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Bioretention Facilities 
Bioretention facilities are engineered facilities that store and treat stormwater by filtering it 
through a specified soil profile. Water that enters the facility ponds in an earthen depression 
or other basin (e.g., concrete planter) before it infiltrates into the underlying bioretention 
soil. Stormwater that exceeds the surface storage capacity overflows to an adjacent drainage 
system. Treated water is either infiltrated into the underlying native soil or collected by an 
underdrain and discharged. Bioretention facilities are considered Stormwater Treatment and 
Flow Control BMPs/Facilities when used to help meet Minimum Requirements #6 (treatment), 
#7 (flow control), or both. 

The main components of bioretention facilities are listed below with descriptions of their 
function and key maintenance considerations. 

 Inlet: Stormwater can flow into a bioretention facility in a number of ways including: 
dispersed flow across vegetated areas, sheet flow across impervious areas, or 
concentrated flow through curb cuts and/or piped flow inlets. Inlets must be 
maintained to be unobstructed to ensure that stormwater enters the facility as 
designed. Erosion control measures must also be maintained in areas of concentrated 
flows (e.g., pipes inlets or narrow curb cuts). 

 Facility footprint: The facility footprint is typically an earthen depression or another 
type of basin (e.g., concrete planter box) that provides surface storage for stormwater 
before it infiltrates into the underlying bioretention soil. If the facility is located on a 
slope, low permeability check dams may be included (oriented perpendicular to the 
slope) to encourage ponding. Key maintenance considerations for the facility footprint 
include the following: 

o The integrity of earthen berms and basin walls must be maintained, soil areas must 
be protected from erosion, and accumulated sediment must be removed. 

o Bioretention facilities are designed to infiltrate all ponded water within a 24- 
to 48-hour  after the end of a storm. This allows the soil to 
dry out periodically in order to restore the hydraulic capacity of the system and 
prevent conditions supportive of mosquito breeding. Slower drawdown times may 
indicate that the underdrain (if present) is plugged or the bioretention soil is 
overly compacted, clogged, or does not meet design specifications. Corrective 
maintenance may include clearing underdrain obstructions or partial or complete 
replacement of bioretention soil to restore bioretention facility function. 

 Bioretention soil: Infiltration of stormwater through the engineered bioretention soil 
mix provides water quality treatment. All maintenance activities must be performed in 
a manner to prevent compaction of the bioretention soil. 

 Mulch: The bioretention soil is covered by a layer of mulch, comprised of arborist 
wood chips, compost, and/or rocks. Mulch reduces weed establishment. Organic 
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mulches regulate soil temperatures and moisture, and add organic matter to soil. The 
mulch layer must be supplemented regularly. 

 Vegetation: Bioretention systems rely on vegetation (i.e., grasses, shrubs, and 
sometimes trees) to intercept, uptake, and evapotranspire stormwater. In addition, 
plant roots improve soil structure and increase infiltration capacity. Regular 
maintenance activities associated with vegetation include weeding and pruning. 
Plants also require irrigation during the first 2 to 3 years of establishment and during 
extended dry periods. 

 Overflow: Flows exceeding the capacity of the facility are discharged via an overflow 
structure (e.g., pipe, curb cut, earthen channel). It is important to maintain clear 
outlet pipes and overflow structures to ensure that stormwater can be safely conveyed 
to a designated discharge point (e.g., storm drain system). 

 Underdrains (optional): Underdrains are optional components of a bioretention 
facility that may be included in bioretention systems where, for example, infiltration 
to underlying soil is not prudent or feasible. Underdrains are installed under the 
bioretention soil layer to collect and convey treated water. An underdrain system can 
be comprised of perforated or slotted pipe, wrapped in an aggregate blanket. It is 
important to maintain clear drains so that water moves through system as designed. 
Maintenance may include occasional cleaning to remove plant roots or debris. If 
underdrains are equipped with a flow restrictor (e.g., orifice) to attenuate flows, the 
orifice must be inspected and cleaned regularly. 

Nutrient sensitivity of the receiving water is also an important maintenance consideration, 
particularly in watersheds draining to phosphorous limited water bodies. The addition of 
excess fertilizers to the system and/or systems operating in bypass, can increase the 
potential for export of phosphorous found in bioretention soil or compost and increase 
nutrient loads to downstream receiving waters. 

For a bioretention system to function properly, stormwater must infiltrate freely through the 
bioretention soil. The soil infiltration rate can be reduced if the soil is subject to compaction 
(e.g., foot and vehicle traffic loads). To limit the likelihood of corrective maintenance (e.g., 
bioretention soil replacement), the facility footprint area should be protected from external 
loads. Because the risk of compaction is higher when soils are saturated, any type of loading 
in the bioretention facility (including foot traffic) should be avoided during wet conditions. 

Signage can also be used to identify the vegetated area as a stormwater BMP and inform 
maintenance crews and the general public about protecting function. 

 
Table 3 provides the recommended maintenance frequencies, standards, and procedures for 
bioretention facility components. The level of routine maintenance required and the 
frequency of corrective maintenance actions may increase for facilities subject to high 
sediment loads from the contributing drainage area. 
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Table 3. 
M

aintenance Standards and Procedures for Bioretention Facilities. 

C
om

ponent 

R
ecom

m
ended Frequency a 

C
ondition w

hen M
aintenance is N

eeded 
(Standards) 

Action N
eeded 

(Procedures) 
Inspection 

R
outine M

aintenance 

Facility Footprint 
Earthen side slopes 
and

berm
s

B, S 
 

Erosion (gullies/ rills) greater than 2 inches deep around 
inlets, outlet, and alongside slopes 

 Elim
inate cause of erosion and stabilize dam

aged area (regrade, rock, vegetation, erosion control m
atting) 

 For deep channels or cuts (over 3 inches in ponding depth), tem
porary erosion control m

easures should be put in place until perm
anent repairs 

can be m
ade. 

 Properly designed, constructed and established facilities w
ith appropriate flow

 velocities should not have erosion problem
s except perhaps in 

extrem
e events. If erosion problem

s persist, the follow
ing should be reassessed: (1) flow

 volum
es from

 contributing areas and bioretention facility 
sizing; (2) flow

 velocities and gradients w
ithin the facility; and (3) flow

 dissipation and erosion protection strategies at the facility inlet. 

A 
 

Erosion of sides causes slope to becom
e a hazard 

Take actions to elim
inate the hazard and stabilize slopes 

A, S 
 

Settlem
ent greater than 3 inches (relative to undisturbed 

sections of berm
) 

R
estore to design height 

A, S 
 

D
ow

nstream
 face of berm

 w
et, seeps or leaks evident 

Plug any holes and com
pact berm

 (m
ay require consultation w

ith engineer, particularly for larger berm
s) 

A 
 

Any evidence of rodent holes or w
ater piping in berm

 
 Eradicate rodents (see "Pest control") 

 Fill holes and com
pact (m

ay require consultation w
ith engineer, particularly for larger berm

s) 

C
oncrete sidew

alls
A 

 
C

racks or failure of concrete sidew
alls 

 R
epair/ seal cracks 

 R
eplace if repair is insufficient 

R
ockery sidew

alls 
A 

 
R

ockery side w
alls are insecure 

Stabilize rockery sidew
alls (m

ay require consultation w
ith engineer, particularly for w

alls 4 feet or greater in height) 

Facility area
 

All m
aintenance visits (at 

least biannually) 
Trash and debris present 

C
lean out trash and debris 

Facility bottom
 area

A, S 
 

Accum
ulated sedim

ent to extent that infiltration rate is 
reduced 

Ponded 
 or surface storage capacity 

significantly im
pacted 

 R
em

ove excess sedim
ent 

 R
eplace any vegetation dam

aged or destroyed by sedim
ent accum

ulation and rem
oval 

 M
ulch new

ly planted vegetation 

 Identify and control the sedim
ent source (if feasible) 

 If accum
ulated sedim

ent is recurrent, consider adding presettlem
ent or installing berm

s to create a forebay at the inlet 

 
D

uring/after fall leaf drop 
Accum

ulated leaves in facility 
R

em
ove leaves if there is a risk to clogging outlet structure or w

ater flow
 is im

peded 

Low
 perm

eability 
check dam

s and 
w

eirs 

A, S 
 

Sedim
ent, vegetation, or debris accum

ulated at or blocking 
(or having the potential to block) check dam

, flow
 control w

eir 
or orifice 

C
lear the blockage  

A, S 
 

Erosion and/or undercutting present 
R

epair and take preventative m
easures to prevent future erosion and/or undercutting 

A 
 

G
rade board or top of w

eir dam
aged or not level 

R
estore to level position 

a 
Frequency: A = Annually; B = Biannually (tw

ice per year); M
 = M

onthly; W
 = At least one visit should occur during the w

et season (for debris/clog related m
aintenance, this inspection/m

aintenance visit should occur in the early fall, after deciduous trees have lost their leaves); S = 
Perform

 inspections after m
ajor storm

 events (24-hour storm
 event w

ith a 10-year or greater recurrence interval). 
 

ISA 
International Society of Arboriculture 
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Table 3 (continued). 
M

aintenance Standards and Procedures for Bioretention Facilities. 

C
om

ponent 

R
ecom

m
ended Frequency a 

C
ondition w

hen M
aintenance is N

eeded 
(Standards) 

Action N
eeded 

(Procedures) 
Inspection 

R
outine M

aintenance 

 
Ponded

w
ater

B, S 
 

E
xcessive ponding w

ater: W
ater overflow

s during storm
s 

sm
aller than the design event or ponded w

ater rem
ains in the 

basin 48 hours or longer after the end of a storm
. 

D
eterm

ine cause and resolve in the follow
ing order: 

1) 
C

onfirm
 leaf or debris buildup in the bottom

 of the facility is not im
peding infiltration. If necessary, rem

ove leaf litter/debris. 

2) 
Ensure that underdrain (if present) is not clogged. If necessary, clear underdrain. 

3) 
C

heck for other w
ater inputs (e.g., groundw

ater, illicit connections). 

4) 
Verify that the facility is sized appropriately for the contributing area. C

onfirm
 that the contributing area has not increased. 

If steps #1-4 do not solve the problem
, the bioretention soil is likely clogged by sedim

ent accum
ulation at the surface or has becom

e overly 
com

pacted. D
ig a sm

all hole to observe soil profile and identify com
paction depth or clogging front to help determ

ine the soil depth to be rem
oved or 

otherw
ise rehabilitated (e.g., tilled). C

onsultation w
ith an engineer is recom

m
ended.  

Bioretention soil 
m

edia
As needed 

 
Bioretention soil m

edia protection is needed w
hen perform

ing 
m

aintenance requiring entrance into the facility footprint 
 M

inim
ize all loading in the facility footprint (foot traffic and other loads) to the degree feasible in order to prevent com

paction of bioretention soils.

 N
ever drive equipm

ent or apply heavy loads in facility footprint. 

 Because the risk of com
paction is higher during saturated soil conditions, any type of loading in the cell (including foot traffic) should be m

inim
ized

during w
et conditions. 

 C
onsider m

easures to distribute loading if heavy foot traffic is required or equipm
ent m

ust be placed in facility. As an exam
ple, boards m

ay be 
placed across soil to distribute loads and m

inim
ize com

paction. 

 If com
paction occurs, soil m

ust be loosened or otherw
ise rehabilitated to original design state. 

Inlets/O
utlets/Pipes

Splash block
inlet 

A 
 

W
ater is not being directed properly to the facility and aw

ay 
from

 the inlet structure 
R

econfigure/ repair blocks to direct w
ater to facility and aw

ay from
 structure 

C
urb cut inlet/outlet

M
 during the w

et 
season and before 

severe storm
 is 

forecasted 

W
eekly during fall leaf 

drop 
Accum

ulated leaves at curb cuts 
C

lear leaves (particularly im
portant for key inlets and low

 points along long, linear facilities) 

Pipe inlet/outlet
A 

 
Pipe is dam

aged 
R

epair/ replace 

W
 

 
Pipe is clogged 

R
em

ove roots or debris 

A, S 
 

Sedim
ent, debris, trash, or m

ulch reducing capacity of 
inlet/outlet 

 C
lear the blockage 

 Identify the source of the blockage and take actions to prevent future blockages 

 
W

eekly during fall leaf 
drop 

Accum
ulated leaves at inlets/outlets 

C
lear leaves (particularly im

portant for key inlets and low
 points along long, linear facilities) 

 
A 

M
aintain access for inspections 

 C
lear vegetation (transplant vegetation w

hen possible) w
ithin 1 foot of inlets and outlets, m

aintain access pathw
ays 

 C
onsultation w

ith a landscape architect is recom
m

ended for rem
oval, transplant, or substitution of plants 

Erosion control at 
inlet 

A 
 

C
oncentrated flow

s are causing erosion 
M

aintain a cover of rock or cobbles or other erosion protection m
easure (e.g., m

atting) to protect the ground w
here concentrated w

ater enters the 
facility (e.g., a pipe, curb cut or sw

ale) 
a 

Frequency:
A = Annually; B = Biannually (tw

ice per year); M
 = M

onthly; W
 = At least one visit should occur during the w

et season (for debris/clog related m
aintenance, this inspection/m

aintenance visit should occur in the early fall, after deciduous trees have lost their leaves); S = 
Perform

 inspections after m
ajor storm

 events (24-hour storm
 event w

ith a 10-year or greater recurrence interval). 
 

ISA 
International Society of Arboriculture 
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Table 3 (continued). 
M

aintenance Standards and Procedures for Bioretention Facilities. 

C
om

ponent 

R
ecom

m
ended Frequency a 

C
ondition w

hen M
aintenance is N

eeded 
(Standards) 

Action N
eeded 

(Procedures) 
Inspection 

R
outine M

aintenance 
Inlets/O

utlets/Pipes 
 

Trash rack
S 

 
Trash or other debris present on trash rack 

R
em

ove/dispose 

A 
 

Bar screen dam
aged or m

issing 
R

epair/replace 

O
verflow

A, S 
 

C
apacity reduced by sedim

ent or debris 
R

em
ove sedim

ent or debris/dispose 

U
nderdrain pipe

C
lean pipe as 

needed 
C

lean orifice at least 
biannually (m

ay need 
m

ore frequent cleaning 
during w

et season) 

 Plant roots, sedim
ent or debris reducing capacity of 

underdrain 

 Prolonged surface ponding 
Ponded 

 

 Jet clean or rotary cut debris/roots from
 underdrain(s) 

 If underdrains are equipped w
ith a flow

 restrictor (e.g., orifice) to attenuate flow
s, the orifice m

ust be cleaned regularly. 

Vegetation 

Facility bottom
 area 

and upland slope 
vegetation

Fall and Spring 
 

Vegetation survival rate falls below
 75%

 w
ithin first tw

o years 
of establishm

ent (unless project O
&M

 m
anual or record 

draw
ing stipulates m

ore or less than 75%
 survival rate).  

 D
eterm

ine cause of poor vegetation grow
th and correct condition 

 R
eplant as necessary to obtain 75%

 survival rate or greater. R
efer to original planting plan, or approved jurisdictional species list for appropriate 

plant replacem
ents (See Appendix 3 - Bioretention Plant List, in the LID

 Technical G
uidance M

anual for Puget Sound).  

 C
onfirm

 that plant selection is appropriate for site grow
ing conditions  

 C
onsultation w

ith a landscape architect is recom
m

ended for rem
oval, transplant, or substitution of plants 

Vegetation
(general) 

As needed 
 

Presence of diseased plants and plant m
aterial 

 R
em

ove any diseased plants or plant parts and dispose of in an approved location (e.g., com
m

ercial landfill) to avoid risk of spreading the disease 
to other plants 

 D
isinfect gardening tools after pruning to prevent the spread of disease 

 See Pacific N
orthw

est Plant D
isease M

anagem
ent H

andbook for inform
ation on disease recognition and for additional resources  

 R
eplant as necessary 

bottom
 area and 

   

Trees and shrubs 
 

All pruning seasons 
(tim

ing varies by species) 
Pruning as needed 

 Prune trees and shrubs in a m
anner appropriate for each species. Pruning should be perform

ed by landscape professionals fam
iliar w

ith proper 
pruning techniques 

 All pruning of m
ature trees should be perform

ed by or under the direct guidance of an ISA certified arborist 

A 
 

Large trees and shrubs interfere w
ith operation of the facility 

or access for m
aintenance 

 Prune trees and shrubs using m
ost current AN

SI A300 standards and ISA BM
Ps.  

 R
em

ove trees and shrubs, if necessary. 

Fall and Spring 
 

Standing dead vegetation is present 
 R

em
ove standing dead vegetation 

 R
eplace dead vegetation w

ithin 30 days of reported dead and dying plants (as practical depending on w
eather/planting season) 

 If vegetation replacem
ent is not feasible w

ithin 30 days, and absence of vegetation m
ay result in erosion problem

s, tem
porary erosion control 

m
easures should be put in place im

m
ediately. 

 D
eterm

ine cause of dead vegetation and address issue, if possible 

 If specific plants have a high m
ortality rate, assess the cause and replace w

ith appropriate species. C
onsultation w

ith a landscape architect is 
recom

m
ended. 

Fall and Spring 
 

Planting beneath m
ature trees 

 W
hen w

orking around and below
 m

ature trees, follow
 the m

ost current AN
SI A300 standards and ISA BM

Ps to the extent practicable (e.g., take 
care to m

inim
ize any dam

age to tree roots and avoid com
paction of soil).  

 Planting of sm
all shrubs or groundcovers beneath m

ature trees m
ay be desirable in som

e cases; such plantings should use m
ainly plants that 

com
e as bulbs, bare root or in 4-inch pots; plants should be in no larger than 1-gallon containers. 

a 
Frequency: A = Annually; B = Biannually (tw

ice per year); M
 = M

onthly; W
 = At least one visit should occur during the w

et season (for debris/clog related m
aintenance, this inspection/m

aintenance visit should occur in the early fall, after deciduous trees have lost their leaves); S = 
Perform

 inspections after m
ajor storm

 events (24-hour storm
 event w

ith a 10-year or greater recurrence interval). 
 

ISA 
International Society of Arboriculture 
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Table 3 (continued). 
M

aintenance Standards and Procedures for Bioretention Facilities. 

C
om

ponent 
R

ecom
m

ended Frequency a 
C

ondition w
hen M

aintenance is N
eeded 

(Standards) 
Action N

eeded 
(Procedures) 

Inspection 
R

outine M
aintenance 

Vegetation

Trees and shrubs 
 

Fall and Spring 
 

Planting beneath m
ature trees 

 W
hen w

orking around and below
 m

ature trees, follow
 the m

ost current AN
SI A300 standards and ISA BM

Ps to the extent practicable (e.g., take 
care to m

inim
ize any dam

age to tree roots and avoid com
paction of soil).  

 Planting of sm
all shrubs or groundcovers beneath m

ature trees m
ay be desirable in som

e cases; such plantings should use m
ainly plants that 

com
e as bulbs, bare root or in 4-inch pots; plants should be in no larger than 1-gallon containers. 

Fall and Spring 
 

Presence of or need for stakes and guys (tree grow
th, 

m
aturation, and support needs) 

 Verify location of facility liners and underdrain (if any) prior to stake installation in order to prevent liner puncture or pipe dam
age 

 M
onitor tree support system

s: R
epair and adjust as needed to provide support and prevent dam

age to tree. 

 R
em

ove tree supports (stakes, guys, etc.) after one grow
ing season or m

axim
um

 of 1 year. 

 Backfill stake holes after rem
oval. 

Trees and shrubs 
adjacent to vehicle 
travel areas (or 
areas w

here visibility 
needs to be 
m

aintained) 

A 
 

Vegetation causes som
e visibility (line of sight) or driver 

safety issues 
 M

aintain appropriate height for sight clearance 

 W
hen continued, regular pruning (m

ore than one tim
e/ grow

ing season) is required to m
aintain visual sight lines for safety or clearance along a 

w
alk or drive, consider relocating the plant to a m

ore appropriate location.  

 R
em

ove or transplant if continual safety hazard 

 C
onsultation w

ith a landscape architect is recom
m

ended for rem
oval, transplant, or substitution of plants 

Flow
ering plants

 
A 

D
ead or spent flow

ers present 
R

em
ove spent flow

ers (deadhead)  

Perennials
 

Fall 
Spent plants 

C
ut back dying or dead and fallen foliage and stem

s 

Em
ergent vegetation 

 
Spring 

Vegetation com
prom

ises conveyance  
 H

and rake sedges and rushes w
ith a sm

all rake or fingers to rem
ove dead foliage before new

 grow
th em

erges in spring or earlier only if the foliage 
is blocking w

ater flow
 (sedges and rushes do not respond w

ell to pruning) 

O
rnam

ental grasses 
(perennial)

 
W

inter and Spring 
D

ead m
aterial from

 previous year's grow
ing cycle or dead 

collapsed foliage 
 Leave dry foliage for w

inter interest  

 H
and rake w

ith a sm
all rake or fingers to rem

ove dead foliage back to w
ithin several inches from

 the soil before new
 grow

th em
erges in spring or 

earlier if the foliage collapses and is blocking w
ater flow

 

O
rnam

ental grasses 
(evergreen)

 
Fall and Spring 

D
ead grow

th present in spring 
 H

and rake w
ith a sm

all rake or fingers to rem
ove dead grow

th before new
 grow

th em
erges in spring 

 C
lean, rake, and com

b grasses w
hen they becom

e too tall 

 C
ut back to ground or thin every 2-3 years as needed 

N
oxious w

eeds
 

M
 

(M
arch 

 O
ctober, 

preceding seed dispersal) 

Listed noxious vegetation is present (refer to current county 
noxious w

eed list) 
 By law

, class A & B noxious w
eeds m

ust be rem
oved, bagged and disposed as garbage im

m
ediately 

 R
easonable attem

pts m
ust be m

ade to rem
ove and dispose of class C

 noxious w
eeds 

 It is strongly encouraged that herbicides and pesticides not be used in order to protect w
ater quality; use of herbicides and pesticides m

ay be 
prohibited in som

e jurisdictions 

 Apply m
ulch aft

 
a 

Frequency: A = Annually; B = Biannually (tw
ice per year); M

 = M
onthly; W

 = At least one visit should occur during the w
et season (for debris/clog related m

aintenance, this inspection/m
aintenance visit should occur in the early fall, after deciduous trees have lost their leaves); S = 

Perform
 inspections after m

ajor storm
 events (24-hour storm

 event w
ith a 10-year or greater recurrence interval). 

 
ISA 

International Society of Arboriculture 
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Table 3 (continued). 
M

aintenance Standards and Procedures for Bioretention Facilities. 

C
om

ponent 
R

ecom
m

ended Frequency a 
C

ondition w
hen M

aintenance is N
eeded 

(Standards) 
Action N

eeded 
(Procedures) 

Inspection 
R

outine M
aintenance 

Vegetation

W
eeds 

 
M

  
(M

arch 
 O

ctober, 
preceding seed dispersal) 

W
eeds are present 

 R
em

ove w
eeds w

ith their roots m
anually w

ith pincer-type w
eeding tools, flam

e w
eeders, or hot w

ater w
eeders as appropriate 

 Follow
 IPM

 protocols for w
eed m

anagem
ent 

M
aintenance R

 for m
ore inform

ation on IPM
 protocols) 

Excessive vegetation 
 

O
nce in early to m

id- M
ay 

and once in early- to m
id- 

Septem
ber 

Low
-lying vegetation grow

ing beyond facility edge onto 
sidew

alks, paths, or street edge poses pedestrian safety 
hazard or m

ay clog adjacent perm
eable pavem

ent surfaces 
due to associated leaf litter, m

ulch, and soil 

 Edge or trim
 groundcovers and shrubs at facility edge 

 Avoid m
echanical blade-type edger and do not use edger or trim

m
er w

ithin 2 feet of tree trunks 

 W
hile som

e clippings can be left in the facility to replenish organic m
aterial in the soil, excessive leaf litter can cause surface soil clogging 

As needed 
 

Excessive vegetation density inhibits storm
w

ater flow
 beyond 

design ponding or becom
es a hazard for pedestrian and 

vehicular circulation and safety 

 D
eterm

ine w
hether pruning or other routine m

aintenance is adequate to m
aintain proper plant density and aesthetics 

 D
eterm

ine if planting type should be replaced to avoid ongoing m
aintenance issues (an aggressive grow

er under perfect grow
ing conditions 

should be transplanted to a location w
here it w

ill not im
pact flow

)  

 R
em

ove plants that are w
eak, broken or not true to form

; replace in-kind 

 Thin grass or plants im
pacting facility function w

ithout leaving visual holes or bare soil areas 

 C
onsultation w

ith a landscape architect is recom
m

ended for rem
oval, transplant, or substitution of plants 

As needed 
 

Vegetation blocking curb cuts, causing excessive sedim
ent 

buildup and flow
 bypass 

 R
em

ove vegetation and sedim
ent buildup 

M
ulch

M
ulch 

 
Follow

ing w
eeding 

Bare spots (w
ithout m

ulch cover) are present or m
ulch depth 

less than 2 inches 
 Supplem

ent m
ulch w

ith hand tools to a depth of 2 to 3 inches 

 R
eplenish m

ulch per O
&M

 m
anual. O

ften coarse com
post is used in the bottom

 of the facility and arborist w
ood chips are used on side slopes and 

rim
 (above typical w

ater levels) 

 Keep all m
ulch aw

ay from
 w

oody stem
s 

W
atering

Irrigation system
 (if 

any) 
 

Based on m
anufacturer's 

instructions 
Irrigation system

 present  
 Follow

 m
O

&M
 

A 
 

Sprinklers or drip irrigation not directed/located to properly 
w

ater plants  
 R

edirect sprinklers or m
ove drip irrigation to desired areas 

Sum
m

er w
atering 

(first year)
 

O
nce every 1-2 w

eeks or 
as needed during 

prolonged dry periods 

Trees, shrubs and groundcovers in first year of establishm
ent 

period 
 10 to 15 gallons per tree 

 3 to 5 gallons per shrub 

 2 gallons w
ater per square foot for groundcover areas  

 W
ater deeply, but infrequently, so that the top 6 to 12 inches of the root zone is m

oist 

 U
se soaker hoses or spot w

ater w
ith a show

er type w
and w

hen irrigation system
 is not present 

o 
Pulse w

ater to enhance soil absorption, w
hen feasible 

o 
Pre-m

oisten soil to break surface tension of dry or hydrophobic soils/m
ulch, follow

ed by several m
ore passes. W

ith this m
ethod , each pass 

increases soil absorption and allow
s m

ore w
ater to infiltrate prior to runoff 

 Add a tree bag or slow
-release w

atering device (e.g., bucket w
ith a perforated bottom

) for w
atering new

ly installed trees w
hen irrigation system

 is 
not present 

a 
Frequency: A = Annually; B = Biannually (tw

ice per year); M
 = M

onthly; W
 = At least one visit should occur during the w

et season (for debris/clog related m
aintenance, this inspection/m

aintenance visit should occur in the early fall, after deciduous trees have lost their leaves); S = 
Perform

 inspections after m
ajor storm

 events (24-hour storm
 event w

ith a 10-year or greater recurrence interval). 
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Table 3 (continued). 
M

aintenance Standards and Procedures for Bioretention Facilities. 

C
om

ponent 
R

ecom
m

ended Frequency a 
C

ondition w
hen M

aintenance is N
eeded 

(Standards) 
Action N

eeded 
(Procedures) 

Inspection 
R

outine M
aintenance 

 
Sum

m
er w

atering 
(second

and third 
years)

 
O

nce every 2-4 w
eeks or 

as needed during 
prolonged dry periods 

Trees, shrubs and groundcovers in second or third year of 
establishm

ent period 
 10 to 15 gallons per tree 

 3 to 5 gallons per shrub 

 2 gallons w
ater per square foot for groundcover areas  

 W
ater deeply, but infrequently, so that the top 6 to 12 inches of the root zone is m

oist 

 U
se soaker hoses or spot w

ater w
ith a show

er type w
and w

hen irrigation system
 is not present 

o 
Pulse w

ater to enhance soil absorption, w
hen feasible 

o 
Pre-m

oisten soil to break surface tension of dry or hydrophobic soils/m
ulch, follow

ed by several m
ore passes. W

ith this m
ethod , each pass 

increases soil absorption and allow
s m

ore w
ater to infiltrate prior to runoff 

Sum
m

er w
atering 

(after establishm
ent) 

 
As needed 

Established vegetation (after 3 years) 
 Plants are typically selected to be drought tolerant and not require regular w

atering after establishm
ent; how

ever, trees m
ay take up to 5 years of 

w
atering to becom

e fully established 
 Identify trigger m

echanism
s for drought-stress (e.g., leaf w

ilt, leaf senescence, etc.) of different species and w
ater im

m
ediately after initial signs of 

stress appear 
 W

ater during drought conditions or m
ore often if necessary to m

aintain plant cover 

Pest C
ontrol

M
osquitoes

B, S 
 

Standing w
ater rem

ains for m
ore than 3 days after the end of 

a storm
 

 Identify the cause of the standing w
ater and take appropriate actions to address the problem

 (
Ponded 

 
 To facilitate m

aintenance, m
anually rem

ove standing w
ater and direct to the storm

 drainage system
 (if runoff is from

 non pollution-generating 
surfaces) or sanitary sew

er system
 (if runoff is from

 pollution-generating surfaces) after getting approval from
 sanitary sew

er authority.  
 D

o not use pesticides or Bacillus thuringiensis israelensis (Bti) 

N
uisance anim

als 
As needed 

 
N

uisance anim
als causing erosion, dam

aging plants, or 
depositing large volum

es of feces 
 R

educe site conditions that attract nuisance species w
here possible (e.g., plant shrubs and tall grasses to reduce open areas for geese, etc.) 

 Place predator decoys 
 Follow

 IPM
 protocols for specific nuisance anim

al issues 
M

aintenance R
 for m

ore inform
ation on IPM

 protocols) 
 R

em
ove pet w

aste regularly 
 For public and right-of-w

ay sites consider adding garbage cans w
ith dog bags for picking up pet w

aste. 

Insect pests 
Every site visit 
associated w

ith 
vegetation 

m
anagem

ent 

 
Signs of pests, such as w

ilting leaves, chew
ed leaves and 

bark, spotting or other indicators 
 R

educe hiding places for pests by rem
oving diseased and dead plants 

 For infestations, follow
 IPM

 protocols 
M

aintenance R
 for m

ore inform
ation on IPM

 protocols) 

a 
Frequency: A = Annually; B = Biannually (tw

ice per year); M
 = M

onthly; W
 = At least one visit should occur during the w

et season (for debris/clog related m
aintenance, this inspection/m

aintenance visit should occur in the early fall, after deciduous trees have lost their leaves); S = 
Perform

 inspections after m
ajor storm

 events (24-hour storm
 event w

ith a 10-year or greater recurrence interval). 
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 

2



alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 

Custom Soil Resource Report
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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Map Unit Legend (BLUFFS SUBDIVISION)

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

28 Heceta fine sand 0.7 1.9%

43D Netarts loamy fine sand, 2 to 30 
percent slopes

2.4 7.0%

59D Waldport fine sand, 0 to 30 
percent slopes

21.4 61.5%

W Water 10.3 29.7%

Totals for Area of Interest 34.9 100.0%

Map Unit Descriptions (BLUFFS 
SUBDIVISION)
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

Custom Soil Resource Report
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The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Coos County, Oregon

28—Heceta fine sand

Map Unit Setting
National map unit symbol: 21n8
Elevation: 0 to 80 feet
Mean annual precipitation: 50 to 70 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Heceta and similar soils: 80 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Heceta

Setting
Landform: Deflation basins on dunes
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits

Typical profile
H1 - 0 to 4 inches: fine sand
H2 - 4 to 60 inches: sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95 

to 19.98 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Available water capacity: Low (about 3.6 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Forage suitability group: Poorly Drained (G004AY018OR)
Other vegetative classification: Poorly Drained (G004AY018OR)
Hydric soil rating: Yes

43D—Netarts loamy fine sand, 2 to 30 percent slopes

Map Unit Setting
National map unit symbol: 21p3

Custom Soil Resource Report
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Elevation: 0 to 200 feet
Mean annual precipitation: 50 to 70 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Netarts and similar soils: 75 percent
Minor components: 6 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Netarts

Setting
Landform: Dunes
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits

Typical profile
Oi - 0 to 1 inches: slightly decomposed plant material
H1 - 1 to 5 inches: loamy fine sand
H2 - 5 to 31 inches: fine sand
H3 - 31 to 61 inches: fine sand

Properties and qualities
Slope: 2 to 30 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Low (about 5.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Hydric soil rating: No

Minor Components

Heceta
Percent of map unit: 6 percent
Landform: Deflation basins on dunes
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Poorly Drained (G004AY018OR)
Hydric soil rating: Yes

Custom Soil Resource Report
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59D—Waldport fine sand, 0 to 30 percent slopes

Map Unit Setting
National map unit symbol: 21q8
Elevation: 0 to 120 feet
Mean annual precipitation: 50 to 70 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Waldport and similar soils: 75 percent
Minor components: 9 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Waldport

Setting
Landform: Dunes
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian sands

Typical profile
H1 - 0 to 7 inches: fine sand
H2 - 7 to 60 inches: fine sand

Properties and qualities
Slope: 0 to 30 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Excessively drained
Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to 

99.90 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Low (about 3.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: A
Hydric soil rating: No

Minor Components

Heceta
Percent of map unit: 9 percent
Landform: Deflation basins on dunes
Down-slope shape: Linear

Custom Soil Resource Report
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Across-slope shape: Linear
Other vegetative classification: Poorly Drained (G004AY018OR)
Hydric soil rating: Yes

W—Water

Map Unit Composition
Water: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Soil Information for All Uses

Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of 
each unit. No aggregation of data has occurred as is done in reports in the Soil 
Properties and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included.

Soil Physical Properties

This folder contains a collection of tabular reports that present soil physical 
properties. The reports (tables) include all selected map units and components for 
each map unit. Soil physical properties are measured or inferred from direct 
observations in the field or laboratory. Examples of soil physical properties include 
percent clay, organic matter, saturated hydraulic conductivity, available water 
capacity, and bulk density.

Engineering Properties (BLUFFS SUBDIVISION)

This table gives the engineering classifications and the range of engineering 
properties for the layers of each soil in the survey area.

Hydrologic soil group is a group of soils having similar runoff potential under similar 
storm and cover conditions. The criteria for determining Hydrologic soil group is 
found in the National Engineering Handbook, Chapter 7 issued May 2007(http://
directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17757.wba). 
Listing HSGs by soil map unit component and not by soil series is a new concept for 
the engineers. Past engineering references contained lists of HSGs by soil series. 
Soil series are continually being defined and redefined, and the list of soil series 
names changes so frequently as to make the task of maintaining a single national 
list virtually impossible. Therefore, the criteria is now used to calculate the HSG 
using the component soil properties and no such national series lists will be 
maintained. All such references are obsolete and their use should be discontinued. 
Soil properties that influence runoff potential are those that influence the minimum 
rate of infiltration for a bare soil after prolonged wetting and when not frozen. These 
properties are depth to a seasonal high water table, saturated hydraulic conductivity 
after prolonged wetting, and depth to a layer with a very slow water transmission 
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rate. Changes in soil properties caused by land management or climate changes 
also cause the hydrologic soil group to change. The influence of ground cover is 
treated independently. There are four hydrologic soil groups, A, B, C, and D, and 
three dual groups, A/D, B/D, and C/D. In the dual groups, the first letter is for 
drained areas and the second letter is for undrained areas.

The four hydrologic soil groups are described in the following paragraphs:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly 
wet. These consist mainly of deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well drained 
soils that have moderately fine texture to moderately coarse texture. These soils 
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of water 
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay layer at 
or near the surface, and soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission.

Depth to the upper and lower boundaries of each layer is indicated.

Texture is given in the standard terms used by the U.S. Department of Agriculture. 
These terms are defined according to percentages of sand, silt, and clay in the 
fraction of the soil that is less than 2 millimeters in diameter. "Loam," for example, is 
soil that is 7 to 27 percent clay, 28 to 50 percent silt, and less than 52 percent sand. 
If the content of particles coarser than sand is 15 percent or more, an appropriate 
modifier is added, for example, "gravelly."

Classification of the soils is determined according to the Unified soil classification 
system (ASTM, 2005) and the system adopted by the American Association of 
State Highway and Transportation Officials (AASHTO, 2004).

The Unified system classifies soils according to properties that affect their use as 
construction material. Soils are classified according to particle-size distribution of 
the fraction less than 3 inches in diameter and according to plasticity index, liquid 
limit, and organic matter content. Sandy and gravelly soils are identified as GW, GP, 
GM, GC, SW, SP, SM, and SC; silty and clayey soils as ML, CL, OL, MH, CH, and 
OH; and highly organic soils as PT. Soils exhibiting engineering properties of two 
groups can have a dual classification, for example, CL-ML.

The AASHTO system classifies soils according to those properties that affect 
roadway construction and maintenance. In this system, the fraction of a mineral soil 
that is less than 3 inches in diameter is classified in one of seven groups from A-1 
through A-7 on the basis of particle-size distribution, liquid limit, and plasticity index. 
Soils in group A-1 are coarse grained and low in content of fines (silt and clay). At 
the other extreme, soils in group A-7 are fine grained. Highly organic soils are 
classified in group A-8 on the basis of visual inspection.

If laboratory data are available, the A-1, A-2, and A-7 groups are further classified 
as A-1-a, A-1-b, A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional 
refinement, the suitability of a soil as subgrade material can be indicated by a group 
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index number. Group index numbers range from 0 for the best subgrade material to 
20 or higher for the poorest.

Percentage of rock fragments larger than 10 inches in diameter and 3 to 10 inches 
in diameter are indicated as a percentage of the total soil on a dry-weight basis. The 
percentages are estimates determined mainly by converting volume percentage in 
the field to weight percentage. Three values are provided to identify the expected 
Low (L), Representative Value (R), and High (H).

Percentage (of soil particles) passing designated sieves is the percentage of the soil 
fraction less than 3 inches in diameter based on an ovendry weight. The sieves, 
numbers 4, 10, 40, and 200 (USA Standard Series), have openings of 4.76, 2.00, 
0.420, and 0.074 millimeters, respectively. Estimates are based on laboratory tests 
of soils sampled in the survey area and in nearby areas and on estimates made in 
the field. Three values are provided to identify the expected Low (L), Representative 
Value (R), and High (H).

Liquid limit and plasticity index (Atterberg limits) indicate the plasticity 
characteristics of a soil. The estimates are based on test data from the survey area 
or from nearby areas and on field examination. Three values are provided to identify 
the expected Low (L), Representative Value (R), and High (H).

References:

American Association of State Highway and Transportation Officials (AASHTO). 
2004. Standard specifications for transportation materials and methods of sampling 
and testing. 24th edition.

American Society for Testing and Materials (ASTM). 2005. Standard classification of 
soils for engineering purposes. ASTM Standard D2487-00.
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Physical Soil Properties (BLUFFS SUBDIVISION)

This table shows estimates of some physical characteristics and features that affect 
soil behavior. These estimates are given for the layers of each soil in the survey 
area. The estimates are based on field observations and on test data for these and 
similar soils.

Depth to the upper and lower boundaries of each layer is indicated.

Particle size is the effective diameter of a soil particle as measured by 
sedimentation, sieving, or micrometric methods. Particle sizes are expressed as 
classes with specific effective diameter class limits. The broad classes are sand, 
silt, and clay, ranging from the larger to the smaller.

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to 2 
millimeters in diameter. In this table, the estimated sand content of each soil layer is 
given as a percentage, by weight, of the soil material that is less than 2 millimeters 
in diameter.

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05 
millimeter in diameter. In this table, the estimated silt content of each soil layer is 
given as a percentage, by weight, of the soil material that is less than 2 millimeters 
in diameter.

Clay as a soil separate consists of mineral soil particles that are less than 0.002 
millimeter in diameter. In this table, the estimated clay content of each soil layer is 
given as a percentage, by weight, of the soil material that is less than 2 millimeters 
in diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle 
size is important for engineering and agronomic interpretations, for determination of 
soil hydrologic qualities, and for soil classification.

The amount and kind of clay affect the fertility and physical condition of the soil and 
the ability of the soil to adsorb cations and to retain moisture. They influence shrink-
swell potential, saturated hydraulic conductivity (Ksat), plasticity, the ease of soil 
dispersion, and other soil properties. The amount and kind of clay in a soil also 
affect tillage and earthmoving operations.

Moist bulk density is the weight of soil (ovendry) per unit volume. Volume is 
measured when the soil is at field moisture capacity, that is, the moisture content at 
1/3- or 1/10-bar (33kPa or 10kPa) moisture tension. Weight is determined after the 
soil is dried at 105 degrees C. In the table, the estimated moist bulk density of each 
soil horizon is expressed in grams per cubic centimeter of soil material that is less 
than 2 millimeters in diameter. Bulk density data are used to compute linear 
extensibility, shrink-swell potential, available water capacity, total pore space, and 
other soil properties. The moist bulk density of a soil indicates the pore space 
available for water and roots. Depending on soil texture, a bulk density of more than 
1.4 can restrict water storage and root penetration. Moist bulk density is influenced 
by texture, kind of clay, content of organic matter, and soil structure.

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a 
saturated soil transmit water. The estimates in the table are expressed in terms of 
micrometers per second. They are based on soil characteristics observed in the 
field, particularly structure, porosity, and texture. Saturated hydraulic conductivity 
(Ksat) is considered in the design of soil drainage systems and septic tank 
absorption fields.
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Available water capacity refers to the quantity of water that the soil is capable of 
storing for use by plants. The capacity for water storage is given in inches of water 
per inch of soil for each soil layer. The capacity varies, depending on soil properties 
that affect retention of water. The most important properties are the content of 
organic matter, soil texture, bulk density, and soil structure. Available water capacity 
is an important factor in the choice of plants or crops to be grown and in the design 
and management of irrigation systems. Available water capacity is not an estimate 
of the quantity of water actually available to plants at any given time.

Linear extensibility refers to the change in length of an unconfined clod as moisture 
content is decreased from a moist to a dry state. It is an expression of the volume 
change between the water content of the clod at 1/3- or 1/10-bar tension (33kPa or 
10kPa tension) and oven dryness. The volume change is reported in the table as 
percent change for the whole soil. The amount and type of clay minerals in the soil 
influence volume change.

Linear extensibility is used to determine the shrink-swell potential of soils. The 
shrink-swell potential is low if the soil has a linear extensibility of less than 3 
percent; moderate if 3 to 6 percent; high if 6 to 9 percent; and very high if more than 
9 percent. If the linear extensibility is more than 3, shrinking and swelling can cause 
damage to buildings, roads, and other structures and to plant roots. Special design 
commonly is needed.

Organic matter is the plant and animal residue in the soil at various stages of 
decomposition. In this table, the estimated content of organic matter is expressed 
as a percentage, by weight, of the soil material that is less than 2 millimeters in 
diameter. The content of organic matter in a soil can be maintained by returning 
crop residue to the soil.

Organic matter has a positive effect on available water capacity, water infiltration, 
soil organism activity, and tilth. It is a source of nitrogen and other nutrients for 
crops and soil organisms.

Erosion factors are shown in the table as the K factor (Kw and Kf) and the T factor. 
Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by 
water. Factor K is one of six factors used in the Universal Soil Loss Equation 
(USLE) and the Revised Universal Soil Loss Equation (RUSLE) to predict the 
average annual rate of soil loss by sheet and rill erosion in tons per acre per year. 
The estimates are based primarily on percentage of silt, sand, and organic matter 
and on soil structure and Ksat. Values of K range from 0.02 to 0.69. Other factors 
being equal, the higher the value, the more susceptible the soil is to sheet and rill 
erosion by water.

Erosion factor Kw indicates the erodibility of the whole soil. The estimates are 
modified by the presence of rock fragments.

Erosion factor Kf indicates the erodibility of the fine-earth fraction, or the material 
less than 2 millimeters in size.

Erosion factor T is an estimate of the maximum average annual rate of soil erosion 
by wind and/or water that can occur without affecting crop productivity over a 
sustained period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have similar properties affecting 
their susceptibility to wind erosion in cultivated areas. The soils assigned to group 1 
are the most susceptible to wind erosion, and those assigned to group 8 are the 
least susceptible. The groups are described in the "National Soil Survey Handbook."
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Wind erodibility index is a numerical value indicating the susceptibility of soil to wind 
erosion, or the tons per acre per year that can be expected to be lost to wind 
erosion. There is a close correlation between wind erosion and the texture of the 
surface layer, the size and durability of surface clods, rock fragments, organic 
matter, and a calcareous reaction. Soil moisture and frozen soil layers also 
influence wind erosion.

Reference:
United States Department of Agriculture, Natural Resources Conservation Service. 
National soil survey handbook, title 430-VI. (http://soils.usda.gov)
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