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INTRODUCTION

This introduction describes how this manual is organized, what a road inventory
is, and why road inventories are necessary, and the general method to use when
conducting a road inventoryith GRAIP.

This Manual

This manual is part of set ofdocumend that describes all steps of a GRAIP
study, from thisdocumentabout collecting data in the field, to an office analysanua)
to a tutorial that will give you a better idea of how the model works.

The purpose of this manual is to describe the mechanics of collecting a data set
that can be easily used in GIS tgpart scientifically sound watershed analy3dss
manual descrilsthe ideas behind, and how to conduct, the field portion of a GRAIP
study, as well as provide reference for crews in the field. The manual is organized so
that the theorys presentedirfst, followed bya stepby-step guide, and finally a
description of each feature a crew might encounter in the field. Also includ€h®
sectionfor some confusing features, a copy of the latat dictionary (INVENT5 Gt
time of writing), and a gde to appropriate and necessary géhe best approach is to
read and understand the theory before you get to the specifics. The feature descriptions
and data dictionary are most useful in the field to answer questions.

Conventions and Terms

There are some conventions used in the manual that warrant explaitalics).
indicate the title of an option in a menu (eMap), a field in a window (e.g.
OVAL_PIPB, or a button or a selection in a window inside TerraSync GR&or
STRM_CROSSIn the Glossarybolded words are used for tHeerraSync menu items,
etc.An effort has been made to capitalize the same wannddetterghat are capitalized
in the various menus, titles, etc. within TerraSync and the data dictionary. The symbol
is usedo indicate a series of steps that do not need further explanation (e.J-hatick
click That> navigate to field X> type Z, etc.). Generally, a specific series of steps is
only described in detail the first time because it is assumed that you valldeing the
steps consecutively

Cut sl opeéé é Thecutslope is the steep slope on the uphill side of a ro¢
which is the result of the removal of hillslope material to
make a flat sdace for the road. See Figute

Fill sl opeéé Thefilslope is the steep slope on thewhhill side of a
road, which ighe result of the addition of material, often
from the cutslope, to make a flatrface for the road. See
Figurel.

Road pr i s mé Theroad prismis composed of the road surface, the
cutslope and the fillslopelt includes features like the ditch

5



|l nboar

Road |

Dr ai n

d an
i neé

poin

Flowp at hé é é.

Il nsl op

Out sl o

Crowned road é é é .

Acti ve

Wh e e |

eeéeee

peéé

c ha

trac

d

é

It is the section of the hillslope, flat, ridge, etc. that has b
directly affected by the construction of the rq&aure 1)

Refers to the sides of a road. The inbcade of the road is
the cutslope side, and the outboard side is the fillslope si

- The surface of the road, as seen on a map. See the Glos

for more information.

- A drain point is any place along a road where whiten the

road flows off of the road and away from the road prism.
the Glossary for descriptions of all of the drain points
GRAIP can document.

The course flowing water takes, or would take if present.
Here, this is applied to the ropdsm, so a flow path is the
course flowing water takes or would take within the road
prism.

Refers to the surface of the road. When a saathcehas
been canted down towards the inboard side of the road ¢
that any water on the road uld flow towards the cutslope
and into a ditch (if present), the road is said to be inslope
See Figure 2.

. Refers to the surface of the road. When a saathcehas

been canted down towards the outboard side of the road
that any wagr on the road would flow towards the fillslope
and generally out of the road prism, the road is said to be
outslopedSee Figure 2.

. Refers to the surface of the road. When the fillslope side

the road has been canted down towardstiloard side
and the cutslope side of the road has been canted down
towards the inboard side, the road is said to be crowned.
Flow paths are generally diffuse and ditBlee Figure 2.

An active channel idiepart of a stream channtblat
regularly flows water onraannual basis. In the summer, tt
activeportion of thechannel may babovethe portionthat
currently contains water.

Global Positioning System. The network of satelldad
infrastructurethat provides location information to GPS
compatible antennas and receivers.

- Geographic Information System.set of software and/or

hardware that is used for the storage and analysis ef gec
referenced spatial data.
Paallel depressions or worn areas along the length of the
road that are due to the frequent travel of motor vehicles
They often route water down the road. Tracks are gener:
more shallow than ruts.
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Figure 1. Diagram of the
road surface angle terms.

Road Inventories

An important first step in managing forest roads for improved water quality and
aguatic habitat is the performance of an inven{bf$DA Forest Service 1999Ylethods
for making a comprehensive inventory of forest roads and analysis of that inventory for
watershed analysis are need€de design of such methods must consider how roads
affect the hydrology and water quality in foresteatersheds (McCammon et al. 1998).

The hydrologic and geomorphic effects of forest roads are closely linked to the
linear nature of road&®oads have a tendency to capture water and discharge it in one
location.They may also route water across topograginadients, redistributing and
concentrating the flow and thereby increasing the probability of landslides, gully
formation and sediment transport below the road drains (Megahan and Ketcheson 1996,
Flanagan et al. 1998, Montgomery 1994, Wemple et al.,198f and Wemple 2001).
Beyond the rerouting of water, roads also directly contribute sediments eroded from their
surfaces to water bodies (Washington Forest Practices Board 1995, Cline et al. 1984,
Megahan 1974, MacDonald 1997, Luce and Black 1988 fundamental
considerations in the design of a road inventory and analysis procedure for assessing
watershed related effects of roads should focus on the questions; 1) Where are runoff and
sediment generated or intercepted by roads, and 2) Where do theméhtediment go?

The inventory methods proposed in this document and analysis methods detailed
in accompanying documents were designed with these principles inligdxpected
that the GP&nd GISwill be the primary tools in the implementation bétinventory
and analysisBecause there are errors in location information from GPS and in digital



elevation modelssome redundancies are builtarthe procedure to ensure that water
movement is specified in the field.

Road inventories completed in timanner are a valuable tool for prioritization of
road maintenance and watershed restoration effldney are probably one of the least
expensive tools applied to the problem of road maintenance and restdfatioreers
from federal agencies and privdtgestland companies have eagerly used caltacted
with these method®r many projects.

General Method

There are two generatales at which to apptiie GRAIP method. The principal
way is to inventory an entire watersided w o r t jhwithotHfe gaals @ determining
where problems are located, so that they can be fixed, and of determining how much
extra sediment and mass wasting risk is associated with the road network in that
watershed. The secondary wayasapply GRAIP on a small ale as a project
monitoring tool. A road or set of roads is inventoried before and after a road treatment
(such as decommissioning or wakber installation) in order to determine the
effectiveness of that treatment. In this second method, untreated coatt® that have
similar properties to the treatment roads are also inventsoi¢aiat the effectiveness of
the treatments can be gauged bynrentorying all of the roadafter a largestorm event.

The primary goal of a road sediment inventory is toushoent the sources of
sediment and how they interact with the road and are ultimately routed to the hillslope
and stream networlt is useful to break the road drainage system up into three
componentsWe examine the road prism and ditches as one compohtre system
where much of the water and sediment are genetolts where the flow is diverted
off of the road are examined as the second component to determine where they occur and
how they functionThe third component examines the type of s@iaaed flow path
where the water is discharged below the rdain point. Basic information about the
hillslope flow path below the discharge point will allow us to make inferences about the
sediment delivery to nearby streams.

This method is designed tppantify the rate of surface erosion related to overland
flow of water.It can also be used to assess the risk of mass movement, gudlyihg
stream capturdhe GRAIPinventory also provides an updated map of the extent of the
road network and an invemtoand condition of road assets such as culvert pipes, water
bars, gatesand road closure#t. is possible to use this inventory opportunity to provide a
first order assessment of fish passage potential at stream crossing culverts (Washington
State Depament of Fish and Wildlife 2000). Significant improvement in fish passage
assessments may be achieved by application of a more thorough inventory and analysis
procedure such as Fish Xing (Six Rivers Watershed Interactions Team 1999).

When a road inventorgiconducted for watershed analysis, the road network will
likely include multiple ownershipg.he quality and extent of available data on roads may
vary dramatically by ownership and regi@ue to these limitations of data availability
on forest roads arttheir hydrologic properties, we have chosen to utilize a GPS device to
collect the location information on point and line features associated with the road
network.Predictions of road sediment production are made for each road segment



utilizing the infomation on road attributes, condition, length and sl®pese predictions
are made based on either locally collected sediment plot data for typical road segments
(Luce and Black 1999, Luce and Black 2001) or values from comparable regions
available in thditerature (Megahan and Kidd 1972, Megahan 1974, Reid and Dunne
1984, Swift 1984, Bilby et al. 1989, Ziegler et al. 2001). An outline of a simple method
for setting up local road erosion plots is available (Luce and Black 1999).

The road network is divideidto road line segments, where the entirety of that
road segment shares the same condition attriblibesdata dictionary allows for a
thorough documentation of the parameters of the re@el Road Line Featurgsthe
Glossary of Features sectjoimheattributes of the road line, suchtas surface type and
surface vegetation perceitre divided into classes in the appropriate m&ha.road line
is ended and a new segment begins when a new drain point is encountered, a grade
reversal occurr one of the attributes changes from one class to theTiextoad line
describes three types of information; 1) on which part of the road is concentrated flow
traveling flow path, e.gditch location), 2) the drainage feature receiving discharge from
that road segmerand3) the physical condition of the road prism.

In order to follow the flow path of water and sediment on the road from start to
finish, it is useful to begin data logging at the point where the water exits thdrroad.
mountainougerrain this generally occurs at designed features such as culverts, stream
crossings and lead off ditchds.terrain that has a low gradient and on roads without
designed ditches, water may exit the road more frequently in the form of unchanellized
flow or small rills.At eachroad drainage feature, evidence is collected documenting the
ultimate destination of the water as it encounters the hillsEe@ehdrainpoint is
associated with the contributing road segments using the time stamp given when the
drainage feature is openels the inventory progresselp the road network from this
drain point all road line segments that route water to this point will be assigned this
tracking numberit is helpful to begin data collection at the drain point and move
upwards through the network this way the inventory is structured around the drainage
features, and no road segments are left without a drainage destination.



SECTION I: THE GRAIP PROCESS

This section describes how to conduct the field portion of AlIBRtudy. The
necessary gear, the data collection program (TerraSync), and data organization are
described in addition to detailed instructions that can be followed in the field.

Field Gear

For more information on field gear, see Appendix C. Thexeaite a few items
that are necessary to bring to the field for a GRAIP study. You will need a GPS receiver
that is capable of about 2 meter resolution and that meets the U.S. National Map
Accuracy Standards,raof and backpacknountableantenna, and aath recorder to
accompany it. The data recorder can be either a laptop, recommendsabtiothat can
be driven, or a handheld field computer, recommended for roads that must be walked.
TerraSync v. 3.0r higheris required on the data collectém in-vehicle mount is useful
to hold the laptop without slidingnd a trackball or harteld mouse is usually better
than using the laptop touchpad

For taking stream crossing data, you will neé@bdt stadia rod in tenths of feet,
and an accompanygrhand level withtadia lines You will need a 2@t or longer
measuring tape, a digital camera, and a waterproof field notebook and pen or pencil.
Two-way radios are useful for interew communication when the crew members are
separated. A rangefinddrat can tell both distance and angle is us&wletailed map of
the field area is required. Flag tape makesuch easier to know where a crew stopped
data collection at the end of a day, and can be used for other putp8B8eflash drives
are an easway to transport dat® the office.Backup and spare batteries that are fully
charged will be necessary.

Bright safety vests are especially useful during hunting season, and hard hats are a
good idea (or required) in many locales. A hand saw and arr &daski can prevent a
crew from getting stuck on the wrong side of a newly fallen tree. Gloves are useful in
field areas with thorny vegetation. Tire chains and basic tools for the field vehicle are a
good ideaThe field vehicldtself should have higlgroundclearance and forwheet
drive, as well as lockable space to store all gaad tires that can stand up to driving on
rocky and rough forest roadShortwheelbase&ehicles are best due to their better
maneuverability.

Safety

Safety is a critickhconcern in an operation requiring large amounts of drigimg
forest roadsStay alert for log trucks and other traffic. Check for postings on active haul
roads indicating whatB channel the trucks are usirigonitor their CB channel if
possible and armmunce your presence and locatiBe. aware of other forest road traffic.

When it is necessary to stop on a road with the possibility of traffic, use caution,
listen for vehicle noise and stay visible to oncoming tratfiee the hazard lights and stay
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to the shoulder if possible. A roof mounted flashing beacon has been used in areas where
visibility is poor and heavy truck traffic is expect€@r a nQyuer iey Cr ewo r oad
located no more than 1 mile froypurlocation on the road will alert other traffic to your
presence.

Be careful when collecting data on closed or decommissioned roads. Excavated
stream crossings are sometimes deep, steep, and muddy. Carry a radio or satellite phone
in the case of an emerggn@dditionally, stream crossings1open roads are sometimes
steep, and the fill around any culvert may not be stable. Carry-avdyyaadio that you
can use to communicate with the other member of your crew when one person is out of
sight or hearing ofite other. During hunting season, wear bright cloth@tgeck in with
a supervisor every nightitl a radio or satellite phone.

Quality Assurance and Quality Control

Efforts have been made to make the data collection process as simple and
objective as pssible. Subjective judgments are minimizedh®sdrop-down menu style
of data entry, as well as the clear definitions given to the data features and attributes.
However,even with these measures in place, it is necessary to ensure that each crew and
individual is consistent over time, with caeother, and with an expetefined standard.
A previously used quality assurance ptam beobtained via the GRAIP website
(http://www.fs.fed.us/GRAIP/downloads/manuals/GRAIP_Field QAPP_Mayl13 2009.pd

f).

Intercrewdataissues can include differing flow path, percent vegetation, and
stream connection interpretatiod®sgood way to minimize these issues is to attend a
training session put on by the Boise Lab of the Rocky Mountain Research Station.
Additionally, othemmeasures should be implemented throughout the field season.

Othermeasures an i nclude Aquality assuranceo r
inventories 23 miles of road, and then each crew repeats that segment. This data should
be quickly analyzed, so that intercrew differences can be exposed and corrected. Expert
ride-alongs are a goadea, where an expert observes each crew as they work along a
road, and adviseand corrects their judgments.

If you are conducting eoad project monitoring study, where each road is
surveyed twice (before and after a treatment is appliedyainelateccontrol roads are
used, then the crew that collects the ficsitment data should alsegervey 23 miles
of the control roagwhich generally remain the same over tiffieis data can be used to
compare the prereatment and the peeatment crews, tansure that the data is fully
compatible. Also, for these project monitoring studies, if the entirety of the road has not
been altered (tilled, ripped,-graded, etc.), then the pdastatment crew should have the
data that the prreatment crew collectedith them so that they can reference it and
make sure they agree.
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General Field Procedure

Before leaving the office, plan the travel route for the day. It is difficult to predict
road invemory mileage on any given daaily mileage is affected byany variables,
including road conditions, GPS reception, and variability in the road paranfaters.
average production rate of®2miles per day has been typidalit the range has been less
than 1 mile tamearly 10miles It is useful to start and finisthe day at a major drain point
such as a ditch relief culveHanging a flag at the last logged point is also a useful
reminder.

The data dictionary is the interface that allows inventory data to be associated
with the GPS location informatioklpon reabing the field area, stafterraSynon the
datarecorder (laptop or handheld field compui@ng open a new data fil€he file will
automatically be assigned a name based on the date and time the file wasdp&ned.
this name in the field notebook, apwith the road that it is associated wielect the
most recent or most appropriate data dictionary.

OnceTerraSynds running, the computer makes a connection with the GPS
receiverand is ready to begin gathering dddatailedinstructionsaregivenlater in this
section.The Jossarysectioncontains explanations of all of the attribute names and what
they describe.

The data collection process begins dtainpoint, moves through the road
network draining to that point and is completed when athefsegments leading to that
drain are described. To begin the inventory, move the vehicle to the desired road drainage
feature With a new data file opewreate the appropriate drainage featurd begin to
describe it using thérop-downmenusn TerraSyncWhen a feature is created, the GPS
unit begins logging position points immediatdfpr each feature recorded, there are a
number of attributes for which values must be entered. Most of the attribute values are
menubasedThe data dictiongrsupplies a limited set of choices and you must pick the
one that best describes the situatibme CTime, CDate, and Vehicle ID fields are filled
in automatically, and are used to associate each drain point to one or more road segments.

Point features aradequately located by collecting 60 GPS locatidhss takes
60 seconds under ideal conditions and can take significantly longer depending on the
topography and canopy closure. It is sometimes necessary to move the vehicle up or
down the road a few fe@t allow the antenna to receive the satdlitedio signal
through the canopy. The default for minimum position numbers is set in the data
dictionary, and some nedrain feature values may be set with minimum numbers less
than 60Close the drain poiwhen enough GPS locations have been collected.

Once the initiabrainpoint or points isor are collectedgreate thaew road
segmenthat drains to the drain point or poinBescribe the new road segment using the
drop-down menusn TerraSyng¢as aboveEach road segment must be associated to a
drain point using the CTime CDate, and Vehicle ID from that drain point. The CDate and
Vehicle ID in the road segment are filled in automatically (because neither will change
over the course of a day), but you Bdw enter the CTime of the drain point or points
that the road segment drains to manually.

Line features, which are collected while moving, are composed of connected
singleGPS locations that are collected once every three sedbtiis GPS receiver
stops collecting points because of Adeal conditions, stop the vehicle and wait for the
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GPS receiver to begin collecting again. If it takes a long time for the GPS receiver to
begin collecting locations, it may be necessary to move the vehicle sligtkigrfdown

the roadWhen the grade direction changes, a new drain point is encountered, or one of
the road attributes changes, you must start a new road se¢ymehdition to describing

the flow path of the water, the road line feature describes tkeeofywad surfacing, the
percentage cover of the surfacing, and the condition of the segment. The line contains
information on the cutslope heigind condition where applicable.

A single drain point can drain multiple road segments. Often, a single#tw
continues through multiple road segments before it terminates at a drain point. Two drain
points that drain two flow paths on the same set of road segments are not always located
at the same place, and this leads to complicated and interrelatetirsats segments and
drain points.

The road line feature records the flow path of the water in the road prism and
describes the condition on the road surface, cutslope and ditch. Many roads are not
constructed with a ditch, yet water is still confined amrbad prism by wheel ruts or by
a berm.The flow path vegetation and flow path conditzan then be applied the road
itself, or water flowing against a berach road segment must be 20 meters or more in
length. If aroadattribute is not consistefar 20 meters, it is lumped in with neighboring
values. For examp|# the road has a surface type of native for most of the 70 meter
segmentbut changes to gravel surface for a 15 meter section, the road would still be
classified as nativeand no neweggment would be collecte@his spatial averaging
allows the dominant type to be recorded without dwelling on the finest scale variability.

Nineroad hydrologic features are used to describe the wayichwater leaves
the road prismThese are Ditch Riglf Culvert, Stream Crossing, Le&ff Ditch,

Waterbar, Broad Based Dip, N&ngineered Drainage, Sump, Diffuse Drainagel

Excavated Stream Crossirgtrearcrossing culverts are separated from ditch relief

culverts because they perform different fuocs.Streams have channels maintained by
flowing water for some part of most yeaream crossingallow water collected from

the drainage basin to pass under the rDadh relief features collect runoff from the

road prism and ditch and pass it belomaway from the road’here is a variation on the

stream crossing feature called the Excavated Stream Crossing, which is a stream crossing
on a decommissioned road where the culvert pipe has been removed. This is not the same
as a stream ford.

When you rach the end of a road, close the TerraSyacalso called a rover
file), making sure you have noted which road that file contains in the field notéiook
road number)Begin a new TerraSync file for the next road. If you finish the day in the
middle d a road, flag the spot at which you stopped so that you can easily find it the next
day.The data for each day or week should be preprocessed to check for errtive (see
GRAIP Office Manual). If there are errors that cannot be reconciled in the offiice,
field crew should return to the location of the error in order to fix it.
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Organizing and Keeping Track of Data

Many data files are generated over the course of a GRAIP inventory. Each road
has one or more associated TerraSync files, andTeachSync file is composed of nine
separatdiles with different extensions. As sudhis extremely important to have a
system in place for keeping track of which TerraSync file goes to which road or segment
of road, as well as the state of that da& (f.the data is raw, preprocessed, etc.), what
equipment was used to collect the data, which crew collected the data, the length of the
road in the data, and comments about the type and condition of th&ignae. 3shows
an example spreadsheet thagamsates all of these things.

B Microsoft Excel - Master Data log.xls T
Ei] File Edit View Insert Format Tools Data Window Help Type a question fg
DEHR/GRIVEH| BRI - vﬁ,bélzlﬂ-«}m%-@g
Avrial -0 v|B 7 U =S % 2 W =ESE Dv'\%vévg @Pmmptg
K14 e ~
A B C D E F G H | J
GPS File] Length
Narne Forest Name NRronahtler approx. | Crew/fvehicle AII_IE—@ Diff Cor| Exported |Preprocessed? Comment
1 4 miles) Laptop
TETATITETY TTaT T (et CTTaTgEs TeeT UuTTy TasT = TTTe . TTas WaTeT TaTs &
is mostly diffuse. Lots of vegetation, grass and young trees in roadway. Some
wheel track flow from OHY tracks. Not a steep slope. Last quarter mile is very
2 |ROB1908A Umatilla (wall Creek) = 2308020 2 1 Laptop  No No No rocky and a ridge top road. Probably 50-75 feet from the stream for the first
| UGl TTds SUTTEWTIEL Ul o YIdue (U 10 UL pasSdule (U Ldine Uue U yudny uees
and vegetation in roadway. Cattle trails and damage from cattle traffic is
evident. Wheel track and diffuse flow. Close to stream the whole time, But not
| 3 |ROB2008A Umatilla (wall Creek) = 2402060 1.1 1 Laptop  No No No really enough concenrated flow to deliver water/sediment to the stream. In
IS TUAU 1S LIDSE (U U1E SUEENT dllU (1ds d LULPIE SUEENT LIUSSIIYS 11 L1E 1St
.3 mile or so, but then changes significantly. The upper part of th road is very
flat and not steep. It drains mostly diffuse. Most of road is vegetated with

| 4 |RO82013A Umatilla (wall Creek) = 2402020 0.8 1 Laptop  No No No grass and/or some woody vegetation.

Extra control road. We started this road thinking it was a different one. Is sort
of like road 2402020. Mostly diffuse with some water bars. Relatively flat, lots
5 |ROB2016A Umatilla (wall Creek) = 2300083 0.4 1 Laptop  No No No of vegetation (grasses). No concentrated flow or stream crossings.

— TS TUdU 15 107 UE PJaIlEu Wit U1g Z402000 Tudu. 1115 Tudu 15 T HHdIked aig
is not accesible to vehicle traffic anymore. The beginning of it is almost
entirely disguised from the main road as it begins right at the confluence of

6 |ROB2017A Umatilla (wall Creek) = 2402070 0.8 1 Laptop  No No No two streams. Highly vegetated with grasses and then with thick pine trees

-l VYE DByl LIS TUad Uy THISIaRE a5 WL 10 Wwas PUUITy (ITdIREd, a5 die imdiy ol
the roads in this area. It is actually a user-created road that links up with the
2300080, but it could be used as a tiny bit more control for something?

7 |ROB2108A Umatilla (wall Creek) = 2300080 0.2 1 Laptop  No No No Diffuse, grassy.

= THTS 10aT 15 10 U Pl eu Wit e 2402020 TUdU. 1L 1S d Quuu THaceTi o e
upper half mile of the treatment road. But there are no streamn crossings that
compare well with the lower end of the treatment road. It is more of a mid- to

| 6 |RO52108B Umatilla (wall Creek) = 2402021 05 1 Laptop  No No No upper-slope road than the treatment road as well. Grassy, diffuse.

TS TUaU 15 (U U8 Pl Wit UiE 2009020 10d0. 10 1S o Prety youd i or i

About the same slope and types of drainage--diffuse and wheel tracks to waer

bars. It is well vegetated (on the roadway) with grasses and young trees up o
9 |ROB2110A Umatilla (wall Creek) = 2300110 18 1 Laptop  No No No 4" in diameter. As were all the roads we monitored in this area, the surface

1 UIY UISApPUITIITENL T UTUUYIe Uigy were yuily (U uu g Wil [udur mudu
crosses (little dig) stream, well excavated, then the road is mostly tilled, but
not to the edges of the fill slope. A few water bars were installed, and the other|

10 |ROS1816A Umatilla Wall Creek 2402020 0.25 1 Laptop  No No No stream crossings were excavated to remove as little dirt as possible--like they

| AITULTET UISdPPDITIITENL OUditS UIEVETY WEI WILIT BXLEIENL TELUNITUUIEY UBLUIT,
but then becomes more mixed between recontouring, and tilling alone. In
many cases, the hard-packed edges were preserved. In addition to the tilling,

11 |RO91818A Umatilla Wall Creek | 2402060 0.55 1 Laptop  No No No the entire decom segment was ripped. There was a lot more of this road left to

12 |RO91907 A Umatilla Wall Creek 2402060 1 Laptop  No No No Sﬁsﬁkeye Ty ST STy~ TR

0.025 {not cat tracks running up the road, and went to see what work was done. This
a small segment is the only decom waork that was completed on the whole road
13 |ROS1008A Umatilla Wall Creek 2309020 mistake) 1 Laptop  No No No where the excavator removed the old collapsed log culvert. A new berm was

Figure 3. An example field data tracking spreadsheet.

Each field crew should use a waterproof field notebook to note which file goes
with which road whenever a new file is creatédch road shouldlso receive a comment
on its condition and typét the end of the day or week, the relevant data files should be
transferred to an office computer for the initial preprocessing and error checkirlgg(see
GRAIP Ofice Procedure Mnual) In the office, the information about the data should be
added to a master ddta file (Figure 3, and any errors that cannot be resolved in the
office should be noted on a map so that the field crew can go back to that spot.
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The TerraSync files areeated with the name format RmmddhhA, where mm is
the month, dd is the day, hh is the hour (ifh®4ir time),R stands for Rover, anl
stands for the file sequence within the h@&wo, theTerraSync file R062915A was
created on June 29, between 3 pm apthdand R062915B was created during the same
hour, but after R0O62915A he file name can be edited or changed before it is created, so
the files from each crew can be distinguishabtaore than one crew created a file
during the same howan the same day he easiest thing to do is add the crew number to
the default name, so R062915A2 was created by crew 2.

Using the aboveamingmethod, every file name will be unique, and can be
referenced to the road it contaimg usingthe spreadsheet in Figure Bs such, the file
system used for keeping track of the raw data files is simple. Put all raw data files for a
certain project or watershed in the same folder, named to make it clear which project or
watershed the files refer to. It is a good idea to puydaeof collectionin this file name,
because the TerraSync files do not reference the year. See Section | of the GRAIP Office
Manual for more details on organizing rawd othefiles.

If a watersheescale inventory is being conducted, it is a good tddeave a map
of the watershed with all of the roads on it. As each road is completed, that road and its
inventory crew should be marked on the map to indicate that it is complete. Higlslighter
of different colors (for the different crewajegood for ths.

If GRAIP is being used as a road treatment monitoring tool, there are additional
columns br the master data spreadshé&ée name of the forest, project, or watershed
should be included with each road entry. The type of treatment (e.g. decommissioning
waterbar installation, control) should be noted as well. The comments for each control
road should include whether or not the selected control is suitable for its treatment pair.

The comments for each road should incltidesurface typehe condition of the
surface, what typical flow paths and drain points are, whether the road is-stdeaon
not, slope position, vegetation cover in flow patifishe road is open to highway vehicle
traffic or not,andif the road is welused or not Also include anything unusual about the
road, such as if there are a lot of gullies or landslides along its length, or if the road is
covered in small trees or anythiagethatmight cause it to bdifficult to discern flow
paths or drain points.

Using TerraSync

TerraSync is the program that interfaces between ther&fe®er and the data
recorder Note that not all GPS receivers and antennas are compatible with TerraSync.
The GPS receiver and antenna are generally controlled by TerraSync, romiinggdata
recorder Additionally, TerraSync, coupled with the correct data dictionary, is what is
used to actually collect and record ddtae data dictionary is the interface that allows
inventory data to be associated with the GPS location informatisnextremely
important to maintain the integrity of the data dictionary values as the GRAIP model is
sensitive to small changes in the data dictionamynble TerraSync v. 3.0 or newer is
required.TerraSync is available via the Trimble website (wiximble.com). Follow the
instructions available there to install the prograiou will have to set up the program
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before usePlace the datdictionary file (e.g. INVENTS5_@ldf) under CtMy
DocumentsTerraSync.

When you open TerraSync, you will notice that the screen is divided into three
parts. In the upper lefitandcorner of each part is a drop down menu that lets you choose
between five different windows (Figued and h Displaying by default are theata
window, theStatuswindow, with theSkyplotoption showingand theMap window.

Data |'| i 2
w7 Create | £ | 21~ ontions ~ | Layers ~| e|n
Create New Data File %
File Type: Rover v * 3 map
File Name: 9 Navigation
RO5081842] ¢ Status
OictonaryName: setip

£lrlvslelolel 0 250m
Pemm————

é [ Skyplot |~ | +

Figure 4. The drop-
down menu that lets
you change between
TerraSync screens.
There is a similar
menu in the upper

G5 i dsconnected right-hand corner of
R each of the three
windows.

Figure 5. The three windows of TerraSync.

TheDatawindow is the main window where you will enter data, modify features,
ard open and create data files. Thatusvindow shows data about the satellites that the
GPS receiver has detectedcould or should detect. TI®kyplotscreen, selectable by
clicking the dropdown to the immediate right of tf&tatusdrop-down symbol, shows a
radarstyle map of the locations and status of each of the satellites detected by the GPS
receiver.You can chage maximum PDOP setting with the slider bar undeG#yplot
map (PDOP is discussed belowhe Map window shovs a map of the data collected for
whichever file is openas well as your current location (if the GPS receiver and antenna
are connected andnning) There are different tools and options that can be used to
manipulate the map, selectable from the three-daypn menus to the right of tidap
drop-down symbolThe Navigationwindow can be used to set wpgints and perform
other navigation fuctions, but this will probably not be necessary during a GRAIP study.
The Setupwindow allows you to change the settings of the program and GPS receiver.

For more information about using TerraSync, see the TerraSync reference
manual, or seekelp via the Timble website. Fordditional information about your GPS
receiver and your data recorder, see the appropriate manuals or seek help online. Those
manuals and online help resources will also have more information on GPS in general.
Instructions below are spific to TerraSync 3.0/4.0 and may differ slightly for newer or
older versions.
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To set up TerraSync:

1. OpenTerraSync angjo to theDatawindow (the largest part of the screen).
a. Use the drogdown menu next t&ile Typeto seleciRover SetDefaultas

Location Select the relevant data dictionary nexibtotionary Name

psta || ¥
New(D) || ceate |52~
Create Mew Data File "
File Type: ’m *
Location: |Default -
File Name:
ROS081842]
Dictionary Name: INVENT4 2«

b. Use the defaulFile Name but add the crew number to the end.
i. The default RO61208A becomes R061208ALl if crew 1 creates the file.
c. Click Createin the upper right part of the window to ate the new file.
i. A message box will appetitat saysConfirm Antennadeightin the header
The field inventory is not sensitive &zcurate elevation data, so there is no
need to measure the actual antenna height. Estimate a height, enter it in the
Heightfield, and leave th#easure Tdield as default. CliclOK.
ii. TheCollect Featurescreen appears in tiata window.
2. Go to theSetupwindow by clicking theData window dropdownin the uppemost

leftmostcorner of the screen and select®efup

e 1] G feol] 0

i Map options |~ | ws |3 [~

Data Current Configuration: IBased Upon: [Factory Defaults] "
o« Mavigation ¥
. Reload I Change I
€ Status
Setup
Logging GPS Real-time
Settings Settings Settings

Coordinate Units External
System Sensors
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a. Click onGPS Settings
b. Select the corresPS Receiver Potb select the correct COM port.

i. If you have connected the GPS receiver with a serial cable, select either
COM1lor COM2 If you have connected the GPS receiver via Bluetooth, you
will have to find the coect Bluetooth COM port in WindowsControl Panel.
Seethe GPS receiver or data recordeanual for assistance or seek help from

the GPS receiver manufactumrdata recorder manufacturer.

2 TerraSync

o setwp |~ | ¥
[£]
GPS Settings oK | Cancal | i
GPS Receiver Port: COM1 -
Productivity Precision
o [
DOP Type: PDOP
Max PDOP: 8.0
Min SMR: 37.0
Min Elevation: 12°
Yelocity Filter:
Receiver Power Output:
NMEA Output:
RTK Precisions S cm,5 cm, 10 cm, 15 cm ﬁ
£
é
1

c. The sliding bar witfProductivityon one end anBrecisionon the other end
controls the maximum allowable PDOP and minimum allowable signal to noise
ratio (SNR).Lower PDOP and higher SNiesults in better located da¥ou can
see the current settings for each of these in the field underneath the sliding bar.
i. Theideal PDOP maximum setting is 6.0. However, in many locations, it is not
realistic touse that setting, because topography and canopy cover are such
that the PDOP will rarely get below 6.0. For this reason, set the maximum
allowable PDOP to 8.0 by slialy the bar untiB.0is next toMax. PDOR The
Min. SNRshould be37.0
il. In some places, even a maximum PDOP of 8.0 not enough to collect data. In
these cases, move the slider bar untilMae. PDOPIs 12.0 but do not go
above that value.
d. The other thredrop-down menus can be left as default.
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i. The default foVelocity Filteris Off, for Receiver Power Outpufuto, and
for NMEA Output Off. LeaveRTK Precisionss the default, as well.

e. Click OKin the top center part of the window to return to the nattingamenu.

Click onCoordinate System

i. Field data should be collected in the same coordinate system and datum as the

DEM that will be used for the projedh most cases this will be Universal
Transverse Mercater (UTM) in the North American Datum of 1983 (NAD

|

i

1983).
o setup |~ | ¥}
Coordinate System oK l s |
Select By: Coordinate System and Zone
Systen -
Datum: INAD 1983 {Conus) v |

Altitude Reference:
Altitude Units:
Coordinate Units:

Display USNG:

|Height Above Ellipsoid (HAE)

% |
v

Meters

Meters

v

Off

v

To select the above settings, seld&M in theSystendield as the

projection. Consult a map of the UTM zones to locate your zone, and

selectit next toZones Boise, Idaho is in UTM zone 11 North. In the

Datumfield selectNAD 1983 (Cons), assuming you are working in North

America. SelecHeight Above Ellipsoid (HAE)ext toAltitude Reference

andMetersfor bothAltitude UnitsandCoordinateUnits. SelectOff for

Display USNG

120 W

108 W
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f. Click OKin the top center part of the window to return to the natiingsmenu.

Leave everything else as defaldlhe important settings are now set.

g. Connect to the GPS receiver. CIGPSIn the upperight corner éthe Settings

window. This will connect to the GPS receiver if the receiver is on and the COM

port is selected correctly. It may take a few seconds. A ditide connectioicon

will flash next to theSetupwindow dropdown menu as it connects. It wallop

flashingand turn into a satellite icamhen connected.

Wait for the receiver to begin receiving signal from GPS satellites (the

number next to the satellite icon which is next toSke&ingsdrop-down menu

indicates how many satellites you are receiving good signals from).

3. Go back to thé®atawindow. You can now begin collecting data.

4. You can change the relative size, both vertically and horizontally, of each of the

windows.
Bos -5 =
Collect. |'| Options v | Close | _; l)l|v| Options vl Layers v | & I
File:  TEST_ROS08114_1 N
Choose Feature: % +
Type [ Feature Name |
o~ ROAD
o~ TRAIL
x DTCH_RELI
x STRM_CROSS
x LEAD_OFF
x WATER_BAR
x BBASE_DIP
x MNON_ENGIN
x SUMP
x DIFF_DRAIN
x ROAD_CLSD
x GATE
x ROAD_HZRD
x END_RD
x LANDSLIDE
- GULLY
x REVISIT
x PHOTO
x Point_generic
o~ Line_generic
o Area_generic
¢ | skyplot |~ ] ﬂ
03 4853756.86m M
1055107.05m E
1,078.53m HAE
NAD 1983 (Conus)
PDOP: 2.08
Productivity ] Precision

a. Move the mousewer the divider between the windows until the icon changes to

two parallel lines with arrows. Click and drag until the window is the appropriate

size.

b. You may want to make tHdap window larger.
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5. You can edit the data you have collected in each file, inujudeleting features or
changing attribute values in features.
a. From theDatawindow, click the dropdown menu that saySollect and click
Update Features
b. From here, you can select features and edit their attrifeliels the Beginbutton)

or delete thm (select them, click th®ptionsdrop-down, then clickDeletg.

Satellites

GPS systems are only as easy to use as GPS satellites are to find. There are a
number of things that can get in the way of a good GPS signal to your GPS receiver.
Steeptopogmhy | i mits the GPS antennads view of
satellite is behind a ridge, you will have to wait for it to move into view, wait for another
satellite to move into view, or come back later. Dense canopy cover can also limit the
GPSatennads view of the sky. However, there
allow the GPS antenna to see a hidden satellite if you move the antenna a little in one
direction or another. Water droplets on leaves have a similar effect. In some places tw
all of these obstructions combine to make it almost impossible to collect anjAdata.
least four satellites with good enough reception are required to take data.

There are some tricks that might result in better reception. If you encounter poor
reception the first thing to do it wait. Often, reception will return in a couple of
minutes. The next step is to move the vehicle a few feet (or yourself, if the GPS antenna
is backpackmounted). Many times, the antenna is barely hanging onto a csatellite,
whichis suddenly blockedy a tree trunlor somethingsimilar. You can also move the
actual antenna. The antenna works best if
level in both frontback and sidaide directions), whiclt is oftennot if mounted on a
curved roof ora vehicle on mangled road, or on a backpack. Try moving yourself or the
antenna to a level position on the fillslope side of the.rbbadases of very steep
topography, it can be advantageous to actually angle the arslegirty outwards, away
from the cutslope and uphill side of the rodthe last thing you can do is to mark your
place on the road with flagging, and come back later. Satellite geometry relative to that
spot will change, and will likely be better at a different time of dau can tryto use
thePlan feature available in th8tatuswindow of TerraSynt¢o determine when the
optimal number of satellisawill be overhead

A common occurrence is the loss of satellite reception after the road rounds a
ridge, or enters a stream valley. Thdugmn is often to move to a part of the road on the
original side of the ridge, or out of the stream valley, and come back later. If you stay in
the valley or on the wrong side of the ridge until the satellites move into acceptable
position, you may loseeception wheryou move back to the other side of the ridge, or
out of the valley. Howeverpsnetimes, there is almost nothing that you can do. If you are
under dense canopy cover, and in a deep and steep valley, it may be that there is no time
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of any daythat will provide enough satellite reception to be efficient. You may just have
to wait it out.

Dry Tutorial

Two scenarios are presented here, with detailed instructions for each scenario.
The first scenario is set up to be fairly simple, so thatdagser to see how each step is
completed. The second scenario is more complicated, so that the reader will see how to
deal with the many possible special situations in the figld. best way to learn how to
use this tool is to actually use it in theld, especially with an experienced user present
with whom unique situations may be discussed.

The field work for GRAIP is most efficiently done by a crew of two people.
Generally, one person will drive the vehicle and get out to look at the roadand it
features, while the other person operates the computer. The computer operator can
operate while the vehicle is in motion, which saves time.

It is easiest to work from the base of a hill upwards, so that you see the drain point
before you see the flow et on the road. This allows you to know where the uphill
water is going, and allows you to easily associate the drain point with the road segment.
When you reach the top of a hill, you can either go to the bottom of the hill and turn
around, so that you @working uphill, or yowcanwork downhill. You will see the road
segment before you see the drain point. As is explained below, when you collect a road
segment, you will use the CTime from the drain point where the water from that road
segment exits thead to associate the road and that drain point. If you collect the road
segment first, you will have to close the segment, collect the drain point, tbpemd¢he
road segment to enter the CTime. This becomes cumbersome with more complicated
roadflow pahs

More information and photos about the below described features are available in
Section II: Glossary of Features

Scenario A: A singleroad segment with a singldlow path

This scenario contains a single flow path that drains to a single sinaepadint.
Single flow paths are relatively uncommon in many places, but the drain point, the ditch
relief culvert, is very common in most places in the western U.S.

You and your crew matare moving along the road, and you come to a culvert that goes
under the road. Your vehicle is pointed uphllerraSync is already set up, and running

the correct file, which has been noted in the field notebook as being associated with the
road that you are offhe laminated data dictionary can be a useful tool ®ip#rson

who is looking at the road and its featurefiavewith them so they can refer to it and

not forget to look aanyattribute The goals are to describe the type of drain pemat its
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attributes any problems associated with the drain point,\vanether or not water
draining at the drain point ever reaches a str@agure 6).

Figure 6. Map of the Scenario
A road.

Direction
of travel

1. Stop the vehicle so that the GPS antenna is directly over the culvert. Determine what
kind of culvert itis.

a. It can be either a ditch relief culvert, or a stream crossing. See the Glossary and
the Frequently Asked Questions about the Features sections for more information
on distinguishing between the two.

b. Itis a ditch relief culvert.

2. Create a new ditch rief pointin TerraSync.

a. From theCollectscreen of th®atawindow (see Using TerraSync, above), either
double clickDTCH_REL] or click DTCH_REL| and therCreate above the
feature menu.

b. The computer operator can enter information about the culvert thisil@river

looks at the culvert and communicates what to enter.
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c. Notice that theCDATE VEHICLE, andCTIME fields have been automatically
filled in. Write down the CTime in the field notebook, along with the type of
drain point it is. Use the 2dourHHMM format, with 30 seconds rounding
and 29seconds roundindown so that 3:25:3in the ditch relief CTime becomes

1526 in the notebook (and latar,the road segment that drains to the ditch).

S 5.3l X 5.31 321
B pata |'l@g G B pata |v|@g n [;l‘é“
Collect |v| Options v| Close | i [ A | collect |VI Options vl Pause i I 1|4
File: TEST_ROS08114_1 @ Create N 1 DTCH_RELL B ok | Cancel N
Choose Feature: ¥ YSIZE: [—__Iu +
Type I Feature Name ; : i z
# :
o~ ROAD PIPE_LEN:
x DTCH_RELI
« st cross ooen:
x
- BBASE_DIP *DISCHRG_TO: Forest Floor  «
x MNOM_ENGIN STREAM CON:
- aw -
x DIFF_DRAIN FILL_EROS: o ]
x ROAD_CLSD FLOW _DIVER: -
- e e
x END_RD
- LANDSLIDE FLOW _DIFFL: None v
x GULLY *CDATE: 5/8/2009 v
* RENLIT *VEHICLE: 2
x PHOTO :
x Point_generic T
o~ Line_generic [ ]
& Area_generic
PRPN *CTIME: 3:25:31 pm v
£l
3
C | Sky
' []4

3. Look at the ditch relief culvert and enter the data reaaSync.

a. Find the inlet. Use a measuring tape to measure the diameter of the culvert. Look
at the material the culvert is made from. Most culverts are steel, which has a ring
to it if tapped with metal and can rust. Some culverts are aluminum, whieh has
duller sound, is softer than steel, and cannot @i$ters are other, obvious,
materials. Look for occlusion (blockage) at the irdetd rust, crushing, or
evidence of water flowing around the culvert (all of which take precedence over
occlusion in TeraSync) Look to see if the culvert drais has drained diverted
stream Check to make sure this drain point drains water from the ditch (if it did

not, it would be an orphan drain point).
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i. Forour purposes, the culvert is B¥ches indiameter steel,about 40 %
occludeddrains ditch waterand does not divert any stream flow. For more

options and a description of each of these, see the Glossary.

_‘ Tei'rraVSync

Boa |43 G L5

Collect |+ | Options vl Pause I | @
1 DTCH_RELI W oK [ Cancel N
I *SIZE: — 24" = *
mian EON
*TYPE: CMP (Steel) v
*CONDIT: 20-80% -
m Concave v
*DISCHRG_TO:
STREAM_CON:
FILL_EROS: NG -
FLOW_DIVER: Mo - -I
FLOW_DIFFL:
*CDATE: /2009 =
*YEHICLE:
COMMENT:

i

b. Enter the above data in TerraSybse the droglown menusiext to each field to
select the appropriate tipn. Next toSIZE, selec2 4. dlext toTYPE selectCMP
(Steel)(default) Next toCONDIT, select20-80% Next toFLOW_DIVER select
No (default).Next toORPHAN selectNo (default).

i. Find the outlet of the culvert. Pace, or use a measuring tape orinaleged
find the length of the culve(in feet) Check to see if there is any kind of flow
diffuser under the culvert outldtook at the slope to either side of the culvert
to determine its shape. Look below the culvert to see where the water
dischargeso. If there is evidence suggesting that water has flowed away from
the culvert (a gully, sediment depositidrgnsported leaves or debris, gtc.
follow it until there is no longer any evidence,umtil the water would
intersect with a strearh.ook atthe fill around the culvert for fill erosion of
more than 5 cubic feet. Finally, look below the culvert outlet and along any
flow path from the culvert for large (wrisize or larger) obstructions that

would get in the way of flowing water.
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ii. For our purpses, the culvert is about 50 feet long, there is nothing to diffuse
flow, the slope is planar in shape, the water discharges onto the forest floor (it
does not have to be a forest proper, but could be a grassland, or any other
terrain notspecificallycovered by the droplown menu in TerraSync), and
there is no evidence that the water flows away from the culvert (and so there
is no stream connection). There is no fill erosion. There are marpiest

rocks anddowned log$elow the culvert, so the obsttian is abundant.

3 TerraSync

e -85 0§ L
Colect |+ | Options v| Pause NI | E
1 DTCH_RELT B oK | Cancel "
*SIZE: [24" -
l:ii_uzm: 50 I
' T (oteen =
SLOPE_SHAP: Planar v
mCHRG_TO: Forest Floor
[ STREAM, CON: [io e
™ FILL EROS: o~
"~ FLOW_DIVER: o .
OBSTRUCT: Abundant v
W_DIFFU: MNone v
ORI, @-
YEHICLE:
COMMENT:
«l

c. Enter the rest of the data into TerraSync. Type the length infel#te_LENTfield
(which is50). Use the drolown menus next to the rest of the fields to select the
appropriate option. Next t8LOPE_SHAPselectPlanar. Next toDISCHRG TO,
selectForest Floor(default). Next tdSTREAM_CONselectNo. Next to
FILL_EROS selectNO. Next toOBSTRUCTselectAbundant Next to
FLOW_DIFFU, selectNone If there was anything unusual about this drain point,
such as if no water drained to it basa one end was completely buried, you
would enter £ OMMENT.

d. Ensure that at least 60 positions have been collected. You can see the number of
positions that have been collected so far in the center of the screen, in the white

bar above th®atawindow andbelow theTerraSynditle bar.When 60 posions
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or morehave been collected, cli€BK, in the center of thBatawindow, just

above the data entry drajown menus.

Bow | G 38
Collect |v| | N—
1 DTCH_RELL Boc |
*SIZE:
*RIPE_LEN:
*THPE: [P (Sted

You have completed the collection of the ditch relief culvert drain point. Now, you must
collect data for the next road segment. The goals are to find and document the flow
path(s) of water on the road, theurface of the road, the cutslogandition the amount of
vegetation on the surface of edldw path and to relate the flow path(s)dkato one or
more drain points using the CTime of the drain point.

4.

Before you get back in the vehicle and start dgviook at the road to determine its
attributes and flow path(sGreate &ROADsegment in TerraSync

% TerraSync
e I[85 §
Collect, |V| Options VI Close: |E
File: TEST_ROS08114_1 N
Choose Feature: .cﬂ, +
Type Feature Name
o~ TRAIL
x DTCH_RELI
x STRM_CROSS
x LEAD_OFF
x WATER_BAR
x BBASE_DIP
x MNON_ENGIN
x SUMP
x DIFF_DRAIN
x ROAD_CLSD
x GATE
x ROAD_HZRD
x END_RD
x LANDSLIDE
x GULLY

a. Collect 2 positions, and clidRause in the upper right of thBatawindow. This

prevents the GPS from collecting positiavisile you are not movingo that the

. A
road | ine does not have ratdéds nest s,
% TerraSync
%, 5.91m 22¢m
Dok I[85 § £5
Collect. |v| Options | Pause III ﬁ
2 ROAD B ok Cancel u
o —, 4
SURF_TYPE: Crushedrock R4
SURF_COY:
ROAD_TYPE: System road -
ENGCE VEC 1. COoL
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b. The first thing is to determine what the flow Ipatr paths i®r are. If there is a
ditch on the cutslope side of the road, that is one flow path. Look also for
evidence of water flowing down the rosthe wheel tracks, down the centerline
of the road, against the cutslope, against a berm on the fillslope side of the road
(concentrated)or water flowing off the road in many small flow paths (if the road
is outsloped, this can happen; diffuse
i. Here,there is a ditch, and the road is insloped, so that water from the road

surface flows into the ditch. This means that there is onlyflonepath and it
is the ditch.

c. Determine the percent vegetation in the flow path (i.e. the ditch). This is the
percenage by area of vegetation, living and dead, that is actually in contact with
the ground. See the Frequently Asked Questions about the Features section for
more information on percentage vegetation. Determine if there are any problems
with the ditch, suchsaa gully or some blockage.

i. Here, the ditch is well vegetated, at about 85%. There are no problems with
the ditch.

d. Enter the information about the flow path in TerraSync, in the same way as above.
Because there is only one flow path, you will enteritifi@mation for that flow
path in the fields for both flow pathi$.there were two flow paths, the
information of each flow path would be entered in each flow path field.

i. NexttoFLOWPATH1andFLOWPATH2Z selectDitch. Next to
FLWPTH_VGlandFLOWPTH_VG2<slect>25%. Next toFLWPTHCND1
andFLWPTHCNDZ2 selectNo problem
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3 TerraSync 4 TerraSync
Bowo |98 § {5 Bow I-[4% § (5
Collect |v | Options VI Pause I I E Collect |v| Options v [ Pause QI | E
2ROAD W ok Cancel 2ROAD B ok Cancel
*SURF_TYPE: % *SURF_TYPE: -
SURF_COV: SURF_COV:
SURF_COND: SURF_COND:
ROAD_TYPE: ROAD_TYPE:
*RD_EDGE_1: *RD_EDGE_1:
RD_EDGE_2: RD_EDGE_2:
EDGE_VEG_1: EDGE_VEG_1:
EDGE_YEG_2: EDGE_VEG_2:
EDG_CND_1: EDG_CND_1:
EDG_CND_2: ,Noproblﬂ—v| EDG_CND_2:
FLOW_PATH1: FLOW_PATH1:
FLOW_PATHZ: FLOW_PATH2:
FLWPTH_YG1: FLWPTH_YG1:
FLWPTH_VG2: FLWPTH_YG2:
FLWPTHCND1: FLWPTHCND1:
FLWPTHCHDZ: W FLWPTHCNDZ:
FILL_CHAN: Above 5-0 v 3 FILL_CHAN: 3
*CDATE: 5/8(2009 - E *CDATE: 5/8{2009 v E
*YEHICLE: *YEHICLE:
COMMENT: COMMENT:
| ! !
*CTIMEL: *CTIMEL:
CTIMEZ: CTIME2: |’1526_

e. Now you must relate the flow path on the road to the point at which it drains from
the road prism. This point is the ditch relief culvert you collected above. This
relation is accomplishelly entering the CTime of the ditch relief into the road
segment. Note that the CDate and Vehicle ID in the road segment and ditch relief
culvert must match, which they automatically will if both features are collected on
the same dayn bothCTIME1andCTIMEZ, enter the CTime for the ditch from
the field notebook, which is 1526.

f. Look at the rest of the road features. Determine the original surface type of the
road, andf there is any other material coveringtetermine if there are any
problems with the condition of the road surface, like rills, washboais] etc.
Determine if the road is passable by passenger cars or not. Look at the cutslope.
Determineits height rangend if there are any problems asated with the
cutslope, such as raveling, rillingeeping water slumping.Look at the base of
the fill slope and determine its distance range from the nearest stream. You only
need to place it in one of four categories, which are 0 fe&, feet, 2-50 feet,
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and moreghan50 feet. Finally, observe and note any unique features about the

road segment.

i. The surface is fully graveled, and in good condition. This is a passenger car
road. Thecutslope is about 10 feet tatind there isignificant ravelig
present There is no nearby stream. This is a fairly typical road segment with
nothing unusual.

g. Enter the above information in TerraSyStJRF_TYPHEs Crushed rocKdefault)
SURF_COVs None(default) SURF_CONDOs Good(default) ROAD TYPHs
Passengecar road (default) RD_EDGElis> @éfault) RD_EDGEZs Fill
(default) EDG_CND_1(which applies to the cutslopis)Badly ravelling
FILL CHANisAbove5Q def aul t ). COMMENE i sndot any

5. You can now collect the GPS positions for the rest of the roa

segment. Click.ogin the same place where tRausebutton g R
" Update feature (Replace)

was, selecting the option that allows you to append data to th| & comue tesure appens

already collected. Start driving the vehicle up the road slowly, =i

about 510 mph.

a. While driving, keep looking at the road prism properties to see when they change.
Also look for drain points. You will have to stop the vehicle frequently so that
you can get out to look more closely at the road prism and for drain points.

b. Often, the attributes you selected that were entered into TerraSync are based on a
small section of road. When you drive down the road, you may find that one of
the attributes you entered does not continue long enough to make a road segment
(i.e. the attibute is under 20 meters), or that the sample you had was not
representative of the whole road segment. If this is the case, simply edit the road
segment in TerraSync to represent reality.

c. Whenever you stop the vehicle, also pause the GPS position collecgasure

that extra positions are not collected.
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You come to another culvert that goes under the road. Stop the vehicle with the GPS
antenna over the culvert, and at the same time, stop collecting GPS positions by clicking
OK at the top of th®atawindow. Repeat the above processes until you reach the end of
the road, or the section of road that you requiri is the end of the road, collect an
END_RDpoint. When finished, close the TerraSync file by click@igsein the upper

right corner of thdatawindow. ClickYeson t he error messag
fleeAre you sure?0 At the end of the da
collector.
Frowe —— )|
Dows |-[43 @ W3 0]
wdate |~ | Options ~ | Resume - | 3| A+ options + | Layers | ﬂﬂ
2ROAD Bok | concel i
*SURF_TYPE: |Crushed rock -
SURF_COY: >75% v
SURF_COND: @
ROAD_TYPE: W
*RD_EDGE_1: 6-16' -
RD_EDGE_2: Fill v
EDGE_VEG_1: _@
EDGE_VEG_2: (%~ x/—\x__
EDG_CND_1:
EDG_CND_2:
FLOW_PATHI:
FLOW_PATHZ: ,W‘
FLWPTH_VGL: >75% v
FLWPTH_YG2: [>75% «]
FLWPTHCND1: Mo problem -
FLWPTHCNDZ: ,W clrls[>lelole] a 28166
FILL_CHAN: [Above 50 S S
*COATE: ¢ | skvplot |~ !J
e
COMMENT: 1,070.92m HAE
| NAD 1983 (Conus)
HCTIMEL: l:l 526 PDOP: 2.06
CTIME2: [1526—
Productivity Ji Precision

Scenario B: Multiple road segments with multiple flow paths

This scenario contains multipllew paths on multiple roagegmentswith a few
different varietie®f drain points and problems$his isa more realistic situation thahnat
above. The steps taken in TerraSync are not described in as much detail, because the
program interface is straightforward and similar for each feature.

You and your crew mate are at the beginning of a closed road with, agdteeither of

you havethe correct gate kefFigure 7) You will have to walk this roadlhere is a

e
Yy,

t hat
e xi

significant stream nearby. The road goes uphill from where you are. Open TerraSync and
set up the program and file, associating the file name with the road number or name in the
field notebook.
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Legend

<« ——— Flowpath
&2 Gate
- Water bar
F‘ Non-engineered drain point
% Gully
Native surfacing

Gravel surfacing

- 1
0 30ft

Figure 7. Map of the Scenario B road.

1. Since this is the start of a file, you will have to figure out where the water from the
lowest segment on the road drains to. This requires you to look at the road first,
before you collect a drain point, because you do not know which drain point to
collect.

a. Walk up the road a little ways and find the flow paths. Look for a ditch, and look
for evidenceof downroad or offroad flow, or diffuse flow. On this particular
segmat, there is a ditch, and a ditch relief culvert at the lower end of the road.
The road is outsloped in this location, and there are some small patches on the top
of the fillslope where sediment deposition has occurred. You determine that, since
the road $ outsloped, these areas of sediment deposition just off the road surface

indicate that the road has diffuse flow.
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2. Begin collecting data. Start with the gate by collectif@Afa Epoint. Enter any
unusual attributes of the gate in hescriptionfield. Next, collect the ditch relief
culvert DTCH_REL) as in the above example.

a. Every drain point that you can describe in TerraSwflects an actual point on
the ground that is draining water from the road, excepDtREUSE drain point.
This point describea road segment that does not move water down the road, just
off and away from the road (as opposed to off the road and into the ditch). For this
reason, it does not matter where along the road segment you collect the diffuse
drain point. It is good to beoasistent in the placement of the diffuse drain point
along the road segment to make it easier to understahd office.

b. Collect the diffuse drain poinDIFFUSE)at the start of th road segment to
make it easy

c. You notice some slight scouring below the ditch relief culvert. You follow it, but
it does not go very far before there is no longer any evidence of flow.

d. The CTime for the dah relief culvert is 0912, and@5 for the diffuse drain
point.

3. Begin collecthg data for the road segment. The surfacing is gravel, and the cutslope
is in good condition. There are no problems with the road surface, but it looks like
recent work has been performed on this section (fresh gravel).

a. You enter the ditchHLOW_PATHJ) anddiffuse FLOW_PATH2 as the flow
paths, relating theno the drain points already collectieg entering their CTimes.
CTIMEL1is 0912andCTIMEZ2is 0915
b. You enter £ OMMENTabout the fresh gravel.
i. Example: fAFresh gravel, |l ooks |i ke rece

4. Move up he road segment, looking for changes in the road prism attributes and new
drain points.

5. You come to a water bar across the road. Coll®¢ATFER_BARoiInt. You can see
nothing out of the ordinary about this featurbe CTime is 0922.

6. Begin collecting a ng road segment. You notice that the surface has changed to

native soil, and there are distircncentratedow paths in the wheel tracks.
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a. There has not been any change in the ditch, nor has there been a new ditch relief
culvert.
b. You enter the ditchHLOW _PATH1) andconcentratedcLOW_PATH2 as the
flow paths, relating them by entering their CTIimé3IMEL1lis still 0912and
CTIMEZ2is now0922
7. Move upthe road segment as before. You come to a place on the road where water
flowing down the road has run off the road, eroding some fill with it. Upon closer
examination, you see that water from both wheel tracks flows off of the road at this
point. There is10 evidence that water was intended to run off the road here, so this is
a nonengineered drain point.
8. Collect the norengineered drain poinNON_ENGIN. You estimate that about®
cubic feet of fill have been eroded here. Se¥extnext to the~ILL_EROSfield. You
notice that there is a gully below the drain point. Make sure to sgldigtnext to the
DISCHRG_Tdield in the drain point in Ter&ync.The CTime of the non
engineered drain point is 0931.
9. Collect aGULLY point.
a. Follow the gully until itends, estimating or measuring its length, width, and
depth. A gully is a gully when it is at least 10 feet long and 6 indeep Enter
these measurements in the appropriatedield erraSync.
b. This gully terminates on a wide flat area. There is sedichkgmbsition at its
terminus.
10.Take a photo of the gully. A scale, such as a field notebook or measuring tape is
helpful. Collect PHOTOpoint, entering the time stamp on the photo asCthME,
and a brief description of the photo in B®MMENTfield.
a. Cooment example:-em@uldlrai nromnmenon wide f|
b. You should take a photo of every gully, landslide, stream crossing, non
engineered drain point, anything unusual, as well as plenty of the typical road.
11.Begin collecting a new road segment.l#gore, the surface is nativiere is a ditch,

and water has flowed down th@ad surface in a concentrated manner

34



a. You enter the ditchHLOW_PATHJ) andconcentratedFLOW_PATH2 as the
flow paths, relating them by entering their CTIimé3IME1lis still 0912and
CTIMEZ2is now 0931
12.Move upthe road. You round a corner, and come to another ditch relief culvert.
Collect aDTCH_RELIdrain point. You notice somevidence of flow in the form of
slight scour at the base of the culvert. You follow the patheotiour, and it makes
it all the way to the now nearby stream channel.
a. EnterYesin theSTREAM_CONield. The CTime of the ditch relief culvert is
0945.
13.Begin collecting a new road segment. The surface is still native, and the flow paths
are still ditch ad concentratedHowever, now the stream channel is very close to the
road. You estimate that the stream is about 35 feet from the road.
a. Enter21-50for FILL_CHAN
b. You enter the ditchHLOW_PATH) andconcentratedcLOW_PATH2 as the
flow paths, relating tam by entering their CTime€TIME1is now 0945and
CTIMEZ2is still 0931
14.Move up the road segme You come to a place where thigslope drops from about
15 feet to about 3 feet, and the surface of the road changes to fresh gravel. You pause
the GPS reaeer to make further observations at this spot. You notice that the gravel
does not last very long, only about 10 meters, before the surface goes back to native.
After about 10 or 15 meters the cutslope goes back to being about 15 feet high. You
suspect tht there might be a landslide or a stream crossing at this location, but there
is no evidence for either. Since this anomalous segmérgsishar?0 meters long,
you do not need to start a new road segment. Make a comment abmaidbarface
and cutand thercontinue up the road.
a. Comment example: fAShort segment w/ gravel
15.You come to another water baihis water bar has been extensively damaged by
vehicle wheels, and you can see that water now flows past, and the water bar no
longersuccessfullydrains anything. This is known as an orphan drain point (see
Appendix A: Frequently Asked Questions aboutFeatures). Additionally,qu
observe a gully at the base of the water(ftamed before the water bar was
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damaged)Make sure to chand@SCHRG_TQo Gully andCONDITto Damagel.
EnterYesfor ORPHAN Make a comment about the orphaned state of the Wwater
a. Comment example: AOrphan, water runs past
16. Follow the gully and take a photo, then takBldLLY andPHOTOpoint, as before.
Also take a photo of the damaged water bar, and an assdela@tOpoint.
a. This gully goes all the way to the stneaso the water bar is connected to the
streamMake a comment for the gully about its connection to the stream.
i. Comment exampl edrecfiyGol syreamnect s
b. Since the gully connects to the stream, the water bar is connected to. Go back and
edit the water bar point so that the stream connectidiess
17.Begin a new road segment. The flow paths are the same as before, and the road is still
about 35 feet from the stream chanitwever, theconcentratedlow path does not
drain to the water baou just collectedbut instead to the same location as the
concentrated flow patim the previous road segment, which is still CTime 0931.
a. You enter the ditchHLOW_PATHJ) andconcentratedFLOW_PATH2 as the
flow paths, relating them by entering theifi@es.CTIME1is still 0945and
CTIMEZ2is still 0931

You continue up the road in this way, until the road ends, or you have collected data for
the section of road you need data for. Close the TerraSync file, and close TerraSync at the
end of the day. Whreyou finish a road, make some comments in the field notebook about
that road that will be transcribed to the master data log (described in the Organizing and
Keeping Track of Data section, above) when the data is transferred to an office computer
for anaysis.
18Exampl e of a comment about a road: ARoad i
with spots of gravel. Mostly ditch wittoncentrated (wheel trackspome outsloping.
Lots of water bars. The gradient is fairly shallow, and there are some rouglasgo
big water bars. Road is located at or near stream level for most of its length. Some
gullies, a few small stream crossinBead is closed by a gate, looks like there is

some traffico
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SECTION II: GLOSSARY OF FEATURES

This section describes each of the features, and their properties, available in the
GRAIP data dictionary. An effort has been made to describe the situations in which you
would and would not use certain features to describe certain attributes of th&rroad.
annotated imagaccompanies the description where approprigte. photos are located
after each featur eobs Iemoapgederedbygtheirgeneraé b een de
type, and are alphabetically listed within their-s@ations.

The Road Line Feature

The road linas a linear feature that describes the road prism attributes. Each of
these attributeis described or explained here.

Road Line (ROAD)

Road Number (ROAD_NUM): Type the road number you are on here. This helps
office workers to idetify each road during data analysis.
Surface Type(SURF_TYPE) Observe the dominant material that makes updhd
surface and enter hert@hoices are:
- Crushed rock - crushed rock with flat facesftengray to black in colar
- Native - no appreciable stacing besides compacted soil
- Paved- with asphalt
Surface Cover(SURF_COV) Most roads we travel are basalt aggregateative
surfaced anthave < 256 vegetatiorcover.However some roads have not been
maintained anthave morevegetationlf more than one option applies, choose the
dominant surfacingChoices are:
- None- road surface has < 25% vegetation cover
- Grass and herbs > 25% of the road surface is covered in grass or broad leaf non
woody vegetation such as wildflowers
- Live woody veg- > 25% of the road surface is covered in living woody vegetation
such as small trees or shrubs
- Straw - > 25% of the road surface is covered in straw, common on
decommissioned roads
- Organic debris - > 25% of the road surface is covereddmyvned trees, branches,
or other debris that has been placed on the suofaaelecommissioned road
Surface Condition (SURF_COND) Description of conditiorf the road surface.
- Good- no obvious defects, minimal washboard or very shallow rutting would be
permitted
- Rilled/eroded- water channels on the road surface that ex@%linches in depth
and may be very large
- Washboard - high frequency bumps that appear in the road perpendicular to the
travel direction should occur for more than half of the dasegment
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Rutted - wide deep depressions in twbeel trackgypically due to wet weather
traffic or overloading of the road surfacA.threshold of 2 inches in depéhong

the length of the road segmestused.

Rocky - common exposed boulders impedthg quality of travel

Ripped - decommissioned road that haseh torn up with a ripper, etc.

Decom potholed- decommissioned rogaot typical potholes on open roads), the
road surface has been partially excavated to mimic potholes that prevent run off
Recontoured- decommissioned road, the fill slope has bextavatecaindplaced
on the remainingvidth of road to imitate the natircontouring of the hillslope
Tilled - decommissioned road, surface has been torn up and madéed@useent
run off from the road surfacnd encourage revegetation and infiltration

Photo B. Ripped road.

Photo A. Recontoured road.
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