to prepare a survey accurate set of plans for the construction of proposed improvements. The following is a list of information that should be included on the design plans:

(1) The plan view
a)
Bench mark locations and descriptions

· Referenced to U.S.G.S.  

· Assumed elevation marked with permanent monument

b)
Property ownership


c)
Drain centerline and P.I. stations

d)
Dates of any aerial photographs used

e)
Sheet match line stations

f)
Roads with road designation and surface type

g)
Townships

· Common name

· Township and range

· Section corners and numbers

h)
Railroads and utilities

i)
Drain crossings (identification and station):

· Existing

· Proposed

j)
Proposed soil erosion and sedimentation controls:

· Temporary

sediment basins

rock weirs

other
· Permanent

seeding

sediment basins

rock weirs

other
· Location

k)
Right-of-Way width

l)
Field observations

· Tributary drains

· Observed tile outlets

· Eroded areas or areas of unstable soils

· Obstructions (i.e.: beaver dams, debris dams, etc.)

· Trees to be saved

· Areas where spoil is to be handled

· Water level, date and location of ponds within 500 feet of drain

· Other important observations

(2) The profile view of the drain

a) Stationing

b) Existing ground or hub line and low ground shots

c) Existing drain bottom and proposed drain grade

d) Invert elevation of proposed and existing structures

e) Work required on crossings

f) Bottom width and side slopes

g) Table showing:

· hub or ground cuts

· grade elevations

· hub or ground elevations

· Bottom cut at centerline

h) Description of work by channel reach, for example:

· brush removal only

· clearing and excavating

· remove sand bar

· clearing and snagging

· pilot channels

i) Water Surface Profile (when required)

(3) Typical cross sections
a) Existing

b) Proposed bottom width and side slopes

c) End area of excavation in square feet

d) Drain centerline set-back requirements from road centerline

e) Standard detail for soil erosion and sedimentation control measures

(4) Standard Details

a) Tile outlets

b) Side inlet structures

c) Grade outs

d) Debris disposal requirements

e) Crossing top width and end slope requirements for farm, county, and/or MDOT

f) Hub locations

g) Public utilities in area 

h) Spoil leveling

i) Bridge slope protections

j) Construction notes

k) Storm Sewers

· Manholes

· Catch basins

· Trench, Bedding

· Lead Connections

· Junction Chambers
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GEOGRAPHIC INFORMATION SYSTEMS:
A Geographic Information System or GIS is computer software (e.g. MapInfo, GeoSQL, ArcView, ArcExplorer, ARC/INFO) that allows you to identify and analyze spatial relationships between map features.  In other words, a GIS can store and manipulate data describing places on the earth's surface. Consider the Land Use/Cover map below generated by the DNR for use in a GIS it ties the spatial (drawing) information with the data located in a database:

[image: image5.png]Roads

Stand Boundaries

Road and Forest Compartment Layers
Overlaid on a Land Use/Cover Layer.





Each shaded area describes the location of a cover type on the Michigan landscape.  Notice that a GIS stores both locational (where a map feature is) and attribute information (what a map feature is).  Common uses of GIS are to tie the parcel information such as landowner name, address etc. with the parcel on the parcel base map.

To prepare a GIS first spatial information must have been manually entered into the computer often from existing paper maps or survey information.  The USGS and/or State have done this in many cases.  Much of the GIS data used by the state and federal government has been derived paper copies of USGS Quadrangle ("Topo") maps.  Other methods used include the use of digital orthophotography and GPS survey information.
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Once entered into the GIS, map features are given "real world" coordinates allowing different map layers (land use/cover, roads, compartment maps, etc.) that are spatially coincident to be overlaid on top of one another.  Note: map features are also known as geographic features or shapes.  The coordinates most commonly used in the state of Michigan are the “state plane coordinates”.
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Next, attributes are manually given to each geographic feature.  The GIS can keep track of which information belongs to each map feature through the use of unique identifiers.  In the following example the 8-digit code number is used to identify individual stands within compartment maps.

A unique identifier can then be linked to other data located in a database.   The unique identifier for most parcels and district mapping is the parcel number.
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The combination of both spatial and attribute information enables the GIS software to answer four types of questions:

Location
Where is the parcel owned by “Joe Smith”? 

Condition
Where are the drainage districts over 1000 acres in size? 

Trends
Where are the residential zoning requests? 

Patterns
Which soils are being cropped most intensively?

The spatial information available that is valuable to the drain commissioners includes the following: 

a) Established County Open Channel Drains

b) Established County Tile Drains


c) Natural watercourses

d) Lakes and ponds

e) Wetlands and Floodplains

f) County Roads

g) Private Roads

h) Manholes/Catchbasins

i) Drainage District Lines

j) Parcels

k) Cities and Villages

l) Publicly owned lands

m) Aerial Photography

n) Bridges and Culverts 

The database information that is valuable to drain commissioners includes the following:

a) Drain Information

· Date established

· Right of Ways

· Dates of Construction and/or Maintenance

· Design Flow Rates

b) Landowner Information

c) Assessment Rolls

d) Correspondence

e) Design Information

f) Permits

g) District/subdistrict information

h) Soils 

i) Land Use

j) Utility Information

APPENDIX
1. Michigan Geographic Framework

2. Drains District Map Checklist

3. Drains Plan/Profile Checklist

APPENDIX 1

MICHIGAN GEOGRAPHIC FRAMEWORK

The Michigan Geographic Framework is both a product and a program. As a product, the framework serves as the digital base map for state government. The goal of any base map is to be able to provide enough basic reference information that users can associate and locate attribute data for purposes of comparison or geographical correlation. While a base map can theoretically contain an infinite number of features, the framework is designed to contain those features most agencies need to do their business. Currently the geographic framework contains features such as roads, rivers, lakes, streams, railroads, political jurisdiction boundaries, power lines, pipelines, and other miscellaneous features. Other map features are included in the base map that may have other functional applications. These features include school district boundaries, census area tabulation boundaries, legislative district boundaries, precinct boundaries, and ZIP Code boundaries. 

As a program, the framework serves as the mechanism for maintaining a statewide base map that is both current and relevant for supporting Michigan's business applications. The program is designed to keep the map current both directly and indirectly. Directly, partners will provide map and attribute information periodically via their business applications by signaling changes that need to be made to the map. Indirectly, the MIC will continue to integrate other more current and accurate GIS work from local agencies. The program also is designed to keep the user community always in sync with current version of the products through the dissemination of change files, metadata, documentation, training, and support.

Specifically, this base map will consist of features and attributes in the current TIGER/Line Files, base map features in the MDNR MIRIS Files and an enhanced linear referencing system built from the Michigan Accident Location Index (MALI). The Geographic Framework will serve as a common and standardized infrastructure on which all GIS users of 1:24,000 scale map data can build their applications. At the heart of the Geographic Framework will be the ability to administer programs that use location-based information and need to relate one database to another geographically. Selected benefits of this effort include:

· significant cost-savings due to less duplication of effort across agency lines

· low-cost geographic database for users of GIS

· a common-standardized product for any area in Michigan 

· a focal-point for establishing partnerships between federal, state, regional, county and local agencies 

· a product that will be a rallying point for creating an ongoing update and maintenance program for transportation and other features like hydrography and municipal boundaries 

· improved communication between agencies involved in geographic information management 

· the cross integration of demographic and natural resource information and others 

· the ability to look at "what-if" scenarios that were not possible before

[image: image1.png]DRAINS DISTRICT MAP CHECKLIST
REVISION DATE: 7/27/98

Job Name: Drawn by/Date:
Job No.: Checked by/Date:
Drawing No.: Approved by/Date:

Drawing Setup/Initial Considerations:
1. Set DIMSCALE equal to plot scale and LTSCALE scale to 1/2 plot scale.
2. Insert BORDER (w:\bord\dstd,) TITLE BLOCK (w:\title\dmttl), NORTH ARROW (w:\topo\north) and PROFILE GRID
(w:\bord\drprof) at drawing plot scale.

GENERAL

DISTRICT District Line [Polyline (0.05625 x Plot Scale)] blue dashed
Subdistrict Line [Polyline (0.022 x Plot Scale)] blue |dashedX2
Drainage District Breakdown & Legend (Title Style 6; sub-titles Style 4; all other| 6 blue
BD text Style 3; space between title and first line of other text = .4 x plot scale; space 4 red
between all other lines = .3 x plot scale.) 3 yellow
BD Title Block Bottom Right, Insert W:/Title/Drainttl. Dwg from Border Insertion at
plot scale
BD Border, North Arrow & Scale white
CROSSING |Crossing Number, with leader and .175" diameter circle at point on drain 4 red
PARTXT Partials Acreage, inside elipse 2 white

FROM TAX MAPS AND TAX DESCRIPTIONS

Parcel Numbers and Acreage (depending on available space) Oriented Along
Parcels Longest Dimension

Owners’ names (when there is room) - last name and first initial, depending on
available space - (ex. Doe, J. & M.)

PARCEL Propery Lines white cont
FROM COUNTY MAPS IF AVAILABLE, OR USGS OR AERIAL PHOTOS

Section Town & Range, Township Name, County & State (Use ’Center’

PARTXT 2 white

PARTXT 2 white

TOWN justification) 4 red

TOWN Township designators 4 red
SECTION |Section lines or 1/4 lines (unless road or property line) white cen2
SECNUM Section Numbers Centered in Sections (with 1/2" yellow circle) 4 red

RDTXT Railroad Names 4 red

RDTXT Road Names 4 red
ROADCL [Road Centerline blue cen

PROW Pline w/width over road centerline (width = 0.12 x plot scale) 252 cont
DITCHCL  |Project drain pline width 1/2 of district line 3 blue hook

DRAINS Other drains and drain names (polyline width 0.015 x plot scale) 3 yellow | dashdot






[image: image2.png]DRAINS PLAN/PROFILE CHECKLIST
REVISION DATE: 1/1/98

Job Name: , Drawn by/Date:
Job No.: . Checked by/Date:
Drawing No.: Approved by/Date:

Drawing Setup/Initial Considerations:
1. Set DIMSCALE equal to plot scale and LTSCALE scale to 1/2 plot scale.
2. Insert BORDER (w:\bord\dstd,) TITLE BLOCK (w:\title\dmnttl), NORTH ARROW (w:\topo\north) and PROFILE GRID
(w:\bord\drprof) at drawing plot scale.

GENERAL EXISTING INFORMATION: PLAN VIEW

BD Border, title block, north arrow
GRID Drain Profile grid magenta| cont
GRID-TXT |Drain Profile grid text (Stationing #3 Yellow)(Elevations #4 Red)
PARTXT Property owners names, parcel numbers & block numbers (200 scale & below) 3 yellow
PARTXT Property owners names, parcel numbers & block numbers (above 200 scale) 2 white
PARTXT  |Property Dimensions 2 white
PARTXT |Lot & subdivision names (Dotfont) 5 | magenta
TOWN Section Town & Range, Township, County & State (Use *Center’ justification) 4 red
TOWN Township designators 4 red
BLDG Existing buildings w/addresses 2 | magenta| cont
TOPO Woods & existing spoils 2 | magenta] cont
PIPES Existing culverts & Inlet pipes (insert w:\topo\inlet.dwg for inlet pipes) 2 white hid2
PARCEL Property lines white cont
SECTION |Section lines or 1/4 lines (unless road or property line) white cen2
SECTION |Section line text (label all sec. & 1/4 lines) (ex. E. LINE SEC.34) 3 yellow
RDTXT Road Names (200 scale & above) 6 blue
RDTXT Road Names (below 200 scale) 4 red
ROADCL  |[road Centerline (200 scale & above) blue cen
ROW Road Centerline (below 200 scale)(Show right-of-way) red cont
PROW Pliar;;w/width over road centerline 5200 scale & above only)(width = 0.12 x plot 252 cont
CONT-NML |Normal contour lines 2 cyan hid2
CONT-HGH |Highlighted contour lines 2 | magenta| hid2
FENCE Existing fence line (insert w:\topo\fence.dwg@plot scale) 2 white
STRUCT  |Existing structures and text (ie. Bridges, headwalls, dams, etc.) 2 white hid
" X-WM Existing watermans and labels 2 | magenta| water
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[image: image3.png]X-SAN Existing sanitary sewer labels 2 cyan | sansewer
’ X-STM Existing storm sewer and labels 2 | magenta | stmsewer
X-ELEC = |Existing underground or overhead electrical and label 2 cyan elec .
X-GAS Existing gasmain and labels 2 cyan gas
X-TELE Existing underground or overhead telephone cable and labels 2 cyan tele
X-TV Existing cable or television lines and labels 2 cyan |phantom2
DRAINCL | Project drain and project drain name 3 yellow cen
DRAINS Other drains and drain names (polyline width 0.015 x plot scale) 3 yellow | dashdot
CROSSING |Crossing Number and Station (ex. NO. 1 STA. 2+43) 3 yellow
GENERAL EXISTING INFORMATION: PROFILE VIEW
STRUCT Existing Structures and text (ie. Bridges, head walls, dams, etc.) 2 white hid
PIPES Existing culverts white hid2
PIPES-TXT |Existing culverts text (ex. No. 1-STA. 23+45-C/L 11’ OF 34’ CM.P) 2 white cen2
TILE Inlet pipes shown as ellipses white cont
TILE-TXT |[Inlet pipes text (ex. STA. 24+55-12" CM.P INV. 8. 645.55) 2 white cont
PROF Existing ground profiles & text 2 white cont
SPELEV  [Spot elevations & text (every 200 ft.) (Insert w:\topo\spot) 2 white cont
‘ DITCH Existing ditch & top of bank profile 3 yellow cont
PROPOSED INFORMATION: PLAN VIEW
WS-SLINE |Survey Line (Used as a baseline) blue cont
WS-SLINE |Match Line (ex. MATCH LINE STA. 60+00) 6 blue dash x2
WS-SLINE-TXT\Tick Marks (every 500") & Sation Labels (every 1000’) @bove 200 scale) 2 white
WS-SLINE-TXT]Tick Marks (every100’) & Station Labels (every 500’) 200 scale) 2 white
WS-NOTES |Benchmarks, Utility & Cost. Notes (Headers are txt #4 Red) 3 yellow
WS-HATCH |Hatch pattern (see standards for hatch patterns) cyan
WS-ESMT  |Proposed easements red esmt
WS-ESMT-TXT|Proposed easements dimension text 3 yellow
WS-ESMT-TXT|Proposed easements text (ex. PROP. EASEMENT) 4 red
WS-NE P.L Stationing w/northing & easting-leader wicircle at (R=.04xPlot scale) point 2 white
WS-NE :;agzx:ggago;;;(;w;; )STA.2+00 MAIN DRAIN= STA.0+00 BRANCH DRAIN 2 white
WS-BEARING |Bearings with leaders 2 white
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