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APPENDIX B 
Photo Log Block 10B 



Photo ID: 1. Wetland 1 looking upstream (southwest) at Tindall 
Bridge (5/22/2012) 

Photo ID: 2. Wetland 1  facing upstream (southwest) at Tindall 
Bridge (5/22/2012) 

Photo ID: 4a. Stream 1 facing upstream (south)  (5/22/2012) Photo ID 3. Wetland 13 facing northwest (5/24/2012) 



Photo ID 5b. Wetland 2 (5/22/2012) 

Photo ID 5a. Wetland 2 facing downstream (southwest) of Stream 
1 (5/22/2012) 

Photo ID: 4b. Stream 1 looking downstream (north) (5/22/2012) 

Photo ID: 6. Wetland 3 (5/22/2012) 



Photo ID 8. Wetland 14 (5/23/2012) 

Photo ID 9. Wetland 14 (5/23/2012) 

Photo ID 7. Stream 2 facing downstream (east) (5/23/2012) 

Photo ID 10. Wetland 15 (5/23/2012) 



Photo ID 11a. Wetland 15 (5/23/2012) Photo ID 11b. Wetland 15 (5/23/2012) 

Photo ID 12. Wetland 15 (5/23/2012) Photo ID 13. Wetland 4 (5/24/2012) 



Photo ID 14. Wetland 4 (5/24/2012) Photo ID 15. Wetland 4 (5/24/2012) 

Photo ID 16. Wetland 16 facing downstream (southeast) 
(5/24/2012) 

Photo ID 17a. Wetland 17 facing upstream (West) (5/23/2012) 



Photo ID 17b. Wetland 17 facing downstream (east) (5/23/2012) Photo ID 18. Wetland 19 facing Northeast (5/23/2012) 

Photo ID 19. Wetland 19 below the dam facing downstream (East) 
(5/23/2012) 

Photo ID 20. Wetland 6 facing upstream (northwest) (5/24/2012) 



Photo ID 20. Wetland 6 facing downstream (northeast) (5/24/2012) Photo ID 21a. Stream 3 facing upstream (south) (5/24/2012) 

Photo ID 21b. Stream 3 facing downstream (north) (5/24/2012) Photo ID 22. Wetland 8 facing downstream (northeast) (5/23/2012) 



Photo ID 23. North abutment access road facing west (5/24/2012) Photo ID 24. North abutment access road facing east (5/24/2012) 
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Photo ID 1: Wetland 1; viewing upstream at Tindall Bridge  
(5/22/2012) 

Photo ID 2: Wetland 1; Bore ID 1 viewing out at river from widened 
floodplain   (5/22/2012) 

Photo ID 3: Wetland 1: viewing upstream toward Tindall Bridge 
(5/22/2012) 

Photo ID 4;  Wetland 1: Bore ID 2 in floodplain forest section  
(5/22/2012) 



Photo ID 5. Wetland 2; Bore ID 3 (5/22/2012) Photo ID 6. Wetland 3; Bore ID 4 (5/22/2012) 

Photo ID 7: Wetland 4;  viewing east,  narrow fringe riparian area 
along south portion of wetland (5/24/2012) 

Photo ID 8. Wetland 4; viewing downstream, wetland begins to 
widen, large patch of reed canarygrass  (5/24/2012) 



Photo ID 9: Wetland 4; Bore ID 5. Wetland 4 (5/24/2012) Photo ID 10: Wetland 4;  vernal pool and drift deposits 
 (5/24/2012) 

Photo ID 11: Wetland 4; Bore ID 6. Wetland 4 (5/24/2012) Photo ID 12: Wetland 4; Bore ID 7. Wetland 4 (5/24/2012) 



Photo ID 13: Wetland 4; Bore ID 9. Soil Profile. (5/24/2012) Photo ID 14: Wetland 4;  Bore ID 9.  view of vegetation 
 (5/24/2012) 

Photo ID 15: Wetland 4; Bore ID 10. Wetland 4 (5/24/2012) Photo ID 16: Wetland 4; Bore ID 11. Wetland 4 (5/24/2012) 



Photo ID 17: Wetland 5; Bore ID 12.  (5/24/2012) 
Photo ID 18: Wetland 6;  viewing upstream (5/24/2012) 

Photo ID 19: Wetland 6; viewing downstream (5/24/2012) Photo ID 20: Wetland 7; viewing upstream  (5/24/2012) 



Photo ID 21: Wetland 8;  viewing downstream from Tiffin Rd Bridge   
(5/24/2012) 

Photo ID 22: Wetland 8, viewing upstream under Tiffin Rd bridge 
(5/24/2012) 

Photo ID 23: Wetland 8;  viewing upstream from below Tiffin Rd 
bridge   (5/24/2012) 

Photo ID 24: Wetland 8; viewing downstream approximately 500’ 
downstream of Tiffin Rd bridge (5/24/2012) 



Photo ID 25: Wetland 9 & 10;  viewing downstream in between 
Wetland 9 and 10 (5/24/2012) 

Photo ID 26: Wetland 9, viewing upstream (5/24/2012) 

Photo ID 27: Wetland 10;  viewing upstream (5/24/2012) 
Photo ID 28: Wetland 11; viewing south of the left descending 

bank  (5/24/2012) 



Photo ID 29: Wetland 12 (5/24/2012) Photo ID 30:  Wetland 12 (5/24/2012) 

Photo ID 31: Wetland 18, viewing downstream  (5/24/2012) Photo ID 32: Wetland 18 , viewing upstream toward dam, detailed 
looked at plant assemblages (5/24/2012) 



Photo ID 37: Wetland 19,  Riverine Intermittent Streambed  
(5/24/2012) 

Photo ID 38:  Wetland 19;  Riverine Intermittent Streambed 
(5/24/2012) 

Photo ID 39: Wetland 19; viewing downstream into beginning of 
forest cover(5/24/2012) 

Photo ID 40: Wetland 19, viewing downstream at narrow fringe on 
left descending bank (5/24/2012) 



Photo ID 41: Wetland 20, appearing to be underwater (5/24/2012) Photo ID 42: Wetland 13,; viewing downstream on left descending 
bank at narrow fringe riparian (5/24/2012) 

Photo ID 43: Wetland 14;  thick reed canarygrass (5/24/2012) Photo ID 44: Wetland 14; a view of understory (5/24/2012) 



Photo ID 45: Wetland 15, view of vernal pool (5/24/2012) Photo ID 46: Wetland 16,; (5/24/2012) 

Photo ID 47: Wetland 16; (5/24/2012) Photo ID 48: Wetland 17; reed canarygrass, on seawall (5/24/2012) 



Photo ID 49: Wetland 17, reed canarygrass, on seawall (5/24/2012) Photo ID 50: Wetland 5 (5/24/2012) 

Photo ID 51: Wetland 5 (5/24/2012) Photo ID 52: Wetland 5 (5/24/2012) 
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At each wetland, the vegetation and soils were analyzed on May of 2012 by Stantec.  For some sites the 
soil profiles up to 4 feet were observed pending on substrate and the vegetation plots for each stratum 
were documented using the Corp’s Regional Supplement plot radius (See Regional Supplement) pending 
on feature size.  See Figure 8-1 and 8-2 in the Conceptual Mitigation Report for a map of ORAM scoring 
boundaries and Cowardin classifications.    

Scoring Boundary 1 (43.1 acres):  Located above the Ballville Dam between the dam and Rice 
Road Bridge consisting of the JD wetlands (1, 2, 3, 4, 5) surrounding the Sandusky River and an 
unnamed tributary (Stream 1) on the right descending bank. This boundary received a Category 3 rating 
(71.5). It is our professional opinion that the cumulative rating of these 5 separate JD boundaries is not of 
Category 3 quality and function. Only parts of Wetland 4 have Category 3 characteristics.  It is generous 
rating to apply this categorization to the entire scoring boundary.  Since the entire scoring boundary has 
open canopy areas has dense cover of the invasive species reed canarygrass, and forest understory has 
thick stands of mix nettle species with dense woody drift deposits on the forest floor, it does not offer the 
quality and function of typical of Category 3 wetland habitat.           

Wetland 1: Is a large wetland (5.05 acres) composed of mixed PSS, PEM and PFO Cowardin types with 
predominantly PFO.  The wetland has narrow fringe sections directly along the Sandusky River as well as 
wider forested floodplain where floodwaters extend.  The long narrow fringe section along Stream 1 was 
also delineated as Wetland 1.  This wetland receives hydrology from the flooding of the Sandusky River 
and Stream 1.  The wetland is located on the landscape between the river and residential land use.   The 
wetland is a diverse mix of rocky cobble and boulder substrates in along the shore, scrub shrub 
dominated areas, open herbaceous areas, and a few vernal pools in the wider forested areas.  The forest 
canopy is composed of boxelder, cottonwood, silver maple, sycamore, elm and green ash. The 
herbaceous layer is composed of reed canarygrass, prairie cordgrass, smartweeds, and sedges. Breaks 
in the canopy sometimes caused by emerald ash borer have been invaded by reed canarygrass. Reed 
canarygrass dominates where there is full sun exposure especially on the edges of the wetlands abutting 
the river and Stream 1. The shrubs found in this wetland are roughleaf dogwood, bush honeysuckle, 
black willow, and sandbar willow.   

Bore ID 1:  0-3.5 ft: 10YR 4/2 - with 7.5YR 4/4 @ 35% in matrix, silty clay 

Bore ID 2: 0-20" - 10YR 3/2 with 5YR 5/6 silty clay 20%; 20-30" - 10YR 4/2 with 10YR 5/8 - 70% - loam; 
30 - 36" - 10YR 4/4 with 10YR 5/8 - 60% - sandy loam 

Table C.1 Vegetation Plot Bore ID 2 

Scientific Name Stratum 
Percent 
Cover 

Populus deltoides tree 40 

Acer negundo tree 30 

Fraxinus pennsylvanica tree 10 

Lysimachia nummularia herb 20 

Toxicodendron radicans herb 5 
 

Wetland 2: This wetland feature is a small low lying feature (0.04 acres) PEM abutting perennial Stream 
1. It receives seasonal flooding from backwater flooding from the Sandusky River as well as flooding from 
Stream 1.  The herbaceous layer is composed of creeping jenny, lizard’s tail, reed canarygrass and 



boxelder.  It is positioned on the landscape between Stream 1 and a narrow woods (<100ft) adjacent a 
residential area.  In the middle of the wetland were burned pieces of wood (fire pit for camping).      

The results of a survey plot similar to the Corps manual (regional supplement) vegetation and soils 
procedures are as follows:   

Bore ID 3: 10YR 4/2 - mottles is 20% in matrix, 7.5YR 4/4 20% silty clay 

Table C.2 Vegetation Plot Bore ID 3 

Scientific Name Stratum 
Percent 
Cover  

Acer negundo sapling 10 
Salix nigra sapling 1 
Lysimachia nummularia herb 60 
Saururus cernuus herb 30 
Phalaris arundinacea herb 10 
Carex grayi herb 5 
Rudbeckia laciniata herb 1 
Iris versicolor herb 1 
Polygonum hydropiperoides herb 1 
Polygonum persicaria herb 1 
Scutellaria lateriflora herb 1 

 

Wetland 3: This wetland is a small PFO (0.19 acres) composed of intermittent vernal pools, patches of 
reed canary grass, and the upper canopy is dominated by large (>20 dbh) cottonwood trees and green 
ash.  Flooding is from the backwater of the Sandusky River and Stream 1.  It is located on the right 
descending bank of Stream 1 in between a perennial stream and residential land use (100 feet away).   
The canopy is composed of boxelder, cottonwood, and sycamore.  The herbaceous layer is composed of 
jewelweed, white avens, poison ivy, creeping jenny, and waterleaf.  

The results of 2 survey plots were performed similar to the Corps (regional supplement) sampling 
procedure for sampling hydric vegetation and soils.   

Bore ID 4:  0" - 24" 10YR 4/2 silty clay, mottles 10YR 6/8 - 5%.   

Table C.3 Vegetation Plot Bore ID 4 

Scientific Name Stratum 
Percent 
Cover 

Acer negundo tree 55 

Platanus occidentalis tree 15 

Acer negundo shrub 20 

Rosa multiflora shrub 1 

Viburnum acerfolium shrub 1 

Lysimachia nummularia herb 30 

Carex grayi herb 20 

Platanus occidentalis herb 15 

Geum canadense herb 5 

Rudbeckia laciniata herb 5 

Impatiens capensis herb 5 

Toxicodendron radicans herb 5 



Osmorhiza longistylis herb 1 
 

Wetland 4: This is a large forested floodplain wetland totaling 34.11 acres. It is a PFO composed of both 
narrow fringe and wider forested floodplain.  The wetland is between the river and residential areas with 
mowed lawns that abut the wetland in some places.  A section of the wetland surrounds the large 
reservoir inlet. The wetland has features such as large vernal pools used by waterfowl, and amphibians.  
The canopy is composed of mature tree species such as cottonwood, silver maple, boxelder, American 
elm, and black willow.  The subcanopy is composed of hawthorn, American elm, black willow, boxelder, 
and green ash. The shrub layer is composed of dogwood, sandbar willow and multiflora rose. The 
dominant patches of herbaceous species consisted of reed canarygrass, fringed loosestrife, harlequin 
blueflag, giant ragweed, Gray’s sedge, lizard’s tail, wood nettle, swamp smartweed, Canada goldenrod, 
wingstem, common reed, cutleaf and swamp dock.   The wide areas have swamp like characteristics with 
a diverse floristic interspersion of plant communities.  However much of the wetland is dense, with woody 
drift deposits and nettles. It also has patches of dead ash trees due to emerald ash borer.  Reed 
canarygrass dominates in open sunlit areas especially along the edges abutting the river.       

The results of 5 survey plots were performed similar to the Corps (regional supplement) sampling 
procedure for sampling hydric vegetation and soils.   

Bore ID 5:  Silty Clay from 0 - 3.4', water at 3.5ft - sandy loam to 5 ft; 0-3.4' - 10YR 3/2 with 10YR 5/6 - 
5%; 3.5ft - 5ft 7.5YR 4/6 with 5YR 4/4 - 25% sandy clay 

Table C.4 Vegetation Plot Bore ID 5 

Scientific Name Stratum Percent 
Cover 

Acer saccharinum tree 50 
Platanus occidentalis tree 20 
Acer negundo tree 10 
Fraxinus pennsylvanica tree 5 
Fraxinus pennsylvanica shrub 5 
Ulmus americana shrub 5 
Lysimachia nummularia herb 35 
Phalaris arundunaceae herb 20 

Laportea canadensis herb 10 
Solidago canadensis herb 10 

Hydrophyllum virginianum herb 5 
 

Bore ID 6: 0-30" - 10YR 3/2 with 10YR 5/8 10% silt clay; 30-60" - 10YR 4/2 with 5YR 4/4 15% silty clay 
loam 

Table C.5 Vegetation Plot Bore ID 6 

Scientific Name Stratum 
Percent 
Cover 

Acer saccharinum tree 40 
Acer negundo tree 40 
Populus deltoides tree 20 
Fraxinus pennsylvanica tree 20 
Acer negundo shrub 10 



Fraxinus pennsylvanica shrub 10 
Solidago canadensis herb 50 
Violaspp herb 1 
Osmorhiza longistylis herb 1 
Polygonum pensylvanicum herb 1 
Lysimachia nummularia herb 1 
Pilea pumila herb 1 
Impatiens capensis herb 1 

 

Bore ID 7: 0-1' organic layer 10YR 3/3 silty clay; 12"-48" 10YR 4/2 and 5YR 3/3 pore lining 70%, 48-60" 
5YR 4/1 with 5YR 4/6 porelinings 5% silty clay all soil types 

Table C.6 Vegetation Plot Bore ID 7 

Scientific Name Stratum Percent 
Cover 

Acer saccharinum tree 50 
Salix nigra tree 10 
Ulmus americana tree 10 
Acer negundo shrub 25 
Salix nigra shrub 10 

Pilea pumila herb 25 

Osmorhiza longistylis herb 15 

Laportea canadensis herb 10 

Geum canadense herb 10 
Solidago canadensis herb 5 

Impatiens capensis herb 1 
 

Bore ID 8: Root refusal at 1ft, 0-12" 10YR 3/2 silty clay with 7.5YR 4/6 - 5% 

Table C.7 Vegetation Plot Bore ID 8 

Scientific Name Stratum 
Percent 
Cover 

Populus deltoides tree 55 
Acer saccharinum tree 5 
Acer negundo shrub 15 
Ulmus americana shrub 15 
Crataegus spp shrub 15 
Fraxinus pennsylvanica shrub 5 
Lysimachia nummularia herb 25 
Carex grayi herb 10 
Acalypha virginica herb 10 
Laportea canadensis herb 10 
Solidago canadensis herb 5 

 

Bore ID 9:  water at 3ft, refusal at 3.5 ft, 0-2ft 10YR 3/2 with 7.5YR 5/8 pore lining silty clay 10%; 2 - 3ft 
10YR 5/2 with 5YR 5/8 65-70% loam; 3 - 3.5ft 2.5YR 3/1 with 5YR 5/8 45% clay loam 

Table C.8 Vegetation Plot Bore ID 9 



Scientific Name Stratum 
Percent 
Cover 

Acer saccharinum tree 30 
Populus deltoides tree 15 
Salix nigra tree 10 
Acer negundo tree 5 
Fraxinus pennsylvanica shrub 5 
Carex grayi herb 10 
Iris versicolor herb 10 
Carex spp herb 10 
Acalypha virginica herb 10 
Laportea canadensis herb 10 
Lysimachia nummularia herb 5 

 

Bore ID 10: Restrictive layer at 2 ft,  0-24" 10YR 3/3 silty clay 

Table C.9 Vegetation Plot Bore ID 10 

Scientific Name Stratum 
Percent 
Cover 

Toxicodendron radicans vine 10 
Ulmus americana tree 20 
Salix nigra tree 15 
Acer negundo tree 10 
Rosa spp shrub 10 
Pilea pumila herb 45 
Eragrostis spp herb 15 
Carex grayi herb 15 
Toxicodendron radicans herb 10 
Geum canadense herb 10 
Polygonum virginianum herb 10 
Phalaris arundunaceae herb 10 
Impatiens capensis herb 5 
Solidago canadensis herb 5 
Boehmeria cylindrica herb 1 

 

Bore ID 11:  Restrictive layer at 1ft (stone), 0-12" 10YR 3/2 silty clay, both Bore ID 10 and 11 had gravel 
at end of bore before refusal 

Table C.10 Vegetation Plot Bore ID 11 

Scientific Name Stratum 
Percent 
Cover 

Acer saccharinum tree 20 
Acer negundo tree 15 
Ailanthus altissima tree 15 
Fraxinus pennsylvanica tree 10 
Crataegus spp tree 10 
Cornus drummondi shrub 25 
Rubus allegheniesis shrub 10 
Carex grayi herb 60 



Lysimachia nummularia herb 25 
Geum canadense herb 10 
Phalaris arundunaceae herb 10 
Acer saccharinum herb 5 
Polygonum hydropiperoides herb 5 
Ulmus americana herb 5 
Carex frankii herb 5 
Parthenocissus quinquefolia herb 5 

 

Wetland 5: The wetland is 2.47 acres of PFO above the OHWM of the Sandusky River as an isolated 
island in the impoundment. The canopy is composed of cottonwood, silver maple, and black willow.  The 
island gets a seasonal flux of alluvial soil deposition due to its position in the reservoir.  The island a thick 
layer of drift deposits and water stained leaves present.  Due to its geomorphic positioning and lack of 
low-lying areas it did not have the presence of vernal pools.  The herbaceous strata are low in diversity.  
The herbaceous layer is composed of clearweed, ragweed, and stinging nettle. Shrubs found in this 
wetland are green ash and sandbar willow. 

This entire habitat was considered Category 3 quality and function.  Wetland 5, (2.47 acres) 
however, did not have the same qualities as other Class 3 wetlands (Wetlands 1, 2, 3, and 4) 
within this ORAM scoring boundary (Figure 8-2). Since it is geographically isolated (island) that 
lacks the floristic interspersion, floristic richness, and vernal pools typical of this scoring 
boundary, and mature forest canopy a dual wetland rating may be appropriate in this situation 
(Section 5.7 –ORAM manual).  Stantec recommends that these 2.47 acres be re-categorized to 
a Category 2 status.  

 

Wetland 5: lack of floristic diversity, heavy amount of drift deposits and young trees 

 



Bore ID 12: 0-1.5 ft - 10YR 2/2 - sandy clay, 1.5 - 5ft - 10YR3/2 silty clay mottles 7.5YR 4/6 - 5%,  

Table C.11 Vegetation Plot Bore ID 12 

Scientific Name Stratum 
Percent 
Cover 

Populus deltoides tree 70 
Salix nigra tree 10 
Pilea pumila herb 25 
Polygonum spp herb 10 
Acer rubrum herb 5 
Impatiens capensis herb 5 
Verbesina alternifolia herb 5 
Solidago canadensis herb 5 
Acalypha virginica herb 1 
Lysimachia ciliata herb 1 

 

ORAM Scoring Boundary 2 (0.075 acres):  This is a small boundary only consisting of JD 
delineated Wetland 6 directly below the dam.  Due to the rocky nature of the substrate, no soil profiles 
were observed.  This boundary received a Category 2 rating (46.5). 

Wetland 6: The wetland is 0.08 acres and is Category 2 wetland.  It is a Riverine Lower Perennial Rocky 
Shore Cowardin classification, and is located downstream of the dam and appears to be below the 
OHWM of the Sandusky River.  It is composed of rocky and boulder substrates with sparse vegetation. 
The wetland was sparsely covered with sandbar willow, raspberry, Carex spp. and a few sycamore 
saplings.  A restrictive layer at the surface of large cobble and boulder did not allow for a soil sample 
(See Photo ID 20 and 21 in Section 1).      

ORAM Scoring Boundary 3 (0.019 acres): This is a small boundary only consisting of JD 
delineated Wetland 7  approximately 400 feet below the dam on the right descending bank.  Due to the 
rocky nature of the substrate, no soil profiles were observed.  This boundary received a Category 
Modified 2 rating (44.5). 

Wetland 7: The wetland is 0.02 acres and is considered a Modified Class 2 wetland.  It is a Riverine 
Lower Perennial Emergent Wetland Cowardin classification (Cowardin 1979). A small high gradient 
ephemeral stream feeds into this wetland.  At the time of survey, (May 2012) this wetland was mainly 
under water due to the water level of the Sandusky River.  The riparian canopy species observed in the 
area were cottonwood, green ash, and elm trees with hanging poison ivy.  A few sandbar willow shrubs 
were located on the rocky shore.  A few herbaceous species were observed further up on the bank such 
as jewelweed, riverbank grape, and Virginia creeper.  

ORAM Scoring Boundary 4 (3.80 acres):  This is a large boundary consisting of most of the of 
the in stream wetland types below the dam (Wetlands 8, 9, 10, 11, 12, 18, 19, & 20).  This boundary has 
both Riverine and Palustrine Cowardin classes with extremely sparse vegetation and rocky shore 
substrate.  This boundary was given a Category 3 status (68.5).  Due to the rocky nature of the substrate, 
no soil profiles were observed.  This boundary received a Category 3 rating (68.5).  Although there is 
hydrologic connection between each wetland with a defined scoring boundary, it is our professional 
opinion that Wetland 19 is the only wetland that provides Category 3 quality and function.   



Wetland 8: This wetland is 0.90 acres of PFO Cowardin classification has features such as narrow 
riparian section with a few wider mixed rocky shore areas. The wetland for the most part is above the 
OHWM of the Sandusky River.  The boundary starts just upstream of Tiffin Bridge and follows the shores 
of the Sandusky River approximately 1500 feet.   Due to the urban land use consisting of the Tiffin Road 
Bridge and the adjacent residential areas, the wetland has many large breaks in the forest canopy with 
scrub shrub and invasive plant species.  The forest canopy is composed of cottonwood, river birch, black 
willow, princesstree, and green ash. The shrub stratum is composed of sandbar willow, black willow, 
boxelder and roughleaf dogwood. The herbaceous layer is composed of raspberry and reed canary 
grass.   

Wetland 9: This wetland is 0.18 acres of rocky shore intermittent island classified as PFO with overall thin 
vegetation cover.  The island has features as intermittent pools and think clumps of Canada goldenrod. 
The canopy is composed of, eastern cottonwood, American sycamore, silver maple, and black willow.  
The shrub layer is composed of roughleaf dogwood, sandbar willow and blackwillow.  The thin 
herbaceous layer is composed of broadleaf arrowhead, and American water-willow. Shrubs found in this 
wetland are sandbar willow and dogwood. 

Wetland 10: This 0.04 acres feature appeared to be a continuation of Wetland 9.  This island like feature 
was sparsely vegetated with one large cottonwood that overshadowed the entire wetland. The wetland 
was classified as a PFO.  The substrate was composed of large boulders and bedrock.  A few sparse 
sandbar willow and American sycamore shrubs were observed.    

Wetland 11: This wetland is a larger rocky shore island (0.55 acres) PSS wetland that is above the 
OWHM of the Sandusky River. It overall has sparse vegetation cover with clumps of shrubs and minimal 
herbaceous vegetation and one large eastern cottonwood.  Shrubs observed were sandbar willow, 
boxelder, eastern cottonwood and green ash. 

Wetland 12: The wetland is 0.05 acres of PSS rocky island that is generally above the OHWM of the 
Sandusky River.  The vegetation consists of a fairly dense cover of sandbar willow and sycamore shrubs. 

Wetland 18: The wetland is 0.18 acres PSS just below the dam that appears to be an island above the 
OHWM of the Sandusky River.  Since it is located in between two spillways, it was most likely formed by 
deposits because flows do not directly run into this wetland.  A large amount of drift wood was deposited 
on the island at the time of observation.   It consists of large boulder substrates with occasional eastern 
cottonwood and American elm trees with very minimal herbaceous cover.  The dominant shrub layer 
consists of green ash, sycamore, sandbar willow, and princess tree. 

Wetland 19: The wetland is 1.87 acres which is dived up into two Cowardin classifications: PFO (1.64) 
and Riverine Intermittent Streambed (0.23 acres). This wetland consists of interspersed habitat types 
such as large bedrock areas, wide riparian forest with intermittent pools, patches of PSS, patches of 
sedges, narrow fringe riparian streambank.  The majority of the area is located above the OHWM of the 
Sandusky River on the left descending bank.  The riparian tree canopy consisted of  eastern cottonwood, 
American sycamore, green ash, silver maple, American elm, and black willow. The shrub layer consists of 
box elder, rough leaf dogwood, and sandbar willow.   

Wetland 20: This small feature of 0.03 acres was completely under water at the time of survey in May of 
2012.  Therefore it was considered below the OHWM and classified as a Riverine Lower Perennial Rocky 
Shore Cowardin classification (Cowardin 1979).  It is located just downstream of the haunted house on 
the left descending bank.  The surrounding riparian canopy consists of cottonwood, green ash, and black 
willow with some bush honeysuckle below the canopy.   



ORAM Scoring Boundary 5 (1.68 acres):  This Scoring Boundary consists of JD delineated 
Wetland 13.  It starts just downstream of Rice Road Bridge and extends approximately 3600 feet 
downstream along the Sandusky River.  This boundary received a Category Modified 2 rating (42.5). 

Wetland 13: The wetland is 1.02 acres and is considered a Modified Class 2 fringe wetland.  It is a narrow 
fringe wetland located between the river and South River Road. It is a PFO that has been modified by the 
road development and associated culverts.  The wetland is wider toward Rice Road Bridge but for the 
most part is a long narrow feature with steep banks.  The dominant canopy along the river’s edge 
observed was eastern cottonwood, American sycamore, honeylocust, silver maple, and black walnut.  
Shrubs found in this wetland are boxelder, sandbar willow, black willow, green ash, princesstree and 
roughleaf dogwood. The herbaceous layer is nearly 95% of the cover and is composed of Canada 
goldenrod, Carex spp., and reed canary grass.  

ORAM Scoring Boundary 6 (13.36 acres): This Scoring Boundary consists of JD delineated 
wetlands 14 and 15. It expands approximately 2200 feet along the left descending bank of the Sandusky 
River as part of a wide forested floodplain.  It also cover the areas surrounding an unnamed tributary 
(Stream 2) next to a campground.  The extent of the wetland boundary is dictated by South River Road.  
This boundary received a Category 3 rating (75.0). Although there is hydrologic connection between each 
wetland with a defined scoring boundary, it is our professional opinion that Wetland 15 is the only wetland 
that provides Category 3 quality and function.  Wetland 14 has open mudflat areas under the canopy and 
the open areas are dominated by reed canarygrass.    

Wetland 14: The wetland is an 2.47 acres is PFO that receives hydrology both from the Sandusky River 
and Stream 2 flooding.  It starts just north of the campground next to Steam 2.  It has narrow fringe parts 
along the Sandusky River as well as wide forested floodplain. Within the forest community are 
interspersed plant assemblages such as dominated by patches of roughleaf dogwood, and reed 
canarygrass.  The canopy is composed of eastern cottonwood, silver maple, black walnut, red maple, 
sycamore, and black willow. Other common herbaceous species observed were clearweed, swamp 
buttercup, false nettle, Canada goldenrod, jumpseed, Kentucky bluegrass, prairie cordgrass, Gray’s 
sedge, great ragweed, and swamp smartweed.  Reed canarygrass dominates the open areas north of 
Stream 2.   

 No vernal pools were observed. The observed vegetation along the fringe of the Sandusky River was 
eastern cottonwood, American sycamore and green ash trees with black and sandbar willow understory.    

Bore ID 14:  Water table at 2ft, sand at 3 ft, refusal at 4 ft, 0-2" - 10YR 4/2 organic layer silty clay; 2-36" - 
10YR 3/2 with 5YR 3/3 mottles 35% silty clay; 36-44" - 10YR 4/1 with 10YR 5/6 - 65% abd 5YR 2.5/2 - 
10% Sandy Clay; 44-48" - 2.5YR 4/3 Sand 

Table C.12 Vegetation Plot Bore ID 14 

Scientific Name Stratum 
Percent 
Cover 

Populus deltoides tree 20 
Acer negundo tree 5 
Phalaris arundinacea herb 75 
Poa pratensis herb 20 
Polygonum pensylvanicum herb 5 

Rumex crispus  herb 1 

Glechoma hederacea herb 1 



 

Wetland 15: The wetland is a 10.89 acre PFO that is part of the wide floodplain of the Sandusky River.  
This wetland had a diverse interspersion of mixed plant assemblages of herbaceous and shrubs 
underneath the forest canopy.  The canopy is composed of cottonwood, silver maple, American elm, 
sycamore, and black willow.  The subcanopy and shrub communities consist of cottonwood, boxelder, 
green ash, American elm, black willow, amur honeysuckle, hawthorn and honeylocust. The herbaceous 
vegetation is composed of Virginia iris, Canada goldenrod, lizard’s tail, Frank’s sedge, reed canarygrass, 
common reed, and broadleaf arrowhead.  Standing water and vernal pool were observed.  Reed 
canarygrass dominates open areas.  Emerald ash borer has killed many of the ash trees.   

Bore ID 5: water table at 2.3ft, 0-16" - 10YR 4/2 with 5YR 3/3 - 10% -silty clay; 16-36" - 10YR 2/2 loam; 
36-60" - 10YR 3/2 with 10YR 5/6 - 40% silty clay 

ORAM Scoring Boundary 7 (1.24 acres): This scoring boundary consists of JD delineated 
Wetland 16.  This wetland is part of the riparian corridor for approximately 3200 feet along the left 
descending bank of the Sandusky River.  This boundary received a Category 2 rating (52.0).      

Wetland 16: The wetland is 1.23 acres PFO along the Sandusky River.  It is a narrow fringe wetland 
adjacent to residential lawns with mixed forest, shrub and herbaceous plant assemblages.  The canopy is 
composed of cottonwood, silver maple, green ash, sycamore, and box elder.  The shrub layer consists of 
sandbar willow and black willow. The herbaceous vegetation is composed of lizard’s tail, water hemlock, 
wild parsnip, and reed canary grass. Large patches of lizard tail are inundated on the edge of the 
resevoir.   

ORAM Scoring Boundary 8 (0.09 acres):  This is a small boundary only consisting of JD 
delineated Wetland 17. This boundary received a Category 1 rating (14.5).   

Wetland 17: This PEM wetland is 0.09 acres and is a Category 1 wetland due to the dominant presence 
of reed canarygrass. The other herbaceous vegetation is composed Pennsylvania smartweed and 
common ragweed.  The wetland is located below the seawall just above the dam.   
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A general meandering vegetation survey was performed throughout the entire project area 
documenting the common plants observed in the JD delineated wetlands.  The following is the 
list of common plants:  

Table D-1.  Plant List  

Scientific Name Common Name 
Acalypha virginica Virginia threeseed mercury 
Acer negundo boxelder 
Acer rubrum red maple 
Acer saccharinum silver maple 
Ailanthus altissima tree-of-heaven 
Alisma triviale northern water plantain 
Alliaria petiolata garlic mustard 
Allium canadense meadow garlic 
Ambrosia artemisifolia annual ragweed 
Ambrosia trifida great ragweed 
Anemone canadensis Canadian anenome 
Apocynum cannabinum Indianhemp 
Arctium minus lesser burdock 
Arisaema dracontium green dragon 
Asclepias incarnata swamp milkweed 
Asclepias spp milkweed 
Asclepias syriaca common milkweed 
Betula nigra river birch 
Bidens frondosa devil's beggartick 
Boehmeria cylindrica smallspike false nettle 
Carex crinita fringed sedge 
Carex frankii Frank's sedge 
Carex grayi Gray's Sedge 
Carex lasiocarpa awlfruit sedge 
Carex planispicata flat-spiked sedge 
Carex scoparia broom sedge 
Carex spp sedge 
Carex stipata woollyfruit sedge 
Catalpa speciosa northern catalpa  
Cephalanthus occidentalis common buttonbush 
Cercis canadensis eastern redbud 
Chamaecrista fasciculata partridge pea 
Cicuta maculata spotted water hemlock 
Convolvulus arvensis field bindweed 
Cornus drummondi roughleaf dogwood 
Crataegus spp hawthorn 
Cryptotaenia canadensis Canadian honewort 
Cuscuta americana American dodder  
Elymus riparius riverbank wildrye 



Elymus virginicus Virginia wildrye 
Equisetum hyemale scouringrush horsetail 
Eragrostis spp lovegrass 
Fraxinus pensylvanica green ash 
Geranium maculatum spotted geranium 
Gerardia spp foxglove 
Geum canadense white avens 
Geum laciniatum rough avens 
Glechoma hederacea ground ivy 
Gleditsia triacanthos honeylocust 
Helenium autumnale common sneezeweed 
Heracleum maximum common cowparsnip 
Humulus lupulus common hop 
Hydrophyllum canadense bluntleaf waterleaf 
Impatiens capensis jewelweed 
Iris pseudacorus paleyellow iris 
Iris versicolor harlequin blueflag 
Juglans nigra black walnut 
Justicia americana American water-willow 
Laportea canadensis Canadian woodnettle 
Leersia oryzoides rice cutgrass 
Leersia virginica whitegrass 
Lonicera maackii Amur honesuckle 
Ludwigia alternifolia seedbox 
Lycopus americanus American water horehound 
Lysimachia ciliata fringed loosestrife 
Lysimachia nummularia creeping jenny 
Menispermum canadense common moonseed 
Mimulus ringens Allegheny monkeyflower 
Morus rubra red mulberry 
Osmorhiza longistylis longstyle sweetroot 
Oxalis stricta common yellow oxalis 
Parthenocissus quinquefolia Virginia creeper 
Pastinaca sativa wild parsnip 
Paulownia tomentosa princesstree 
Penstemon canescens eastern gray beardtongue 
Penthorum sedoides ditch stonecrop 
Phalaris arundinacea reed canarygrass 
Phlox glaberrima smooth phlox 
Phragmites australis common reed 
Phyla lanceolata lanceleaf fogfruit 
Pilea pumila Canadian clearweed 
Plantago lanceolota narrowleaf plantain 
Plantago major common plantain 
Platanus occidentalis American sycamore 
Poa pratensis Kentucky bluegrass 



Polygonum hydropiperoides swamp smartweed 
Polygonum pensylvanicum Pennsylvania smartweed 
Polygonum persicaria spotted ladysthumb 
Polygonum spp smartweed 
Polygonum virginianum jumpseed 
Polymnia canadensis whiteflower leafcup 
Populus deltoides eastern cottonwood 
Populus grandidentata bigtooth aspen 
Potentilla simplex common cinquefoil 
Quercus palustris pin oak 
Ranunculus hispidus bristly buttercup 
Ranunculus septentrionalis swamp buttecup 
Ranunculus spp buttercup 
Rosa multiflora multiflora rose 
Rosa spp rose 
Rubus allegheniesis Allegheny blackberry 
Rubus idaeus raspberry 
Rudbeckia lacianata cutleaf coneflower 
Rumex altissimus pale dock 
Rumex crispus curly dock 
Rumex verticillatus swamp dock 
Sagittaria latifolia broadleaf arrowhead 
Salix interior sandbar willow 
Salix nigra black willow 
Saururus cernuus lizard's tail 
Scutellaria lateriflora blue skullcap 
Senecio spp.  ragwort 
Smilax rotundifolia roundleaf greenbriar 
Solidago canadensis Canada goldenrod 
Solidago graminifolia flat-top goldentop 
Solidago juncea early goldenrod 
Solidago spp goldenrod 
Solidago uliginosa bog goldenrod 
Spartina pectinata prairie cordgrass 
Symphyotrichum lateriflorum calico aster 
Toxicodendron radicans eastern poison ivy 
Ulmus americana American elm 
Urtica dioica stinging nettle 
Verbesina alternifolia wingstem 
Veronia spp ironweed 
Viburnum acerfolium maple leaf viburnum 
Viola spp violet  
Vitis riparia riverbank grape 
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Consulting Services Inc. for the City of Fremont, Ohio. The material in it reflects 
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Consulting Services Inc. accepts no responsibility for damages, if any, suffered by any 
third party as a result of decisions made or actions based on this report. 
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Executive Summary 

This report addresses design considerations for an Ice Control Structure (ICS) to help reduce 
potential ice jam related flooding damage associated with the accumulation of ice downstream 
of the City of Fremont, Ohio due to the removal of Ballville Dam. 

The Ballville Dam is located on the Sandusky River upstream of the City of Fremont (City).  The 
concrete gravity overflow structure is approximately 410 feet in length and 35 feet in height.  
The dam, originally constructed in 1911 for hydroelectric power, was purchased by Fremont in 
1959.  The impoundment was used for the community’s raw water supply until 2013. 
 
The dam and its associated structures and gates have deteriorated over the years, and are now 
considered unsafe.  In 2007, the Ohio Department of Natural Resources (ODNR) issued a 
Notice of Violation to the City requiring the city to repair, correct, or remove the dam.  In lieu of 
costly repairs, the City proposes to remove the dam.  This action provides additional benefits by 
promoting fish passage to fish spawning habitat located in the reach above the dam, as well as 
improving water quality.   
 
The dam currently provides some level of ice retention for downstream areas, particularly during 
floods influenced by ice floes.  During winter months, sheet ice can form behind the dam and 
catch other ice floes.  Removal of the dam could allow this ice to continue downstream, 
worsening the impact of ice jams or causing new ice jams to form.   
 
Ice related floods could reduce the effectiveness Fremont’s system of flood control levees. 
Therefore, the USACE Cold Regions Research and Engineering Laboratory (CRREL) has 
recommended that an Ice Control Structure (ICS) be incorporated into the dam removal project 
(Vuyovich, 2008) (Carr, Tuthill, & Vuyovich, 2011). 
 
This report addresses issues related to the design of an ICS that will be constructed as a part of 
the dam removal project.  The report includes: an overview of the mechanics of ice control on 
the Sandusky River; a review of types of ICS structures and a recommendation for the Ballville 
Dam Removal project; a description of the hydraulic modeling used to assess alternative 
locations; and geometric design considerations for the ICS.   
 
A preliminary design for a proposed break-up ICS also is presented.  The recommended “comb-
like” structure allows fish passage and recreational activities and requires less maintenance 
than some other ICSs.  This design would consist of approximately 15 concrete cylindrical piers 
approximately 6-feet in diameter and spaced approximately 21 feet on center across the river 
channel.  This design allows for passing the 10-percent-annual-chance (10-year) storm event 
while retaining the captured ice.  A conceptual opinion of ICS project costs of $1.56 million is 
included for planning purposes.
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1.0 Ice Control Structure Project Overview  

The Ballville Dam is located on the Sandusky River upstream of the City of Fremont (City), 
Ohio.  The concrete gravity overflow structure is approximately 410 feet in length and 35 feet in 
height.  The dam was originally constructed in 1911 for hydroelectric power.  Fremont 
purchased it in 1959 after it was no longer used for generating electricity, and used the 
impoundment as the community’s raw water supply for many years, before completing a 
separate, off channel raw water reservoir in 2013.   

The dam and its associated gates and sea wall have deteriorated over the years, and are now 
considered unsafe.  In 2007, the Ohio Department of Natural Resources (ODNR) issued a 
Notice of Violation to the City requiring repairs, correction, or removal.  In lieu of costly repairs 
and with support of grants from the U.S. Fish and Wildlife Agency and other Federal and State 
interests, removal of the dam is being proposed by the City to promote fish passage, improve 
water quality and aquatic habitat, and provide increased recreational opportunities.  
Consideration for removing the dam was previously discussed by Stantec in the Ballville Dam 

Removal Feasibility Study in 2011 (Stantec, 2011) (Feasibility Study).  The City has engaged 
Stantec to continue the design and permitting effort for removing Ballville Dam. 

An issue discussed in the Feasibility Study is the dam’s ability to provide flood control for 
downstream areas during floods influenced by ice floes and ice jams.  This report addresses the 
design considerations for an Ice Control Structure (ICS) to help reduce potential flooding 
associated with the accumulation of ice downstream of Fremont due to the removal of Ballville 
Dam. 

1.1 STANTEC’S STUDY OF BALLVILLE DAM AND ICE RELATED FLOOD 
CONTROL 

The Sandusky River is located in north-central Ohio and generally flows in a northeasterly 
direction to its outlet into Lake Erie.  The Feasibility Study focused on a reach of the Sandusky 
River that extends from its confluence at Muddy Creek Bay and Sandusky Bay, upstream 
approximately 20 river miles past the City of Fremont (river mile (RM) 15 to 18) and Ballville 
Dam (RM 18), to a point upstream of West County Road 201 and downstream of the community 
of Old Fort.  The US Army Corps of Engineers (USACE) Buffalo District previously studied flood 
potential along this reach for the community’s Federal Emergency Management Agency (FEMA) 
Flood Insurance Study by developing a hydraulic simulation model using the USACE HEC-RAS 
software.  Stantec obtained a copy of this model and used it to analyze the hydraulic effects of 
the dam removal project for non-ice related events as a part of the Feasibility Study.   

Stantec’s hydraulic analyses completed in 2011 primarily considered flood elevation reductions 
upstream of the dam and the potential for scouring of the accumulated sediment upstream of 
the dam.  The following fundamental assumptions applied to those analyses: 
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 Post-dam removal channel geometry in the model consisted of channel bedrock 
elevations achieved after scour similar to reaches upstream and downstream of the dam 

 Hydrologic attenuation of flood peaks was not considered 

 Hydrologic storage by Ballville Dam was assumed to provide no appreciable flood 
reduction benefits 

 Sub-critical flow regime was assumed throughout the reach; upstream changes will not 
cause a decrease in downstream water surface elevations   

Stantec concluded that the velocities generated in the river near the dam location after removal 
would be enough to support scour of the accumulated sediment.  Stantec determined that the 
sediment would not have a long-term adverse flood impact downstream (less than 0.5-foot 
maximum rise). 

The USACE Cold Regions Research and Engineering Laboratory (CRREL) suggests that 
removing the dam would increase the volume of ice available to lower reaches of the Sandusky 
River, therefore increasing the potential of ice jams downstream of Fremont.  CRREL 
recommended an ICS be considered as a potential way of mitigating the ice jam flood threat 
(Vuyovich, 2008; Carr, Tuthill & Vuyovich, 2011). 

1.2 ICE FLOODING ON THE SANDUSKY RIVER 

The cause for the ice related floods in Fremont is related directly to the mechanics of ice jam 
formation and “ice cover progression” as described by USACE in EM-1110-2-161, “Engineering 
Design, Ice Engineering Manual”. (USACE, 2002) (Vuyovich, 2008)  The following terms are key 
to understanding ice jam processes and ICS design as described in this report: 

 Sheet ice is formed along slow moving areas of water when freezing temperatures occur 
for several days.  This formation is often described as “thermally grown” sheet ice. 

 Frazil ice can be described as floating slush within a very cold, but not yet frozen, water 
body.   

 Floes are masses of floating ice, either frazil or larger solid pieces of sheet ice, which are 
transported downstream.   

The City of Fremont is located near the boundary of lake level influence on the Sandusky River.  
The low grade, low energy section of the river from the City to the mouth of the river enables the 
accumulation and formation of thermally grown sheet ice.  When frazil ice and breakup ice floes 
from upstream reaches encounter the thermally grown sheet ice, they can accumulate and form 
ice jams.  When an ice jam is present and a flood occurs, the ice jam becomes an obstruction to 
flow and may lead to higher upstream or backwater river stages, increasing the chances of 
flooding in Fremont.   
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The reach upstream of Fremont near the Ballville Dam is characterized by a steeper grade and 
faster moving water of the type where frazil ice might form.  Instead, the presence of Ballville 
Dam allows sheet ice to form.  Upstream of the dam to downstream of Tiffin, the river bed has a 
more gradual slope causing sheet ice to form.   

The presence of sheet ice upstream of Ballville Dam interrupts the ice cover progression 
process upstream of Fremont.  The dam’s sheet ice acts as a partial barrier to upstream floes of 
frazil and break-up ice.  This promotes the formation of ice jams near the upstream end of 
Ballville Dam’s impoundment and reduces the amount of ice available to form jams 
downstream, thus reducing the risk of ice jam-related flooding.  It should be noted that the dam 
does not prevent all ice from reaching Fremont as Vuyovich documents ice flows over the dam 
(Vuyovich, 2008).      

CRREL, in the investigation of ice hydraulics associated with the removal of Ballville Dam, 
recommended an ICS be included in the removal project to help mitigate potential negative 
effects associated with ice that would have otherwise been captured or controlled by the dam.  
(Carr, Tuthill, & Vuyovich, 2011) 

1.3 ICS DESIGN OBJECTIVE 

Based on the ice cover progression, jam development, and potential flood scenario described 
above, Stantec was asked by the City to incorporate an ICS into the design if Ballville Dam is to 
be removed.  The objective of this study is to choose a location and design an ICS that attempts 
to have a commensurate level of protection to Fremont from ice jam related flooding risk 
associated with removing the dam.  The goal of the ICS selection and design process is to 
create a structure that will replicate or improve on the ability of the existing Ballville Dam to 
control ice in this portion of the Sandusky River.   

Control of frazil and break-up ice, with comparatively low cost of installation, operation, and 
maintenance are desirable features of the ICS.  During this study, Stantec reviewed several 
potential types of ICS structures often used and recommends a type for this application, makes 
use of the hydraulic modeling developed for the Feasibility Study to further explore potential 
locations and geometric configurations, develops a design geometry based on risk assessment 
methods, and provides a recommended configuration for the proposed structure based on the 
data presented. 

2.0 ICS Selection 

Ice Control Structures generally fall into two classes based on their function: those that form and 
control sheet ice or those that catch and retain break-up ice floes from upstream areas.   

Sheet ice retention structures such as booms, nets, weirs, or dams are frequently used to 
induce thermally grown ice sheets over larger spans.  Sheet ice retention structures typically 
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require low surface velocities   (< 2.3 ft/s), low energy slopes, and low Froude Numbers (< 0.08) 
(a measure of energy and hydraulic flow conditions).  (USACE, 2002) 

Breakup ice control structures such as thrust blocks, divided weirs, channel blocks or boulders, 
and pier structures are generally placed at strategic locations in a stream and are designed to 
catch breakup ice floes to form a controlled jam that protects downstream areas.     

The ICS for the Sandusky River must at a minimum provide breakup ice control in order to 
prevent increases in size of downstream ice jams from occurring.  A breakup ICS would protect 
bridges by preventing ice jams from occurring at bridge piers.  One important benefit for 
removing the dam is fish passage so it is important that the selected ICS allow fish to move 
freely along the river.   

ICS configurations that may be appropriate for the Sandusky River include: booms; net 
structures; thrust blocks, boulders and piers; and combination structures.  The sections that 
follow describe how they might be applied to the Ballville Dam Removal Project. 

2.1 ICE BOOMS 

Ice booms like the one shown in Figure 1 have been primarily used for developing sheet ice 
cover and inducing freeze up jams.  Booms are generally temporary structures that can be 
installed and removed as needed.  They are constructed of floating pontoons attached to a 
flexible wire or cable system with varying size and spacing.  They may be anchored to the 
stream bed as well; however, caution must be exercised to avoid freezing of the boom to the 
river bottom, which can cause a blockage.      

 

Figure 1 Floating Ice Boom  

These structures have little impact on natural river function under no-ice conditions.  They 
require relatively small upfront capital investment to install, but have higher operation and 
maintenance costs throughout their lifecycle.  Regular operation and maintenance would include 
annual installation of the boom, regular inspection for wear and potential defects, and likely 

BMT Fleet Technology 
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repairs or replacement after large ice events.  Debris removal would also be required as 
needed. 

For a boom to work in the Sandusky River, a suitable location with deeper, slow moving water 
would need to be identified.  The boom would help control sheet ice formation, but would not 
provide much benefit for frazil or breakup ice, unless the velocity was relatively low.  
Structurally, the boom would not likely have the required strength to withstand larger ice jams.  
From the review of potential ICS locations, described in Section 3 of this report, a boom could 
function as intended if it were placed downstream of Fremont or farther upstream of the Ballville 
Dam location.  Unfortunately, these locations are not ideal to form ice jams that would help 
protect Fremont from flooding damage.  Because of the poor suitability of the location and 
inability to control frazil and breakup ice, an ice boom is not recommended. 

2.2 ICE NET STRUCTURE 

In some locations, structures consisting of cables and nets are stretched across smaller 
channels to help control debris and trap ice.  An example designed to control debris is shown in 
Figure 2.  Many of these are improvised structures intended only to catch debris or control 
access, but they often inadvertently act as ice control structures during winter freeze-up 
conditions.  For those intended to control ice, like ice booms with suspended debris nets, these 
are generally temporary in nature.  Depending on the design, the structures may fill with ice and 
freeze up to form a weir, or be used in conjunction with a fixed weir to catch ice and provide a 
delay before failure at some preset design limit.  The nets may be a way to catch frazil floes and 
initiate a jam.  The relatively weak structural integrity makes them easily overwhelmed when 
faced with sufficient forces.  Stacking of ice behind a jam formed upstream of the structure, as 
described in “ice cover progression” scenario previously discussed, would likely produce better 
results than stacking at the structure itself due to the added structural support of the banks and 
other in channel features.  Stacking at the net could lead to the increased probability of pushing 
it down and releasing ice over the top.  (Morse, Francoeur, Delcourt, & Leclerc, 2006) 

 

Figure 2 Debris Net Structure 

Geobrugg 
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Nets with proper opening sizes would promote fish passage between up- and downstream river 
segments.  Initial investment for net structures would be relatively low, but operation and 
maintenance costs could be higher with likely frequent maintenance while in use. 

A net structure in the Sandusky River would be required to have to span a distance of 200-feet 
or more and would control a significant volume of ice.  Flood discharges would be anticipated to 
make the river elevations and velocities fluctuate.  The forces involved would require the net 
structure to be substantial to resist failure.  Literature indicates some scale modeling studies 
have been performed to simulate how they might function on larger streams, but there does not 
appear to be an application of these for a waterbody the size of the Sandusky River.  Due to the 
anticipated loading conditions and the difficulty in operation and maintenance, not to mention 
the uncertainty on how it would perform on a river the size of the Sandusky, an ice net structure 
is not recommended. 

2.3 THRUST BLOCKS, BOULDERS, AND PIERS 

These types of ICSs appear to be the most frequently used and studied.  Literature review 
indicates some documented success in catching and retaining breakup ice floes.  The typical 
configuration consists of a series of permanent obstructions spaced evenly across the width of 
the river.  A variety of configurations have been used in previous designs, including: large 
boulders placed on the stream bed, concrete thrust blocks anchored into the channel, and round 
or elongated concrete piers oriented parallel with flow.  Geometric dimensions (height, length, 
and widths) as well as spacing on these structures vary, with many pier structures resembling a 
“comb-like” arrangement.  

The function of this type of ICS is generally to catch large sheets of ice, which then interlock to 
bridge over the gaps and form an ice jam.  The ice jam is typically grounded at the toe of the 
structure, building vertically and upstream.  The structure generally must be capable of 
maintaining excess flow around or over the ice jam, or be located adjacent to an accessible 
floodplain for flood flow relief.  This prevents further increases in water level that could overtop 
the structure, compromise the grounded toe, or washout ice through the piers.  Pier heights vary 
based on floodplain elevations, ice storage requirements, and design discharge.  Structures 
placed in river reaches where the formation of sheet ice immediately upstream is possible also 
benefit from the structural strength of the sheet ice and potential ice jams associated with it.  
Design loads must be given careful considerations and are often comparable to highway bridge 
pier specifications. 

One example of this type of structure, a series of ice-retaining piers, was constructed by USACE 
on Cazenovia Creek, located in West Seneca, NY.  Figure 3 is a photo of the Cazenovia Creek 
ice pier structure from USACE.  The slope of the channel and post-dam removal average flow 
velocities (0.004-0.005 ft/ft and ~4-6 ft/s respectively) for that structure appear to be comparable 
to the typical winter conditions downstream of Ballville Dam on the Sandusky River.  At 
Cazenovia Creek, the 5 ft. diameter cylindrical piers are spaced with 12-ft gaps and protrude 2 
feet above the adjacent floodplain elevation, where there is a relief flow channel adjacent to the 
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structure.  (Tuthill & Lever, 2006)  The Cazenovia Creek structure was constructed in 2005 and 
successfully controlled ice during an ice floe in 2007.  (Vuyovich, 2008)   

 

Figure 3 Ice Pier Structure Cazenovia Creek 

These structures allow for fish passage, but would be a permanent visual impact on the river.  
Initial costs for pier structures are relatively high, due to the amount of work and materials 
needed, but operation and maintenance efforts are lower than temporary structures.  No 
operation is involved with the structures as they are permanent and stand alone.  Maintenance 
may be required for debris removal and less frequently in the form of concrete repair and 
abutment armor replacement.  An ICS structure of the type described, particularly a comb pier 
structure, has precedence in other locations and appears to be a suitable option for the 
Sandusky River. 

2.4 COMBINATION STRUCTURES 

Combinations of the previous structures may also be used for ice protection.  A boom-net 
structure utilizes booms attached to the top of a single-span net across a river section.  
Pontoons on the boom help catch surface ice and support the net, so that ice is successfully 
wedged into the net to start a jam and ice does not flow over the top.  Structures like the one 
shown in Figure 4 have been tested in laboratory applications and at small scales; however, 
little is known about how well they might function on a larger river.  Research suggests these 
structures are more appropriate for smaller rivers (<100 feet width) and greater flow depths.  
(Morse, Francoeur, Delcourt, & Leclerc, 2006)  Greater widths increase forces on the structural 
elements, thus prohibitively driving up the cost of the structure.  Shallow flow depths are not as 
effective due to potential freeze-up of the net to the channel bottom and strength required to 
sustain ice piling up on the net.  The boom-net structure is not recommended due to the location 
constraints, anticipated forces on the net structure, and operation and maintenance concerns. 

USACE 
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(Morse, Francoeur, Delcourt, & Leclerc, 2006) 

Figure 4 Ice Pier-Net Structure Laboratory Model 

Pier-net structures combine a comb pier structure with a temporary net anchored to the piers.  
They are comprised of permanent piers spaced across the channel with the addition of 
temporary, high tensile steel nets between piers.  The nets are anchored to the river bed and 
the piers.  Loading analyses determine the span of the net (or pier spacing).  The combination 
allows for fewer piers and subsequently wider spacing.  The nets potentially have higher capture 
efficiency of smaller frazil floes, which reduces the need for sheet ice upstream of the piers for 
jam formation at the structure.  As previously mentioned, there does not appear to be an 
application of these for a waterbody the size of the Sandusky River.  Due to the anticipated 
loading conditions and the difficulty in operation and maintenance of the net, and the absence of 
scale trials of such a structure, a combination pier-net structure is not recommended. 

2.5 RECOMMENDED ICE CONTROL STRUCTURE 

Table 1 summarizes the desired criterion for an ICS on the Sandusky River and the benefits 
delivered by each type of ICS considered.  Based on this summary, a pier type ICS is 
recommended.  This structure may not be as effective at promoting formation of sheet ice or 
capturing frazil ice, but it would function to control break-up ice and fit within the geometry of the 
Sandusky River near the Ballville Dam location.   
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Table 1 Ice Control Structure Evaluation Summary 

 Type of Structure 
 Boom Net Piers Combination 

Pier-Net 
Forms Sheet Ice     
Captures Frazil Ice     
Captures Breakup Ice     
Compatible w/ Flow & Velocity     
Compatible w/ Sandusky River Geometry     
Visual Impact (Rank) 1 2 3 4 
Installation Cost (Rank) 1 2 3 4 
Operation and Maintenance Cost 2 3 1 4 
Precedence in Other Locations     
Perceived Overall Rank 4 3 1 2 

Rankings are presented as Best (1) to Worst (4) 

 

3.0 ICS Location and Design Geometry 

Key design features of the ICS have been identified in terms of location and physical geometry.  
Stantec used the anticipated hydraulic operation of the ICS to determine design parameters and 
geometry. 

3.1 HYDRAULIC MODELING 

Stantec used the HEC-RAS model developed by the USACE Buffalo District for the ICS design.  
This was the same base model used for the Feasibility Study.  For comparison Stantec obtained 
a copy of the HEC-RAS model that CRREL used in their 2011 study of potential ice impacts of 
the removal of Ballville Dam.  The CRREL model was based on the same Buffalo District model 
with no apparent changes to the model geometry. CRREL added ice accumulation behind 
various cross sections based on ice jam locations and thicknesses determined from reviewing 
historic records of the Sandusky River. 

The average winter flow was used as the base condition for the ICS design.  The average winter 
discharge and ice thickness values were calculated using monthly averages for November 
through February between the years 1923 and 2011 from US Geological Survey (USGS) 
Stream Flow Gage # 04198000 located on the Sandusky River at river mile 2.4.  The results 
and comparison of simulations with and without the dam is presented in Appendix A.   

Removal of the dam caused increased velocity and decreased water surface elevations at and 
just upstream of the dam location.  Simulations using the average winter flow indicated removal 
caused an increase in velocity of approximately 5.3 feet/second (ft/s) and a decrease in water 



ICE CONTROL STRUCTURE  
DESIGN REPORT 
 

 

 10 

surface elevation of approximately 24.0 feet immediately upstream of the dam location.  This 
combination will likely result in sediment erosion, causing a decrease in channel bed elevation 
of ten feet or more at the location of the dam.  This decrease in minimum channel elevation is 
apparent on the graphical profile shown in Appendix A.   

The resulting HEC-RAS model was then used to evaluate potential locations for an ICS and 
potential interactions with the City’s flood protection system. 

3.2 LOCATION SELECTION 

Based on the prior CRREL analyses of the Sandusky River ice floes and review of the hydraulic 
modeling results, the most suitable location for the ice structure would be near the current dam.  
Based on the design and operation of the ICS on Cazenovia Creek, the site would need to have 
an area for bypass flow (i.e. an adjacent floodplain) or be capable of maintaining the ice and 
flood event within the channel.  Stantec considered three areas with these criteria in mind: 
upstream of the dam (two different locations), at the current dam location (actually slightly 
downstream), and well downstream of the dam.  The four locations are shown on Figure 5 and 
discussed further below. 

 

 

Figure 5 ICS Locations Considered 

Ballville Dam 

ICS Locations Considered 

Sandusky 
River 

Flow 

Source: Bing Maps 
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3.2.1 Upstream Areas 

In the CRREL study from 2011, two possible sites for the ICS location were proposed upstream 
of the current dam: one around River Mile (RM) 19.1 (XS 92000 in the model) and another close 
to RM 18.4 (XS 88000).    (Carr, Tuthill, & Vuyovich, 2011)  River mile (RM) 19.1 is close to the 
location of the City’s new raw water reservoir intake.  The anticipated width and depth of the 
channel after the Ballville Dam is removed would support a pier ICS structure.  The higher 
elevations of the channel banks make it a feasible location for providing floodplain release of 
bypass flow, though some homes could be at increased risk of flooding in the vicinity.  In 
addition, the distance from the current dam may contribute to excess frazil ice generation 
downstream of the ICS.  Due to risk to homes in the vicinity and distance from the current dam 
location, this location was omitted from further consideration. 

Approximately 1,500 feet upstream of the dam, at RM 18.3-18.4 (XS 87500), the depth of the 
river (based on model results and assuming scour has occurred) is approximately 4 feet and the 
velocity is 2.3 ft/s during average winter flow.  Based on USACE guidelines this flow regime 
would be suitable for sheet ice retention and could allow sheet ice to form.  (USACE, 2002)  
There is a secondary channel and a large wetland area on the right side of the Sandusky River 
that could be modified to allow overflow.  This location is close to the dam and operation of an 
ICS here would provide similar protection as the dam and affect a similar area.   

An assumption with this location is that the desired channel configuration would depend on 
scour, which may take several years to achieve without extensive intervention through 
construction.  Construction would be costly as approximately 10 feet of sediment will need to be 
removed from the channel bed before the ICS could be placed and natural channel scour 
processes will need to occur before the ICS reaches its full effectiveness.  These activities could 
be difficult and costly to implement before the pool is drawn down and the dam is removed.  At 
that point, any delays in construction result in exposure of areas downstream to increased risks. 

Other features of this location that make it less desirable are that it would be highly visible from 
the adjacent cemetery and properties to the northeast (a possible negative effect on the current 
viewshed) and an access road will need to be constructed along the previously undisturbed left 
embankment (increased direct impact effects).   

Although this location is feasible from an operational standpoint, the constructability issues 
could lead to increased costs and its impacts are not desirable. 

3.2.2 Current Dam Location (Downstream) 

A location just downstream of the dam near RM 17.9 (XS 85750) was considered based on 
constructability and geometry.  This area is essentially within the discharge zone for Ballville 
Dam and is characterized by a shallow channel that is founded on bedrock.  Model results of 
typical winter flow conditions indicate that after dam removal the anticipated depth of water 
would be approximately 2 feet and the velocity would be 6 ft/s.  The velocity is fast enough to 
preclude the use of this location for developing sheet ice cover, but a break up structure could 
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be used.  The channel is wide enough and deep enough such that a storm and ice event can be 
maintained within the channel, so an overflow channel would not be needed.   

The ICS construction could occur largely independent of the dam removal effort with minimal 
changes to the existing conditions and minimal additional impacts beyond the dam removal 
effort.  Upstream flooding impacts of this structure would also be less than the existing dam. 

3.2.3 Downstream Areas 

Downstream of the dam at RM 16.6 (XS 78500), the depth of the river is approximately 4 feet 
and the velocity is 1.43 ft/s, based on model results.  On the left side of the river is a golf course 
that could be configured to allow flood overflows without impacting structures.  This area seems 
to fit the necessary hydraulic criteria with low velocity and an available overflow area.  This 
location is downstream of County Road 53 Bridge.  There is a chance for ice to collect upstream 
of the bridge causing flooding to structures in the vicinity.  This is also near the area protected 
by levees, so flooding here increases the risk of flood impacts to the levee system.  Other areas 
downstream of the Ballville Dam location were reviewed and found to have similar issues.  The 
increased risk of flooding makes these areas ineffective for an ICS and they were eliminated 
from consideration as potential locations.   

3.3 ICS GEOMETRIC DESIGN CRITERIA 

The current dam location is recommended for the ICS placement.  Depths and velocities during 
the typical winter condition would be anticipated to be on the order of 2 feet and 6 ft/s 
respectively.  Stantec has based the design on desired operation.  The goal is for the piers to 
capture a designated amount of ice, allow a chosen storm to pass while retaining that captured 
ice, withstand the forces associated with the combination event, and have a geometry 
conducive to effective operation.  This design results in a pier height, pier spacing, pier 
diameter, and embedment depth directly related to the hydraulic operation of the ICS and the 
geologic conditions at the chosen site.  Further discussion of the design aspects follows. 

3.3.1 Design Event 

The design event was calculated using historical records of flood and ice events reported by 
CRREL and stream flow gage data obtained from USGS Gage #04198000.  Each historical 
event has a corresponding peak flood discharge and estimated ice thickness.  Ice thickness and 
flow were ranked from highest to lowest and subsequently a frequency was calculated for each 
of these occurrences, using Equation 1.   

 ( )   
 

 
 Equation 1. 

Where: x = a particular occurrence, P(x) = probability of the occurrence of x, m=the rank 
of x with all observed occurrences, N = total number of observations. 
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Ice jam related flooding occurs when these two events, accumulation of ice and occurrence of a 
large discharge, happen simultaneously. These events are not related and are independent.  To 
relate the relative frequency or risk of the two independent events happening at the same time, 
the combined probability of the two independent datasets was calculated using Equation 2.   

 (   )   
  

(   (   )(   ))
 Equation 2. 

Where: x or y = a particular occurrence of an independent event, P(x,y) = probability of 
the occurrence of x and y, c = probability of x from Eq.1, d = probability of y from Eq.1 

From equations 1 and 2, the probability of event X can be explained as the probability of a flood 
peak discharge exceeding a certain value X.  The probability of event Y would relate to the 
probability of ice thickness exceeding a certain value Y.  The probability of X and Y would be the 
probability of ice being thicker Y when a flood with a discharge greater than X occurred.  Results 
from this analysis are included in Appendix B and the datasets are presented graphically in 
Figures 6 and 7.  It can be noted that the two events highlighted in yellow in Figures 6 and 7 
(1959 and 1963) had ice jams that caused flooding in Fremont, and occurred while Ballville Dam 
was in place.   

 

 
Figure 6 Sandusky River Historic Flood Discharges 
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Figure 7 Sandusky River Recorded Ice Thicknesses 

The ICS needs to be at least as effective as the current dam.  The two combined events which 
caused flooding (1959 and 1963) occurred when the joint probability had an 11.2-percent or less 
chance of occurring.  To be conservative, the ICS was designed to hold both the ice thickness 
and discharge of 10-percent or lower chances of occurrence independently.  At 10-percent 
probability of occurrence the ice thickness based on historic records would be about 18 inches 
thick or greater.  At 10-percent probability of occurrence, the USGS gage discharge would be 
24,000 cfs or greater.  The actual combined probability of these two events would be 1.2-
percent, which is much more conservative than the 11.2-percent for the events in 1959 and 
1963 that Ballville Dam could not prevent. 

As a factor of safety and to account for stacking of ice, the ice thickness allowance was actually 
set at twice the design value or 3 feet and the ICS was designed to still pass the 10-percent 
chance flood event without overtopping or flowing around the structure with that amount of ice in 
place.  Based on model geometry at the recommended location, these design parameters 
translated to an ICS height of approximately 12 feet as predicted by the results of the HEC-RAS 
model. 

3.3.2 Pier Spacing 

Spacing of the piers was selected based on capturing and containing the largest free-floating 
mass of sheet ice that would be of concern downstream.  The USACE Cazenovia Creek ICS 
design reports that “ICS gap width can be set at about 15 times the minimum ice thickness that 
poses an ice jam threat under existing conditions”.  (Tuthill & Lever, 2006)  From Figure 7, the 
typical recorded ice thickness is about 12 inches (1.0 foot) and the design thickness is about 18 
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inches (1.5 feet).  Therefore, 15-22.5 feet would be the designed gap width, with the smaller end 
of that range, which is more conservative, having a better chance of capturing smaller sheets of 
ice from upstream. 

3.3.3 Pier Diameter 

The pier diameter was assumed to be 6 feet.  It was set in accordance to USACE guidelines for 
ice control structures in similar conditions. (Tuthill & Lever, 2006) (Stantec, March 2013)  For a 
pier diameter of 6 feet and a desired gap width of 15 feet, the pier spacing would be 21 feet on 
center. 

3.3.4 Embedment Depth 

Stantec performed a geotechnical exploration of the proposed site and the results have been 
submitted separately.  (Stantec, March 2013)  In general, the channel bottom at the project site 
was found to consist of dolomitic limestone.  The embedment depth for each pier was assumed 
to be 15 feet based on strength requirements.  Additional discussion is included in the Stantec 
geotechnical exploration report. 

3.3.5 Pier Strength Analyses 

The loads from ice for the piers were determined using guidelines found in AASHTO “Bridge 
Design Specifications”.  (American Association of State Highway Transporation Officials 
(AASHTO), 2010)  A copy of the calculation spreadsheet containing the method for determining 
loads using the equations is presented in Appendix C.  For reference, the top of the ICS piers 
was assumed to be elevation 610 feet. 

Two loading conditions were analyzed: 

 Loading Condition 1 – Ice breakup upstream occurs at melting temperatures resulting in 
an ice floe 2 feet thick, in addition to the design flood discharge.  The top elevation of the 
ice floe is 610.0 feet.  This simulates ice jam during a flood. 

 Loading Condition 2 – Ice breakup or major ice movement occurs when the ice 
temperature is below the melting point (averaged over its depth). The top elevation of 
the ice floe is 600.5 feet.  The ice is assumed 2 feet thick.  This simulates ice loading 
without a flood. 

The L-Pile computer program (Version 5.0, Ensoft, Inc.) and the ShortCol program for use in 
spreadsheets (shareware,Yakpol.net) were used for iterative analyses of the pier.  Load 
Resistance Factor Design (LRFD) resistance factors of 0.9 for bending and 0.75 for 
compression were used in ShortCol. The results of the strength analyses are presented in Table 
2. 
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Table 2 Summary of Results of Structural Analyses of ICS Piers 

Loading 
Condition 

Horizontal 
Force 
(kips) 

Maximum 
Moment 
(kip-ft) 

Deflection At 
Top Of Pier 

(inches) 

Factor of 
Safety 

Steel 
Reinforcement 

(No. & Size) 
1 157 1912.8 0.20 2.1 24, #10 

2 627 1856.3 0.05 2.2 24, #10 

 

The steel reinforcing is circular and is to be tied with nominal spiral shear reinforcing.  Computer 
program output is presented in Appendix C. 

4.0 ICS Design Summary 

The potential exists for the dam removal to contribute to downstream ice jams, which could 
cause increased water surface elevations and associated flood damage downstream.  An ice 
control structure would reduce the likelihood of ice continuing downstream from the Ballville 
Dam location, where it could cause associated flooding risks.  Therefore, an ICS is 
recommended downstream of the current dam location as a part of removing the dam.  This 
location is suitable to capture breakup ice.  This section of the river is capable of containing the 
storm event and ice buildup within the channel.  The location is close enough to the dam that it 
can capture a similar amount of ice breakup from upstream as the existing dam does.   

The ICS is recommended to be a pier structure consisting of approximately 15 piers, spaced 21 
feet on center.  The piers would be approximately 12 feet tall and 6 feet in diameter, embedded 
approximately 15 feet into rock.  A pier structure is being recommended because it has the 
ability to protect downstream areas from breakup ice floes with minimal operation and 
maintenance requirements compared to other types of structures.  The pier structure allows the 
passage of fish and recreational activities.   

This design was used in the Cazenovia Creek ICS, which has proved successful in its ice jam 
flood prevention.  (Carr, Tuthill, & Vuyovich, 2011)  The Sandusky River ICS and the Cazenovia 
Creek ICS are comparable in structure and channel characteristics.  Based on results thus far 
for the Cazenovia Creek ICS, the Sandusky River ICS would be expected to perform in a similar 
manner. 

4.1 PRELIMINARY OPINION OF CONSTRUCTION COSTS 

Stantec developed a preliminary opinion of construction cost for the proposed ICS.  The opinion 
shown in Table 3 is conceptual. 
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Table 3 Preliminary Opinion of Construction Costs 

Item No. Description Units Quantity Unit Price Item Cost* 

1 ICS Coffer dam for water diversion Ea. 15 $5,000  $75,000  

2 Floodplain protection (rock or wood 
bollards) 

Ea. 6 $2,000  $12,000  

3 ICS Dewatering pump/treatment 
system 

Day 60 $1,500  $90,000  

4 ICS caissons V.L.F. 760 $500  $380,000  

5 ICS Caisson rock excavation C.F. 3,534 $100  $354,000  

6 ICS Caisson rig mob/demob. Ea. 4 $15,000  $60,000  

7 Steel Reinforcing TN 67.8 $3,350  $228,000  

ICS Construction Cost: $1,199,000 
+ Construction Contingency (30%): $360,000 

 =Total Opinion of Cost: $1,559,000 

* - Costs are rounded up to the nearest thousand ($1,000) 
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A.1 GRAPHICAL FLOOD PROFILE 
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A.2 TABULAR HYDRAULIC MODEL RESULTS 



APPENDIX A.2 TABULAR HYDRAULIC MODEL RESULTS 

River 

Station 

WITH DAM WITHOUT DAM 

DIFFERENCE  [w/o-

with] 

Min 

Channel 

El. With 

Dam 

WSEL With 

Dam 1% 

Depth of 

Water 

(ft) 

Velocity 

with Dam 

(ft/s) 

Min 

Channel 

El. - 

Eroded 

WSEL 

Without 

Dam 1% 

Depth of 

Water 

(ft) 

Velocity 

without Dam 

(ft/s) 

Velocity  

(ft/s)  

 Depth  

(ft)   

105000.00 635.77 639.05 3.28 1.79 635.77 639.05 3.28 1.79 0.00 0.00 

104000.00 634.98 638.39 3.41 2.41 634.98 638.39 3.41 2.41 0.00 0.00 

103000.00 634.04 637.74 3.70 2.00 634.04 637.74 3.70 2.00 0.00 0.00 

102015.90 633.78 637.33 3.55 1.69 633.78 637.33 3.55 1.69 0.00 0.00 

101000.00 633.40 636.52 3.12 2.76 633.40 636.52 3.12 2.76 0.00 0.00 

100000.00 631.67 633.97 2.30 3.71 631.67 633.97 2.30 3.71 0.00 0.00 

99000.00 628.45 630.75 2.30 3.48 628.45 630.75 2.30 3.48 0.00 0.00 

98270.85 626.52 628.99 2.47 3.36 626.52 628.99 2.47 3.35 -0.01 0.00 

98088.88 626.12 627.59 1.47 5.58 626.12 627.66 1.54 5.26 -0.32 0.07 

97000.00 623.17 626.50 3.33 2.06 623.17 626.25 3.08 2.25 0.19 -0.25 

96000.00 622.32 626.02 3.70 2.15 622.32 625.38 3.06 2.83 0.68 -0.64 

95000.00 621.16 625.77 4.61 1.41 621.16 624.50 3.34 2.18 0.77 -1.27 

94000.00 620.16 625.59 5.43 1.28 620.16 622.06 1.90 6.24 4.96 -3.53 

93000.00 617.66 625.43 7.77 1.17 615.87 618.75 2.88 2.67 1.50 -4.89 

92000.00 615.46 625.40 9.94 0.67 614.00 616.94 2.94 3.17 2.50 -7.00 

91000.00 615.13 625.38 10.25 0.64 612.00 614.85 2.85 3.07 2.43 -7.40 

90000.00 614.50 625.36 10.86 0.67 610.00 613.31 3.31 2.44 1.77 -7.55 

89000.00 619.01 625.32 6.31 0.76 608.00 609.98 1.98 5.75 4.99 -4.33 

88000.00 616.71 625.25 8.54 0.80 603.00 606.66 3.66 2.12 1.32 -4.88 

87000.00 611.07 625.22 14.15 0.67 602.50 605.18 2.68 3.38 2.71 -11.47 

86850.00 611.00 625.22 14.22 0.54 602.00 604.23 2.23 4.61 4.07 -11.99 

86700.00 609.99 625.22 15.23 0.49 601.00 603.43 2.43 3.98 3.49 -12.80 

86455.00 610.24 625.22 14.98 0.52 600.00 602.96 2.96 2.89 2.37 -12.02 

86280.00 610.49 625.22 14.73 0.51 600.00 602.30 2.30 4.38 3.87 -12.43 

86130.00 610.34 625.22 14.88 0.45 599.00 601.69 2.69 3.36 2.91 -12.19 

86076.27 610.20 625.22 15.02 0.43 599.00 600.98 1.98 5.77 5.34 -13.04 

85895.92 593.49 595.12 1.63 2.27 593.49 595.11 1.62 2.29 0.02 -0.65 

85755.90 593.18 594.89 1.71 2.34 593.18 594.89 1.71 2.34 0.00 -1.11 

85000.00 591.49 593.59 2.10 2.82 591.49 593.59 2.10 2.82 0.00 -1.27 

84400.10 589.46 592.31 2.85 3.37 589.46 592.31 2.85 3.37 0.00 2.85 



 

105000.00 635.77 639.05 3.28 1.79 635.77 639.05 3.28 1.79 0.00 0.00

104000.00 634.98 638.39 3.41 2.41 634.98 638.39 3.41 2.41 0.00 0.00

103000.00 634.04 637.74 3.70 2.00 634.04 637.74 3.70 2.00 0.00 0.00

102015.90 633.78 637.33 3.55 1.69 633.78 637.33 3.55 1.69 0.00 0.00

101000.00 633.40 636.52 3.12 2.76 633.40 636.52 3.12 2.76 0.00 0.00

100000.00 631.67 633.97 2.30 3.71 631.67 633.97 2.30 3.71 0.00 0.00

99000.00 628.45 630.75 2.30 3.48 628.45 630.75 2.30 3.48 0.00 0.00

98270.85 626.52 628.99 2.47 3.36 626.52 628.99 2.47 3.35 -0.01 0.00

98088.88 626.12 627.59 1.47 5.58 626.12 627.66 1.54 5.26 -0.32 0.07

97000.00 623.17 626.50 3.33 2.06 623.17 626.25 3.08 2.25 0.19 -0.25

96000.00 622.32 626.02 3.70 2.15 622.32 625.38 3.06 2.83 0.68 -0.64

95000.00 621.16 625.77 4.61 1.41 621.16 624.50 3.34 2.18 0.77 -1.27

94000.00 620.16 625.59 5.43 1.28 620.16 622.06 1.90 6.24 4.96 -3.53

93000.00 617.66 625.43 7.77 1.17 615.87 618.75 2.88 2.67 1.50 -4.89

92000.00 615.46 625.40 9.94 0.67 614.00 616.94 2.94 3.17 2.50 -7.00

91000.00 615.13 625.38 10.25 0.64 612.00 614.85 2.85 3.07 2.43 -7.40

90000.00 614.50 625.36 10.86 0.67 610.00 613.31 3.31 2.44 1.77 -7.55

89000.00 619.01 625.32 6.31 0.76 608.00 609.98 1.98 5.75 4.99 -4.33

88000.00 616.71 625.25 8.54 0.80 603.00 606.66 3.66 2.12 1.32 -4.88

87000.00 611.07 625.22 14.15 0.67 602.50 605.18 2.68 3.38 2.71 -11.47

86850.00 611.00 625.22 14.22 0.54 602.00 604.23 2.23 4.61 4.07 -11.99

86700.00 609.99 625.22 15.23 0.49 601.00 603.43 2.43 3.98 3.49 -12.80

86455.00 610.24 625.22 14.98 0.52 600.00 602.96 2.96 2.89 2.37 -12.02

86280.00 610.49 625.22 14.73 0.51 600.00 602.30 2.30 4.38 3.87 -12.43

86130.00 610.34 625.22 14.88 0.45 599.00 601.69 2.69 3.36 2.91 -12.19

86076.27 610.20 625.22 15.02 0.43 599.00 600.98 1.98 5.77 5.34 -13.04

85895.92 593.49 595.12 1.63 2.27 593.49 595.11 1.62 2.29 0.02 -0.65

85755.90 593.18 594.89 1.71 2.34 593.18 594.89 1.71 2.34 0.00 -1.11

85000.00 591.49 593.59 2.10 2.82 591.49 593.59 2.10 2.82 0.00 -1.27

84400.10 589.46 592.31 2.85 3.37 589.46 592.31 2.85 3.37 0.00 2.85

Depth of 

Water (ft)

Velocity without 

Dam (ft/s)

Velocity  

(ft/s) 
 Depth  (ft)  
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WITH DAM WITHOUT DAM DIFFERENCE  [w/o-with]

Min Channel 

El. With Dam

WSEL With 

Dam 1%

Depth of 

Water (ft)

Velocity with 
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Min Channel 

El. - Eroded

WSEL Without 

Dam 1%
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APPENDIX B STATISTICAL ANALYSES 

 

 

Rank Date
Date                               

(year)

Estimated 

Ice Thickness 

(in)

Daily 

Average 

Discharge 

(cfs)

Ice 

Probability 

(%)

Discharge 

Probability 

(%)

Combined 

Probability 

(%)

1 15-Mar-78 1978 23.20 36000 1.69 8.43 0.16

2 6-Mar-63 1963 21.70 21500 3.93 6.18 0.27

3 10-Feb-59 1959 16.10 28000 19.66 1.69 0.42

4 23-Feb-45 1945 17.10 9000 10.67 15.17 2.09

5 22-Jan-59 1959 14.40 25000 46.63 3.93 3.45

6 27-Jan-84 1984 16.70 6100 12.92 19.66 3.50

7 23-Feb-71 1971 15.90 21000 26.40 10.67 4.11

8 14-Feb-48 1948 16.40 4500 15.17 35.39 8.92

9 26-Feb-29 1929 15.90 6000 28.65 21.91 10.13

10 26-Feb-26 1926 14.60 9310 44.38 12.92 10.59

11 24-Feb-79 1979 19.00 1800 6.18 69.10 12.84

12 31-Jan-82 1982 15.50 5200 33.15 26.40 15.10

13 20-Feb-40 1940 14.80 5000 37.64 30.90 21.25

14 20-Jan-86 1986 13.30 5200 51.12 28.65 29.58

15 23-Feb-80 1980 15.00 4200 35.39 44.38 30.42

16 13-Feb-51 1951 15.80 3000 30.90 53.37 33.85

17 6-Feb-28 1928 12.40 6000 62.36 24.16 34.54

18 2-Mar-07 2007 14.30 4211 48.88 42.13 41.04

19 26-Feb-65 1965 16.10 1700 21.91 71.35 41.13

20 31-Jan-01 2001 14.80 3000 39.89 55.62 45.40

21 9-Feb-56 1956 12.50 4500 60.11 37.64 47.63

22 24-Feb-58 1958 13.20 3500 53.37 48.88 52.25

23 26-Jan-62 1962 12.80 3800 57.87 46.63 54.54

24 25-Jan-43 1943 12.30 4500 64.61 39.89 54.78

25 3-Feb-39 1939 9.70 8800 87.08 17.42 58.70

26 23-Feb-03 2003 16.10 1100 24.16 82.58 60.17

27 13-Feb-55 1955 12.10 3000 66.85 57.87 73.47

28 30-Dec-51 1951 10.00 5000 84.83 33.15 73.49

29 7-Feb-25 1925 14.80 1110 42.13 80.34 74.84

30 10-Mar-34 1934 16.30 426 17.42 93.82 76.20

31 10-Mar-44 1944 13.20 1500 55.62 75.84 79.73

32 30-Jan-24 1924 11.20 2150 69.10 64.61 80.32

33 1OFeb33 1933 10.90 2800 71.35 62.36 80.49

34 26-Feb-36 1936 18.70 28 8.43 98.31 84.30

35 4-Feb-87 1987 10.20 3000 80.34 60.11 86.03

36 27-Dec-45 1945 10.30 2000 75.84 66.85 86.36

37 15-Jan-76 1976 10.30 1600 78.09 73.60 90.85

38 23-Jan-47 1947 8.50 3500 91.57 51.12 91.91

39 3-Mar-50 1950 10.90 950 73.60 87.08 94.95

40 9-Feb-41 1941 10.20 1000 82.58 84.83 96.37

41 24-Dec-83 1983 8.50 1200 93.82 78.09 98.19

42 24-Jan-35 1935 9.40 630 89.33 89.33 98.59

43 6-Jan-42 1942 6.10 240 96.07 96.07 99.83

44 27-Dec-48 1948 5.50 480 98.31 91.57 99.84

Flooded Freemont with Dam
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C.2 LPILE COMPUTER PROGRAM OUTPUT 
















































