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1.0 PROJECT OVERVIEW 

This Natural Resource Restoration Design Plan (NRRDP) is for the Wetland Mitigation Phase II Project 

located in Area 6, Phase I (A6PT) of the Fernald Closure Project (FCP). This NRRDP also provides the 

restoration approach for the remainder of the Northern Woodlot designated as Area 1, Phase III (AlPm). 

The total p:'.i-'xt area consist of approximately 63 acres of land bordered by Paddys Run on the west, the 

Old North Supply Road on the east, the rail line to the south, and the property boundary of the FCP to the 
north. The li'etland Mitigation Phase II Project and the restoration of the remainder of AlPm will 

complete restoration activities for the Northern Woodlot as described in the Natural Resource Restoration 
Plan (NRRP) , (DOE 2002). The January 2002 NRFtP has not been approved by the Fernald Natural 

Resource Trustees (NRTs), but is the version that is being implemented by Fluor Femald per the 
requirements of their Closure Contract with DOE. 

Objectives for the Wetland Mitigation - Phase II Project include the creation of new shallow marsh 

v-ctland sqstem with surrounding, diverse upland habitat across the %acre site. The Wetland Mitigation 
Phase 11 Project will create four additional acres of wetlands required under the June 1995 DOE 
mitigation agreement with the Ohio Environmental Protection Agency, the U.S. Fish and Wildlife 

Service, and Ohio Department of Natural Resources. The new wetland acreage will serve as part of the 

compensation for wetland acreage lost during remedial activities in other portions of the FCP. A total of 

11.87 acres of wetlands have been impacted during remediationrequiring the creation of 17.8 acres of 
new wetlands. 

.. 

Restoration objectives for the Northern Woodlot Enhancement consists of converting approximately 

30 acres of former pasture to prairie and implementing invasive species control measures to reduce bush 

honeysuckle, mu1 tiflora rose, and Russian olive populations in the area. Compensatory restoration of the 

FCP is part of the proposed settlement for natural resource damages under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA). 

080004 
...... ...................... ..... -. . -. -. . . . . . . . .  
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2.0 SITE DESCRIPTION 

2.1 WETLAND MITIGATION - PHASE II 
The A6PI Project Area covers approximately 8 acres and was used as borrow area for various 

construction projects in the past. The area receives drainage from the 26 acre delineated wetland to the 

north of the project in AlPIII. A second drainage swale historically flowed into the project area but was 

altered during construction of the rail yard. The design for the project will divert flow from the Northern 

Woodlot into the newly created wetland basins. A watershed evaluation study conducted in 1996 

indicates that adequate flow exists from the drainage swales to the north to support wetland mitigation in 

this area (DOE 1997). Clay was removed from the western end of the project area creating a depression 

that drains into the drainage ditch running parallel With the railroad track to Paddys Run Stream. Borrow 

was suspended to the east when sand was found mixed in the clay in the remaining acreage of the area. A 

soils map and description of soil types identified is available in Appendix A. The topography is hilly and 

fairly well drained. Fescue covers the bulk of the area. Scattered saplings have begun to infiltrate the 

area. 

Slash and debris froin trees and shrubs cut prior to borrow operations have.been pushed into a northlsouth 

windrow through project area. The windrow has acted as a source for wildlife habitat in the area. 

2.2 NORTHERN WOODLOT ENHANCEMENT 

The Northern Woodlot is bordered by Paddys Run Stream to the west, agricultural fields to the north, and 
. -  

the former North Construction Road to the east. A6PI and the Silos Delivery Road make the southern 

boundary. The land is relatively flat on the southern half of the area; however, the property on the north 

and western edge has upland soils on a rising topography. The southern boundary soils range from 

moderately well drained silt loam soils to very poorly drained silty clay loam soils (Appendix A). 

Approximately 26 acres of the woodlot (Figure 2-1) was delineated as a wetland (DOE 1993). The 

wetland receives water flow from moderately well drained to well drained soils in the northern portion of 
the woodlot and from additional lands north of the FCP property line. Flow out of the wetland currently 

occurs at two locations (Figure 2-1). Flow on the east is through a catch basin and culvert adjacent to the 

Silos Delivery Road. Flow will also enter the new wetland from an existing channel on the west side of 

the Wetland Mitigation Phase II Project Area. 

- _ _  .__ .. , . -. . . . 
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Vegetation in the woodlot consists of trees, shrubs, and pasture grasses. Young stands of oak and hickory 

developed from trees that were located in the fence line around the area’s pastures prior to government 

purchase of the land. Other tree species spread from the riparian corridor along Paddys Run along the 

southern boundary and into the wetlands. The Riparian corridor consists of trees along Paddys Run 

stream on the western edge of the woodlot and has been intact since before Fernald’s establishment. 

Ohio University conducted a floristic inventory of the Northern Woodlot in 1998 identifying a diverse 

fauna (Ohio University 1998). Two hundred eighty-two species were identified in the study. The area 

was identified as consisting mostly of old fields and thicket forests. In a recent walkdown of the area, the 

old fields were seen as pasture fields that are being invaded with woody shrubs (i.e., Rubus spp., 

Rosa spp., Lonicera spp., Elaeagnirs spp.). The thicket forests consist of stands.of young trees with a 

heavy understory of honeysuckle and multiflora rose. Grapevine (Vitas spp.) has overtaken the overstory 
in some areas of the forest stands. 
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TABLE 3-3 
(Continued) 

I 

I I I Scicntific Name Common Name ' Form Function I Placement Riparian Beech-Maple I Oak-Hickory 
2uercus bicolor Swamp White Oak 
Querciis coccinea .Scarlet Oak 
Qircrcus inbricaria Shingle Oak 
Quercirs niacrocarpa Bur Oak 
Qiiercus nidi  Ienbergii Chinquapin Oak 
Quercus pahistris Pin Oak 

Quercus ntbra Red Oak 
Querciis slturnardii Shutnard Oak 
Quercus velritina Black Oak 
Tilia ainericana Basswood 
Ulniirs nrbra Slippering Elm 
A Iniis sernrlata Smooth Alder 
Asimina triloba Pawaw 
Carpiniis caroliniaria I American Hornbeam 

Canopy tree 
Cnnopy tree 
Canopy tree 
Canopy tree 
Canopy tree 
Canopy tree 
Canopy tree 
Cahopy tree 
Canopy tree 
Canopy tree 
Canopy tree 
Shrub 
Understory tree 
Understory Gee 

Diversity, mast 4 
2 Cover, nmst 

Diversitv. mast 4 
, .  

Diversity, mast 
Cover 

Cover, mast . 11 43 
Diversitv. mast 6 
Cover, mast 6 
Cover. aesthetics 6 29 

Cover . . . 4 19 
Cover I wet 9 

FNit, diversity 6 6 
Diversity, mast 19 '; 30 , 

Cover wet 9 

Lindera benzoin Spicebush S h b  Cover 30 11 
Ostrya virginiana Hop-Hornbeam Understory tree Diversity wet 21 18 10 

Rhirs aromatica Fragrant Sumac Sllrub Aesthetics 14 
Rhus glabra Smooth Sumac Shrub Aesthetics edge 14 
Rosa caroliniana Carolina Rose Shrub Aesthetics 23 
Rosa pahistris Swamp Rose Shrub Esthetics wet 37 

Salix discolor Pussy Willow Shrub Cover wet 5 

---- 
Rubus occidentalis Black Raspberry Shrub Fruit edge 32 

Snnibucirs cnnndensis Elderberry Shnib Fruit wet 41 
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4.0 FIELD IMPLEMENTATION 

Field implementation of the A6PI U'etland and AlPm restoration projects is described below and in the 

attached planting and seeding specifications, 

4.1 SEOUENCE OF ACTIVITIES 
Restoration of AGPI and AlPm nil1 be conducted in three phases, starting in fall of 2003. Table 4-1 

below identifies the sequence and timing of the individual areas. 

TABLE 4-1 
SEQUEKCE OF A6PI RESTORATION ACTIVITIES 

Phase 
I '  

I1 

I11 
IV 

Timeframe 
Sunmer 2003 

Fall 2003 

Spring 2004 
Fall 2004 

Restoration Activities 
Coxplete certification sampling within the Wetland Mitigation footprint 
(i.e.? A6PI). 
%!I existing vegetation in upland pasture fields and approximately 3 acres of 
wtland pastures. 
Set up project trailer adjacent to gate W-19 (across from Rail House) 
Eslblish laydown area adjacent to trailer. 

Seed upland and wetland pasture fields with native prairie seeds to convert to 
@rie. 
Excavate and grade Wetland Mitigation area to create three interconnected 
bssins. 
lncrall water level control structures. 
Remove culvert structures crossing the road to divert water to basins. 
-1Lrcend any subsoil materials exposed in excavation footprint with topsoil, 
mulch, or compost. 
Seed excavation footprint with native prairie seed. 
Install erosion control matting to emergency spillways. 
Install live willow cuttings in spillways and narrow drainages. 

Install grass and wildflower plugs in and/or around created basins. 
Kill and remove invasive species and grapevine within woodland patch areas. 
Install trees and shrubs to patches within the Wetland Mitigation area to create 
wet woodlands. 

5192 ~ 

4.2 ESTABLISH PRATRIE M KORTHERN WOODLOT 

Two methods are planned for the estzblishment of prairie in the area. Wetland pastures on the eastern 

boundary of area were mowed to reduce grass height in the fall of 2002. Mowing was followed in the fall 

by seeding native wetland grass e-?d forb mixture into soil and pasture with seed drill. Mix contained no 

cover crop seed (e.g., Canada wild ?e, Virginia Wild Rye, or ReGreen") since area is already vegetated. 

The remainder of the old pasture fields will be established as follows. Pastures on the western end of area 

are to be sprayed with a polyphosyhate herbicide formula to kill existing pasture grasses prior to seeding. 
- -  - _ _ _  

000017 
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Rodeo@, is the formula for use in wetland areas and Roundup@ will be utilized in upland areas on north. 

Woody stems in the prairie footprint will be sprayed with herbicide to kill the plants and the remaining 

stems will be removed mechanically at a later time. Licensed subcontract personnel will apply herbicide 

via a truck-mounted boom sprayer and/or a backpack sprayer in accordance with state and federal 

regulations. Seeding areas will be sprayed up to two times prior to seeding. The area will be allowed to 

brown over (approximately two weeks) prior to seeding with native wetland seed mix. 

All prepared prairie areas will be seeded per the attached specification (Appendix B) and as indicated in 

Figure 3-3. As stated above, areas will be seeded after herbicide application. 

4.3 CONSTRUCTION STARTUP 

As shown in Table 4-1, startup involves the setup of the project trailer and laydown area. Trailer will be 

moved into place, leveled, and contractor will secure it in place using anchors. Steps will be secured to 

trailer. Electricians will hook trailer to supplied . .  electric from adjacent pole. A laydown area will be 

' . established using rope and T-post to identify boundaries. Laborers will install silt fence in southwest 

. .  
. .  

drainage from the project to outfall ditch. 
. .  

. .  

4.4 EXCAVATION AND GRADING 

Three shallow basins will be constructed lvithin the Wetland Mitigation footprint as outlined in the 

Grading Plan (Figure 3-1 and 3-2). Fluor Fernald's Soils Project will self-perform the construction of the 

wetlmds. Personnel and equipment from the Borrow Area Project will be relocated to the Wetland 

Mitigation Project at the conclusion of borrow activities for the season. Soil from the excavation should 

remain at the site and be used for the construction of berms and to attain grade in western basin. Any 

wood debris will be stockpiled for possible hture use in basin bottoms and brush piles. Side slopes 

should be constructed with at least 5:l slope ratio,. Any slope.greater than 3:l.will be'covered with coir 

' elevations denoted in Figure 3-2 and to specifications included therein. 

. .  
. .  

' matting to protect'the slope as'listed inlSection 02930. Emergency spillways will be..constmcted . .  at  ' ' 

. .  

Water control structures, as specified in Figure 3-2, will be installed between each basin and in outfall 

from area. The structure will be installed to allow for easy access to stop logs. Flow to the structure and 

out to the next basin will be through buried pipe. Ingress and egress points will contain guards to prevent 

rodents and other pests from entering pipes. All pipe outlets and the inlet of the double culvert installed at 

the eastern end of Pond 3 will contain rip-rap as shown on Figures 3-1 and 3-2 to protect from washout. 
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The catch basin and two culverts crossing the road on eastern edge of area will be taken out. Construction 

will set up barriers to prevent inadvertent traffic along the road, Structures will be removed using a 

trackhoe. The holes left will be bacHilled with clay from basin excavation. Road will be re-established 

and opened for vehicular traffic. New culverts will be installed parallel to the road in two locations to 

allow for sm:.11 vehicle access into the project area to the water control structures from the south. An 

additional pair of culverts will be installed parallel to the road on the eastern edge of A6PI into AlPm to 

provide access for planting in Beech-Maple and Riparian patches. Culverts installed at the East end of 

A6PI will be removed once project activities are complete. 

- 
I 

I 

I 

A limited amount of topsoil is available in the A6PI project area. Most of the exposed . .  soil at grade will 
~ 

bz subsoil material. All exposed subsoil material will be amended in place with topsoil from existing 

stockpiles on site. In the event that topsoil is not available, conipost material will be acquired from an 
I 

I 
~ 

off-site sourcc' and used for amendment in the project area. A minimum of 6 inches of topsoil will be 
~ 

I used over the surface of the project area. Amendment will not be required in areas where standing pools 

of water are cspected. 
I 

. .  . .  . .  . .  
. .  - ,. . .  . .  . 

. .  

.. . 
. .  

Following amendment, the area will be seeded (Figure 3-4) by Fluor Fernzld labor, pursuant to the. 

attached seeding specification (Appendix B). Seeding will also occur in t k  northern woodlot after 

appropriate hcrbicide application has . .  . occurred . (Figure 3-4). . Flour . .  Femald personnel will be . . .  responsible 

fof the acquisition, application, and maintenance . . .  . . . .of : theseed. Appropriate seed'mix wil1.b.e seeded to each . .  ' 
. - 

area as indicated in Figure 3-4. , . . .  

Fluor Fernald labor will install erosion control matting specified in this Grading Plan. Material will be 

stretched over the area to be covered. The edges will be entrenched and secured in accordance with the 

manufacturer's specifications. Wooden stakes and metal staples will be used to secure the matting to the 

soil surface to ensure matting to soil contact. Frequency and alignment nil1 be at intervals specified by 

the manufacturer. 

At the direction of the restoration ecologists, wood debris will be placed dong bottom of basins t.0 create 

wildlife habitat. Materials should be secured in place to prevent movement during high water and to 

prevent possible damage to water control structures. 
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4.5 PLANTING ACTIVITIES 
Planting activities involve the establishment of trees, shrubs, live cuttings, and herbaceous plants across 

the project areas. As documented in the NRRP, densities for restoration areas are generally 160 treedacre 

and 90 shrubdacre. All efforts will be made during plaotin,o to achieve the above stated densities. Some 

planting will occur on the edge of woodlot to the north of the n-etland basins (Figure 3-3). Plants will be 

installed in available open areas between existing trees to enhance current densities to restoration levels. 

Planting on the edge of the Northern Woodlot may vary &om Dpical densities due to availability of open 

planting.areas. 

4.5.1 Live Cuttines 

Live stakes will be installed as soon as possible upon receipt. Any plants that are stored for more than 

24 hours at the staging area shall be healed in with n-oocchip mulch and watered as needed to prevent 

stress. Laborers will install willow cuttings in areas desigzied by restoration ecologist. An appropriate 

size pilot hole will be created in the ground with hammer and rod. The live stake will then be driven into 

the ground to a depth of at least half the length of the liv2 cccting and up to two-thirds the length of the 

cutting. Laborer must ensure that there is good soil to cutting contact. Ground should be moistened after 

installation if the ground is dry to encourage root develo7ment. 

4.5.2 Native Grasses and Forbs 

The use of herbaceous plants Will be on inner slopes 2nd in sh2llow areas of basins. .Herbaceous plants 

will be delivered tothe site in 2-inch square open-boao&d pots. These plants will be staged in water' . 

immediately upon arrival at the site. Herbaceous plant kstal!ation nil1 be conducted using a dibble bar or 

shovel. Plants will be carefully removed fiom their pot a d  placed into the planting hole, keeping the root 

mass and.soil ball intact. The plant is then gently pressed into place by hand. Laborers will make sure 

that no roots are,exposed.. If the gromd is dry, planting s e a  should be moistened. after hstallation,to 

ensure plant establishment. , . 

. 
_ .  . .  . .  . .  . .  - .  . .  . .  

. . 
. .  . _  . .  

. .  . .  
. . 

. .  

Some native grasses from onsite wetlands will be tranjplznttd to the basins, if feasible, along with soils 

and muck from the wetland. The transplants will aid in t i e  development of a healthy wetland 

environment 

Geese have been a problem in recent projects in the establishmalt of grass and wildflower plugs. 

Canada Geese tend to pull the plugs out of the ground when they feed on them and the plugs die fiom the 

exposure. Goose fence may be installed to make predation by geese more difficult. If installation is 
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required, ‘-foot stakes will be driven into the ground around perimeter of each basin. Heavy duty fishing 

line will then be stretched around the stakes at heights of 3 inches, 6 inches, and 9 inches. Fishing line 

would be wapped around each stake going around the basin. Additionally, fishing line will be strung 

back and forth across the top of the basin to prevent the geese from flying into and landing within each 

basin. F2,oging will be hung at frequent intervals along fishing line to make them visible to laborers and 

visitors: 1:iiS should -_ prevent inadvertent tripping of personnel on fence, but will hinder geese from landing 

in the arel. 

4.5.3 Sadinas and Shrubs 

Woody plants will be installed in the same manner as other ecological restoration projects at the FCP. 

Habitat templates will be divided into smaller planting patches, Each planting patch will be laid out in the 

field. The plants themselves will be staged at the project site and tagged with metal number tag. 

Laborers will place plants in patches as designated by restoration ecologist and install the plants pursuant 

to the planting specifications in Appendices C and D. Small working piles of mulch may be created 

throupbgt the project in upland areas as needed to support planting using mulch from Northern Pines 

Project stockpile. This “random patch” method allows the restoration ecologist to strategically place 

specific species based on its habitat requirements, distribution patterns, exposure, topography, deer 

pressure, hydrology, soils, etc. 

- 
All plant material will be, procured from local sources, to the degree possible.’ All trees shall be at least I 

. . - .  . -- . . . . . .  . .  - . .  . .  Y . .- 
one-gallon container size, grown in ‘‘spin out” containers to prevent root binding. Shru6s musths0 be 

grown in spin out containers, and must be at least 1 foot tall. Certain species may not be available locally, 

if at all. The restoration ecologist will determine the appropriate substitution for a plant. The function of 

the tree as listed in Table 3-1 will be used as a guide to determining substitutions. The Natural Resource 

. ’ . Trustees will be notified of any substitutions as part of the consolidated monitoring program discussed in ., 
. .  . .  . .  

the NRRP. 

All plant material will be delivered to the project area directly, A laydown area will be established 

adjacent to the mulch stockpile area, where plant material may be staged. The mulch stockpile used in the 

Northern Pines Project will be utilized. Any plants that are stored for more than 24 hours at the staging 

area shall be healed in with woodchip mulch, 

.” 

- . . -_ . _. ............ - 
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4.6 MAINTENANCE ACTIVITIES 

Maintenance is critical to restoration success. Activities that will be required for the A6PI Wetland and 

AlPIII restoration areas may include watering, deer control, and invasive species control. These 

activities are discussed in more detail below, 

4.6.1 'Watering 

Each plant will be watered at the time of installation. Watering will also be camed out as needed during 

the first six weeks following plant installation as required per Specification 2940. Watering will also be 

carried out beyond the initial six-week period as directed by the restoration ecologist if drought conditions 

persist during the first growing season, 

Water is not directly available for the project area. Water will be made accessible for watering operations 

via polyethylene tanks on trailers or water trucks. Watering will be carried out either directly via hose, 

tree gator andor bucket, or remotely.via water cannon. Watering may be camed out during the second 

growing season if significant drought conditions occur similar to the summer of 1999 and 2002: 

For s'eeded areas, the planting window restrictions in'the attached seeding specification help to ensure that , 

sufficient,soil moisture exists for germination and survival of seeds.. Weather patterns will be a .  

' contributing factor in timing of seed application. Some watering may be needed the first season if 

. 

. 
' 

drought conditions threaten the survival of germinated seed. 

. .  . . . .  
.. . 

-. . . .  
. .  

. 4.6.2-Deer Control ' . , .. 

Installed trees and shrubs must be protected from deer browsing and rubbing in order for forest restoration 

efforts to be successful. At a minimum, field personnel will install deer tubes around all planted trees. In 
addition, a latex-based taste repellent will be applied to all received plant material and systemic deer 

repel1enVfertilizer tablets will . .  be placed in rootball of plant prior to installation.. Another physical means 
.. 'of protection for newly planted species'is the planting ofshrubs.in'a clumped configuration and the ' . 

..installation of fencing around shrub patches. These measures have proven to be moderately effective' in 

. 
, . ' .  

past restoration efforts. 

4.6.3 Invasive Suecies 

The forest restoration concept cdveloped in the NRRP depends on ecological succession as the primary 

component. Without adequate control, invasive and aggressive species may impede or prevent natural 

succession and alter the intended course of maturation for restored areas. Therefore, field personnel will 

mechanically remove or apply glyphosphate herbicide to bush honeysuckle, multiflora rose, thistle 

000022 - - 
. - - . - - F E R ~ N ~ ~ R E S \ M V O O D L O n ~ ~ ~ f l ~ ~ P l  IOM)l-RVO DOCWovrmte 242cO3 IO 17A.l 4-6 ._ 
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varieties, garlic mustard, autumn olive, grapevines, Typha spp., and Phragmites spp., present in AlPlII 

planting areas. 

4.7 MONlTORTNG 

Both Implementation and Functional Moniioring will be cor,ducted for A6PI restoration. For 

Implementation Phase Monitoring, water level measurements, water quality measurements, wetland plant 

surveys and soil analysis will be carried out for a three-year period. Monitoring will also be documented 

n-ith photographs. Plant survival and herbaceous coverage nil1 only be evaluated in the first year after 

project completion. To facilitate plant sun<val evaluations, all sapling trees and shrubs will be tagged 

with a unique number, which will be recorded on patch-specific data sheets. Mortality counts will be 

conducted at the end of the first growing season following completion of project area restoration. For 

Implementation Monitoring of seeded areas, herbaceous cover will be evaluated pursuant to the process 

and criteria set forth in the 2002 Consolidzted Monitoring Report for Restored Areas (DOE 2003). 

Functional Monitoring will also commence following restoration. In accordance with the current 

' ' . Functional'Monitoring schedule, completed praEe areas \ i l l  , .  be evaluated in 2004 and completed forest ' '., 

areas will be evaluated in 2005. As with Implementation Monitoring methods, the methods, results, 

analyses, and reporting are conducted under the h u a l  Corsolidated Monitoring Report for Restored 

Areas. 
-- - .  

-. . 7 .  . . .  . . . .  ..- .- - . . . . . .  . . . .  . . . . . . .  . .  . . . .  

. . . . .  - . . . . . . . . . .  . . . . . . . . .  O.QO0.23 ............ 
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Eden series 
The Eden series consists of moderately deep, well 

drained, slowly permeable soils on hillsides. These soils 
formed in residuum weathered from interbedded calcare- 
ous shale and limestone. Bedrock is at a depth of 20 
and 40 inches. Slope ranges from 15 to 50 percent. 

Eden soils are similar to Miamian and Wynn soils. 
Miamian soils are deep and formed almost entirely' in 
glacial till; ttiey have a thin loess mantle. Wynn soils 
formed partly in till and commonly have a thin loess 
mantle. 

Typical pedon of Eden silty clay loam, 25 to 50 per- 
cent slopes, moderately eroded, about 1 mile west of 
Ross, Ross Township, T. 3 N., R. 2 E., section 32, from 
northeast corner, 1,550 feet south and 400 feet west: 

Al-0 to 5 inches; very dark brown (1OYR 3/3) silty clay 
loam; moderate fine subangular blocky structure; fri- 
able; 5 percent limestone flagstones on surface and 
in horizon; neutral; abrupt smooth boundary. 

B2t-5 to 20 inches; olive brown (2.5Y 4/4) flaggy silty 
clay; moderate fine subangular blocky structure; firm; 
thin continuous olive brown (2.5Y 4/3) coatings; thin 
patchy olive brown (2.5Y 414) clay films; 20 percent 
thin limestone flagstones; neutral to mildly alkaline; 
neutral to mildly alkaline'at a depth of 15 to 20 
inches; gradual smooth boundary. 

83-20 to 27 inches; light olive brown (2.5Y 514) silty 
clay; moderate medium and fine subangular blocky 
structure; firm; grayish brown (2.5Y 512) ped sur -  
faces; 10 percent limestone flagstones; moderately 
alkaline; clear smooth boundary. 

Cr-27 to 40 inches; interbedded clay shale and thin 
bedded hard fossiliferous limestone (Ordovician 
age); strong effervescence; moderately alkaline. 

. .  

Interbedded shale and limestone (paralithic contact) is 
at a depth ranging from 20 to 40 inches. The solum 
ranges from 14 to 30 inches in thickness. Coarse frag- 
ments of limestone flagstones make up 0 to 15 percent 
of the A horizon, 10 to 25 percent of the 8 horizon, and 
25 to 40 percent of the C horizon. The solum ranges 
from slightly acid to moderately alkaline. 

The A I  horizon generally is less than 6 inches thick 
and ranges from dark brown (1OYR 313) to very dark 
grayish brown (2.5Y 3/2). It ranges from heavy silt loam 
to silty clay. 

The E horizon ranges from brown (10YR 413) to olive 
(5Y 414). I t  generally does not have mottles. It is silty 
clay or clay. Some pedons have a silty clay loam 61 
horizon less than 5 inches thick. In some pedons, the 83 
horizon has few or common thin clay films. 
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. EcEP-Eden silty clay loam, 15 to  25 percent 
slopes, moderately eroded. This moderately deep, 
steep, well drained soil is on valley walls and hillsides. 
Most areas are dissected by shallow drainageways. In- 
terbedded shale and limestone bedrock commonly out- 
crop in many of these waterways. Limestone flagstones 
are common on the surface in places (fig. 4), especially 
in and around waterways. Intermittent sidehill seeps 
commonly occur along the surface of the nearly impervi- 
ous shale bedrock. Most areas are elongate or fan 
shaped and range from 5 to 200 acres in size. 

Slopes are typically smooth, though steep, and the 
waterways are not deeply cut in V-shaped ravines as 
they are in till soils, such as Hennepin or Miamian soils. 
The shale and limestone bedrock has been very resis- 
tant to downcutting. Many waterways throughout this 
map unit are scenic, dropping over a whole series of 
hard limestone ledges. The soft shale layers between 
the hard rock layers have been undercut, resulting in a 
long series of waterfalls and pools. 

Typically, the surface layer is very dark brown, friable 
silty clay loam about 6 inches thick. The subsoil is about 
23 inches thick. The upper part is olive brown, firm silty 
clay that is 20 percent limestone flagstones. The lower 
part is light olive brown, firm silty clay that is about 10 
percent limestone flagstones. The substratum is calcare- 
ous, interbedded clay shale and thin-bedded limestone. 
In some small areas the surface layer is very dark gray- 
ish brown, and in other areas the surface layer is silt 
loam. 

Included with this soil in mapping are small areas 
where the soil is severely eroded. In these areas, the 
surface layer typically is calcareous, olive brown clay or 
silty clay, and depth to bedrock is commonly very shal- 
low. Also included are small areas of well drained Wynn 
soils on the less steep, upper and lower parts of slopes. 
These inclusions make up 5 to 15 percent of some of 
the larger areas. 

In this Eden soil, permeability is slow, and the availa- 
ble water capacity is low. Runoff is rapid. Reaction 
ranges 'from neutral to mildly alkaline in the root zone. 
Organic-matter content is low as a result of the loss of 
surface soil by erosion. Root development is restricted 
by shale and limestone bedrock. 

This soil is too steep for farming. Most of the acreage 
is in pasture or woodland, and the potential for these 
uses is medium. The soil has low potential for building 
sites and sanitary facilities because of steep slopes and 
limited depth to bedrock. 

This soil is commonly in pasture, but, if overgrazed, 
the hazard of erosion is severe. Control of erosion and 
maintenance of a maximum stand of forage species are 
management concerns. During seeding, using cover 
crops or companion crops, trash mulching, or no-till 
seeding helps control erosion. Certain legumes, such as 
crownvetch, grow well because they tolerate droughti- 
ness. Proper stocking, pasture rotation, and timely appli- 

1 

cation of fertilizer help to maintain a maximum stand c 
forage species. Some less steep areas that have bee 
farmed in the past now are in brushy pasture, common1 
Canadian bluegrass, thornapple, and redcedar. Potenti: 
pond reservoir sites are limited. Because of stee 
slopes, embankments must be high if there is to bi 
adequate water area. The clay shale makes the ponl 
bottom water-tight, but there is danger of seepage alon! 
the top of the rock layers. 

Management is difficult if this soil is used for wood 
land. The soil is clayey. The hazard of erosion is severc 
and use of harvesting equipment is severely limited. Lo< 
ging roads and skid trails should be constructed on th 
contour where practical. Mechanical tree planting an 
weed control can be accomplished if safety precaution 
are taken. Woodland improvement for timber productio 
requires exclusion of undesirable species and poor1 
formed trees. 

This soil is poorly suited to most nonfarm uses be 
cause of the steep slopes and limited depth. to bedrock 
It is subject to slip if fill is put on top of it, if the toe c 
the slope is undercut, or if surface water or ground watc 
saturates the area. The interbedded shale and limeston 
bedrock underlying this soil at a depth of 20 to 40 inche 
makes excavation for most uses difficult and expensivc 
however, the bedrock is rippable by heavy equipmer 
and rarely requires blasting. The many flagstones mak 
the soil undesirable for construction. Ground water flov, 
ing on the surface of the nearly impervious shale ca 
cause seeps on some slopes and in waterways. Wate 
can seep into excavations if not intercepted, and seeF 
age is common on the lower parts of slopes. 

This soil is in capability subclass We; woodland sui1 
ability subclass 3c. 

... ._ . . . .. .. . _ _  . _. -. . . .. . _. . - . . . . .. . . . - . .. .. . -. . . . . . , . .- 
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Fincastle series 
The Fincastle series consists of deep, somewhat 

poorly drained soils on uplands and in till filled valleys. 
These soils formed in a mantle of loess and in the 
underlying calcareous loam or clay loam glacial till of 
Wisconsin age. Permeability is  slow or moderately slow 
in the subsoil and slow in the underlying till. Slope 
ranges from 0 to 6 percent. 

Fincastle soils are commonly adjacent to Russell and 
Xenia soils. Russell and Xenia soils are not dominantly 2 
in chroma below the Ap horizon. 

Typical pedon of Fincastle silt loam, 0 to 2 percent 
slopes, about 1 mile northeast of Jericho, Liberty Town- 
ship, R. 3, T. 3, section 9, from southwest corner, 200 
feet north and 2,100 feet east: 

Ap-0 to 8 inches; dark grayish brown (10YR 4/2) silt 
loam; weak fine granular structure; friable; slightly 
acid; abrupt smooth boundary. 

A&B-8 to 13 inches; dark grayish brown (IOYR 4/2) silt 
loam (A) and grayish brown (10YR 5/2) silt loam (8); 
few fine distinct yellowish brown (10YR 5/6) mottles; 
weak fine and medium subangular blocky structure; 
friable; few small very dark brown iron-manganese 
concretions; medium acid; clear smooth boundary. 

B21tg-13 to 20 inches; dark yellowish brown (IOYR 
414) silty clay loam; common medium distinct gray- 
ish brown (10YR 5/2) mottles; moderate medium 
subangular blocky structure; firm; thin continuous 
grayish brown (10YR 5/2) clay films on peds and 
lining pores; few small dark brown iron-manganese 
concretions and stains; medium acid; clear wavy 
boundary. 

B22tg-20 to 28 inches; dark yellowish brown (10YR 
414) silty clay loam; common medium distinct gray- 
ish brown (10YR 512) and yellowish brown (IOYR 
516) mottles; moderate medium subangular blocky 
structure; firm; thin continuous brown (1 OYR 4/2) 
clay films on all peds and lining pores; medium acid; 
clear wavy boundary. 

B23tg-28 to 33 inches; dark yellowish brown (IOYR 
414) silty clay loam; common medium distinct gray- 
ish brown (IOYR 512) and yellowish brown (10YR 
516) mottles; moderate medium subangular blocky 
structure; firm; thin patchy grayish brown (10YR 512) 
clay films on faces of peds; common iron-manga- 
nese stains, mostly on faces of peds; neutral; clear 
wavy boundary. 

llB24tg-33 to 38 inches; dark brown (1OYR 4/3) clay 
loam; common medium distinct grayish brown (10YR 
512) and yellowish brown (IOYR 514) mottles; weak 
to moderate medium subangular blocky structure; 
firm; thin patchy dark grayish brown (IOYR 412) clay 
films on faces of peds, 6 percent small angular till 
pebbles; neutral; clear smooth boundary. 

1183-38 to 41 inches; dark brown (IOYR 4/3) clay loam; 
few medium distinct grayish brown (IOYR 5/2) and 
yellowish brown (IOYR 5/4) mottles; weak medium 
angular blocky structure; firm; 8 percent small angu- 
lar till pebbles; few segregations of carbonates; 
mildly alkaline; clear irregular boundary. 

IC-41 to 62 inches; brown (IOYR 513) light clay loam; 
common medium and coarse distinct grayish brown 
(2.5Y 5/2) and light olive brown (2.5Y 516) mottles; 
massive; friable; strong effervescence; moderately 
alkaline. 

. 

The silt capping ranges from 20 to 40 inches in thick- 
ness. The solum typically is 36 to 46 inches thick and 
ranges from 36 to 60 inches in thickness. 

The Ap horizon has hue of lOYR, value of 4 or 5, and 
chroma of 2. An A2 hoiizon is present in some pedons. 
Reaction ranges from slightly acid to strongly acid. 

The matrix of the 82 horizon has hue of 10YR, value 
of 4 and 5, and chroma of 2 to 4. Most horizons be- 
tween the base of the A horizon and 30 inches have'ped 
coatings of 2 or lower chroma. The upper part of the 82 
horizon, which formed in loess, is silty clay loam; the 
lower part, which formed in glacial till, is clay loam. 

The C horizon is light clay loam or loam. 

.. .. -. -. ....... - - . . . . . . . . . . . . .  - ...... __ - . . . . . . .  _ _  ... - __ . .  ...... . .- -. . 
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FcA-Fincastle silt loam, 0 to 2 percent slopes. 
This deep, nearly level, somewhat poorly drained soil is 
on flats in high lying positions of the upland landscape. 
Most areas are oblong or irregular in shape and range 
from 3 to 150 acres in size. 

Typically, the surface layer is dark grayish brown, fri-  
able silt loam about 8 inches thick. The next layer is 
about 5 inches thick. It is dark grayish brown, friable silt 
loam mixed with grayish brown silt loam that has a few 
yellowish brown mottles. The subsoil is about 28 inches 
thick. The upper part is dark yellowish brown, mottled, 
firm silty clay loam; the lower part is dark brown, mottled, 
firm clay loam. The substratum, to a depth of 62 inches, 
is brown light clay loam. 

Included with this soil in mapping, and making up as 
much as 10  percent of the map unit, are small areas of 
nearly level Xenia and Ragsdale soils. The dark colored, 
wetter Ragsdale soils are in the lower lying areas of the 
landscape, and the better drained Xenia soils are on the 
slight rises. 

In this Fincastle soil, permeability is moderately slow to 
slow in the  subsoil and slow in the substratum. Available 
water capacity is high. Surface runoff from cultivated 
areas is slow, and the soil tends to dry slowly. Tilth is 
fair. The subsoil has a moderate shrink-swell potential. 
The root zone is normally deep, because the water table 
remains deep enough during the cropping season to 
allow crops common to the area to be grown. The  soil 
commonly is medium acid except where limed. The 
water table is seasonally high for long periods in winter 
and spring. 

Most of the acreage of this soil is farmed. It has high 
potential for cultivated crops, hay, pasture, and trees. It 
has low to medium potential for building site develop- 
ment and sanitary facilities. It has medium potential for 
recreational uses. 

This soil is suited to corn, soybeans, small grain, and 
grasses and legumes for hay and pasture. Although it 
has slow or moderately slow permeability, subsurface 
drainage lines or surface drains help to reduce excess 
wetness. Maintaining good soil structure is important. 
The soil is low in organic-matter content and is suscepti- 
ble to surface crusting. It can be used for row crops year 
after year if management is optimum. It dries slowly in 
spring, and planting may be delayed in undrained areas. 

This soil has  high potential for pasture or hay. Over- 
grazing or grazing when the soil is too wet, however, can 
cause surface compaction and poor tilth. Proper stocking 
rates, pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the pas- 
ture and soil in good condition. 

This soil is suited to hardwood trees. In existing 
stands, tree seeds, cuttings, and seedlings survive and 
grow well if competing vegetation is controlled or re- 
moved by spraying, cutting, or girdling. Wetness is a 
hazard when planting or harvesting trees. 

5192 
The use of this soil for homesites and septic tan' 

absorption fields is limited by wetness (fig. 6) and moder 
ately slow permeability to slow permeability in the s u b  
soil. Performance of septic systems can sometimes bl 
improved by increasing t h e  size of the leach field o 
providing an alternate leach field. The soil is bette 
suited to dwellings without basements than to dwelling 
with basements. Surface and subsurface drainage lower 
the seasonal high water table. Landscaping building site 
helps to keep surface water away from foundations 
Local roads can be improved by artificial drainage an1 
using a suitable base material. 

This soil is in capability subclass Ilw; woodland suii 
ability subclass 30. 

.. . . . . . ... . .. . . . . ._ , - ._ .. . . - . .. . .  
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FdA-Fincastle silt loam, bedrock substratum, 0 to 
2- percent slopes. This deep, nearly level, somewhat 
poorly drained soil is on uplands. It is on tops of hills, 
which have only a thin smear of stony till over the bed- 
rock. These areas are shaped by the underlying bedrock. 
Most areas are oblong or irregular in shape and range 
from 3 to 100 acres in size. 

Typically, the surface layer is dark grayish brown, fri- 
able silt loam about 8 inches thick. The next layer is 
about 5 inches thick. It is dark grayish brown, friable silt 
loam mixed with grayish brown silt loam that has a few 
yellowish brown mottles. The subsoil is about 29 inches 
thick. The upper part is brown, mottled, friable light silty 
clay loam; the middle part is yellowish brown, mottled, 
firm silty clay loam; and the lower part is yellowish 
brown, mottled, firm clay loam. The substratum, to a 
depth of about 56 inches, is flaggy light clay loam till. It 
contains many angular till pebbles and many limestone 
flagstones averaging about 6 inches across and 2 inches 
in thickness. These flagstones make up 15 to 30 per- 
cent of the volume of the till. Commonly, a 6 to 18 inch 
layer of this stony till substratum rests directly on the 
underlying shale and limestone bedrock. 

Included with this soil in mapping, and making up 5 to 
10 percent of the map unit, are small areas of moderate- 
ly well drained Xenia, bedrock substratum, soils on slight 
rises and as strips along the map unit boundary. Also 
included are small areas of nearly level, somewhat 
poorly drained soils that have shale and limestone bed- 
rock at a depth of 20 to 40 inches and a few small areas 
of nearly level Fincastle soils. 

In this Fincastle soil, permeability is moderately slow 
or slow in the subsoil m d  very slow in the substratum. 
Available water capacity is medium. Surface runoff from 
cultivated areas is slow, and the soil tends to dry slowly. 
Tilth is fair. The subsoil has moderate shrink-swell poten- 
tial. The root zone is normally deep, because the water 
table remains deep enough during the cropping season 
to allow crops common to the area to be grown. The soil 
commonly is medium acid except where limed. The 
water table is seasonally high for long periods in winter 
and spring, 

Most of the acreage of this soil is farmed. The soil has 
high potential for cultivated crops, hay, pasture, and 
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trees. It has low to medium potential for building sites 
and sanitary facilities. It has medium potential for recre- 
ational uses. 

This soil is suited to corn, soybeans, small grain, and 
grasses and legumes for hay and pasture. Wetness is 
the main limitation to farming. The soil has a moderate 
capacity for storing and releasing plant nutrients. Subsur- 
face drainage lines or surface drains help to. reduce 
excess wetness. Maintaining good soil structure is impor- 
tant. The surface layer is low in organic-matter content 
and susceptible to surface crusting. The soil can be used 
for row crops year after year if management is optimum. 
It dries slowly in spring, and planting may be delayed in 
undrained areas. Rock interferes with excavation  for sub- 
surface drains and waterways in farm drainage. Crop 
yields are also influenced because seepy areas tend to 
occur where rock is at a minimum depth. 

This soil has high potential for pasture. Overgrazing or 
grazing when the soil is too wet, however, will cause 
surface compaction and poor tilth. Proper stocking, pas- 
ture rotation, timely deferment of grazing, and restricted 
use during wet periods help to keep the pasture and soil 
in good condition. 

This soil is suited to such native hardwood trees as 
oak, ash, and maple. In existing stands, tree seeds, 
cuttings, and seedlings survive and grow well if compet- 
ing vegetation is controlled or removed by spraying, cut- 
ting, or girdling. Wetness is a hazard when planting or 
harvesting trees. 

This soil has limited use for homesites and septic tank 
absorption fields because of wetness and moderately 
slow to slow permeability in t h e  subsoil. It is better suited 
to dwellings without basements than to dwellings with 
basements. Any included areas of gently sloping Xenia 
soils should be used for homesites if feasible. Perform- 
ance of septic systems can sometimes be improved by 
increasing the size of the leach field or providing an 
alternate leach field. Surface and subsurface drainage 
lowers the seasonal high water table. Landscaping build- 
ing sites helps to keep surface water away from founda- 
tions. Local roads can be improved by artificial drainage 
and using a suitable base material. 

The stony till and interbedded shale and limestone 
underlying this soil make excavation for most uses diffi- 
cult and expensive; however, the stony till and bedrock 
is rippable by heavy equipment and rarely requires blast- 
ing, The many stones in the till make it undesirable to 
use in pond embankments. 
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Miamian series 
The Miamian series consists Of deep, Well drained, 

moderately slowly permeable soils on till plains, end mor- 
aines, and till filled valleys. These soils formed in a thin 
layer of loess and the underlying loamy till. Slope ranges 
from 2 to 50 percent. 

Miamian soils are commonly adjacent to Celina Soils 
and are mapped In a complex with Hennepin and RUS- 
sell soils. Celina soils have 2-chroma mottles in the 
upper 10 inches of the argillic horizon. Hennepin Soils 
are shallow to till and Russell soils formed in a mantle Of 

loess more than .I8 inches thick. 
Typical pedon of Miamian silt loam, 2 to 6 percent 

slopes, moderately eroded, about 2 miles northeast of 
Astoria, Madison Township, T. 3 N., R. 4 E., section 2% 
from southwest corner, 50 feet north and 1,500 feet 
east: 
Ap-0 to 6 inches; brown (10YR 413) silt loam; weak 

fine granular structure; friable; many roots; slightly 
acid; abrupt smooth boundary. 

B1-6 to 10 inches; dark yellowish brown (IOYR 4/4) 
silty clay loam; moderately medium subangular 
blocky structure; friable; thin very patchy brown 
(IOYR 413) clay films on surfaces of peds and lining 
voids; slightly acid; clear wavy boundary. 

11821t-I0 to 16 inches; dark yellowish brown (10YR 
414) heavy clay loam; strong medium subangular 
blocky structure; firm; thin continuous brown (1 OYR 
413) clay films; few roots; 2 percent coarse frag- 
ments; common iron-manganese stains on surfaces 
of peds; neutral; clear smooth boundary. 

11822t-I6 to 20 inches; dark yellowish brown (10YR 
414) heavy clay loam; strong medium and coarse 
subangular blocky structure; firm; thin continuous 
brown (10YR 413) clay films on surfaces of peds; 
few roots; 3 percent coarse fragments; mildly alka- 
line; clear irregular boundary. 

llB3t-20 to 22 inches; dark yellowish brown (10YR 4/4) 
clay loam; weak coarse subangular blocky structure; 
firm; thin patchy brown (IOYR 4/3) clay films on 
major vertical surfaces of peds; few roots on clay 
films; 5 percent coarse fragments; 3 percent highly 
weathered limestone fragments; mildly alkaline; 
slight effervescence; clear wavy boundary. 

llC1-22 to 30 inches; yellowish brown (10YR 5/4) loam; 
massive; friable; 10 percent coarse fragments; 
strong effervescence; moderately alkaline; diffuse 
smooth boundary. 

IIC2-30 to 60 inches; yellowish brown (10YR 9 4 )  loam; 
massive; firm; 10 percent coarse fragments; strong 
effervescence; moderately alkaline. 

The solum ranges from 20 to 35 inches in thickne: 
The loess mantle is less than 18 inches thick. 

The Ap horizon has hue of IOYR, value of 4 or 5, a 
chroma of 2 or 3. It is silt loam or clay loam. 

The 81 horizon has hue of IOYR, value of 4 or 5, a 
chroma of 3 or 4. It is silty clay loam or heavy silt lo: 

The 1182 and 1183 horizons have hue of 10YR 
7.5YR, value of 4 or 5, and chroma of 3 to 6. They i 
clay loam or clay. 

The C horizon is loam or clay loam; stony analogs i 
in some pedons. 

...... 
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MsC2-Miamian-Russell silt loams, 6 to 12 percent 
slopes, moderately eroded. These deep, moderately 
sloping, well drained soils are on hillsides and along 
waterways on rolling till plains. Areas are irregular or 
linear in shape and range from 3 to 50 acres in sire. 

This map unit is about 60 percent Miamian silt loam 
and 30 percent Russell silt loam. The irregular areas that 
surround waterways are more than 60 percent Miamian 
soil: In the linear areas, the Miamian soil commonly is 
adjacent to the steep or very steep slope breaks of 
hillsides, and the Russell soil is adjacent to the gently 
sloping, smooth, lower parts of hillsides. In the irregular 
areas, the Miamian soil is on the slope breaks and the 
Russell soil is in the smoother areas. 

Typically, the Miamian soil has a surface layer of 
brown, friable silt loam about 8 inches thick. The subsoil 
is dark brown and dark yellowish brown, firm clay loam 
about 14 inches thick. The substratum, to a depth of 60 
inches, is dark yellowish brown, firm loam. 

Typically, the Russell soil has a dark brown, friable silt 
loam surface layer about 7 inches thick. The subsoil is 
about 27 inches thick. The upper part is brown, firm silt 
loam and silty clay loam, and the lower part is strong 
brown, brown, and yellowish brown, firm clay loam. The 
substratum, to  a depth of 60 inches, is brown, firm loam. 

Included v,i;h these soils in mapping are areas of soils, 
in similar or higher positions on the landscape, in which 
the substratum is more than 15 percent stone fragments. 
Also included are a few areas of severely eroded soils 
that have a pebbly or flaggy clay loam surface layer and 
areas of soils where slope is more than 12 percent. 

Permeability is moderately slow in the Miamian soil. In 
the Russell soil, it is moderate in the upper part of the 
subsoil and moderately slow in the lower part of the 
subsoil and in the substratum. The available water ca- 
pacity is moderate in the Miamian soil and high in the 
Russell soil. Surface runoff is medium. The surface layer 
varies in reaction because of local liming practices. The 
organic-matter level is low in both soils as a result of 
erosion of the surface layer. These soils are especially 
susceptible to gully and rill erosion. 

These soils have medium potential for farming, and 
most areas are used for corn and soybeans. The soils 
have high potential for pasture, hay, and woodland. They 
have medium potential for building site development, 
medium to low potential for sanitary facilities, and 
medium potential for many recreational uses. 

The hazard of erosion is severe. Minimum tillage, 
winter cover crops, grassed waterways, stripcropping, 
and contour farming, however, can minimize soil loss. 
These -soils crust after rain, but the regular addition of 
crop residue and other forms of organic matter can 
reduce crusting and increase fertility. Internal drainage is 
adequate. for farming. Measures to conserve soil mois- 
.ture, such as minimum tillage and soil mulching, can 
benefit crops. The regular addition of fertilizer and other 

,'soil amendments, as recommended by soil tests, also 
' benefits crops. Control of erosion and maintenance of 
'i fertility and organic-matter content are the main manage- 
:' ment concerns. 
.C. Using these soils for permanent pasture. or hay is 

effective in controlling erosion. Pasture and hay com- 
monly are grass-legume mixtures, generally bluegrass 
and clover. Grazing when this soil is wet will cause 
Surface compaction, excessive runoff, .and poor tilth. The 
trash-mulch method of pasture renovation can .practically 
eliminate further erosion. Proper stocking and pasture 
iotation help to keep pasture and the soil in good condi- 

ese soils are well suited to trees. Plant competition 
concern, but tree seeds and seedlings survive and 

+iSrpW well if competing vegetation is controlled. Many 
kW,Ooded *E-.: .. areas are in oak-hickorv or beech-maple forest 

.types. Plant competition is the only limitation to,planting .. 

These soils are suitable for homesites. They are mod- 
erately well suited to most recreational uses. They do 
not have sufficient. strength and stability to support ve- 
hicular traffic, but roads can be built if a suitable base 
material is used. The moderately slow permeability limits 
use' for septic tank absorption fields, but it can be.over- 
come by increasing the size of the leach field or using 
an alternate leach field. Construction sites should be 
landscaped to drain surface water away from the build- 
ings. 

These soils are in capability subclass Ille; woodland 
suitability subclass 10. 

' or harvesting trees. . .  
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Ragsdale series 
The Ragsdale series consists of deep, very poorly 

drained soils that have slow permeability. These soils 
formed in calcareous or neutral, silty deposits. They are 
in depressions on the Wisconsin glacial till plain. Slope is 
0 to 2 percent. 

Ragsdale soils are commonly adjacent to somewhat 
poorly drained Fincastle and moderately well drained 
Xenia soils. Ragsdale soils have a darker colored A 
horizon than either of these soils. 

Typical pedon of Ragsdale silty clay loam, about 1.3 
miles east of College Corner, Oxford Township, T. 5 N., 
R. 1 E., section 5, from northwest corner, 165 feet south 
and 1,300 feet east: 

Ap-0 to 8 inches; very dark gray (1OYR 311) light silty 
clay loam; few fine faint light olive brown (2.5Y 513) 
mottles; weak medium granular structure; friable; 
many roots; slightly acid; abrupt smooth boundary. 

A12-8 to 1 2  inches; very dark gray (10YR 311) silty clay 
loam; few fine distinct brown (10YR 413) mottles in 
lower part; moderate fine and medium granular 
structure; slightly acid; gradual wavy boundary. 

B21tg-12 to 18 inches; dark gray (1OYR 411) silty clay 
loam; common fine faint brown (IOYR 5/3) mottles; 
weak fine subangular blocky structure; friable; 
common roots; thin very patchy dark gray (1OYR 
4/1) clay films on some faces of peds; slightly acid; 
clear wavy boundary. 

82219-18 to 30 inches; gray (10YR 511) silty clay loam; 
many medium distinct yellowish brown (1OYR 514) 
mottles; weak fine prismatic structure parting to 
moderate fine and medium subangular blocky; firm; 
few roots; thin continuous gray (10YR 511) clay films 
on faces of peds; few brown (10YR 513) mottles on 
vertical faces of peds and many brown (10YR 413) 
mottles on horizontal faces of peds; neutral; gradual 
wavy boundary. 

B23tg-30 to 50 inches; yellowish brown (1OYR 514) 
light silty clay loam; many medium distinct grayish 
brown (10YR 512) mottles; weak coarse prismatic 
structure parting to moderate medium subangular 
blocky; firm; thin very patchy gray (IOYR 511) clay 
films on faces of peds; neutral; clear wavy boundary. 

C1-50 to 60 inches; yellowish brown (10YR 514) silt 
loam; common coarse distinct gray (1OYR 511) mot- 
tles; massive; friable; mildly alkaline; clear wavy 
bout tdary. 

C2-60 to 72 inches; yellowish brown (IOYR 514) and 
dark yellowish brown (1OYR 4/4) silt loam; few 

medium distinct gray (IOYR 511) mottles; massiv 
friable; mildly alkaline; clear wavy boundary. 

The solum ranges from 36 to 52 inches in thickness. 
is slightly' acid to. neutral and ranges from silt loam 
silty clay loam. 

The B horizon, to a depth of 30 to 40 inches, has hi 
of 10YR to 5Y, value of 4 or 5, and chroma of *1 or 
Mottles have hue of lOYR or 2.5Y, value of 4 or 5, ar 
chroma of 1 to 6. The lower part of the B horizc 
commonly has higher chroma in the matrix than tt 
upper part ranging from brown to yellowish brown wi 
low chroma mottles. 

.. . . .. . . . - ... - . . - . . . _ _ .  . . . -. .- __ -. .. - . .. . 
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Ra-Ragsdale silty clay loam. This nearly level, 
deep, very poorly drained soil is on the Wisconsin glacial 
till plain. It is in long, narrow, and depressional areas or 
in shallow basins. This soil is subject to ponding as a 
result of runoff from higher, adjacent soils. Areas com- 
monly range from 3 to 200 acres in size. 

Typically, the surface layer is very dark.gray, friable 
light silty clay loam about 12 inches thick. The subsoil is- 
about 38 inches thick. The upper part is dark gray and 
gray, mottled, firm silty clay loam, and the lower part is 
yellowish brown, mottled light silty clay loam. The sub- 
stratum, to a depth of 72 inches, is yellowish brown, 
mottled, friable silt loam. 

Included with this soil in mapping are small intermin- 
gled areas of Raub soils in which the lower part of the 
subsoil formed in glacial till and soils that have a silt 
loam surface layer, Also included are small linear areas 
of Fincastle or Xenia soils along the boundaries of this 
soil and small areas of Patton soils, generally in the 
lowest part of the depression. 

This 'Ragsdale soil has slow permeability and high 
available water capacity. Runoff is slow. The soil has a 
seasonal high water table but if  adequately drained, it 
provides a deep rooting zone for most commonly grown 
annual crops. The surface layer is high in organic-matter 
content and in ability to store and release plant nutrients. 

If adequately drained, this soil is well suited to crops 
commonly grown in the county, such as corn and soy- 
beans. It has high potential for pasture, woodland, and 
wildlife habitat. It has low potential for building site devel- 
opment, sanitary facilities, and recreational uses. 

Wetness is a hazard. The soil dries slowly in spring 
because of the seasonal high water table. It can be 
drained by subsurface drainage lines and surface ditches 
if adequate outlets are established. It is highly suscepti- 
ble to compaction if worked when wet. Returning crop 
residues to the soil improves fertility, reduces crusting, 
and increases water infiltration. Maintenance of fertility 
and control of wetness are the main management con- 
cerns. 

If drained, this soil is well suited to pasture or hay. 
Overgrazing or grazing when the soil is too wet, howev- 
er, can cause surface compaction and poor tilth. Proper 
stocking, pasture rotation, timely deferment of grazing, 
and restricted use during wet periods help to keep the 
pasture and soil in good condition. 

This soil is suited to hardwood trees. In existing 
stands, tree seeds, cuttings, and seedlings survive and 
grow well if competing vegetation is controlled or re- 
moved by spraying, cutting, or girdling. Wetness is a 
hazard when planting or harvesting trees. 

This soil is poorly suited as building sites and for 
sanitary facilities because of wetness and 'the seasonal 
high water table. Subsurface drains are commonly used 
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to lower the water table if suitable outlets are available. 
Landscaping building sites helps to keep surface water 
away from foundations. Local roads can be improved by 
artificial drainage and using a suitable base material. 

This soil is in capability subclass Ilw; woodland suit- 
ability subclass 2w. 

. . .  . 
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Raub series 
The Raub series consists of deep, somewhat poorly 

drained soils that have slow permeability. These soils 
formed in a mantle of loess and in the underlying calcar- 
eous, loamy glacial till of Wisconsin age. Slope ranges 
from 0 to 6 percent. 

Raub soils are similar to Brenton soils and are com-' 
manly adjacent to Dana and Fincastle soils. Brenton 
soils are similar to Raub soils, but they formed in lacus- 
trine material. Raub soils are wetter and more mottled in 
the B horizon than Dana soils. They differ from Fincastle 
soils in having a darker colored A horizon and are better 
drained. 

Typical pedon of Raub silt loam, 2 to 6 percent slopes, 
about 1.1 miles east of Le Sourdsville, Lemon Township, 
R. 3, T. 3, section 29, from northwest corner, 165 feet 
south and 1,300 feet east: 

Ap-0.to 10 inches; black (10YR 211) silt loam; weak 
fine granular structure; friable; many roots; slightly 
acid; abrupt smooth boundary. 

A12-10 to 15 inches; very dark gray (10YR 3/2) silt 
loam; moderate medium granular structure; friable; 
many roots; slightly acid; abrupt wavy boundary. 

B21t-15 to 21 inches; dark grayish brown (IOYR 4/2) 
silty clay loam; many medium distinct brown (10YR 
5/3) mottles; moderate medium subangular blocky 
structure; friable; common roots; thin very dark gray- 
ish brown (1OYR 312) clay films on faces of peds; 
medium acid; clear wavy boundary. 

B22t-21 to 37 inches; brown (10YR 513) silty clay loam; 
many medium distinct gray (10YR 5/1) mottles; 
moderate medium subangular blocky structure; firm; 
few roots; thin dark gray (10YR 4/1) clay films on 
faces of peds; medium acid; clear wavy boundary. 

1183-37 to 43 inches; brown (10YR 513) clay loam, 
common medium distinct gray (1OYR 511) mottles; 
weak coarse subangular blocky structure; friable; 
neutral; abrupt wavy boundary. 

IIC-43 to 60 inches; mottled yellowish brown (10YR 
514) and gray (10YR 6/1) loam; structureless, mas- 
sive; friable; slight effervescence; mildly alkaline. 

The silt mantle ranges from 22 to 42 inches in thick- 
ness, and the solum ranges from 36 to 60 inches in 
thickness. The mollic epipedon ranges from 11 to 18 
inches in thickness. Reaction ranges from medium acid 
to neutral depending upon the amount of lime that has 
been applied. 

The B horizon has hue of lOYR or 2.5Y, value of 4 or 
5, and chroma of 2 to 6. The upper part of the B horizon 
is silty clay loam, and the lower part is clay loam. The 
upper part is medium acid to strongly acid, and the lower 
part is neutral. 

n .  
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RdA-Raub sllt loam, 0 to  2 percent slopes. This 
deep, nearly level, somewhat poorly drained, dark col- 
d ored soil is on glacial till plains. It is in areas adjacent to 
and surrounding depressions and drainageways. Areas 
are rounded and oblong and range from 3 to 20 acres in 
size. 

Typically, the surface layer is black, friable silt loam 
about 10 inches thick. The subsurface layer is very dark 
gray silt loam 5 inches thick. The subsoil is about 28 
inches thick. The upper part is dark grayish brown, mot- 
tled, friable silty clay loam; the middle part is brown, 
mottled, firm silty clay,loam; and the lower part is brown 
mottled, friable clay loam. The substratum, to a depth of 
60 inches, is yellowish brown mottled loam. 

Included with this soil in mapping are a few small 
areas of very poorly drained, dark colored Ragsdale soils 
in which the lower part of the subsoil formed in silty 
material rather than in weathered glacial till. Also includ- 
ed are a few small areas of moderately well drained 
Dana soils in the more sloping areas. 

This 'Raub soil has slow permeability and high availa- 
ble water capacity. Surface runoff is slow. The surface 
layer is high in organic-matter content, and tilth is good. 
The rooting zone ranges from medium acid to slightly 
acid unless limed. The water table is high in winter and 
spring. 

If drained, Raub soil is well suited to crops commonly 
grown in the ,county. Most of the acreage is in corn, 
soybeans, wheat, and hay, and the soil. has high poten- 
tial for these uses if properly managed. It also has high 
potential for pasture, woodland, and wildlife habitat. It 
has medium to low potential for most building site devel- 
opment and sanitary facilities and medium potential for 
most recreational uses. 

Drainage is the main management concern if this soil 
is used for farming. Maintaining good soil structure is 
also a concern. Soil compaction is a concern when 
heavy machinery is used. The soil can be used for con- 
tinuous row crops if management is optimum. It dries 
Slowly in spring, and planting may be delayed in areas 
not drained. 
. This soil is suited to both pasture and trees, but rarely 
IS used for either because of its suitability for more valu- 
able crops. 

This soil is poorly suited as building sites and for 
sanitary facilities because of wetness. Performance of 
septic systems can sometimes be improved by providing 
,an alternate leach field or installing curtain drains around 
the absorption field to lower the water table. Landscap- 

.. . building sites helps to keep surface water away from 

. 
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foundations. This soil is better suited to dwellings without 
basements than to dwellings with basements. Local 
roads can be improved by artificial drainage and using a 
suitable base material. 

This soil is in capability subc!ass Ilw; woodland suit- 
ability subclass not assigned. . 

.._ _ _ >  . . 



5 1 9 2  

Russell series 
The Russell series consists of deep, well drained soils 

on uplands and in till filled valleys. These soils have 
moderate permeability in the upper part of the subsoil 
and moderately slow in the lower part of the subsoil and 
in the substratum. They formed in loess and in the un- 
derlying calcareous glacial till of Wisconsin age. Slope 
ranges from 2 to 18 percent. 

These soils have a solum that is less than 40 inches 
thick. This is less than defined for the series, but this 
difference does not materially affect use or management. 

Russell soils are similar to Uniontown soils and com- 
monly are adjacent to Fincastle and Xenia soils. Union- 
town soils formed in lacustrine material. Russell soils do 
not have mottles that are 2 in chroma as is characteristic 
of the Fincastle and Xenia soils. 

Typical pedon of Russell silt loam, 2 to 6 percent 
slopes, moderately eroded, about 2 miles southeast of 
College Corner, Oxford Township, T. 5 N., R. 1 E., sec- 
tion 8,  from southeast corner, 1,520 feet north and 1,920 
feet west: 

Ap-0 to  7 inches; dark brown (1OYR 413) silt loam; 
moderate medium granular structure; friable; neutral; 
abrupt smooth boundary. 

81-7 to 10 inches; brown (10YR 513) silt loam; moder- 
ate medium subangular blocky structure; friable; 
slightly acid; clear wavy boundary. 

B21t--10 to 22 inches; brown (7.5YR 514) light silty clay 
loam; weak medium prismatic structure parting to 
moderate medium subangular blocky; firm; thin 
patchy yellowish brown (10YR 5/4) clay films on 
faces of peds; medium acid; clear wavy boundary. 

11822t-22 to 27 inches; strong brown (7.5YR 516) clay 
loam; moderate medium prismatic structure parting 
to moderate medium subangular blocky; firm; thin 
patchy dark brown (7.5YR 4/4) clay films and pale 
brown (IOYR 6/3) coatings on some vertical faces 
of peds; 2 percent till pebbles; few fine very dark 
brown (1 OYR 2/2) manganese concretions; neutral; 
clear wavy boundary. 

11823t-27 to 33 inches; brown (7.5YR 5/4) clay loam; 
weak medium subangular blocky structure; firm; thin 
continuous dark brown (7.5YR 414) clay films on 
faces of peds; 4 percent till pebbles; mildly alkaline; 
clear smooth boundary. 

1183-33 to 36 inches; yellowish brown (10YR 514) clay 
loam; weak medium subangular blocky structure; 
firm; 8 percent till pebbles; slight effervescence; 
mildly alkaline; clear smooth boundary. 

llC-36 to 60 inches; brown (10YR 513) loam; massive; 
firm; 10 percent till pebbles; strong effervescence; 
moderately alkaline. 

The solum ranges from 36 to 56 inches in thickness 
but is commonly 36 to 46 inches thick. The loess mantle 
ranges from 22 to 36 inches in thickness. Thickness of 
the solum is generally the same as the depth to calcare- 
ous till. 

The Ap horizon is dark grayish brown or dark brown. In 
wooded areas, there is a dark colored A1 horizon, 1 inch 
to 3 inches thick. The A horizon ranges from medium 
acid to neutral. 

The Bt horizon has hue of 10YR or 7.5YR, value of 4 
or 5, and chroma of 4 to 6. It ranges from heavy silt 
loam to silty clay loam. 

The llBt horizon is similar in color to the Bt horizon. It 
ranges from light to medium clay loam. The B horizon 
ranges from medium acid to mildly alkaline. 

. 
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RvB-Russell-Miamian silt loams, 2 t o  6 percent 
slopes. These deep, gently sloping, well drained soils 
are on upland ridges and long smooth hillsides. They are 
also on large convex rises and foot slopes in valleys that 
have been partly filled with till by glacial action. Individual 
areas are irregular in shape and range from 3 to 100 
acres in size. 

This map unit is about 50 percent Russell silt loam 
and 30 percent Miamian silt loam. Russell soil is general- 
ly on the mid and lower parts of smooth or concave side 
slopes and on the broader ridgetops. Miamian soil is 
generally on narrow convex ridges, slope breaks, and 
sides of drainageways, espacially where the topography 
is somewhat hummocky. The two soils are so intricately 
mixed, or so small that it is not practical to separate 
them in mapping. 

Typically, Russell soil has a dark brown friable silt 
loam surface laver about 8 inches thick. The subsoil is 
about 30 inches thick. The upper part is brown, friable 
silt loam and firm silty clay loam, and the lower part is 
strong brown, brown, and yellowish brown, firm clay 
loam. The substratum, to a depth of about 60 inches, is 
brown, firm loam. The till substratum is variable in thick- 
ness but is generally at least 4 feet thick over bedrock. 

Typically, the Miamian soil has a brown friable silt 
loam surface layer about 6 inches thick. The subsoil is 
about 20 inches thick. The upper part is yellowish brown, 
friable silty clay loam, and the lower part is dark yellow- 
ish brown, firm clay loam. The substratum, to a depth of 
60 inches, is yellowish brown, firm calcareous loam that 
is variable in thickness, It is generally at least 4 feet thick 
over bedrock and is about 10 percent small limestone 
fragments. 

Included with these soils in mapping, and making up 
about 10 percent of the unit, are small areas of Russell- 
Miamian, bedrock substratum, soils on higher landscape 
positions. These soils are more than 15 percent stone 
fragments in the lower part of the subsoil and in the 
substratum. Also included are small areas of moderately 
well drained Xenia soils on the lower part of side slopes. 
Many areas have small yellowish brown eroded spots. 

Permeability is moderate in the upper part of the sub- 
soil and moderately slow in the lower part of the subsoil 
and in the substratum in the Russell soil. It is moderately 
slow in the Miamian soil. Available water capacity is high 
in the Russell soil and moderate in the Miamian soil. 
Surface runoff is medium from both soils. Reaction 
ranges from medium acid to mildly alkaline in the subsoil 
and varies widely in the surface layer as a result of local 
liming practices. The organic-matter content of these 
soils is low. The surface layer. is friable and easily tilled 
throughout a fairly wide range of moisture content. It has 
a tendency to puddle during rain and crust upon drying. 
Root development is restricted below a depth of about 
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38 inches in the Russell soil and below a depth of about 
26 inches in the Miamian soil by compact, loamy glacial 
till. The silty surface layer and long slopes make these 
soils especially susceptible to further sheet and rill 
erosion. 

Most of the acreage of these soils is used for farming. 
They have high potential for cultivated. crops, hay, pas- 
ture, and trees. They have medium to high potential as 
building sites and for sanitary facilities. 

These soils are suited to corn, soybeans, small grains, 
and grasses and legumes for hay and pasture. Where 
used for cultivated crops, there is a moderate hazard of 
erosion. Maintenance of tilth is a major management 
concern. Tillage, cover crops, contour farming, and 
grassed waterways help prevent further erosion. In many 
areas slopes are long enough and smooth enough to be 
strip-cropped or terraced and farmed on the contour. 
Returning crop residues to the soil and adding barnyard 
manure increase organic-matter content, improve ferility, 
reduce crusting, and increase water infiltration. 

Use of these soils for pasture or hay is also effective 
in reducing erosion. Grazing when the soil is too wet can 
cause surface compaction, excessive runoff, and poor 
tilth. Pasture rotation and restricted use during wet peri- 
ods are important. 

These soils are well suited to trees, and some small 
areas remain in native hardwoods. Tree seeds, cuttings, 
and seedlings survive and grow well if competing vegeta- 
tion is controlled or removed by site preparation or by 
spraying, cutting, or girdling. There are few soil limita- 
tions to planting or harvesting trees. 

Many of these soils are good homesites. They are well 
suited to recreational uses. Because they do not have 
sufficient strength and stability to support vehicular traf- 
fic, the base material needs to be strengthened or re- 
placed if these soils are used for roads. The moderately 
slow permeability limits use of the soils for septic tank 
absorption fields, but can be overcome by increasing the 
absorption area or by providing an alternate leach field. 
Construction sites should be landscaped to drain surface 
water away from the buildings. 

These soils are in capability subclass He; woodland 
suitability subclass l o .  
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Xenia series 
The Xenia series consists of deep, moderately well. 

drained soils on glacial till plains and in till filled valleys. 
These soils formed in a mantle of loess and the underly- . 

. ture; firm; thin patchy grayish brown (IOYR 5/2) clay 
films on surfaces of peds;,medium acid; clear wavy 
boundarv. 

ing calcareous glacial till over Ordovician bedrock in 
many areas. They have moderately slow permeability. 
Slope is 0 to 6 percent. 

Xenia soils are commonly adjacent to Fincastle and 
Russell soils. Fincastle soils are dominantly 2 in chroma 
below the Ap horizon and Russell soils lack 2-chroma 
mottles in the upper 10 inches of the argillic horizon. 

Typical pedon of Xenia silt loam, 2 to 6 percent 
slopes, about 3 miles south of Monroe, Liberty Town- 
ship, R. 3, T. 3, section 9, from southwest corner, 430 
feet north and 2,190 feet east: 

Ap-0 to 6 inches; dark grayish brown (10YR 4/2) silt 
loam; weak fine granular structure; friable; neutral; 
clear smooth boundary. 

MA-6 to 10 inches; brown (10YR 5/3) (6, 60 percent) 
and grayish brown (10YR 512) (A, 40 percent) heavy 
silt loam; weak fine and medium subangular blocky 
structure; friable; slightly acid; abrupt smooth bound- 
ary. 

B21t-I0 to 14 inches; dark yellowish brown (IOYR 414) 
silty clay loam; moderate fine and medium subangu- 
lar blocky structure; friable; thin patchy grayish 
brown (10YR 512) clay films on surfaces of peds; 
medium acid; clear smooth boundary. 

B22t-I4 to 20 inches; dark yellowish brown (1OYR 414) 
silty .clay loam; common medium distinct grayish 
brown (1OYR 5/2) and yellowlsh brown (10YR 516) 
mottles; moderate medium subangular blocky struc- 

' B23t-20 to 25 inches; dark yellowish brown (IOYR 4/4) 
and yellowish brown (10YR 516) silty clay loam; 
common fine distinct grayish brown (IOYR 5/2) mot- 
tles; moderate medium subangular blocky structure; 
firm; thin patchy grayish brown (10YR 5/2) clay films 
on surfaces of peds; common small very dark brown 
(1 OYR 2/2) iron-manganese concretions; medium 
acid; clear wavy boundary. 

11824t-25 to 31 inches; yellowish brown (IOYR 5/4 and 
5/6) silty clay loam; few fine faint grayish brown 
(1 OYR 5/2) mottles; moderate coarse subangular 
blocky structure; firm; thin very patchy grayish brown 
(IOYR 5/2) clay films on surfaces of peds; few fine 
very dark brown (10YR 212) iron-manganese con- 
cretions; 2 percent fine angular till pebbles; neutral; 
clear smooth boundary. 

1183-31 to 37 inches; dark yellowish brown (10YR 4/4) 
clay loam; few medium distinct yellowish brown 
(10YR 5/6) and grayish brown (10YR 512) mottles; 
weak coarse subangular blocky structure; firm; 5 
percent fine angular till pebbles in upper part and 
limestone segregations in lower part of horizon; 
mildly alkaline; abrupt irregular boundary. 

llC-37 to 72 inches; olive brown (2.5YR 414) light clay 
loam; many medium distinct grayish brown (2.5YR 
5/2) mottles; massive; firm; 8 percent angular till 
pebbles; strong effervescence; moderately alkaline. 

The thickness of the solum and depth to carbonates 
ranges from 3640 50 inches. The loess cap ranges from 
22 to 36 inches in thickness. 

The'Ap horizon is lOYR 4/2 or 10YR 3/4. It ranges 
from medium acid to neutral. It is silt loam. 

The 82 horizon is 10YR 4/4, 10YR 514, or 10YR 413. 
It is silty clay loam. The 1182 horizon and 1183 horizons 
formed in till and are similar to the 82 horizon in color, 
but are clay loam. 

The C horizon is clay loam or loam till. 
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XeB-Xenia silt loam, 2 to 6 percent slopes. This 
deep, gently sloping, moderately well drained soil is on 
the till plain and in the till filled valleys. Most areas are 
rounded or irregular in shape and 2 to 90 acres in size. 

Typically, the surface layer is dark grayish brown, fri- 
able silt loam about 6 inches thick. The next layer is 
brown and grayish brown, heavy silt loam. The subsoil is 
about 27 inches thick. The upper part is dark yellowish 
brown and yellowish brown, mottled silty clay loam, and 
the lower part is dark yellowish brown, mottled clay 
loam. The substratum, to a depth of 60 inches, is olive 
brown, mottled light clay loam. 

Included with this soil in mapping are small areas of 
the somewhat poorly drained Fincastle soils in the low 
areas and the well drained Russell-Miamian soil com- 
plex on rises. A few areas of the moderately well drained 
Celina soils are included where the loess cap is less 
than 18 inches thick. 

The Xenia soil has moderately slow permeability, high 
available water capacity, and medium runoff. It has a 
high water table in the subsoil in spring. It has low 
organic-matter content in the surface layer, and it has 
good tilth. Reaction is medium acid to mildly alkaline in 
the rooting zone. 

This soil has high potential for cultivated crops, and 
most areas are used as cropland. Corn, soybeans, small 
grains, and hay are the principal crops. Potential is high 
for pasture, woodland, and wildlife habitat. Potential is 
medium for building site development, and low for most 
sanitary facilities, and medium for most recreational de- 
velopments. 

The erosion hazard is moderate. Minimum tillage, 
winter cover crops, and grassed waterways will prevent 
excessive soil loss. The soil's natural drainage generally 
is adequate for farming, but random subsurface drainage 
lines to drain wet spots will benefit most crops. Some 
areas require lime applications to maintain proper soil 
reaction in the rooting zone. The surface layer of this soil 
crusts after a hard rain, but the regular addition of organ- 
ic matter reduces the crusting and also increases the 
fertility level, Maintenance to control erosion and the 
fertility and organic matter levels are the main manage- 
ment concerns. 

The use of this soil for pasture or hay is effective in 
controlling erosion. Grazing when the soil is wet, howev- 
er, will cause surface compaction, excessive runoff, and 
poor tilth. Proper stocking, pasture rotation, and restrict- 
ed use during wet periods help keep the pasture and soil 
in good condition. 

This soil is well suited to trees. Various adapted spe- 
cies grow in the woodlots. Plant competition is a moder- 
ate limitation, but tree seedlings survive and grow well if 
the competing vegetation is controlled. There are no 
other limitations for planting or harvesting trees on this 
soil. 
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This soil is suited to homesites, and it is well suited to 
recreational uses. Because it does not have sufficient 
strength and stability to support vehicular traffic, the 
base material needs to be replaced if the soil is used for 
roads. The moderately slow permeability limits use for 
septic tank absorption fields but can generally be over- 
come by increasing the. absorption area, using curtain 
drains, or providing an alternate leach field. Homesites 
should be landscaped so that surface drainage is away 
from buildings. 

This soil is in capability subclass Ile; woodland suitabil- 
ity subclass lo .  
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XeB2-Xenia silt loam, 2 to 6 percent slopes, mod- 
erately eroded. This deep, gently sloping, moderately 
well drained soil is on till plains and in till filled valleys. 
Most areas are rounded or regular in shape and range 
from 2 to 75 acres in size. 

Typically, the surface layer is dark grayish brown, fri- 
able silt loam about 6 inches thick. The next layer is 
brown and grayish brown heavy silt loam. The subsoil is 
about 26 inches thick. The upper part is dark yellowish 
brown and yellowish brown, mottled silty clay loam, and 
the lower part is dark yellowish' brown, mottled clay 
loam. The substratum, to a depth of 60 inches, is olive 
brown, mottled light clay loam. 

Included with this soil in mapping are small areas of 
the moderately well drained Celina soils where the loess 
mantle is less than 18 inches thick. Also included are a 
few areas of the Russell-Miamian soil complex near 
streambanks. 

The Xenia soil has moderately slow permeability, high 
available water capacity, and medium runoff. It has a 
high water table in spring. The soil has low organic- 
matter content in the surface layer, and it has fair tilth. 
Reaction is medium acid to mildly alkaline in the rooting 
zone. 

This soil has high potential for cultivated crops, and 
most areas are used as cropland. Corn, soybeans, small 
grains, and hay are the principal crops. Potential is high 
for pasture, woodland, and wildlife habitat. It is fair for 
building site development, low for most sanitary facilities, 
and medium for most recreational developments. 

The erosion hazard is moderate. Minimum tillage, 
winter cover crops, and grassed waterways help prevent 
excessive soil loss. internal natural drainage of the soil 
generally is adequate for farming, but random subsurface 
tile lines to drain wet spots will benefit most crops. Some 
areas require lime applications to maintain the proper 
soil reaction in the rooting zone. The surface layer of this 
soil crusts after a hard rain, but the regular addition of 
organic matter will reduce soil crusting and also improve 
soil fertility. Maintenance to control erosion, soil fertility, 
and organic-matter levels is the main management con- 
cern. 

The use of this soil for pasture or hay is effective in 
controlling erosion. Grazing when the soil is wet will 
cause surface compaction, excess runoff, and poor tilth. 
Proper stocking rates, pasture rotation, and restricted 
use during wet periods will help keep the pasture and. 
the soil in good condition. 

c 
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This soil is well suited to trees. A wide variety 01 
adapted species are commonly in the woodlots. Plan' 
competition is a moderate limitation, but tree seedling: 
survive and grow well if the competing vegetation 2 
controlled. There are no other limitations for planting 01 
harvesting trees. 

This soil has limited use for septic tank absorptior 
fields because of its moderately slow permeability an( 
seasonally high water table. Those limitations have beer 
minimized in some areas, however, by using subsurface 
drains to lower the water table and by incyeasing'th( 
leaching area or providing for an alternate leach field. Thc 
soils wetness and low strength limit use for homes witt 
basements and small commercial buildings. The seasona 
high water table is also a limitation for homes withou 
basements. The high frost action potential requires tha 
footings and foundations be placed below the frost line 
Suitable base material should be used where roads ani 
streets are constructed. 

This soil is in capability subclass Ile; woodland suitabil 
ity subclass 10. 

. . . .  . . . . . . . . . . .  _ _  



XfB2-Xenia silt loam, bedrock substratum, 2 to 6 
percent slopes, moderately eroded. This deep, gently 
sloping, moderately well drained soil is on bedrock-con- 
trolled till plains. Most areas are circular or irregular in 
shape and 2 to 200 acres. 

Typically, the surface layer is dark grayish brown, fri- 
able silt loam about 7 inches thick. The subsoil is 29 
inches thick. The upper part is firm, brown silty clay 
loam; the middle part is firm, dark yellowish brown silty 
clay loam that has grayish brown mottles; and the lower 
part is firm, dark yellowish brown clay loam with grayish 
brown mottles. The substratum, to a depth of 50 inches, 
is dark yellowish brown stony clay loam that is 15 to 30. 
percent limestone flggstones. Interbedded shale and 
limestone bedrock of Ordovician age is at a depth of 50 
inches. The bedrock is at a depth of 48 to 72 inches. It 
is more than 66 percent soft clay shale and less than 34 
percent crystaline, fossiliferous, thin-bedded limestone. 

Included with this soil in mapping are small .areas of 
the somewhat poorly drained Fincastle, bedrock substra- 
tum, soils, the well drained Russell-Miamian, bedrock 
substratum, soils, and the well drained Wynn soils. The 
Fincastle soils are grayer in the subsoil than this Xenia 
soil and are in low areas, usually at the head of water- 
ways and in shallow basins. The Russell-Miamian soils 
are less gray in the subsoil and are on the upper part of 
the slopes, generally near the crest and shoulder. The 
Wynn soils are also less gray in the subsoil but have 
bedrock 20 to 40 inches below the surface. Also includ- 
ed are some areas that are deeper than 72 inches to 
bedrock; 

This soil has moderately slow permeability, moderate 
available water capacity, and medium runoff. The surface 
layer is low in organic-matter content, and tilth is good. 
Reaction is medium acid to mildly alkaline in the rooting 
zone. The water table is perched over the subsoil in 
spring. 

This soil has high potential for cultivated crops, and 
most areas are used as cropland. Corn, soybeans, 
wheat, and hay are the major crops. This soil also has 
high potential for pasture and woodland and for wildlife 
habitat. Potential is medium for building site development 
and low for sanitary facilities. Potential is medium to high 
for most recreational development. 

The erosion hazard is moderate. Minimum .tillage, 
winter cover crops, and grassed waterways prevent ex- 
cessive soil loss. Natural drainage of the soil generally is 
adequate for farming, but installing random subsurface 
lines to drain wet spots will benefit most crops. In some 
areas of this soil, lime applications are required to main- 
tain proper reaction in the rooting zone. The surface 
layer crusts after rain, but the addition of organic matter 
reduces crusting and improves soil fertility. Maintenance 
to control erosion and soil fertility and organic-matter 
levels is the main management concern. 

Using this soil for pasture or hay is effective in control- 
ling erosion. Grazing when the soil is wet, however, can 
cause surface compaction, excessive runoff, and poor 
tilth. Proper stocking, pasture rotation, and restricted use 
during wet periods help keep the pasture and the soil in 
good condition. 

This soil is well suited to trees. Plant competition is a 
moderate limitation, but tree seeds and seedlings survive 
and grow well if the competing vegetation is controlled. 
There are no other limitations for planting or harvesting 
trees. 

Moderately slow permeability and a seasonal high 
water table limits use of this soil for septic tank absorp- 
tion fields. The high water table and depth to bedrock 
are also limitations for shallow excavations. Soil wet- 

. .  
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TABLE 16.--SOIL A N D  HATER FEATURES = -  

D c  
[The d e f i n i t i o n s  o f  " f looding1* and I luater  t a b l e "  i n  t h e  t ex t  e x p l a i n  terms such  a s  " b r i e f , "  l Iapparent I t1  and "perched."  . 

The symbol < means less  t h a n ;  > means more t h a n .  Absence o f  an e n t r y  i n d i c a t e s  t h a t  t h e  f e a t u r e  i s  n o t  a c o n c e r n ]  
0 ?.. 
0 -  c -2;  Hisk of c o r r o s i o n  

I 5' High water t a b l e  ; Bed 
I 

I I I 

IClC 

i a rdnes :  

I I Flooding  
I S o i l  name and :Hydro-: I Po ten t i a l  

f r o s t  
a c t i o n  

High----- 

High----- 

Moderate 

Low------ 

High----- 

H igh----- 

High----- 

3 igh----- 

ilonths Depth i ! K i n d  :Months ! i ! Depth Uncoated j C o n c r e t e  3 
0 s t e e l  I 

I 
I 

H igh----- :High. 

High-----! Moderate .  
:I 

I 

I 

I 

map symbol I l o g i c :  Frequency I D u r a t i o n  
: g r o u p  I '  I 

I I F t  I I ; I n  
I I -- - 

I 

I I 
I 

I I I 
I I 

1.0-3.01Perched ;Jan-AprI >60 

1.0-3.0.IApparentlMar-Jun; >60 
I 

I 

D 

B 

B 

A 

C 

C 

C 

B 

B 

C 

C 

B 

B 

C 

C 

B 

I I 
I 
I 

I I --- I >60 

I 

I 

>6.0 I --- 
>6.0 I --- I 

I 

1.5-3.01Perched 
I 

I 
I 

>6.0  I --- 
I I 

t I 

I 
1.0-3.0:Apparent  

3.0-6.0 ;Perched 

3.5-6.0;Perched 

i .  
. I  

I 
I : 

1 

I 
> 6 . 0  --- 

I 

3 .O-6.0 I Apparent 
I 

I 

I 
I 

Low------ I Low. 

Low------ I Low. 

High----- I n o d e r a t e .  
I 
I 

Modera te  ;High.  

I 
High-----!Moderate. 

I 
Moderate  :Moderate .  

I I 

I 

I 

I 

I --- >60 
I 

Jan-Aprl >60 
' I  

I 

--- : > 6 0  
I 
I 

Jan-Apri I , >60 

Mar-Aprj 1 >60 
I 
I 

I 
I 

Mar-Apri 40-60 

I 

I I 

lflgh-----IModerate !Moderate. 
I 

I 
I 
I --- ;Modera te  [LOW.. 

ligh-----:Moderate :Low. 

I I 
I 

1 f 
I I 

I 

> 60 

>60 

> 60 

>60 

4 8-72 

Jan-Apr 

--- 

--- 

Jan-Apr 

Jan-Apr 

I 

1 

>6.0 --- 
I I 

I 

I 
I 

. lodera te  I !High----- IModerate. 
I 

; : 
loderate  ;High----- I n o d e r a t e .  

I 
I I 

1 igh----- ;High-----!Moderate. 
I I 

I 
iigh----- ;High----- IModerate. 

I I 

l o d e r a t e  :Lou------ ILOW. 

. I  

I 
I 

I 

I I 
I I 

I 
1 

I 
I 1 

I I 

I f I 

--- 
I 

I 
>6.0 i ---, 

I 

I 

--- 
I 
I 

1.0-3.OIApparent 
I 

1.0-3.0IPerched 
I 

I 

. I  I I 

>6.0 I --- --- 
I I 

I I 

I 
>60 : --- 

I 

I I I I 

S e e  f o o t n o t e  a t  end of  t a b l e .  
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. . ,,. -.:;.. . , lu ..i ,".'a- .. ' . .  

. .._ . .  
. .. ..: . 
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I 
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I 
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Depth 

Ft 

>6.0 

- .  

>6.0 

>6 .0  
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>6.0 

>6.0 

>6.0 

>6.0 
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3.5-6.0 

>6.0 
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0-2.0 

Bed 

Depth 

I n  - 

I 
I I F looding  
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! 
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i a r d n e s s  Months map symbol I l o g i c : .  Frequency I Durat ion  
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i 
I 

I 

I I --- ; --- 
I 
I 

I I --- ; --- 
--- ; --- 

ApparentlNov-Mar 

I 

I 

I 

Moderate 

Moderate 

>60 

>60 

>60 

>60 

>60 

>60 

>6 0 

> 6 0 .  

>6 0 

Moderate [Modera te  
I I --- :High----. 
I 

I 

Moderate !Low-----. I 

Low------ ;Low-----. 

I 

I 

I I 

Moderate. 

Moderate. 

Low. 

Low. I --- 
I 

I 

I 
I 
I 

I 

I 

I 

I 

I 

I 
I 

I 

Moderate IModerate  
I I .  

. I  
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1 
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Moderate. 
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Moder a t e  . 
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I 

I Moderate  
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I 

High----- 
I, 
I 
I 
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I 
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1 
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I I 

I 

I --- I 
I 

I 

I 
I 

I 
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--- 
I 
1 I 

I 

I 

I 

I 
--- : I 

I I 

I IModerate IModerate  
I 

I I 
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I 
;High----- :High----- 
I 

I I 

I 
I 

I 

I 
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--- 
I I 
I 

1 --- 

; --- 
I 

I 

I 

I 

I 

I 

I 
I I --- 
I 

I I 

I --- 
I 

I 

Moderate. 

Low. 

I I I 

I I 
I I 
I I 
IModerate :Moderate 
I I 
I I 

I 

I 

:High----- :High----- 
I 

Pg*. - I 
I 

I P i t s  
I ' I  

I 

>6.0 I --- 
I 

Hoderate .  
I I 
I I  
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I 

I 
I 

. I  

I I 

I I I 
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See  f o o t n o t e  a t  end of t a b l e .  
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SECTION 02930 
SEEDING AND BIOENGINEERING EROSION CONTROL 

PART1 GENERAL 

1.1  SCOPE 

A. This Section includes soil stabilization, which includes application of crusting agent, 
establishing vegetation by seeding and dormant live cuttings, and installing 
biodegradable erosion control materials. The work in this Section includes, but is not 
limited to; soil preparation, interim vegetation, permanent vegetation, application of 
fertilizer, application of mulches, application of crusting agent, and installation of erosion 
control materials. 

, 

1.2 RELATED SECTIONS AND PLANS 
A. Section 02940 - Planting 

1.3 REFERENCES 
A. Latest version of Ohio Department of Natural Resources (ODNR) Rainwater and Land 

Development Standards (ODNR Rainwater and Land Development Standards). 

B. “Identification and Listing of Hazardous Waste, Title 40, Code of Federal Regulations 
(CFR), Part 261 , Subpart E.C. 

C. “Federal Hazardous Material Transportation Law, ” US. Department of Transportation 
W.S. DOT, 1994). 

PART 2 PRODUCTS 

2.1 MATERIALS 
A. Furnish seed labeled in accordance with U.S. Department of Agriculture (USDA) Rules 

and Regulations under the Federal Seed Act and applicable State seed laws. Furnish seed 
in sealed bags or containers bearing the date of expiration. Do not use seed after its date 
of expiration. Each variety of seed shall have a purity of not less than 90 percent by 
weight, a percentage of germination not less than 80 percent by weight, and a weed to 
seed content of not more than 0.75 percent by weight and contain no noxious weeds. 
Furnish seed mixtures having seed proportioned by weight in accordance with 
Table 02930-1AY Table 02930-1BY and Table 02930-2 of this Section. Areas requiring 
permanent seeding during the summer months (July 1 - September 20) shall be seeded 
with 30 lbs/acre of ReGreen or stabilize with a crusting agent as specified in this Section, 
unless otherwise directed by the Construction Manager or the Restoration Ecologist. 
Stabilization performed during the summer shall be followed by fall application of the 
appropriate permanent seed mix. 

- -  __ - - - - - . - ___ O O Q O S ~  
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B. Permanent seed mixes shall be treated with fungal (mycorrhizae) inoculant and bacterial . 
(rhizobium) inoculants. The specified legumes must be inoculated with the appropriate 
rhizobia1 strains.. 

C.  Furnish mulch meetirig the following requirements: 

1 i ' Mulch shall be straw or wood cellulose fibers; free of clay, stone, foreign 
substances, and free of weeds. 

2. Straw should not contain sticks larger than %-inch diameter or other materials that 
may prevent matting down during application. Use straw that is free fiom mold 
and other objectionable material for placing with mulch blower equipment or other 
equipment as approved by the Construction Manager. Straw shall be generally 
6 inches or more in length. 

3. Straw shall be: 

a. weed f;ee straw.from the Minnesota Crop Improvement Association 
certified weed fiee straw vendors; 

b. straw that has been inspected and determined to be weed free by Central 
Ohio Seed Testing; 

native prairie grass mulch; or c. 

d. equivalent substitute as approved by the Construction Manager. 

4. Mulch applied by hydrospraying shall be a bonded fiber matrix containing wood 
fibers held together with a hydrocolloid-based binder, which upon drylng becomes 
insoluble and non-dispersible. The fibers shall be composed of 100 percent wood 
or wood by-products and shall be 100 percent biodegradable. Use a bonded fiber 
matrix containing a green dye that will provide for easy visual inspection for 
uniformity of slurry spread. The bonded fiber matrix, including dye, shall contain 
no growth or germination inhibiting properties. The wood cellulose fiber shall be 
manufactured in such a manner that, after addition and agitation in slurry tanks 
with water, the fibers in the material become uniformly suspended to form a 
homogeneous material. When sprayed on the ground, the material shall allow 
absorption and percolation of moisture. The wood cellulose fiber shall meet the 
following requirements : 

Item Specification Limit 

Particle Length 0.4 inch (maximum) 
Particle Thickness 0.047 inch (maximum) 
PH 4.0 to 8.5 
Ash Content 1.6 % (maximum) 
Water Holding Capacity 500 % (minimum) 
(based on fiber dry weight) 
Moisture Content 12 % f 3 % (by weight) 

- 
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D. Mulch binder agent shall be as approved by the Construction Manager and shall meet the 
following requirements: 

1. The mulch binder shall be hydrocolloid base (guar gum) and shall not dissolve or 
disperse upon rewetting. 

2. The mulch binder shall not have hazardous characteristics of ignitability, 
corrosivity, reactivity, or toxicity as defined in 40 CFR Part 26 1, Subpart C, for a 
hazardous waste in either its pre-applied or cured states. 

3. The mulch binder shall have a flash point greater than 200°F. The mulch binder 
shall be neither a flammable nor combustible liquid per US. Department of 
Transportation definition (DOT 1994). The mulch binder must not be susceptible 
to significant deterioration from exposure to the elements, including sunlight. 

4. The mulch binder shall be provided in concentrated solution and prepared so that it 
will not change in transportation or storage. 

I .  

E. The crusting agent shall be as approved by the Construction Manager and shall meet the 
following criteria: 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

pine sap emulsion comprised of a 100 percent organic emulsion produced from 
naturally occurring resins (pine sap); or a mixture of Conwed Fiber's Enviroblend 
hydraulic mulch and Finn Corporation's A-SO0 Hydro-Stik tacking agent (mulch 
binder); or an approved equal; 

not comprised of chloride, lignosulfonate, petroleum, or asphaltic-type emulsions; 

provide dust suppression and surface stability for exposed soils, both disturbed and 
undisturbed soils, and exposed coal fired ash (flyash); 

compatible with application via a hydro seeder, and must not require intense 
cleaning of equipment after application; 

non-tracking (i.e., will not stick to boots or tires) once cured; 

not have hazardous characteristics of ignitability, corrosivity, reactivity, or toxicity 
as defined in 40 CFR Part 261, Subpart C, for a hazardous waste in either its 
pre-applied or cured states; 

have a flash point greater than 200°F; 

be neither a flammable nor combustible liquid per DOT definition; and 

not be susceptible to significant deterioration from exposure to the elements, 
including sunlight. 



5 1 9 2  
FCP-WETMITII-NRRDP- FMAL 

2091 1-PL-0002, Revision 0 
November 2003 

F. Woven coir erosion mat shall meet the 'following criteria: 

1. coconut fiber content: 100% 

2. 

3. thickness: 0.3 inches 

weight: 22 ounces per square yard 

4. openarea: 38% 

5 .  tensile strength: 1,350 lb/fi by 626 lb/fi (length by width) 

6.  elongation: 34% by 38% (length by width) 

G. Coconut logs shall be constructed of 100% coconut fiber, 10-inch minimum diameter and 
8-foot maximum length. 

H. Wood stakes for fastening coir mats and logs shall be as follows: 

1. stakes for coir erosion mats shall be nominal 2-inch square, minimum 8 inches in 
length. 

2. stakes for coconut logs shall be nominal 2-inch square, minimum 35 inches in 
length. 

I. Metal staples for fastening coir mats shall be 1 1-gauge wires formed into a staple shape 
with minimum dimensions of 6 inches by 1 inch by 6 inches. 

J. Dormant live cuttings for bioengineering erosion control shall be as follows: 

1. length: 2.5-foot minimum, 4 foot maximum 

2. diameter: OS-inch minimum, 2 inch maximum 

3. acceptable species include: silky dogwood (Cornus amonurn), gray dogwood 
(Cornus racemosa), red osier dogwood (Cornus stolonifera), cottonwood (Populus 
deltoides), peachleaf willow (Salix amygdaloides), pussy willow (Salix discolor), 
sandbar willow (Salk exigua), black willow (Salix nigra), silky willow (Salix 
sericea), elderberry (Sambucus canadensis), and arrow wood (Viburnum 
dentaturn). Additional species may be used upon approval by the Restoration 
Ecologist. 

K. Fertilizer: 

1. Furnish commercial grade fertilizer, uniform in composition that meets the 
requirements of all State and Federal regulations and standards of the Association 
of Agricultural Chemists. 

2. Fertilizer shall be slow release complete fertilizer. 
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3. Fertilizer for application within the NPP area shall be 34-0-10; other fertilizers may 
be approved by the Construction Manager or Restoration Ecologist. Fertilizers shall 
contain not less than 1 percent added s u l k  and not more than 8 percent added iron, 
or an approved equal. 

Fertilizer must have MSDS submitted in accordance with this Section. 4. 

5 .  Fertilizer shall be used for interim seeding only. 

L. Construction water shall be obtained from the on-site water source as directed by the 
Construction Manager. 

2.2 EQUIPMENT 
A. Provide equipment of size and type to perform work specified in this Section. 

PART 3 EXECUTION 

3.1 DELIVERY, STORAGE, AND HANDLING 
A. Deliver containerized materials in .uniform packages bearing the name of the 

manufacturer, the net weight and a statement of content. Deliver containerized materials 
to the site in original, properly labeled, unopened, clean containers each showing the 
manufacturer's guaranteed analysis conforming to applicable regulations and standards. 

B. Store materials in a dry area in a manner to prevent physical damage. 

3.2 GENERAL 
A. Stabilization of disturbed areas by vegetation or by use of a crusting agent shall be 

performed at completion of excavation and stockpiles or within 7 calendar days of 
knowing a disturbed area will be idle for more than 45 calendar days, whichever is 
sooner . 

B. Crusting agents may be used as temporary measures prior to placement of interim 
vegetation after approval for the area by the Construction'Manager. 

C. Disturbed areas which are scheduled to be significantly disturbed after initial stabilization 
and/or need effective erosion control immediately, are to be stabilized with the interim 
seed mix rate specified in this Section. Disturbed areas, which are not scheduled to be 
significantly disturbed again, are to be stabilized with the permanent seed mix rate 
specified in this Section. Soil piles, which require effective erosion control immediately, 
are to be stabilized with the interim seed mix rate or a crusting agent as specified in this 
Section. 

D. Stabilization of permanent slopes steeper than 3H:lV (horizontal to vertical) shall utilize coir 
matting as specified in Section 3.5 of this specification after application of seed mixture, 
unless otherwise specified by the Construction Manager or Restoration Ecologist. 

E. Area(s) to be seeded shall be generally free of debris, rock, root material, and other objects 
that may impede soil preparation and seeding activities. Perform soil preparation by 
tillingkultivating, to a depth of approximately 2 inches, to eliminate uneven areas and low 
spots. Maintain lines, levels and contours. 

, 

.F. Repeat cultivation in areas where equipment used for hauling and spreading has compacted 
the area(s) to be seeded. 
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APPLICATION OF SEED AND CRUSTING AGENT 
A. The seeding season, for hterim vegetation specified in this Section, is year round. 

However, if seeding is contemplated during the winter months of December through 
March, then field conditions should be assessed for ability to provide soil to seed contact. 
If field conditions do not support the ability to provide soil to seed contact then the area 
shall be stabilized with a .crusting agent followed by seeding during conditions conducive 
to adequate soil to seed contact. 

B. The seeding seasons for permanent seeding in wet and dry areas are Spring Season 
between April 1 and July 1 and Fall Season between October 1 and November 15. 

Apply fertilizer, seed, and mulch to disturbed areas and areas excavated and graded under 
this Contract requiring seeding unless otherwise directed by the Construction Manager. 
Apply mulch within 24 hours of seeding; do not seed areas in excess of that which can be 
mulched within 24 hours. Winter application of seed and related materials are subject to 
adjustment as directed by the Construction Manager. 

C. 

D. Apply seed using either the drilling, broadcasting, or hydroseeding method, as described 
below: 

1. Seed drilling method: 

2. 

a. This method shall be used for applying the permanent seed mix in accessible 
areas unless otherwise approved by the Constiuction Manager. The method 
may also be used for interim vegetation. 

b. Prepare area to be seeded by loosening the soil to a minimum depth of 
3 inches. 

c. Apply commercial grade, slow release complete fertilizer, for interim 
vegetation only, at a rate of 150 lbs/acre at the time of preparing the seedbed 
for seeding. 

d. Install seed with a seed drill to obtain a final planting depth of !4 to !4 inch 
using the seed rates indicated in Tables 1 and 2 of the NPP NRRDP, and 
02930-2 of this Section. All seed drilling should be done perpendicular to 
the direction of surface-water flow. 

Broadcast Seeding Method: 

a. This method may be used for interim vegetation, and can be performed with 
the use of mechanical “cyclone” seeders, by hand seeding or by any other 
method which scatters seed over the soil surface. 

b. This method may also be used for permanent seeding in areas that are not 
accessible with the seed drill (ie., sloped areas) as approved by the 
Construction Manager. 

. 



C. 

d. 
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f. 

g- 

h. 
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If Broadcast Method is used to apply permanent seed mix in sloped areas 
(3H:lV slope or steeper), seeding application rates in Tables 1 and 2 of the 
NPP NRRDP and 02930-2 of this Section shall be doubled. 

Prepare the area to be seeded by loosening the soil to a minimum depth of 
3 inches, This is critical to allow seeds to filter into the soil to avoid washout 
from runoff. 

Apply commercial grade, slow release complete fertilizer, for interim 
vegetation only, at a rate of 150 lbdacre at the time of preparing the seedbed 
for seeding. 

Install seed by broadcasting evenly over the entire site using the seed rates 
indicated in, Tables 1 and 2 of the NPP NRRDP and 02930-2 of this Section. 

Rake the area after seeding. 

Mulch and disc-anchor using weed free mulch at a rate of 2.0 tons per acre. 
Spread straw mulch, either by hand or by blowing method, at the rate of 
2 air-dried tons per acre. During June through September, increase straw 
mulch application rate to 3 air-dried tons per acre. - 

3. Hydroseeding Method: 

a. 

b. 

C. 

d. 

e. 

f. 

g- 

This method may be used for interim vegetation only. Hydroseeding shall be 
a two-step process. The seed shall be applied first, followed by a separate 
application of the mulch. This is to ensure soil to seed contact. 

The mixture tank shall be cleaned prior to use to ensure remnant seed is not 
introduced to the proposed seed mixture. 

Prepare area to be seeded by loosening the soil to a minimum depth of 
3 inches. This is critical to allow seeds to filter into the soil to avoid washout 
from runoff. 

Apply commercial grade, slow release complete fertilizer, for interim 
vegetation only, at a rate of 150 lbdacre. The fertilizer is to be mixed and 
applied with the mulch. 

Install seed by hydroseeding evenly over the entire area using the seed rates 
indicated in Table 02930-2. Use a fan-type nozzle with approximately 
500 gallons of water per acre to ensure even distribution. 

Rake the area where accessible following seeding. 

Apply sprayed mulch at a net dry weight of 2,000 pounds per acre minimum 
and 100 percent continuous coverage. Mix the mulch with water at a ratio of 
50 pounds of mulch per 100 gallons of water. 
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E. Application of Crusting Agent: 

1. Apply crusting agent in accordance with manufacturer’s directions. 

2. Unless otherwise specified by the manufacturer, dilute concentrated pinesap 
emulsion to ratio of 4 parts water to 1 part concentrate. Apply diluted pinesap 
emulsion at a rate of 2,500 gallons per acre. 

3. Apply a mixture of Conwed Fiber’s Enviroblend hydraulic mulch and Finn 
Corporation’s A-500 Hydro-Stik mulch binder, using the hydroseeder, at the rate of 
1,000 lbdacre on flat surfaces; and 1,125 lbs/acre on slopes greater than 3H: 1V. 
The mixture rate for each product shall be 20 lbdacre on flat surfaces and 
30 lbdacre on greater than 3H:lV slopes for the hydraulic mulch; and 20 lbs/acre 
on flat surfaces and 30 lbslacre on slopes greater than 3H: 1V for the Hydro-Stik 
mulch binder. 

3.4 BIOENGINEERTNG EROSION CONTROL 
.. 

A. Following seeding, install coir matting and/or coir logs in areas indicated on the 
Construction Drawings, on slopes steeper than 3H: lV, or in any other areas prone to 
erosion, s identified by the Construction Manager or the Restoration Ecologist. 
Installation is as follows: 

1. coir matting: Stake coir matting on minimum 5-fOOt centers with wood stakes, 
angled upstreadupgradient. Use metal staples for added support, installing staples 
on minimum 5-foot centers between wood stakes and in additional areas so that the 
coir matting is in direct contact with the soil. The Restoration Ecologist shall direct 
the installation of additional stakes and/or staples as necessary. Overlap adjoining 
sections of coir matting 6 to 12 inches, with the upstreadupgradient matting laid 
on top. Sew adjoining sections of matting together with coir rope. Bury the upper 
edge of coir matting in a 6-inch trench. 

2. coir logs: Stake coir logs on 10-foot centers. Install 2 stakes opposite each other 
and tie the stakes together with coir rope. Sew adjoining coir logs together with 
coir rope. 

B. Secure all coir materials at the end of the day in preparation for unexpected rain events. 

C. Dormant live cuttings shall be installed as follows: Cut a point onto the bottom of the 
live cutting and drive into the soil on 4 foot centers using a dead blow hammer. Drive 
cuttings (minimum two-thirds, maximum four-fifths of their length) into soil angled 
slightly downstreaddowngradient. Minimize damage to the cuttings when driving into 
the soil. Lfnecessary, prepare a pilot hole by driving rebar into the soil and removing 
prior to inserting cuttings. Saw any damaged tops once the cuttings are installed. 
Dormant live cuttings may be installed into coir matting or other areas prone to erosion as 
directed by the Restoration Ecologist. 
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lntil acceptance of the vegetation 
by the Construction Manager. Maintenance of the vegetated areas includes repairing 
eroded areas, revegetating when necessary, watering, and mowing (if applicable). A 
satisfactory condition of vegetated area is defined as follows: 

1. an' area shall have a predominant stand of the seeded vegetation; 

2. within 3 weeks, germination must occur over 90 percent of the area with no single 
bare area greater than 3 square feet; and 

within 3 ,months, 90 percent of the area must be covered with mature vegetation. 3. 

B. The above timefiames for germination and coverage requirements are to be delayed 
during the dormant season between November 1 and March 15 application of the seed. 
The performance criteria shall be measured at the beginning of the growing season 
(April 1) for seed applied during the previous dormant season. 

C. Areas that fail to meet these requirements shall be repaired or reseeded as necessary to 
produce an acceptable stand of vegetation, as specified in this Section. 

D. The acceptance inspection will be performed by the Construction Manager who will 
determine whether repair of vegetated areas or revegetation is required. 

Maintain areas with a crusting agent to ensure proper erosion control. The crusting agent 
shall be reapplied to eroded and bare areas as necessary. 

E. 
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TABLE 02930 - 1A 
SEED MIX IN DRY AREAS FOR PERMANENT VEGETATION 

Species 

Big Bluestem (Andropogen gerardi] 
Little Bluestem (Andropogen scoparius) 
Side-Oats Grama (Bouteloua curtipendula) 
Indian Grass (Sorghastrum nutans) 
Canada Wild-Rye (Elymus canadensis) 
Switch grass (Panicum virgatum) 
ReGreen 

Wildflowers I :  
Butterflyweed (Asclepias tuberosa) 
Smooth Aster (Aster laevis) 
Ox-eye Sunflower (Heliopsis helianthoides) 
Bergamot (Monordafitulosu) 
Purple Coneflower (Echinacea purpurea) 
Yellow Coneflower (Ratibida pinnata) 
Black-Eyed Susan (Rudbeckiu hirfa) 
Spiderwort (Tradescantia ohioensis) 
Hoary Vervain (Verbena stricto) 
Beardtongue (Penstemon grandiflorus) 
Sweet Joe Pye-Weed (Eupaforium purpureum) 
Blue False Indigo (Baptisia ausfralis) 
Partridge Pea (Cassialasciculata) 
Rattlesnake Master (Eryngium yuccifolium) 
Round-headed Bush Clover (Lespedeza capifafa) 
Stiff Goldenrod (Solidago rigida) 

' - Wildflower mix to be apportioned according to species 
aggressiveness and seed counts as determined by the Restoration 
Ecologist. If certain species are not available, appropriate substitutions 
will be determined by the Restoration Ecologist. 

Pounds Per Acre 
I (lb/ac) 

3.0 
2.0 
0.5 
2.0 
25 
0.5 
5.0 

1.5 



FCP-WETMITII-NRRDP- FMAL 
209 1 1 -PL-0002, Revision 0 

November 2003 

Species 

TABLE 02930 - 1B 
SEED MIX IN WET AREAS“’ FOR PERMANENT VEGETATION 

Pounds Per Acre 

Species 

ReGreen 
Annual Rye Grass 
Canada Wild Rye 

Big Bluestem (Andropogen gerardi) 
Canada Wild-Rye (Elymus canadensis) 
Switch Grass (Panicum virgatum) 
Blue Joint Grass (Calamagrostis canadensis) 
Porcupine Sedge (Carex hystericina) 
Fox Sedge (Carex stipata) 
Dark Green Bulrush (Scirpus atrovirens) 
ReGreen 
Prairie Cordgrass (Spartina pectinata) 

Wildflowers ’: 
Red Milkweed (Asclepias incarnatu) 
New England Aster (Aster novae-angliae) 
Wild Senna (Cassia hebecarpa) 
Sweet Joe-pye Weed (Eupatorium purpureum) 
Sawtooth Sunflower (Helianthus grosserratus) 
Cardinal Flower (Lobelia cardinalis) 
Great Blue Lobelia (Lobelia siphilitica) 
Yellow Coneflower (Ratibida pinnata) 
Blue Vervain (Verbena hastutu) 
Angelica (Angelica atropurpurea) 
Sweet Joe-pye Weed (Eupatorium maculaium) 

~~ 

50 
20 
20 

Pounds Per Acre 
Oblac) 

3.0 
25 
0.5 
0.5 

1 ounce per acre (odac) 
1 ounce per acre (odac) 
1 ounce per acre (odac) 

5.0 
1 .o 

1.5 

(1) Seeding in drainage ditches or swales shall contain erosion mats as specified in Section 02270 after 
application of seed mixture. 

(2) Wildflower mix to be apportioned according to species aggressiveness and seed counts as determined by 
the Restoration Ecologist. If certain species are not available, appropriate substitutions will be determined 
by the Restoration Ecologist. 

TABLE 02930-2 
SEED MIX FOR INTERIM VEGETATION 
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SECTION 02940 
PLANTING 

PART1 GENERAL 

1.1 SCOPE 

A. This Section includes the requirements for planting trees, shrubs, and herbaceous potted 
plants as shown on the Construction Drawings. 

1.2 RELATED SECTIONS AND DOCUMENTS 

A. Section 02930 - Vegetation. 

PART 2 PRODUCTS 

2.1 MATERIALS 

A. Container grown trees shall be a minimum of 6 feet in height, grown in “spin-out” 
containers and acquired from a local seed source if possible. Pottingmaterial shall be 
pre-inoculated with mycorrhizae. 

Container-grown shrubs shall be a minimum of 1 foot in height, grown in “spin-out” 
containers and acquired from a local seed source if possible. Potting’material shall be 
pre-inoculated with mycorrhizae. 

B. 

C. Bareroot seedlings shall be pre-inoculated with ecto-mycorrhizae and shall not be 
exposed to the air any longer than possible prior to planting. 

Herbaceous potted plants shall be grown in open bottom, minimum 2-inch square and 
3-inch deep containers. Potting material shall be inoculated with ecto-mycorrhizae. 

Fertilizer shall be slow-release tablet form, and not exceed a N-P-K mix of 22-5-10. 
Fertilizer shall contain not less than 1 percent added sulfur and not more than 8 percent 
added iron, or an approved equal. 

Mulch shall be an aged hardwood mulch, free of clay, stone, foreign substances, and free 
of weeds. 

D. 

E. 

F. 

G. Wooden stakes for staking trees as needed shall be nominal 2 inch square, approximately 
18-inches in length. 

2.2 EQUrPiMENT 

A. Equipment for performing work in this section shall be low ground pressure equipment 
that will not compact amended soils. 

v. . .  <: 0063 
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PART 3 EXECUTION 

3.1 GEhTRAL 

A. Planting locations will be flagged in the field by the Restoration Ecologist. The 
Restoration Ecologist is the Fluor Femald contact responsible for identifying locations of 
all plant material installation, verifying acceptance of delivered plant material, and 
ensuring proper installation. 

B. Unless otherwise approved by the Restoration Ecologist, all plant installation shall 
take place between October 1 and December 15 or February 15 and May 15. 

C. . The Restoration Ecologist may.restrict planting activities based on field conditions 
(e.g., droughts, unseasonable freezes). 

. .  

D. 

E. 

No plant installation may take place while the soil Surface is frozen. 

Plant marerial delivered to the project site that will not be planted within 24 hours shall 
have their containers completely covered with woodchip mulch and kept moist with 
periodic watering. 

The Construction Manager will provide a source of water sufficient to support all field 
activities specified in this Section. 

F. 

3.2 INSTALLATION OF CONTAINER-GROWN TREES AND SHRUBS (DETAIL A-1) ' 

A. Excavate planting pit to a depth such that the top of the ball, when planted, extends 1 to 
2 inches above ground surface. 

B. Excavate the planhg pit so that i t  i s  wider than the root ball by 9- inches on all sides. 

C. Scarify the sides of the planting pit using a shovel. 

D. Remove the plant from the container by carehlly inverting the plant and loosening the 
root ball fiom the container, cutting the container if necessary. Keep the root ball as 
intact as possible. Handle the plant by the root ball only. Do not pull the plant from the 
container by the trunk of the tree or shrub. 

E. Add a slow-release fertilizer tablet or packet (e.g., Osmocote, Agriform or similar) 
around the ball per manufacturers recommendations. 

Set trees and shrubs such that the top of the ball extends 1 to 2 inches above the ground 
surface and that the trunk is vertical. Trunks shall have no appreciable lean, at the 
discretion of the Restoration Ecologist. 

F. 

G. Backfill vound the root ball with a mixture of the topsoil and subsoil removed from the 
pit. Gently tamp the backfill as it is placed into the pit. 

Water the tree/shrub immediately after planting to saturate the upper 12 inches of soil. H. 
March 2003 02940 
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I. Remove any tags, labels, strings or wires from the plant, unless otherwise directed by the 
Restoration Ecologist. 

INSTALLATION OF BAREROOT PLANTS (DETAIL A-2) 

A. Carry bareroot plants in a bucket of water (or moist sand or other moist medium) in the 
field to keep the roots from drymg out. Bareroot plants shall not be stored in water for 
more than 6 hours at a time. Bareroot plants that require overnight storage shall have 
their root balls covered completely with moist hardwood mulch and kept moist with 
periodic watering. 

B. Excavate the planting pit by hand using a dibble bar or spade. The pit shall be only broad 
enough to accommodate the roots when filly extended and only deep enough such that 
the uppermost roots will be just below ground surface. 

C. Set the plant and spread the roots in a natural pattern such that the roots are fully 
extended without touching the sides of the planting pit and that the uppermost roots are . 
just below ground surface. 

D. Carefilly work bacldll (mix of topsoil and subsoil removed ftom the planting pit) 
through the hl ly  spread root systems and water while backfilling. 

Firmly tamp backftll with the heel of the shoe when complete. 

Remove any tags, labels, and strings from the plant, unless otherwise directed by the 
Restoration Ecologist. 

E. 

F. 

INSTALLATION OF aEFU3ACEOUS POTTED PLANTS 

A. 

B. 

C. 

D. 

E. 

F. 

Place potted plant flats in standing water immediately upon delivery to the project site. 
Keep flats in water until installation. 

Excavate the planting pit by hand using a dibble bar or spade. The pit shall be only broad 
enough to accommodate the roots when fully extended and only deep enough such that 
the uppermost roots will be just below ground surface. 

Set the plant and spread the roots in a natural pattern such that the roots are fully 
extended without touching the sides of the planting pit and that the uppennost roots are 
just below ground surface. 

Carefully work backfill (mix of topsoil and subsoil removed from the planting pit) 
through the fully spread root systems and water while backfilling. 

Firmly tamp bacldill with the heel of the shoe when complete. 

Remove any tags, labels, and strings from the plant, unless otherwise directed by the 
Restoration Ecologist. 

. . .  . March2003 
.' . . . ......... 
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3.5 PRUNING 

A. 

B. 

C. 

Once trees and shrubs are planted, prune off any dead or damaged limbs. 

All pruning shall involve removal of limbs back to a lateral branch or bud. 

Perform additional pruning at the request of the Restoration Ecologist. 

3.6 MULCHING 

A. Apply a 4-inch layer of hardwood mulch over a circular area 4 feet in diameter 
surrounding balled and burlapped and container grown trees and shrubs. At the 
discretion of the Restoration Ecologist, straw may be used as a substitute for hardwood 
mulch. 

B. Apply a 4-inch layer of hardwood mulch over a circular area 2 feet in diameter , 

surrounding each bare r m t  or potted plant. At the discretion of the Restoration Ecologist, 
straw may be used as a slibstitute for hardwood mulch. 

. .  
C. Mulch shall be placed so as to not physically contact the plants. 

3.7 WATERING 

A. Water all planted material weekly for 6 weeks following installation, unless othentrise 
directed by the Restoration Ecologist. Watering shall be sufficient to saturate the entire 
root ball. This typically requires the slow release of approximately 10 gallons of water 
for each plant. 

3.8 STAKINGANDGUYING 

A. Stake.&d guy trees 'only at the request of the Restoration Ecologist. 

END OF SECTION 

.. March 2003 
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*., Shrubs 
I I I I I Beech- 1 I I I I I 

Riparian Maple Patch Patch Patch Patch Patch Patch Patch Patch Patch Oak-Hickory 
Item Scientific Name Common Name Forest Forest 1 2 3 4 5 6 7 8 9 Total 

1 AInris serrulata rw SmoothAlder 5 I 1 1 1 9 
4 Asiinina triloba br Pawpaw 6 6 0 
6 Carpinus caroliniana br American Hornbeam 19 30 0 
9 Cephalarrthus occidentalis w Buttonbush 9 5 4  9 
13 Cornusflorida h Flowering Dogwood 6 2 1  12 
14 Comus racemosa h Gray Dogwood 5 2 1 9 
15 CoryZus americana rw Hazelnut 22 3 5 3  1 1  18 
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