
CONFIDENTIAL PROPRIETARY TRADE SECRET 

Hiszh Gradient Bioassessment Stream Visit Sheet 

STREAM NAME: SQ 14 LOCATION: Bigbone, KY 

STATION#: N/A coUNTY: Boone 

1-'INV::..:....:...EST=.:.:IG::.:A:..:.TO.::RS:=.:..: S_M_;,_J_F ________ --i DATE: 3/30/2016 
Verify Site LAT/LONG vs GPS DYES ONO lmNtA 

Reach 

TIME 
(24hr) 

I PROGRAM: 
PROJECT: 

Start: 

Finish: 

CANOPY COVER:: ._ _______ _,s .... ta_t_io_n ___ .--__ D_o_w_n_s_trea_m __ -r _ _ _ u_1p~1s_tre_a_m __ ----1 • Fully Exposed (0-25%) 
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STREAM 
TYPE: 

LAT 0 Partially Exposed (25-50%) 
---~--------+---------t------------1 0 Partially Shaded (50-75%) 

0 Perennial 
0Ephemeral 
• Intermittent LONG 0 Fully Shaded (75-100%) 

WEA TUER Now Past 24 hours LOCAL W ATERSBED FEA TUREES (Predomjnant Surrounding Land Usel: 
Has there been O O Heavy rain 0 Surface Mining 0 Construction 0 Forest 
a scouring rain O O Steady rain 
in the last 14 O O Intermittent showers 

0 Deep Mining 0 Commercial 0 Pasture/Grazing 

days? [!) [!) Clear/sunny 
0 Oil Wells 0 Industrial 0 Silviculture 

0 Yeslll No O O Cloudy 
0 Land Disposal 0 Row Crops 0 Urban Runoff/Storm Sewers 

INSTREAM FEATURES 
Stream Width _1._s __ ft 
Maximum Depth _•·_5 __ ft 
Reach Length _1•_1 __ m 

Riffie/Run/Pool Sequence 
(No. Sampled in Reach) 

_1_Riffie _1_Run _1_Pool 

Ill Residential 

HYDRAULIC 
STRUCTURES 

0 Dams 
0 Bridge Abutments 
0 Island 
0 Waterfalls 
111 ~~tch basin 

STREAM FLOW 
0Dry 
0Pooled 
0Low 
0High 
•Normal 

P-CBEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
II Trees• Herbaceous 
0 GrassesO Shrubs 
Number of strata Dom. 
Tree/Shrub Taxa 

Junlperus virglniana, Andropogon sp. 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

0Dredging 
Ill Channelization 
(0Full 0Partial) 

--- - - - -
Temp(0C) ____ D.O. (mg/I) ____ %Saturation ____ pH(S.U.) ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: 0 QualMHC 0 Other 0 Visual Assessment Lead Collector: 

Fish OBPEF 0 Seine D Other Time: BPEF Seine Lead Collector: 

Habitat 0 RBP 0 Substrate 0 Other: Lead Collector: 

lnvertebntes 0 lm2 0 Qua! 0 Other: Lead Collector: 

0 20 Jab (#Jabs: Cobble __ Snags __ Veg. Banks __ Sand __ Macrophytes __ O~er __) 

Tissue: No. of Samples collected ___ Sp: 

Water Chem 0 Acid/Alk 0 Bulk 0 Nutrients 0 Metals 0 Low Hg 

0 Herbicides 0 Pesticides 0 Ortho P 0 Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate lllEst. OP.C. Rime~% Run_1_0 __ % 

Silt/Clay (<0.06 mm) 

Sand (0.06-2 mm) 

Gravel (2-64 mm) 

Cobble (64- 256 mm) 

Boulders (>256 mm) 

Bedrock 

NOTES/COMMENTS: 

Lead Collector: 

Lead Collector: 

Poo1_1_0 __ % 

SITE NOT SAMPLED: 

Reach Total 

50 

10 

25 
10 

5 

0 

D Land owner denial D Dry DToo deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 



CONFIDENTIAL PROPRIETARY TRADE SECRET 

Ig ra ten a I RBPff hG d. tH b.tat 
Habitat Condition Category 

Parameter Optimal Suboptimal Marginal 

SCORE 20 19 18 17 16 15 14 13 12 ti 10 9 8 7 6 

1.Epllaunal ureater tnan 1v-/o ot substrate 4U-1uYo rrux or stable nao1tat; 
Sutistrate/ favorable for epifaunal well-suited for full 

Available 
colonization and fish cover; colonization potential; 

Cover mix of snags, subme~ed logs, adequate habitat for 20-40% mix of stable habitat; 
undercut biinks, cobb e or maintenance of populations; habitat availability less than 
other stable habitat and at presence of additional desirable; substrate frequently 
stage to allow full colonization substrate in the form of new disturbed or removed. 

7 
potential (i.e., logs/snags that fall, but not yet prepared for 
are .Dl!1 new fall and 1121 colonization (may rate at high 

Score transient). end of scale). 
2.Embeddedness Gravel, cobble, and boulder 

particles are 0-25% Gravel, cobble, and boulder Gravel, cobble, and boulder 

10 
surrounded by fine sediment. particles are 25-50% particles are S0-75% 
Layering of cobble provides surrounded by fine sediment. surrounded by fine sediment. 

Score diversity of niche space. 

3.Veloclty/ All tour ve1oc1ty/lleptn Only 3 of the 4 ~mes Only 2 of the 4 habitat regimefui\'resent (slow-deep, Depth Regime slow-s low, fast-dee~, fast- present (iffast-s low is regimes present (if fast-
missing, score lower than if shallow or slow-shallow are 

Score 8 
shallow). (Sow is< 0. mis, missing other regimes). missing, score low). deep is> 0.5 m.) 

4. Sediment Moderate deposition of new 
Deposition Little or no enlargement of Some new increase in bar gravel, sand or fine sediment 

on old and new bars; 30-50% islands or point bars and less formation, mostly from gravel, 
~0-80% for low-gradient) of than 5% ( <20% for low- sand or fine sediment; 5-30% t e bottom affected; sediment 

cient streams 6 of the go-50% for low-gradient) of 
om affected y sediment e bottom affected; slight deposits at obstruchons, 

constrictions, and bends; 
10 deposition. deposition in pools. moderate deposition of pools 

Score prevalent. 

5.Channel Water reaches base of both Water fills >75% of the Water fills 25-75% of the Flow Status lower banks, and minimal 
amount of channel substrate is available channel; or <25% of available channel, and/or riffle 

11 exposed. channel substrate is exposed. substrates are mostly exposed. 
Score 

6.Channel Some channelization present, Alteration Channelization may be usually in areas ofbridfie extensive; embankments or Channelization or dredging abutments; evidence~! shoring structures J>resent on absent or minimal; stream channelization, i.e., ging, both banks; and 4 to 80% of 

8 
with normal pattern. (greater than past 20 yr.) may stream reach channelized and be present, but recent disrupted. 

Score 
channelization is not present. 

7.Frequency of uccurrence ot nmes re1ahvely 
Rimes frequent; ratio of distance 

Occasional riffle or bend; (or bends) between riffles divided by 
width of the stream <7: I Occurrence of riffles bottom contours ~vide some 
(generally 5 to 7); variety of infrequent; distance between habitat; distance tween 
h8bitat is key. In streams riffles divided by the width of riffles divided by the width of 
where riffles are continuous, the stream is between 7 to 15. the stream is between 15 to 
clacement of boulders or other 25. 

11 arge, natural obstruction is 
Score imoortant. 

Left!Risbt Bank 10 9 8 7 6 5 4 3 

8.Bank 
Banks stable; evidence of Stability 
erosion or bank failure absent Moderately stable; infrequent, Moderately unstable; 30-60% 

4 or minimal; little potential for small areas of erosion mostly of bank in reach has areas of 
!-~----------- future problems. <5% of bank healed over. 5-30% of bank in erosion; high erosion potential 
RB 4 affected. reach has areas of erosion. during floods. 

9. Vegetative 
Protection More than 90% of the stream 70-90% of the stream bank 

bank surfaces and immediate surfaces covered by native 50-70% of the stream bank 

5 riparian zone covered by vegetation, but one class of surfaces covered by 
native v4;feetation, including plants is not well-represented; vegetation; disruphon 
trees, un erstory shrubs, or ilisruption evident but not obviousj patches of bare soil LB ___________ 
nonwoody macrophytes; affecti':sf full plant growth or close y crop£: vegetation 

RB vege.tative disruption W.-Oufc potenti to any great extent; common; less an one-half of 
grazm11 or mowmg rrumma or more than one-hillfof the the potential plant stubble 

5 not eVldent; almost all filants pote~ti!'I plant stubble height height remaining. 
allowed to grow nature ly. remaining. 

JO. Riparian 
Vegetative Width of riparian zone > 18 Width of riparian zone 12-18 Zone Width meters; human activities (i.e., Width of riparian zone 6-12 

parking lots, roadbeds clear- meters; human activities have meters; human activities have 
LB 6 cuts, lawns, or crops) have not impacted zone only impacted zone a great deal. -------------- impacted zone. minimally. 
RB 3 

Total Score NOTES/COMMENTS: 

I I 

s 4 
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Poor 

3 2 I 0 

Less than 20% stable habitat; 
lack of habitat is obvious; 
substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

Dominated by I veloci~/ 
depth regime (usually s ow-
deep). 

Heavy deposits offine 
material, increased bar 
devel°foment; more than SO% 
(80% or low-gradient) of the 
bottom changing ~uently; 
pools almost absent ue to 
substantial sediment 
deposition. 

Very little water in channel 
and mostly present as standing 
pools. 

Banks shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disrur,ted. lnstream habitat 
sreJll f, altered or removed 
enhre y. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 I 0 

Unstable; many eroded areas; 
"raw" areas frequent alo~ 
straight sections and hen ; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than 50% of the stream 
bank surfaces covered bl 
vegetation; disruption o 
stream bank vegetation is very 
high; v?etation has been 
remove to S centimeters or 
less in average stubble height. 

Width of ::fearian zone <6 
meters: Ii e or no riparian 
vege~~ion due to human 
achv1t1es. 



CONFIDENTIAL PROPRIETARY TRADE SECRET 

Hillh Gradient Bioassessment Stream Visit Sheet 

STREAM NAME: $015 LOCATION: Bigbone, KY 

STATION#: N/A coUNTY: Boone 

~INV=-'-'ES=T=IG=A=TO=RS==-: S_M_,_·J_F ________ -i DATE: 3/30/2016 TIME 
(24br) 

Verify Site LAT/LONG vs GPS DYES ONO •NIA '

PROGRAM: 
PROJECT: 

Start: 

Finish: 

Reach 
CANOPY COVER:: 

---..-----'S""'ta""t""io""n'----..----Do"-'-w"'n"'s""'tr""'"ea"'m=----,----U""10"'s""'tr""ea"°'m°'------i • Fully Exposed (0-25%) 
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STREAM 

LAT 0 Partially Exposed (25-50%) 
---+---------r--------+---------1 0 Partially Shaded (50-75%) 

TYPE: 
0 Perennial 
0 Ephemeral 
• Intermittent LONG 0 Fully Shaded (75-100%) 

WEATHER Now Past 24 hours LOCAL WA TERSBED FEA TUllEES (Predominant Surrounding Land Use): 
Has there been 0 D Heavy rain D Surface Mining D Construction D Forest 
a scouring rain D D Steady rain 
in the last 14 O D Intermittent showers 

D Deep Mining 0 Commercial D Pasture/Grazing 

days? [!) [!) Clear/sunny 
D Oil Wells D Industrial D Silviculture 

0Yes.No O D Cloudy 
D Land Disposal D Row Crops D Urban Runoff/Storm Sewers 

INSTREAM FEATURES 
Stream Width 2 ft 
Maximum Depth _, ___ ft 
Reach Length ~m 

RitllelRunlPool Sequence 
(No. Sampled in Reach) 

_1_ Riffie _1_ Run _1_ Pool 

• Residential 

HYDRAULIC 
STRUCTURES 

D Dams 
D Bridge Abutments 
D Island 
D Waterfalls 
• Other: Culvert 

STREAM FLOW 
0Dry 
0Pooled 
0Low 
0High 
•Normal 

P-CHEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
• Trees• Herbaceous 
• GrassesD Shrubs 
Number of strata _3_ Dom. 
Tree/Shrub Taxa 

Juniperus virginiana, Poa sp. 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

D Dredging 
• Channelization 
<•Full DPartial) 

Temp('C) ____ D.O. (mgll). ____ %Saturation. ____ pH(S.U.) ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: D QuaJMHC D Other 0 Visual Assessment Lead Collector: 

Fish 0BPEF 0 Seine 0 Other Time: BPEF Seine Lead Collector: 

Habitat D RBP D Substrate D Other: Lead Collector: 

Invertebrates D lm2 D Qual D Other: Lead Collector: 

D 20 Jab (#Jabs: Cobble __ Snags __ Veg. Banks _ _ Sand __ Macrophytes __ Other __J 

Tissue: No. of Samples collected __ · _ Sp: Lead Collector: 

Water Chem 0 Acid/ Alk D Bulk 0 Nutrients D Metals D Low Hg Lead Collector: 

D Herbicides D Pesticides 0 Ortho P D Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate OEst. OP.C. Riffle~% Run_3_5 __ % Poo1_3_o __ % Reach Total 

Silt/Clay (<0.06 mm) 40 
Sand (0.06 - 2 mm) 25 
Gravel (2-64 mm) 25 
Cobble (64 - 256 mm) 10 
Boulders (>256 mm) 0 
Bedrock 0 

NOTES/COMMENTS: 

SITE NOT SAMPLED: 

D Land owner denial D Dry DToo deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 
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Habitat 
Parameter 

SCORE 

1.Eplfaunal 
Substrate/ 
Available 
Cover 

6 
Score 
2.Embeddednen 

3 
Score 

3.Vdoclty/ 
Depth Regime 

Score 7 
4.Sediment 
Deposldon 

2 
Score 

5.Cbannel 
Flow Status 

Score 11 
6.Cbannel 
Altera don 

7 
Score 

7.F~uenc:y or 
Riflla 
(or bends) 

2 
Score 

8.Bank 
Stability 

!-.!l _____ ~----
RB 2 

9. Vegetative 
Protection 

4 
LB-----------
RB 

4 

10. Riparian 
Vegetative 
Zone Width 

LB 2 --------------
RB 4 

Opdmal 

20 19 18 17 16 

ureater U11111 tu7o ot suDstrate 
favorable for epifaunal 
colonization arid fish cover; 
mix of snags, submerged logs, 
undercut banks, cobble or 
other stable habitat and at 
stage to allow full colonization 
potential (i.e., logs/snags that 
are~ new fall and .Dll1 
trans1enO. 
Gravel, cobble, and boulder 
particles are 0-25% 
surrounded by fine sediment. 
Layering of cobble provides 
diversity of niche space. 

All four veloctty/deptn 
regimes present (slow-deep, 
slow-shallow, fast-deep, fast­
shallow). (Sow is < 0.3 mis, 
deep is> 0.5 m.) 

Little or no enlargement of 
islands or point b8rs and less 
than 5% (<20% for low­
RrBdient streams) of the 
6ottom affected by sediment 
deposition. 

Water reaches base of both 
lower banks, and minimal 
amount of channel substrate is 
exposed. 

Channelization or dredging 
absent or minimal; stream 
with normal pattern. 

Occurrence of riffles relatively 
frequent; ratio of distance 
betWeen riffles divided by 
width of the stream <7: I 
(generally 5 to 7); variety of 
hilbitat is key. In streams 
where riffles are continuous, 
placement of boulders or other 
large, natural obstruction is 
important. 

10 9 

Banlcs stable; evidence of 
erosion or bank failure absent 
or minimal; little potential for 
future problems. <5% of bank 
affected. 

More than 90% of the stream 
bank surfaces and immediate 
riparian zone covered by 
native vegetation, including 
trees, understory shrubs, or 
nonwoody macrophytes; 
vege.tative disruption ~ouldt 
grazing or mowmg nummal or 
not evtdent; almost all plants 
allowed to grow naturally. 

Width of riparian zone >18 
meters; human activities (i.e., 
parking lots, roadbeds, clear­
cuts, lawns, or crops) have not 
impacted zone. 

Total Score 

EJ 

RBP Hi2h Gradient Habitat 
Condition Category 

IS 

Subopdmal 

14 13 12 II 

4U- tu7o nux ot staDle naottat; 
well-suited for full 
colonization potential; 
adequate habttal for 
maintenance of J>!>pulations; 
presence of additional 
substrate in the form of new 
fall, but not yet prepared for 
colonization (may rate at high 
end of scale). 

Gravel, cobble, and boulder 
particles are 25-50% 
surrounded by fine sediment. 

Only 3 of the 4 regimes 
present (iffast-shlillow is 
missing, score lower than if 
missing other regimes). 

Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment; 5-30% 
(20-50% for low-gradient) of 
the bottom affected; slight 
deposition in pools. 

Marginal Poor 

10 9 8 7 6 s 4 3 2 0 

20-40% mix of stable habitat; Less than 20% stable habitat; 
habitat availability less than lack of habitat is obvious; 
desirable; substrate frequently substrate unstable or lacking. 
disturbed or removed. 

Gravel, cobble, and boulder 
particles are 50-75% 
surrounded by fine sediment. 

Only 2 of the 4 habitat 
regimes present (if fast­
shallow or slow-shallow are 
missing, score low). 

Moderate deposition of new 
gravel, sand or fine sediment 
on old and new bars; 30-50% 
(50-80% for low-gradient) of 
the bottom affected; sediment 
deposits at obstructions, 
constrictions, and bends; 
moderate deposition of pools 
prevalent. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

Dominated by I velocity/ 
depth regime (usually slow­
deep). 

Heavy deposits of fine 
material, increased bar 
development; more than 50% 
( 80% for low-gradient) of the 
bottom changing freciuently; 
pools almost abSent due to 
substantial sediment 
deposition. 

Water fills >75% of the Water fills 25-75% of the Very little water in channel 
available channel; or <25% of available channel, and/or riffle and mostly present as standing 
channel substrate is exposed. substrates are mostly exposed. pools. 

Some channelization 11resent, 
usually in areas of bridge 
abutments; evidence of past 
channelization, i.e., dredging, 
(greater than past 20 yr.) may 
be present, but recent 
chaMelization is not present. 

Occurrence of riffles 
infrequent; distance between 
riffles divided by the width of 
the stream is between 7 to 15. 

8 7 6 

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. 5-30% of bank in 
reach has areas of erosion. 

70-900/o of the stream bank 
surfaces covered by native 
vegetation, but one class of 
11Iants is not well-represented; 
disru11tion evident but not 
affecting full plant growth 
potential to any great extent; 
more than one-half of the 
potential plant stubble height 
remaining. 

Width of riparian zone 12-18 
meters; human activities have 
impacted zone only 
minimally. 

NOTES/COMMENTS: 

Channelization may be 
extensive; embankments or 
shoring structures present on 
both banks; and 40 to 80% of 
stream reach channelized and 
disrupted. 

Occasional riffle or bend; 
bottom contours provide some 
habitat; distance between 
riffles divided by the width of 
the stream is between 15 to 
25. 

s 4 3 

Moderately unstable; 3~% 
of bank in reach has areas of 
erosion; high erosion potential 
during flocids. 

50-70% of the stream bank 
surfaces covered by 
vegetation; disruption 
obvious; patches of bare soil 
or closely cropped vegetation 
common; less than one-half of 
the JIOtential plant stubble 
height remaining. 

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal. 

Banlcs shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disrupted. Instream habitat 
greatly altered or removed 
ennrely. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 0 

Unstable; many eroded areas; 
"raw" areas frequent along 
straight sections and bendS; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than 50% of the stream 
bank surfaces covered by 
vegetation; disruption of 
stream bank vegetation is very 
high; vegetation has been 
removed to S centimeters or 
less in average stubble height. 

Width of riparian zone <6 
meters: little or no riparian 
vege~~ion due to human 
acnv111es. 
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SThION #: N/A couNTv: Boone I PROGRAM: 
PROJECT: 

DYES ONO lmN!A 

LONG 

Reach 

TIME 
(l4br) 

Start: 

Finish: 

STREAM 
TYPE: 

•Perennial 
0Ephemeral 
D Intermittent 

WEA TUER Now Past 24 hours LOCAL WATERSHED FEATUREES <Predominant Surrounding Land Use): 
0 Surface Mining 0 Construction •Forest Has there been D D Heavy rain 

a scouring rain D D Steady rain 
in the last 14 O O Intermittent showers 

0 Deep Mining 0 Commercial 0 Pasture/Grazing 

days? []] []] Clear/sunny 
0 Oil Wells 0 Industrial 0 Silviculture 

0Yes.No O O Cloudy 
0 Land Disposal 0 Row Crops 0 Urban Runoff/Storm Sewers 

INSTREAM FEATURES 
Stream Width • ft 
Maximum Depth 2 ft 
Reach Length _so ___ m 

Riffle/Run/Pool Sequence 
(No. Sampled in Reach) 

_2_Riffie _2_Run _2_Pool 

0 Residential 

HYDRAULIC 
STRUCTURES 

0 Dams 
0 Bridge Abutments 
0 Island 
0 Waterfalls 
Ill Other: Culvert 

STREAM FLOW 
QDry 
0Pooled 
0Low 
0High 
•Normal 

P-CHEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
• Trees• Herbaceous 
0 GrassesO Shrubs 
Number of strata Dom. 
Tree/Shrub Taxa 

Acer negundo, Erythronium americanum 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

D Dredging 
• Channeli7.ation 
(QFull .Partial) 

-------
Temp(0C) ____ D.O. (mg/I) ____ %Saturation ____ pH(S.U.). ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: 0 QualMI-IC 0 Other 0 Visual Assessment Lead Collector: 

Fish 0BPEF 0 Seine 0 Other Time: BPEF Seine Lead Collector: 

Habitat 0 RBP 0 Substrate 0 Other: Lead Collector: 

Invertebntes 0 I m2 0 Qual D Other: Lead Collector: 

0 20 Jab (#Jabs: Cobble __ Snags __ Veg. B~ks __ Sand __ Macrophytes __ Other___) 

Tissue: No. of Samples collected ___ Sp: 

Water Chem 0 Acid/Alk 0 Bulk 0 Nutrients 0 Metals 0 Low Hg 

0 Herbicides 0 Pesticides 0 Ortho P 0 Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate OEst. OP.C. Rime_s_o __ % Run_2_0 --"'• 

Silt/Clay (<0.06 mm) 

Sand (0.06- 2 mm) 

Gravel (2-64 mm) 

Cobble (64-256 mm) 

Boulders (>256 mm) 

Bedrock 

NOTES/COMMENTS: 

Lead Collector: 

Lead Collector: 

Pool_3_o __ % 

SITE NOT SAMPLED: 

Reach Total 

30 
20 
20 
20 
5 

5 

D Land owner denial D Dry DToo deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 
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RBPff hG d. tH b.ta 1g1 ra 1en a 1 t 
Habitat Condition Category 
Pan meter Optimal Suboptimal Marginal 

SCORE 20 19 18 17 16 IS 14 13 , 12 II JO 9 8 7 6 

1.Eplfauual Greater man lll'l'o of substrate ' 4U- rv70 1111x or sta01e nao1tat; 
Substnte/ favorable for epifaunal well-suited for full 

Available colonization and fish cover; colonization potential; 

Cover mix of snags, subme~ed logs, adequate habitat for 20-40% mix of stable habitat; 
undercut banks, cobb e or maintenance of Jl!>PU!ations; habitat availability less than 
other stable habitat and at presence of additional desirable; substrate frequently 
stage to allow full colonization substrate in the fonn of new disturbed or removed. 

16 
potential (i.e., logs/snags that fall, but not yet prepared for 
are n!!1 new fall and nl!1 colonization (may rate at high 

Score transient). end of scale). 
2.Embeddedaeu Gravel, cobble, and boulder 

particles are 0-2S% Gravel, cobble, and boulder Gravel, cobbl~ and boulder 

10 
surrounded by fine sediment. particles are 25-50% particles are 5 -15% 
Layering of cobble provides surrounded by fine sediment. surrounded by fine sediment 

Score diversity of niche space. 

3.Veloclty/ All tour veloc1ty/deplh Only 3 of the 4 re~mes Only 2 of the 4 habitat 
Depth Regime regimes ~resent (slow-deep, present (if fast-sh low is regimes present (iffast-slow-sha low, fast-dee~, fast-

shallow). (Sow is < 0. mis, missing, score lower than if shilllow or slow-shallow are 
Score 16 deep is> 0.5 m.) missing other regimes). missing, score low). 

4. Sediment Moderate deposition of new 
Deposition Little or no enlargement of Some new increase in bar gravel, sand or fine sediment 

on old and new bars; 30-SO% islands or point bars and less formation, mostly from gravel, ( 50-80% for low-gradient) of than 5% ( <20% for low- sand or fine sediment· 5-30% 
e:,i:dient streams 6 of the ~0-50% for low-gradient) of the bottom affected; sediment 

ttom affected y sediment e bottom affected; slight deposits at obstructions, 

11 deposition. deposition in pools. constrictions, and bends; 
moderate deposition of pools 

Score prevalent. 

S.Cbannel Water reaches base of both Water fills >75% of the Water fills 25-7S% of the Flow Status lower banks and minimal 
amount of channel substrate is available channel; or <2S% of available channel, and/or riffle 

10 exposed. channel substrate is exposed. substrates are mostly exposed. 
Score 
6.Cbannel Some channelization J>resent, Attention Channelization may be 

Channelization or dredging 
usually in areas ofbridf,e extensive; embankinents or abutments; evidence: shoring structure.:J>resent on absent or minimal; stream channelization, i.e., ging, 

with normal pattern. (greater than past 20 yr.) may both biinks; and to 80% of 

11 be present, but recent stream reach channelized and 
channelization is not present. disrupted. 

Score 
7.Frequency of uccurn:nce 01 nmes relatively 
Rimes frequent; ratio of distance 
(or beads) between riffles divided by Occasional riffle or bend; 

width of the stream <7:1 Occurrence of riffles bottom contours ~ide some 
(generally S to 7); variety of infrequent; distance between habitat; distance een 
habitat is key. In streams riffles divided by the width of riffles divided by the width of 
where riffles are continuous, the stream is between 7 to 15. the stream is between IS to 
clacement of boulders or other 25. 

15 arge, natural obstruction is 
Score imnartant. 

Left/Risht Bank 10 9 8 7 6 s 4 3 

8.Bank 
Stability Banks stable; evidence of Moderately stable; infrequent, Moderately unstable; 30-60% erosion or bank failure absent 6 or minimal; little potential for small areas of erosion mostly of bank in reach has areas of !,.,!! ___________ 

future J>roblems. <S% of bank healed over. S-30% of bank in erosion; high erosion potential 
RB 6 affected. reach has areas of erosion. during flocKls. 

9. Vegetative 
Protedlon More than 90% of the stream 70-90% of the stream bank 

bank surfaces and immediate surfaces covered by native SO-70% of the stream bank 

6 riparian zone covered by vegetation, but one class of surfaces covered by 
native v~etation, including plants is not well-represented; vegetation; disruption 
trees, un erstory shrubs, or aisruption evident but not obvious; patches of bare soil 

LB----------- nonwoody macroJ>hytes; affecti1:if full plant growth or closely crop~ vegetation 
RB vege.tative disruption ~oufc potenti to any great extent; common; less one-half of 

grazing or mowmg 1111mma or more than one-hillf of the the potential plant stubble 

6 not eVJdent; almost all ~!ants potef!ti!'l plant stubble height height remaining. 
allowed to grow natura ly. remaining. 

10. Riparian 
Vegetative Width of riparian zone > 18 Width of riparian zone 12-18 ZoneWldtb meters; human activities (i.e., Width of riparian zone 6-12 

LB 6 
parking lots, roadbeds clear- meters; human activities have meters; human activities have 
cuts, lawns, or crops) have not impacted zone only impacted zone a great deal. -------------- impacted zone. minimally. 

RB 6 
Total Score NOTES/COMMENTS: 

'11 , 111 ••• II II JI •I I I HI I 
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Poor 

s 4 3 2 I 0 

Less than 20% stable habitat; 
lack of habitat is obvious; 
substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

Dominated by 1 veloci~/ 
depth regime (usually sow-
deep). 

Heavy deposits of fine 
material, increased bar 
devel°fcment; more than 50% 
( 80% or low-gradient) of the 
bottom changing ~uently; 
pools almost absent ue to 
substantial sediment 
deposition. 

Very little water in channel 
and mostly present as standing 
pools. 

Banks shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disrur,ted. lnstream habitat 
~t f, altered or removed 
ennre y. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 I 0 

Unstable; many eroded areas; 
"raw" areas frequent alo~ 
straight sections and ben ; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than SO% of the stream 
bank surfaces covered ~ 
vegetation; disruption o 
stream bank vegetation is very 
high; v«;fetation has been 
remove to S centimeters or 
less in average stubble height. 

Width of rifearian zone <6 
meters: lilt e or no riparian 
vegeta~ion due to human 
acnv1t1es. 



STREAM NAME: SQ23 

STATION#: N/A 

CONFIDENTIAL PROPRIETARY TRADE SECRET 

Hiszh Gradient Bioassessment Stream Visit Sheet 

LOCATION: Bigbone, KY 

coUNTY: Boone 

Reach 

TIME 
(24br) 

I PROGRAM: 
PROJECT: 

Start: 

Finish: 

CANOPY COVER:: 
---.,...----S._ta_n_·o_n ___ .,...... __ Do_w_ns~trea_m __ --r ___ u~'P~:s_tr_ea_m __ ----1 • Fully Exposed (0-25%) 
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STREAM r 

LAT D Partially Exposed (25-50%) 
---+---------+--------+----------l D Partially Shaded (50-75%) 

TYPE: 
•Perennial 
D Ephemeral 
D Intermittent LONG D Fully Shaded (75-100%) 

WEA TUER Now Past 24 hours LOCAL WATERSHED FEA TUREES (Predomjnant Surrounding Land Use): 
Has there been O O Heavy rain D Surface Mining D Construction D Forest 
a scouring rain D D Steady rain 
in the last 14 D D Intermittent showers 

D Deep Mining D Commercial • Pasture/Grazing 

days? CEJ [!) Clear/sunny 
D Oil Wells D Industrial D Silviculture 

0Yes.No O O Cloudy 
D Land Disposal D Row Crops D Urban Runoff/Storm Sewers 

INSTREAM FEATURES 
Stream Width _, .s __ ft 
Maximum Depth 1.s ft 
Reach Length _1a __ m 

Riffle/Run/Pool Sequence 
(No. Sampled in Reach) 

_2_ Riffie _1_ Run _1 _ Pool 

0 Residential 

HYDRAULIC 
STRUCTURES 

D Dams 
D Bridge Abutments 
D Island 
D Waterfalls 

• Other: Culvert 

STREAM FLOW 
0Dry 
0Pooled 
0Low 
0High 
•Normal 

P-CBEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
D Trees.i Herbaceous 
• GrassesD Shrubs 
Number of strata Dom. 
Tree/Shrub Taxa 

Poa sp., Taraxacum officinale 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

D Dredging 
• Channelization 
(0Full .Partial) 

Culvert 

-------
Temp("C) ____ D.O. (mg/I) ____ %Saturation ____ pH(S.U.). ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: D QualMHC D Other D Visual Assessment Lead Collector: 

Fish OBPEF 0 Seine D Other Time: BPEF Seine Lead Collector: 

Habitat D RBP D Substrate D Other: Lead Collector: 

Invertebrates D 1m2 D Qua! D Other: Lead Collector: 

D 20 Jab (#Jabs: Cobble __ Snags __ Veg. Banks __ Sand __ Macrophytes _ _ Other __) 

Tissue: No. of Sample5 collected _ __ Sp: Lead Collector: 

Water Chem 0 Acid/ Alk D Bulk D Nutrients 0 Metals 0 Low Hg Lead Collector: 

0 Herbicides 0 Pesticides D Ortho P 0 Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate DEst. DP.C. Rime~% Run_3_o __ % Poo1_3_o __ % Reach Total 

Silt/Clay (<0.06 mm) 40 
Sand(0.06-2mm) 20 
Gravel (2-64 mm) 20 
Cobble (64- 256 mm) 10 
Boulders (>256 mm) 5 
Bedrock 5 

NOTES/COMMENTS: 

SITE NOT SAMPLED: 

0 Land owner denial 0 Dry 0Too deep/Impounded 

0 Site not found/Secluded Ounsafe 

0 Other (indicate under comments) 
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Habitat 
Parameter 

SCORE 

1.Eplfaunal 
Substrate/ 
Available 
Cover 

12 
Score 
2.Embeddedaea 

8 
Score 

3.Veloclty/ 
Depth Regime 

Score 12 
4.Sedlment 
Deposition 

6 
Score 

5.Cbannel 
Flow Status 

Score 10 
6.Cbannel 
Alteration 

11 
Score 

7.Frequency or 
RlflleS 
(or bends) 

12 
Score 

8.Bank 
Stability 

!-!! _____ ~----
RB 6 

9. Vegetative 
Proteetlon 

3 
LB __________ _ 
RB 

3 

10. Riparian 
Vegetative 
Zone Width 

LB Q --------------
RB Q 

Optimal 

20 19 18 17 16 

Greater than tU7o ot substrate 
favorable for epifaunal 
colonization and fish cover, 
mix of snags, submerged logs, 
undercut banks, cobble or 
other stable habitat and at 
stage to allow full colonization 
potential (i.e., logs/snags that 
are~ new fall and 1!21 
transient). 
Gravel, cobble, and boulder 
particles are 0-25% 
surrounded by fine sediment. 
Layering of cobble provides 
diversity of niche space. 

All tour ve1oc1tytctepth 
regimes present (slow-deep, 
slow-shallow, fast-deep, fast­
shallow). (Sow is< 0.3 mis, 
deeo is> 0.5 m.) 

Little or no enlargement of 
islands or point bars and less 
than 5% ( <20% for low­
IUlldient streams) of the 
6ottom affected by sediment 
deposition. 

Water reaches base of both 
lower banks, and minimal 
amount of channel substrate is 
exposed. 

Channelization or dredging 
absent or minimal; stream 
with normal pattern. 

uccurrence or nmes re1ahve1y 
frequent; ratio of distance 
between riffies divided by 
width of the stream <7: 1 
(generally S to 7); variety of 
habitat is key. In streams 
where riffies are continuous, 
placement of boulders or other 
large, natural obstruction is 
imDOrtant. 

10 9 

Banks stable; evidence of 
erosion or bank failure absent 
or minimal; little potential for 
future problems. <5% of bank 
affectea. 

More than 90% of the stream 
bank surfaces and immediate 
riparian zone covered by 
native vegetation, including 
trees, understory shrubs, or 
nonwoody macrophytes; 
vege.tative disruption ~uah 
grazing or mowing nummal or 
not eVJdent; almost all plants 
allowed to grow naturally. 

Width of riparian zone > 18 
meters; human activities (i.e., 
parking lots, roadbeds clear­
cuts, lawns, or crops) have not 
impacted zone. 

Total Score 

EJ 

RBP High Gradient Habitat 
Condition Category 

Suboptimal 

15 14 13 12 11 

4U- tu7o nux or srao1e naonat; 
well-suited for full 
colonization potential; 
adequate habitat for 
maintenance of populations; 
presence of additional 
substrate in the form of new 
fall, but not yet prepared for 
colonization (may rate at high 
end of scale). 

Gravel, cobble, and boulder 
particles are 25-50% 
surrounded by fine sediment. 

Only 3 of the 4 regimes 
present (iffast-shlillow is 
missing, score lower than if 
missing other regimes). 

Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment; 5-30% 
(20-50% for low-gradient) of 
the bottom affected; slight 
deposition in pools. 

Marginal 

10 9 8 7 6 

20-40% mix of stable habitat; 
habitat availability less than 
desirable; substrate frequently 
disturbed or removed. 

Gravel, cobble, and boulder 
particles are 50-75% 
surrounded by fine sediment. 

Only 2 of the 4 habitat 
regimes present (if fast­
shallow or slow-shallow are 
missing, score low). 

Moderate deposition of new 
gravel, sand or fine sediment 
on old and new bars; 30-50% 
(50-80% for low-gradient) of 
the bottom affected; sediment 
deposits at obstruchons, 
constrictions, and bends; 
moderate deposition of pools 
prevalent. 

Poor 

5 4 3 2 I 0 

Less than 200/o stable habitat; 
lack of habitat is obvious; 
substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

Dominated by 1 velocity/ 
depth regime (usually slow­
deep). 

Heavy deposits offine 
material, increased bar 
development; more than 50% 
(80% for low-gradient) of the 
bottom changing frcQuently; 
pools almost absent due to 
substantial sediment 
deposition. 

Water fills >75% of the Water fills 25-75% of the Very little water in channel 
available channel; or <25% of available channel, and/or riffie and mostly present as standing 
channel substrate is exposed. substrates are mostly exposed. pools. 

Some channelization present, 
usually in areas of bridge 
abutments; evidence of past 
channelization, i.e., dredging, 
(greater than past 20 yr.) may 
be present. but recent 
chlinnelization is not present. 

Occurrence of riffies 
infrequent; distance between 
riffies divided by the width of 
the stream is between 7 to 15. 

8 7 6 

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. 5-30% of bank in 
reach has areas of erosion. 

70-90"/o of the stream bank 
surfaces covered by native 
vegetation, but one class of 
plants is not well-represented; 
disruption evident but not 
affecting full plant growth 
potential to any great extent; 
more than one-h&lf of the 
potential plant stubble height 
remaining. 

Width of riparian zone 12-18 
meters; human activities have 
impacted zone only 
minimally. 

NOTES/COMMENTS: 

Channelization may be 
extensive; embanklnents or 
shoring structures present on 
both banks; and 40 to 80% of 
stream reach channelized and 
disru]lted. 

Occasional riffle or bend; 
bottom contours provide some 
habitat; distance between 
riffles divided by the width of 
the stream is between 15 to 
25. 

s 4 3 

Moderately unstable; 30-600/o 
of bank in reach has areas of 
erosion; high erosion potential 
during floOds. 

50-700/o of the stream bank 
surfaces covered by 
vegetation; disruphon 
obvious

1
· patches of bare soil 

or close y cropped vegetation 
common; less than one-half of 
the potential plant stubble 
height remaining. 

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal. 

1 :I 

Banks shored with gabion or 
.cement; over 80% of the 
stream reach channelized and 
disrupted. lnstream habitat 
grt:!itly altered or removed 
entirely. 

Generally all flat water or 
shallow riffies; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 0 

Unstable; many eroded areas; 
"raw" areas frequent along 
straight sections and bendS; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than 50% of the stream 
bank surfaces covered by 
vegetation; disruption of 
stream bank vegetation is very 
high; vegetation has been 
removed to 5 centimeters or 
less in average stubble height. 

Width of riparian zone <6 
meters: little or no riparian 
vege~tion due to human 
acttv1t1es. 

!:· 
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High Gradient Bioassessment Stream Visit Sheet 

STREAM NAME: $025 wcATION: Bigbone, KY 

STATION#: N/A couNTY: Boone 
INVESTIGATORS: SM,' JF 
~'-=====.o....-----------1 DATE: 3/30/2016 

Verify Site LAT/LONG vs GPS DYES ONO •NIA 

TIME 
(24br) 

I PROGRAM: 
PROJECT: 

Start: 

Finish: 
Reach 

CANOPY COVER:: 
---~---'S;;.;;ta"'ti"'.o"'n---~--'D""o""w~n""s-=tre""-a"'m;;;;__....,.. __ -'U""ln"",s-=tre..;;;a;;;;:m;;;;__---l D Fully Exposed (0-25%) 

STREAM 
TYPE: 

LAT •Partially Exposed (25-50%) 
1----t---------+--------t---------1 0 Partially Shaded (50-75%) 

0 Perennial 
0Ephemeral 
• Intermittent LONG 0 Fully Shaded (75-100%) 

WEATHER Now Past 24 hours 
Has there been O O Heavy rain 

LOCAL WATERSHED FEA TUREES (Predominant Surrounding Land Use): 
0 Surface Mining 0 Construction 0 Forest 

a scouring rain O O Steady rain 
in the last 14 O O Intermittent showers 

0 Deep Mining 0 Commercial 0 Pasture/Grazing 

days? [!) [!] Clear/sunny 
0 Oil Wells 0 Industrial 0 Silviculture 

D Yes• No D D Cloudy 
0 Land Disposal 0 Row Crops 0 Urban Runotli'Storm Sewers 

INSTREAM FEATURES 
Stream Width ' ft 
Maximum Depth ' ft 
Reach Length _30 __ m 

Riflle/Run/PoolSequence 
(No. Sampled in Reach) 

_1 _Riflle _o_ Run _2_Pool 

• Residential 

HYDRAULIC 
STRUCTURES 

0 Dams 
• Bridge Abutments 
0 Island 
D Waterfalls 
0 Other: 

STREAM FLOW 
0Dry 
•Pooled 
0Low 
OHigh 
0Normal 

P-CHEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
D Trees• Herbaceous 
0 GrassesO Shrubs 
Number of strata Dom. 
Tree/Shrub Taxa 

Dipsacus sp. 
Date Calibrated: 

CHANNEL 
ALTERATIONS 

0Dredging 
• Channelization 
<•Full 0Partial) 

--------ti 

Temp("C) ____ D.O. (mg/I) ____ %Saturation ____ pH(S.U.) ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: 0 Qua!MHC D Other 0 Visual Assessment Lead Collector: 

Fish OBPEF 0 Seine D Other Time: BPEF Seine Lead Collector: 

Habitat 0 RBP 0 Substrate 0 Other: Lead Collector: 

Invertebrates 0 lm2 0 Qual 0 Other: Lead Collector: 

0 20 Jab (#Jabs: Cobble: __ Snags __ Veg. Banks __ Sand __ Macrophytes __ Other_) 

Tissue: No. of Samples collected ___ Sp: 

Water Chem 0 Acid/Alk 0 Bulk 0 Nutrients 0 Metals 0 Low Hg 

0 Herbicides 0 Pesticides D Ortho P 0 Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate •Est. OP.C. Rime_1_0 __ % Rua_o __ % 

Silt/Clay (<0.06 mm) 

Sand (0.06-2 mm) 

Gravel (2-64 mm) 

Cobble (64 - 256 mm) 

Boulders (>256 mm) 

Bedrock 

NOTES/COMMENTS: 

Lead Collector: 

Lead Collector: 

Pool_e_o __ o/o 

SITE NOT SAMPLED: 

Reach Total 

50 
10 

20 

15 

5 

0 

D Land owner denial D Dry DToo deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 
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Habitat 
Parameter 

SCORE 

1.Epifaunal 
Substrate/ 
Available 
Cover 

8 
Score 
2.Embeddeda ... 

6 
Score 

3.Veloclty/ 
Depth Regime 

Score 5 
4. Sediment 
Deposition 

7 
Score 

5.Cbannel 
Flow Status 

Score 6 
6.Cbaanel 
Alteration 

3 
Score 

Optimal 

20 19 18 17 16 

Greater man /U'ro or substrate 
favorable for epifaunal 
colonization and fish cover; 
mix of snags, submerged logs, 
undercut banks, cobble or 
other stable habitat and at 
stage to allow full colonization 
potential (i.e., logs/snags that 
are~ new fall and IlQ! 
transient). 
Gravel, cobble, and boulder 
particles are 0-25% 
surrounded by fine sediment. 
Layering of cobble provides 
diversity of niche space. 

All tour veloc1ty/depth 
regimes present (slow-deep, 
slow-shallow, fast-deep, fast­
shallow). (Sow is< 0.3 mis, 
deeo is> 0.5 m.) 

Little or no enlargement of 
islands or point bars and less 
than 5% (<20% for low­
gradient streams) of the 
bottom affected by sediment 
deposition. 

Water reaches base of both 
lower banks, and minimal 
amount of channel substrate is 
exposed. 

Channelization or dredging 
absent or minimal; stream 
with normal pattern. 

7.Frequency or uccurrence or nmes re1at1ve1y 
RlflleS frequent; ratio of distance 
(or beads) betWeen riffles divided by 

width of the stream <7: I 
(generally 5 to 7); variety of 

6 
Score 

8.Bank 
Stability 

!-!! _____ ~----
RB 3 

9. Vegetative 
Protei:tion 

8 
LB __________ _ 
RB 

8 

1 O. Riparian 
Vegetative 
Zone Width 

LB 3 --------------
RB 3 

hilbitat is key. In streams 
where riffles are continuous, 
placement of boulders or other 
large, natural obstruction is 
imoortant. · 

10 9 

Banks stable; evidence of 
erosion or bank failure absent 
or minimal; little potential for 
future problems. <5% of bank 
affected. 

More than 90"/o of the stream 
bank surfaces and immediate 
riparian zone covered by 
native vegetation, including 
trees, understory shrubs, or 
nonwoody macrophytes; 
vege_tative disruption ~ouah 
grazmg or mowmg truntmaT or 
not eV1ilent; almost all plants 
allowed to grow naturally. 

Width of riparian zone > 18 
meters; human activities (i.e., 
parking lots, roadbeds clear­
cuts, lawns, or crops) have not 
impacted zone. 

Total Score 

ir Ill II \I oll EJ 

RBP High Gradient Habitat 
Condition Category 

Suboptimal 

15 14 13 12 11 

40-iu-ro trux or stable nao1tat; 
well-suited for full 
colonization potential; 
adequate habitat for 
maintenance of populations; 
presence of additional 
substrate in the form of new 
fall, but not yet prepared for 
colonization (may rate at high 
end of scale). 

Gravel, cobble, and boulder 
particles are 25-50% 
surrounded by fine sediment. 

Only 3 of the 4 regimes 
present (iffast-shlillow is 
missing, score lower than if 
missing other regimes). 

Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment; 5-30% 
(20-50% for low-gradient) of 
the bottom affected; slight 
deposition in pools. 

Marginal 

10 9 8 7 6 

20-40% mix of stable habitat; 
habitat availability less than 
desirable; substrate frequently 
disturbed or removed. 

Gravel, cobble, and boulder 
particles are 50-75% 
surrounded by fine sediment. 

Only 2 of the 4 habitat 
regimes present (if fast­
shallow or slow-shallow are 
missing, score low). 

Moderate deposition of new 
gravel, sand or fine sediment 
on old and new bars; 30-50% 
(50-80% for low-gradient) of 
the bottom affected; sediment 
deposits at obstructions, 
constrictions, and bends; 
moderate deposition of pools 
prevalent. 

Poor 

5 4 3 2 I 0 

Less than 20% stable habitat; 
lack of habitat is obvious; 
substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

Dominated by 1 velocity/ 
depth regime (usually slow­
deep). 

Heavy deposits offine 
material, increased bar 
development; more than 50% 
(80% for low-gradient) of the 
bottom changing frequently; 
pools almost absent due to 
substantial sediment 
deposition. 

Water fills >75% of the Water fills 25-75% of the Very little water in channel 
available channel; or <25% of available channel, and/or riffle and mostly present as standing 
channel substrate is exposed. substrates are mostly exposed. pools. 

Some channelization present, 
usually in areas of bridge 
abutments; evidence of past 
channelization, i.e., dredging, 
(greater than past 20 yr.) may 
be present, but recent 
channelization is not present. 

Occurrence of riffles 
infrequent; distance between 
riffles divided by the width of 
the stream is between 7 to 15. 

8 7 6 

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. 5-30% of bank in 
reach has areas of erosion. 

70-90% of the stream bank 
surfaces covered by native 
vegetation, but one class of 
plants is not well-represented; 
ilisruption evident but not 
affecting full plant growth 
potential to any great extent; 
more than one-hillfofthe 
potential plant stubble height 
remaining. 

Width of riparian zone 12-18 
meters; human activities have 
impacted zone only 
minimally. 

NOTES/COMMENTS: 

Channelization may be 
extensive; embankinents or 
shoring structures present on 
both biinks; and 40 to 80% of 
stream reach channelized and 
disrupted. 

Occasional riffle or bend; 
bottom contours provide some 
habitat; distance between 
riffles divided by the width of 
the stream is between 15 to 
25. 

5 4 3 

Moderately unstable; 30-60% 
of bank in reach has areas of 
erosion; high erosion potential 
during flocKls. 

50-70% of the stream bank 
surfaces covered by 
vegetation; disruption 
obvious; patches of bare soil 
or closely cropped vegetation 
common; less than one-half of 
the potential plant stubble 
height remaining. 

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal. 

Banks shored with gabion or 
cement; over &0% of the 
stream reach channelized and 
disrupted. lnstream habitat 
greatly altered or removed 
entirely .. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 0 

Unstable; many eroded areas; 
"raw" areas frequent along 
straight sections and bemfs; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than 50% of the stream 
bank surfaces covered by 
vegetation; disruption of 
stream bank vegetation is very 
high; vegetation has been 
removea to 5 centimeters or 
less in average stubble height. 

Width of riparian zone <6 
meters: little or no riparian 
vegeta~ion due to human 
act1v1t1es. 
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STREAM NAME: $028 LOCATION: Bigbone, KY 

STATION#: N/A coUNTY: Boone 

._INV_EST_I~G_AT_O_RS_:_S_M_, J_F ________ _, DATE: 3/30/2016 
Verify Site LAT/LONG vs GPS DYES ONO •NIA 

1 
Reach 

TIME 
(24hr) 

'

PROGRAM: 
PROJECT: 

Start: 

Finish: 

CANOPY COVER:: 
1----..----~S_ta_ti_·o_n ___ .---__ Do_w_n_st_rea_m __ -.--___ u_1p_11t_rea_m __ --1 0 Fully Exposed (0-25%) 
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STREAM 
TYPE: 

LAT 0 Partially Exposed (25-50%) 
---+---------+--------+------------i. Partially Shaded (50-75%) 

II Perennial 
0Ephemeral 
0 Intermittent LONG D Fully Shaded (75-100%) 

WEA TBER Now Past 24 hours LOCAL WA TERSBED FEA TUREES {Predominant Surroundjng Land Usel: 
Has there been O O Heavy rain 0 Surface Mining 0 Construction 0 Forest 
a scouring rain O O Steady rain 
in the last 14 O O Intermittent showers 

0 Deep Mining D Commercial D Pasture/Grazing 

days? m m Clear/sunny 
0 Oil Wells 0 Industrial D Silviculture 

0 Yes• No O O Cloudy 
D Land Disposal 0 Row Crops 0 Urban Runoff/Storm Sewers 

INSTREAM FEATURES 
Stream Width 10 ft 
Maximum Depth 3 ft 
Reach Length _18 __ m 

Riffle/Run/Pool Sequence 
(No. Sampled in Reach) 

_2_Riffle _1 _ Run _1 _ Pool 

II Residential 

HYDRAULIC 
STRUCTURES 

0 Dams 
0 Bridge Abutments 
D Island 
0 Waterfalls 

II Other:Bridge culver 

STREAM FLOW 
0Dry 
0Pooled 
0Low 
0High 
•Normal 

P-CBEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
Ill Treesml Herbaceous 
0 Grasses• Shru~s 
Number of strata __ Dom. 
Tree/Shrub Taxa 

Acer negundo, Lonicera sp. 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

0Dredging 
• Channelization 
(0Full .Partial) 

Bridge 

--------1 

Temp("C) ____ D.O. (mg/I) ____ %Saturation ____ pH(S.U.) ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: 0 QualMHC D Other 0 Visual Assessment Lead Collector: 

Jrasb 0BPEF D Seine 0 Other Time: BPEF Seine Lead Collector: 

Habitat 0 RBP 0 Substrate 0 Other: Lead Collector: 

Invertebrates 0 lm2 0 Qua! D Other: Lead Collector: 

0 20 Jab (~Jabs : Cobble __ Snags __ Veg. Banks _ _ Sand __ Macrophytes __ Other____) 

Tissue: No. of Samples collected ___ Sp: 

Water Chem 0 Acid/Alk 0 Bulk 0 Nutrients 0 Metals 0 Low Hg 

D Herbicides 0 Pesticides D Ortho P D Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate OEst. OP.C. Riffie~o/o Run_2_s __ % 

Silt/Clay (<0.06 mm) 

Sand (0.06- 2 mm) 

Gravel (2-64 mm) 

Cobble ( 64 - 256 mm) 

Boulders (>256 mm) 

Bedrock 

NOTES/COMMENTS: 

Lead Collector: 

Lead Collector: 

Pool_s_o __ % 

SITE NOT SAMPLED: 

Reach Total 

20 

20 

15 

20 

15 

10 

D Land owner denial D Dry 0Too deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 



CONFIDENTIAL PROPRIETARY TRADE SECRET 

KyPSC Case No. 2016-00168 
Exhibit 2(d) PUBLIC 

Page 217 of 436 

Habitat 
Parameter 

SCORE 

l.Epifauual 
Substrate/ 
Available 
Cover 

8 
Score 
2.IEmbeddedaas 

7 
Score 
3.Veloclty/ 
Depth Regime 

Score 15 
4. Sediment 
Deposldon 

8 
Score 
5.Cbannel 
Flow Status 

Score 13 
Ii.Channel 
Alteration 

13 
Score 

Opdmal 

20 19 18 17 16 

vreater than tlF"/o 01 suDSm1te 
favorable for epifaunal 
colonization arid fish cover; 
mix of snags, submerged logs, 
undercut banks, cobble or 
other stable habitat and at 
stage to allow full colonization 
potential (i.e., logs/snags that 
are~ new fall and .D21 
transient). 
Gravel, cobble, and boulder 
particles are 0-25% 
surrounded by fine sediment. 
Layering of cobble provides 
diversity of niche space. 

All four veloc1tyldepth 
regimes present (slow-deep, 
slow-shallow, fast-deep, fast­
shallow). (Sow is< 0.3 mis, 
deeo is> 0.5 m.) 

Little or no enlargement of 
islands or point bars and less 
than 5% ( <20% for low­
gradient streams) of the 
bottom affected by sediment 
deposition. 

Water reaches base of both 
lower banks, and minimal 
amount of channel substrate is 
exposed. 

Channelization or diedging 
absent or minimal; stream 
with normal pattern. 

7.Fnqnency or uccurrence ot nttles re1abve1y 
Rlflks frequent; ratio of distance 
(or bends) between riffles di\lided by 

width of the stream <7: I 
(generally S to 7); variety of 

13 
Score 

8.Bank 
Stability 

!-~-----~----
RB 5 
9. Vegetative 
Protection 

3 
LB-----------
RB 

5 

10. Riparian 
Vegetative 
Zone Width 

LB Q 
--------------
RB 10 

habitat is key. In streams 
where riffles are continuous, 
placement of boulders or other 
large, natural obstruction is 
imoortant. 

19 9 

Banks stable; evidence of 
erosion or bank failure absent 
or minimal; little potential for 
future J>roblerns. <5% of bank 
affected. 

More than 900/o of the stream 
bank surfaces and immediate 
riparian zone covered by 
native vegetation, incluiling 
trees, understory shrubs, or 
nonwoody macrophytes; 
vege.tative disruption !h!ouldl 
grazmg or mowmg mtmrnal or 
not evident; almost all plants 
allowed to grow naturally. 

Width of riparian zone > 18 
meters; human activities (i.e., 
parking lots, roadbeds clear­
cuts, lawns, or crops) have not 
impacted zone. 

Total Score 

5=J .. 

RBP Hiszh Gradient Habitat 
Condition Category 

Suboptimal 

15 14 13 12 JI 

40-70% mtx of stable nao1tat; 
well-suited for full 
colonization potential; 
adequate habitat for 
maintenance of J>!>pulations; 
presence of additional 
substrate in the form of new 
fall, but not yet prepaied for 
colonization (may rate at high 
end of scale). 

Gravel, cobble, and boulder 
particles are 25-50% 
surrounded by fine sediment. 

Only 3 of the 4 regimes 
present (if fast-shlillow is 
missing, score lower than if 
missing other regimes). 

Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment; 5-30% 
(20-50% for low-gradient) of 
the bottom affecte<I; slight 
deposition in pools. 

Marginal 

JO 9 8 7 6 

20-400/o mix of stable habitat; 
habitat availability less than 
desirable; substrate frequently 
disturbed or removed. 

Gravel, cobble, and boulder 
particles are 50-75% 
surrounded by fine sediment. 

Only 2 of the 4 habitat 
regimes present (if fast­
shallow or slow-shallow are 
missing, score low). 

Moderate deposition of new 
gravel, sand or fine sediment 
on old and new bars; 30-50% 
(50-80% for low-gradient) of 
the bottom affected; sediment 
deposits at obstrucbons, 
constrictions, and bends; 
moderate deposition of pools 
nrevalent. 

Poor 

5 4 3 2 I 0 

Less than 20% stable habitat; 
lack of habitat is obvious; 
substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

Dominated by I velocity/ 
depth regime (usually slow­
deep). 

Heavy deposits offine 
material, increased bar 
development; more than 50% 
( 80% for low-gradient) of the 
bottom changing freciuently; 
pools almost absent due to 
substantial sediment 
deposition. 

Water fills >75% of the Water fills 25-75% of the Very little water in channel 
available channel; or <25% of available channel, and/or riffle and mostly present as standing 
channel substrate is exposed. substrates are mostly exposed. pools. 

Some channelization J>resent, 
usually in areas of bridge 
abutments; evidence _of past 
channelization, i.e., dredging, 
(greater than past 20 yr.) may 
be present, but recent 
channelization is not present. 

Occurrence of riffles 
infrequent; distance between 
riffles divided by the width of 
the stream is between 7 to IS. 

8 7 6 

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. 5-30% of bank in 
reach has areas of erosion. 

70-90% of the stream bank 
surfaces covered by native 
vegetation, but one class of 
plants is not well-represented; 
ilisruption evident but not 
affecting full plant growth 
potential to any great extent; 
more than one-h&lf of the 
potential plant stubble height 
remaining. 

Width of riparian zone 12-18 
meters; human activities have 
impacted zone only 
minimally. 

NOTES/COMMENTS: 

Channelization may be 
extensive; embankJnents or 
shoring structures present on 
both banks; and 40 to 80% of 
stream reach channelized and 
disrupted. 

Occasional riffle or bend; 
bottom contours provide some 
habitat; distance between 
riffles divided by the width of 
the stream is between I 5 to 
25. 

5 4 3 

Moderately unstable; 30-60% 
of bank in reach has areas of 
erosion; high erosion potential 
during floo<ls. 

SO-70% of the stream bank 
surfaces coveied by 
vegetation; disrupbOn 
obvious

1
· patches of bare soil 

or close y cropoed vegetation 
common; less than one-half of 
the potential J>lant stubble 
height remaining. 

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal. 

Banks shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disrupted. lnstream habitat 
gfe!!tly alteied or removed 
enbrely. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 0 

Unstable; many eroded areas; 
"raw" areas frequent along 
straight sections and bends· 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than 50% of the stream 
bank surfaces covered by 
vegetation; disruption of 
stream bank vegetation is very 
high; vegetation has been 
removed to S centimeters or 
less in average stubble height. 

Width of riparian zone <6 
meters: littfe or no riparian 
vege~tion due to human 
act1v1t1es. 
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STREAM NAME: 5031 LOCATION: Bigbone, KY 

STATION#:N/A COUNTY: Boone 

-.-=INV'"-'-'-=ES=T'-=-'IG=A'""-TO=RS=:'-S-M_, J_F _______ -1 DATE: 3/3"0/16 
Verify Site LAT/LONG vs GPS DYES ONO •NIA 

Reach 

TIME 
(24hr) 

I PROGRAM: 
PROJECT: 

Start: 

Finish: 

CANOPY COVER:: 
1----~--...;;S;..:;ta""t""io;;:;n ___ ~--=Do~w.;.:ns"'t"'"rea=m=---.----=U"'1ns""1trea=""m=-----1 • Fully Exposed (0-25%) 
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STREAM 
TYPE: 

LAT D Partially Exposed (25-50%) 
---1---------1---------+----------1 D Partially Shaded (50-75%) 

D Perennial 
0Ephemeral 
• Intennittent LONG D Fully Shaded (75-IOOo/o) 

WEATHER Now Past 24 hours LOCAL WATERSHED FEATUREES (Predomjnant Surroundjng Land Use): 
Has there been 0 D Heavy rain 0 Surface Mining D Construction D Forest 
a scouring rain D D Steady rain 
in the last 14 D D Intennittent showers 

0 Deep Mining D Commercial • Pasture/Grazing 

days? D CEJ Clear/sunny 
D Oil Wells D Industrial D Silviculture 

D Yes. No D D Cloudy 
D Land Disposal D Row Crops D Urban Runoff/Stonn Sewers 

INSTREAM FEATURES 
Stream Width e ft 
Maximum Depth o.s ft 
Reach Length _1e __ m 

Riffle/Run/Pool Sequence 
(No. Sampled in Reach) 

_1 _Riffle _1 _Run _1 _PQOI 

• Residential 

HYDRAULIC 
STRUCTURES 

D Dams 
• Bridge Abutments 
D Island 
D Waterfalls 
• Other: culvert 

STREAM FLOW 
0Dry 
0Pooled 
•Low 
0High 
0Nonnal 

P-CHEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
D TreesO Herbaceous 
• GrassesO Shrubs 
Number of strata _2_ Dom. 
Tree/Shrub Taxa 

Dipsacus sp., Poa pratensis 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

D Dredging 
• Channelization 
C0Full .Partial) 

Culverted 

--------1 
Temp(°C) ____ D.O. (mg/I) ____ %Saturation. ____ pH(S.U.) ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: D QuaJMHC D Other D Visual Assessment Lead Collector: 

Fish OBPEF D Seine D Other Time: BPEF Seine Lead Collector: 

Habitat D RBP D Substrate D Other: Lead Collector: 

Invertebrates D Im' 0 Qual 0 Other. Lead CoJlector: 

D 20 Jab (#Jabs: Cobble __ Snags __ Veg. Banks __ Sand __ Macrophytes __ Other ___) 

Tissue: No. of Samples collected ___ Sp: Lead Collector: 

Water Chem D Acid/ Alk D Bulk D Nutrients D Metals D Low Hg Lead CoJlector: 

D Herbicides D Pesticides D Ortho P D Other: 

Duplicate Samples Taken: 

Substnte Characterization 

Substrate OEst. OP.C. Rime_2_5 __ % Run_2_s __ % Pool~% Reach Total 

Silt/Clay (<0.06 mm) 30 
Sand (0.06 - 2 mm) 20 
Gravel (2-64 mm) 20 
Cobble (64-256 mm) 30 
Boulders (>256 mm) 0 
Bedrock 0 

NOTES/COMMENTS: 

SITE NOT SAMPLED: 

D Land owner denial D Dry D Too deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 
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RBPH' hG d" tH b"tat lg ra 1en a 1 

Habitat Condition Category 
Parameter Optimal Suboptimal Marginal 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 

l.Epifaunal · Ureater UUU1 1u70 or substrate 4U- tu7o ITIIX or stable nab1tat; 
Substrate/ favorable for epifa~I well-suited for full 

Available colonization and fish cover; colonization potential; 

Cover mix of snags, subme~ed logs, adequate habitat for 20-40% mix of stable habitat; 
undercut binks, cobb e or maintenance of populations; habitat availability less than 
other stable habitat and at presence of additional desirable; substrate frequently 
stage to allow full colonization substrate in the fonn of new disturbed or removed. 

5 
potential (i.e., logs/snags that fall , but not yet prepared for 
are Jll!l new fall and nQ1 colonization (may rate at high 

Score transient). end of scale). 
2.Embeddedneu Gravel, cobble, and boulder 

particles are 0-25% Gravel, cobble, and boulder Gravel, cobble, and boulder 

6 
swrounded by fine sediment. particles are 25-50% particles are 50-75% 
Layering of cobble provides swrounded by fine sediment. swrounded by fine sediment. 

Score diversity of niche space. 

3.Veloclty/ Ail rour velocity/depth Only 3 of the 4 re~mes Only 2 of the 4 habitat 
Depth Regime regimes ~resent (slow-deep, present (if fast-sh low is regimes present {if fast-slow-sba low, fast-dee~, fast-

shallow). (Sow is< 0. mis, missing, score lower than if shallow or slow-shallow are 
Score 8 deep is> 0.5 m.) missing other regimes). missing, score low). 

4.Sedlment Moderate deposition of new 
Deposition Little or no enlargement of Some new increase in bar gravel, sand or fine sediment 

on old and new bars; 30-500Ai islands or point bars and less formation, mostly from gravel, (50-800Ai for low-gradient) of than 5% ( <20% for low- sand or fine sediment· 5-30% 
t1:dient streams i of the (20-50% for low-gradient) of the bottom affected; sediment 

deposits at obstructions, ttom affected y sediment the bottom affected; slight constrictions, and bends; 
8 deposition. deposition in pools. moderate deposition of pools 

Score prevalent. 

5.Cbannel Water reaches base of both Water fills >75% of the Water fills 25-75% of the Flow Status lower banks and minimal 
amount of channel substrate is available channel; or <25% of available channel, and/or riffle 

Score 7 exposed. channel substrate is exposed. substrates are mostly exposed. 

6.Cbannel Some channelization present, Alteration Channelization may be 
Channelization or dredging 

usually in areas of bri"e extensive; embankinents or abutments; evidence ~ shoring structures !resent on absent or minimal; stream channelization, i.e., d ging, both binks; and 4 to 80% of 

3 
with normal pattern. (greater than past 20 yr.) may stream reach channelized and be present, but recent 

channelization is not present. disrupted. 
Score 
7.Frequency or uccurrence of riffles relabvely 
Riftlel frequent; ratio of distance 

Occasional riffle or bend; (or bends) between riffles divided by 
width of the stream <7:1 Occurrence of riffles bottom contours ~vide some 
(generally 5 to 7); variety of infrequent; distance between habitat; distance tween 
h&bitat is key. In streams riffles divided by the width of riffles divided by the width of 
where riffles are continuous, the stream is between 7 to 15. the stream is between 15 to 
clacement of boulders or other 25. 

5 arge, natural obstruction is 
Score important. 

Left/Right Bank IO 9 8 7 6 5 4 3 

8.Bank 
Stability Banks stable; evidence of Moderately stable; infrequent, erosion or bank failure absent Moderately unstable; 30-60% 

4 or minimal; little potential for small areas of erosion mostly of bank in reach has areas of !-.!-! __________ _ 
future J>roblems. <5o/o of bank healed over. 5-30"A. of bank in erosion; high erosion potential 

RB 6 affected. reach has areas of erosion. during floods. 

9. Vegetative 
Protection More than 900Ai of the stream 70-90% of the stream bank 

bank surfaces and immediate surfaces covered by native 50-70% of the stream bank 

4 riparian zone covered by vegetation, but one class of surfaces covered by 
native v~etation, including J>lants is not well-represented; vegetation; disrupbon 
trees, un erstory shrubs, or disruJ>tion evident but not obvious; patches of bare soil LB ___________ 
nonwoody macrophytes; affecti':if full plant growth or closely crop~ vegetation 

RB vege.tative disruption !hrourc potenti to any ~at extent; common; less an one-half of 
grazm11 or mowmg ITilmma or more than one-hillf of the the potential J>lant stubble 

4 not eVJdent; almost all ~lants potenti!li plant stubble height height remaining. 
allowed to grow natura ly. remammg. 

10. Riparian 
Vegetative Width of riparian zone >18 Width of riparian zone 12-18 ZontWiddl meters; human activities (i.e., meters; human activities have Width of riparian zone 6-12 

LB 1 
parking lots. roadbeds, clear- meters; human activities have 
cuts, lawns, or crops) have not impacted zone only impacted zone a great deal. ----------- -- - impacted zone. minimally. 

RB 1 
Total Score NOTES/COMMENTS: 

EJ II I tr.' llll 1 1 1 l;I rt 111 I 

. ' 
'" ill II II 
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Poor 

5 4 3 2 I 0 

Less than 20% stable habitat; 
lack of habitat is obvious; 
substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment 

Dominated by I veloci~/ 
depth regime {usually s ow-
deep). 

Heavy deposits of fine 
material, increased bar 
devel°foment; more than 500Ai 
( 800/o or low-gradient) of the 
bottom changing ~uently; 
pools almost absent ue to 
substantial sediment 
deposition. 

Very little water in channel 
and mostly present as standing 
pools. 

Banks shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disrur,ted. Instream habitat 
gt'C!lt [, altered or removed 
enbre y. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 I 0 

Unstable; many eroded areas; 
"raw" areas frequent alo';fs 
straight sections and ben s; 
obvious bank sloughing; 60-
1 OO"A. of bank has erosional 
scars. 

Less than 50% of the stream 
bank surfaces covered 'J 
vegetation; disruption o 
stream bank vegetation is very 
high; v«;fetation has been 
remove to 5 centimeters or 
less in average stubble height. 

Width of ri~an zone <6 
meters: lilt e or no riparian 
vegetation due to human 
acbv1t1es. 
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High Gradient Bioassessment Stream Visit Sheet 

STREAM NAME: $033 LOCATION: Bigbone, KY 

STATION#: N/A couNTY: Boone 

~INV=..;__;_;ES=T=IG=A:.::..TO=RS==-: S_M_,_JF ________ ---1 DATE: 3/31 /2016 
Verify Site LAT/LONG vs GPS DYES ONO llNtA 

Reach 

TIME 
(24hr) 

I PROGRAM: 
PROJECT: 

Start: 

Finish: 

CANOPY COVER:: 
---~---S_ta_t_io_n ___ ~ __ Do_w_ns_trea_m __ ~---U~lp~s_trea_m __ ___. D Fully Exposed (0-25%) 
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STREAM 
TYPE: 

LAT • Partially Exposed (25-50"/o) 
---+---------+---------+-----------i D Partially Shaded (50-75%) 

0 Perennial 
0Ephemeral 
• Intermittent LONG 0 Fully Shaded (75-100%) 

WEA TUER Now Past 24 hours LOCAL WATERSHED FEATUREES (Predominant Surroundjng Land Use): 
Has there been m D Heavy rain 0 Surface Mining 0 Construction 0 Forest 
a scouring rain O O Steady rain 
in the last 14 O O Intermittent showers 

0 Deep Mining 0 Commercial 0 Pasture/Grazing 

days? D m Clear/sunny 
0 Oil Wells 0 Industrial 0 Silviculture 

0Yes111No O O Cloudy 
0 Land Disposal 0 Row Crops 0 Urban Runoff/Storm Sewers 

INSTREAM FEATURES 
Stream Width • ft 
Maximum Depth J ft 
Reach Length _e __ m 

Riffle/Run/Pool Sequence 
(No. Sampled in Reach) 

_1_Riftle _1_Run _2_Pool 

• Residential 

HYDRAULIC 
STRUCTURES 

D Dams 
• Bridge Abutments 
0 Island 
0 Waterfalls 
Ill Other: Culverted 

STREAM FLOW 
0Dry 
•Pooled 
0Low 
QHigh 
0Normal 

P-CHEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
• Trees• Herbaceous 
Ill GrassesO Shrubs 
Number of strata Dom. 
Tree/Shrub Taxa 

Acsr negundo, Taraxacum oflicinale 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

D Dredging 
• Channelization 
c•Full OPartial) 

-------
Temp(°C) ____ D.O. (mg/I) _ _ __ %Saturation ____ pH(S.U.) ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: 0 Qua!MHC 0 Other 0 Visual Assessment Lead Collector: 

Fish OBPEF 0 Seine 0 Other Time: BPEF Seine Lead Collector: 

Habitat 0 RBP 0 Substrate D Other: Lead Collector: 

Invertebrates 0 lm2 0 Qual 0 Other: Lead Collector: 

0 20 Jab (#Jabs: Cobble __ Snags __ Veg. Banks __ Sand __ Macrophytes __ Other___) 

Tissue: No. of Samples collected ___ Sp: Lead Collector: 

Water Chem D Acid/Alk 0 Bulk 0 Nutrients 0 Metals D Low Hg Lead Collector: 

D Herbicides 0 Pesticides 0 Ortho P 0 Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate OEst. OP.C. Rime_4_0 __ •Ao Run_1_0 __ % Pool_so __ % Reach Total 

Silt/Clay (<0.06 mm) 40 
Sand(0.06-2mm) 10 
Gravel (2-64 mm) 20 
Cobble (64-256 mm) 20 
Boulders (>256 mm) 10 
Bedrock 0 

NOTES/COMMENTS: 

SITE NOT SAMPLED: 

D Land owner denial D Dry DToo deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 
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Habitat 
Parameter 

SCORE 

1.Eplfaunal 
Sutistnte/ 
Available 
Cover 

12 
Score 
2.Embeddedneu 

10 
Score 
3.Velocity/ 
Depth Regime 

Score 9 
4. Sediment 
Deposldon 

10 
Score 
S.Cbannel 
Flow Status 

Score 8 
6.Cbannel 
Alteration 

4 
Score 

Opdmal 

20 19 18 17 16 

ureater u""' tlr/o of suostrate 
favorable for epifaunal 
colonization and fish cover; 
mix of snags, submerged logs, 
undercut banks, cobbfe or 
other stable habitat and at 
stage to allow full colonization 
potential (i.e., logs/snags that 
are Ill!i new fall and !121 
transient). 
Gravel, cobble, and boulder 
particles are 0-2S% 
surrounded by fine sediment. 
Layering of cobble provides 
diversity of niche space. 

All lour velocity /depth 
regimes present (slow-deep, 
slow-shallow, fast-deep, fast­
shallow). (Sow is< 0.3 mis, 
deeo is > 0.S m. ) 

Little or no enlargement of 
islands or point bars and less · 
than 5% (<20% for low­
gradient streams) of the 
bottom affected by sediment 
deposition. 

Water reaches base of both 
lower banks, and minimal 
amount of channel substrate is 
exposed. 

Channelization or dredging 
absent or minimal; stream 
with normal pattern. 

7.Frequency of uccurrence c:>t nm~s relatively 
Rimes frequent; ratio of distance 
(or bends) bc;tween riffles divided by 

width of the stream <7: I 
(generally 5 to 7); variety of 

13 
Score 

Left/Right Banlt 

8.Bank 
Stability 

~J! __ ---~ -- --
RB 5 

9. Vegetadve 
Protedlon 

5 
LR __________ _ 
RB 

5 

10. Riparian 
Vegetadve 
Zone Width 

LB 2 ···-··------ ... -
RB 2 

habitat is key. In streams 
where riffles are continuous, 
placement of boulders or other 
large, natural obstruction is 
imoortant. 

10 9 

Banks stable; evidence of 
erosion or bank failure absent 
or minimal\· little potential for 
future J>rob ems. <So/o of bank 
affected. 

More than 900/o of the stream 
bank surfaces and immediate 
riparian zone covered by 
native vegetation, including 
trees, understory shrubs, or 
nonwoody macrophytes; 
vege_tative disruption !h~ouldi 
grazing or mowing 1n1mmal or 
not evident; almost all plants 
allowed to grow naturally. 

Width of riparian zone> 18 
meters; human activities (i.e., 
parking lots, roadbeds, clear­
cuts, lawns, or crops) have not 
impacted zone. 

Total Score 

I 
... I 

RBP Hi2h Gradient Habitat 
Condition Category 

Suboptimal 

IS 14 13 12 11 

4U- fV70 mJX OT St11U1e Jlllultat; 
well-suited for full 
colonization potential; 
adequate habitat for 
maintenance of~pulations; 
presence of additional 
substrate in the form of new 
fall, but not yet prepared for 
colonization (may rate at high 
end of scale). 

Gravel, cobble, and boulder 
particles are 25-50% 
surrounded by fine sediment. 

Only 3 of the 4 regimes 
present (if fast-shallow is 
missing, score lower than if 
missing other regimes). 

Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment; S-30% 
(20-SOo/o for low-gradient) of 
the bottom affecte<I; slight 
deposition in pools. 

Marginal 

JO 9 8 7 6 

20-40% mix of stable habitat; 
habitat availability less than 
desirable; substrate frequently 
disturbed or removed. 

Gravel, cobble, and boulder 
particles are S0-7So/o 
surrounded by fine sediment. 

Only 2 of the 4 habitat 
regimes present (if fast­
shallow or slow-shallow are 
missing, score low). 

Moderate deposition of new 
gravel, sand or fine sediment 
on old and new bars; 30-50% 
(50-80% for low-gradient) of 
tlie bottom affected; sediment 
deposits at obstructions, 
constrictions, and bends; 
moderate deposition of pools 
orevalent. 

Poor 

s 4 3 2 1 0 

Less than 20% stable habitat; 
lack of habitat is obvious; 
substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are more than 7S% 
surrounded by fine sediment. 

Dominated by 1 velocity/ 
depth regime (usually slow­
deep ). 

Heavy deposits affine 
material, increased bar 
development; more than 50% 
(80% for tow-gradient) of the 
bottom changing frequently; 
pools almost absent due to 
substantial sediment 
deposition. 

Water fills >75% of the Water fills 25-75% of the Very little water in channel 
available channel; or <25% of available channel, and/or riffle and mostly present as standing 
channel substrate is exposed. substrates are mostly exposed. pools. 

Some channelization present, 
usually in areas of bridge 
abutments; evidence of past 
channelization, i.e., dredging, 
(greater than past 20 yr.) may 
be present, but recent 
chlinnelization is not present. 

Occurrence of rifles 
infrequent; distance between 
riffles divided by the width of 
the stream is between 7 to 15. 

8 7. 6 

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. 5-30% of bank in 
reach has areas of erosion. 

70-90% of the stream bank 
surfaces covered by native 
vegetation, but one class of 
plants is not well-represented; 
disruption evident but not 
affecting full plant growth 
potential to any ~at extent; 
more than one-hillf of the 
potential plant stubble height 
remaining. 

Widthofriparianzone 12-18 
meters; human activities have 
impacted zone only 
minimally. 

NOTES/COMMENTS: 

Channelization may be 
extensive; embankments or 
shoring structures present on 
both banks; and 40 to 80% of 
stream reach channelized and 
disrupted. 

Occasional riffle or bend; 
bottom contours provide some 
habitat; distance between 
riffles divided by the width of 
the stream is between 15 to 
2S. 

s 4 3 

Moderately unstable; 30-600/o 
of bank in reach has areas of 
erosion; high erosion potential 
during floods. 

SO-70% of the stream bank 
surfaces covered by 
vegetation; disruption 
obvious· patches of bare soil 
or closely cropped vegetation 
common; less than one-half of 
the potential plant stubble 
height remaining. 

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal. 

Banks shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disrupted. Instream habitat 
~tly altered or removed 
entirely. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 0 

Unstable; many eroded areas; 
"raw" areas frequent along 
straight sections and bendS; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than SO% of the stream 
bank surfaces covered bv 
vegetation; disruption of 
stream bank vegetation is very 
high; vegetation has been 
removed to S centimeters or 
less in average stubble height. 

Width of riparian zone <6 
meters: little or no riparian 
vege~tion due to human 
activities. 
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HiJ?:h Gradient Bioassessment Stream Visit Sheet 

STREAM NAME: $037 LOCATION: Bigbone, KY 

STATION#: N/A coUNTY: Boone 

.,:INV~E=S'-"-TI=G=Ac.=..TO=RS="'-: S_M_,_JF ________ --t DATE: 3/31 /2016 
Verify Site LAT/LONG vs GPS DYES ONO • NIA 

Reach 

TIME 
(24hr) 

I PROGRAM: 
PROJECT: 

Start: 

Finish: 

CANOPY COVER:: 
---~--....;;S"'ta""t.;;.;:io;::n ___ ~--'Do::;.;;..;w""nst=rea-'-=m"----.----U_,1n""s"'trea~m"-----f • Fully Exposed (0-25%) 

KyPSC Case No. 2016-00168 
Exhibit 2(d) PUBLIC 
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STREAM 
TYPE: 

LAT D Partially Exposed (25-50%) 
l----+---------1---------l----------1 0 Partially Shaded (50-75%) 

D Perennial 
0Ephemeral 
• Intermittent LONG D Fully Shaded (75-100%) 

WEA TBER Now Past 24 hours LOCAL w A TERSBED FEA TUREES (Predominant Surrounding Land Use>: 
Has there been D D Heavy rain D Surface Mining D Construction D Forest 
a scouring rain D D Steady rain 
in the last 14 O D Intermittent showers 

D Deep Mining D Commercial D Pasture/Grazing 

days? D CEJ Clear/sunny 
D Oil Wells D Industrial D Silviculture 

D Yes• No CEJ D Cloudy 
D Land Disposal D Row Crops D Urban Runoff/Storm Sewers 

INSTREAM FEATURES 
Stream Width ' ft 
Maximum Depth 1 ft 
Reach Length _1e ___ m 

RifHe/Run/PoolSequence 
(No. Sampled in Reach) 

_1 _Riftle _o_Run _1_Pool 

• Residential 

HYDRAULIC 
STRUCTURES 

D Dams 
D Bridge Abutments 
D Island 
D Waterfalls 
• Other: Culvert 

STREAM FLOW 
0Dry 
0Pooled 
0Low 
.High 
0Normal 

P-CBEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
D Treesml Herbaceous 
D GrassesD Shrubs 
Number of strata Dom. 
Tree/Shrub Taxa 

Taraxacum officinale 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

D Dredging 
• Channelization 
(0Full .Partial) 

-------
Temp("C). ____ D.O. (mg/I), _ _ __ %Saturation. ____ pH(S.U.), ____ Cond. ____ Turb .. ___ _ 

Sample Collection Verification 

Algae Sample: D QualMHC D Other D Visual Assessment Lead Collector: 

Fish OBPEF D Seine D Other Time: BPEF Seine Lead Collector: 

Habitat D RBP D Substrate D Other: Lead Collector: 

Invertebrates 0 1 m2 0 Qual 0 Other: Lead Collector: 

D 20 Jab (#Jabs: Cobble _ _ Snags _ _ Veg. Banks __ Sand __ Macrophytes __ Other___) 

Tissue: No. of Samples collected Sp: Lead Collector: 

Water Chem D Acid/Alk D Bulk D Nutrients D Metals D Low Hg Lead Collector: 

D Herbicides D Pesticides D Ortho P D Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate DEst. DP.C. Rime~0.4 Run_2_5 __ o/o Poo1_2_s __ o/o Reach Total 

Silt/Clay (<0.06 mm) 80 
Sand (0.06- 2 mm) 5 
Gravel (2-64 mm) 10 
Cobble (64-256 mm) 5 
Boulders (>256 mm) 0 
Bedrock 0 

NOTES/COMMENTS: 

SITE NOT SAMPLED: 

D Land owner denial D Dry DToo deepnmpounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 



CONFIDENTIAL PROPRIETARY TRADE SECRET 

RBPH" hG d" 12 ra 1ent H b"tat a I 

Habitat Condition Category 
Pan meter Optimal Suboptimal Marginal 

SCORE 20 19 18 17 16 15 14 13 12 II JO 9 8 7 6 

1.Eplfaunal ureater than tV7• or SU05U11te 4 U- fV"/ O llllX 01 stao1e ....... tat; 
Substnte/ favorable for epifaunal well-suited for full 

Available colonization and fish cover; colonization potential; 
20-40% mix of stable habitat; Cover mix of snags, subme~ed logs, adequate hab1ta1 for 

undercut banks, cobb e or maintenance of populations; habitat availability less than 
other stable habitat and at presence of additional desirable; substrate frequently 
stage to allow full colonization substrate in the form of new disturbed or removed. 

5 
potential (i.e., logslsnags that fall, but not yet prepared for 
are D!11 new fall and 1lQ1 colonization (may rate at high 

Score transient). end of scale). 
2.Embeddedness Gravel, cobble, and boulder 

particles are 0-25% Gravel, cobble, and boulder Gravel, cobble, and boulder 

5 
surrounded by fine sediment. particles are 25-50% particles are 50-75% 
Layering of cobble provides surrounded by fine sediment. surrounded by fine sediment. 

Score diversity of niche space. 

3.Velodty/ All four veloc1ty/depdl Only 3 of the 4 ~mes Only 2 of the 4 habitat regim'fuSresent (slow-deep, Depth Regime slow-s low, fast-dee~, fast- present (iffast-s low is regimes present (if fast-
missing, score lower than if shilllow or slow-shallow are 

Score 10 
shallow). (Sow is< 0. mis, missing other regimes). missing, score low). deeo is > 0.5 m.) 

4. Sediment Moderate deposition of new 
Deposition Little or no enlargement of Some new increase in bar gravel, sand or fine sediment 

islands or point bars and less formation, mostly from gravel , oo old and new bars; 30-50% 
than 5% ( <200A. for low- sand or fine sediment" 5-30% (50-80% for low-gradient) of 

~dient streams6 of the ~-500/o for low-gradient) of the bottom affected; sediment 
ttom affected y sediment bottom affected; slight deposits at obstructions, 

4 deposition. deposition in pools. constrictions, and bends; 
moderate deposition of pools 

Score prevalent. 

5.Cbannel Water reaches base of both Water fills >75% of the Water fills 25-75% of the Flow Status lower banks, and minimal 
amount of channel substrate is available channel; or <25% of available channel, and/or riffle 

11 exposed. channel substrate is exposed. substrates are mostly exposed. 
Score 
6.Cbannel Some channelization present, Altention Channelization may be usually in areas of brid!ie extensive; embankinents or Channelization or dredging abutments; evidence ~ast shoring structures /resent on absent or minimal; stream channelization, i.e., d ging, both biinks; and 4 to 80% of 

9 
with normal pattern. (greater than past 20 yr.) may stream reach channelized and be present, but recent disrupted. 

Score 
channelization is not present. 

7.Frequency of occurrence 01 ntJJes relatlvely 
RitneS . frequent; ratio of distance 

Occasional riffle or bend; (or bends) between riffles divided by 
width of the stream <7: 1 Occurrence of riffles bottom contours ~vide some 
(generally S to 7); variety of infrequent; distance between habitat; distance tween 
habitat is key. In streams riffles divided by the width of riffles divided by the width of 
where riffles are continuous, the stream is between 7 to 15. the stream is between 15 to 
clacement of boulders or other 25. 

6 arge, natural obstruction is 
Score imoortant. 

Left/Right Bank IO 9 8 7 6 5 4 3 

8.Bank 
Banks stable; evidence of Stability 
erosion or bank failure absent Moderately stable; infrequent, Moderately unstable; 30-60% 

4 or minimal; little potential for small areas of erosion mostly of bank in reach has areas of !-J'!. __ _________ 
future problems. <5% of bank healed over. S-30% of bank in erosion; high erosion potential 

RB 4 affected. reach has areas of erosion. during floods. 

9. Vegetative 
Protection More than 90% of the stream 70-90% of the stream bank 

bank surfaces and immediate surfaces covered by native 50-70% of the stream bank 

2 riparian zone covered by vegetation, but one class of surfaces covered by 
native vi;reetation, including plants is not well-represented; vegetation; disruption 

LB-----------
trees, un erstory shrubs, or disruption evident but not obvious; patches of bare soil 
nonwoody macrophytes; affecti~ full plant growth or closely cropC vegetation 

RB vege.tative disruption !h!":,fc potenti to any great extent; common; less an one-half of 
more than one-hillf of the the potential plant stubble grazing or mowmg 1111m or 

2 not eVJdent; almost all filants potel!ti!ll plant stubble height height remaining. 
allowed to grow natura ly. remaining. 

10. Riparian 
Vegetative Width of riparian zone > 18 Width of riparian zone 12-18 Width of riparian zone 6-12 Zone Width meters; human activities (i.e., 

parking lots, roadbeds clear- meters; human activities have meters; human activities have 
LB 1 cuts, lawns, or crops) have not impacted zone only impacted zone a great deal. -------------- impacted zone. minimally. 
RB 1 

Total Score NOTES/COMMENTS: 

" EJ 
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Poor 

5 4 3 2 I 0 

Less than 20% stable habitat; 
lack of habitat is obvious; 
substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

Dominated by I veloci~/ 
depth regime (usually s ow-
deep). 

Heavy deposits of fine 
material, increased bar 
develofoment; more than 50% 
(800A. or low-gradient) of the 
bottom changing ~uently; 
pools almost abSent ue to 
substantial sediment 
deposition. 

Very little water in channel 
and mostly present as standing 
pools. 

Banks shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disru~ted. lnstream habitat 
8fe!1t r, altered or removed 
entire y. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 I 0 

Unstable; many eroded areas; 
"raw" areas frequent aloi~ 
straight sections and ben ; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than 50% of the stream 
bank surfaces covered '3 
vegetation; disruption o 
stream bank vegetation is very 
high; vi;retation has been 
remove to 5 centimeters or 
less in average stubble height. 

Width of rir::j.an zone <6 
meters: lilt e or no riparian 
vege~!ion due to human 
ac11v1t1es. 



CONFIDENTIAL PROPRIETARY TRADE SECRET 

HiRh Gradient Bioassessment Stream Visit Sheet 

STREAM NAME: $039 LOCATION: Walton, KY 

STATION#: N/A couNTY: Boone 

'"'INV~ES=-=-TI=G=A"'-TO=RS=-: S_M_,_JF ________ -----1 DATE: 3/31 /2016 TIME 
(24br) 

Verify Site LAT/LONG vs GPS DYES ONO !mNtA 

I PROGRAM: 
PROJECT: 

Start: 

Finish: 

Reach 
CANOPY COVER:: 

---...---....;;S;;;ta:;;.;t;;;.;:io'-=n---...----'Do~w.;.;;ns=tmi~m~--.-----'U'"'10.,,s~tr""ea""'m~-~ • Fully Exposed (0-2S%) 

KyPSC Case No. 2016-00168 
Exhibit 2(d) PUBLIC 
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STREAM 
TYPE: 

LAT D Partially Exposed (25-50%) 
---1---------r----------r---------1 D Partially Shaded (50-75%) 

D Perennial 
0Ephemeral 
• Intermittent LONG D Fully Shaded (75-100%) 

WEATHER Now Past 24 hours LOCAL WATERSHED FEA TUREES (Predominant Surrounc!ing Land Usel: 
Has there been D [!] Heavy rain D Surface Mining D Construction 0 Forest 
a scouring rain D D Steady rain 
in the last 14 D D Intermittent showers 

D Deep Mining D Commercial 0 Pasture/Grazing 

days? [!] D Clear/sunny 
D Oil Wells D Industrial 0 Silviculture 

0Yes.No D D Cloudy 
D Land Disposal D Row Crops D Urban Runoff/Storm Sewers 

INSTREAM FEATURES 
Stream Width 3 fl 
Maximum Depth 1 s fl 
Reach Length . _18 ___ m 

Riffle/Run/Pool Sequence 
(No. Sampled in Reach) 

_1 _ Riffle _1 _ Run _3_ Pool 

• Residential 

HYDRAULIC 
STRUCTURES 

0 Dams 
D Bridge Abutments 
D Island 
D Waterfalls 

• Other: Culverts 

STREAM FLOW 
0Dry 
0Pooled 
0Low 
0High 
•Normal 

P-CHEM Instrument Used: 

RIPARIAN VEGETATION 
Dominate Type: 
D Trees• Herbaceous 
D GrassesD Shrubs 
Number of strata Dom. 
Tree/Shrub Taxa 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

0Dredging 
• Channelization 
<•Full 0Partial) 

Temp(°C), ____ D.O. (mg/I) ____ %Saturation~--- pH(S.U.) ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: 0 QualMHC D Other 0 Visual Assessment Lead Collector: 

Y11h OBPEF D Seine D Other Time: BPEF Seine Lead Collector: 

Habitat D RBP D Substrate D Other: Lead Collector: 

Invertebrates D lm2 D Qual D Other: Lead Collector: 

D 20 Jab (#Jabs: Cobble __ Snags __ Veg. Banks __ Sand __ Macrophytes __ Other __J 

Tissue: No. of Samples collectl!d ___ Sp: Lead Collector: 

Water Chem D Acid/Alk D Bulk D Nutrients D Metals D Low Hg Lead Collector: 

D Herbicides D Pesticides D Ortho P D Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate OEst. OP.C. Rime_1_0 __ ,-. Run_1_0 __ % Pool_e_o __ % Reach Total 

Silt/Clay (<0.06 mm) 80 
Sand (0.06 - 2 mm) 10 
Gravel (2-64 mm) 5 
Cobble (64- 256 mm) 5 
Boulders (>256 mm) 

Bedrock 

NOTES/COMMENTS: 

SITE NOT SAMPLED: 

D Land owner denial D Dry 0Too deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 
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Habitat 
Pan meter 

SCORE 

l.Eplfaunal 
Substnte/ 
Available 
Cover 

6 
Score 
2.Embeddedness 

6 
Score 

3.Veloclty/ 
Depth Regime 

Score 7 
4.Sedlment 
Deposldon 

9 
Score 

5.Cbannel 
Flow Status 

Score 11 
6.Cbannel 
Attention 

8 
Score 

7.Freqnency of 
RiffleS 
(or bends) 

11 
Score 

Left/Right Bank 

8.Bank 
StabUlty 

!:-.!L ••.. ~-- - -
RB 6 

9. Vegetative 
Protection 

6 
LB .•.•.••.•.• 
RB 

6 

I 0. Riparian 
Vegetative 
Zone Width 

LB Q -··-----------
RB 2 

Opdmal 

20 19 18 17 16 

Greater than 1u;o of substrate 
favorable for epifaunal 
colonization and fish cover, 
mix of snags, submerged logs, 
undercut binks, cobbfe or 
other stable habitat and at 
stage to allow full colonization 
potential (i.e., logs/snags that 
are Jlll1 new fall and 1121 
transient\. 
Gravel, cobble, and boulder 
particles are 0-25% 
surrounded by fine sediment. 
Layering of cobble provides 
diversity of niche space. 
All tour ve1oc1ty/<1epth 
regimes present (slow-deep, 
slow-shallow, fast-deep, fast­
shallow). (Sow is< 0.3 mis, 
deep is> O.S m.) 

Little or no enlargement of 
islands or point bars and less 
than 5% (<20"Ai for low­
gradient streams) of the 
6ottom affected by sediment 
deposition. 

Water reaches base of both 
lower banks and minimal 
amount of channel substrate is 
exposed. 

Channelization or dredging 
absent or minimal; stream 
with normal pattern. 

uccurrence of nmes re1at1ve1y 
frequent; ratio of distance 
between riffles divided by 
width of the stream <7: 1 
(generally S to 7); variety of 
hilbitat is key. In streams 
where riffles are continuous, 
placement of boulders or other 
large, natural obstruction is 
imoortant. 

JO 9 

Banks stable; evidence of 
erosion or bank failure absent 
or minimal; little potential for 
future problems. <5% of bank 
affected. 

More than 90"Ai of the stream 
bank surfaces and immediate 
riparian zone covered by 
native vegetation, including 
trees, understory shrubs, or 
nonwoody macrophytes; 
vege.tative disruption ~ouRh 
grazing or mowing nummal or 
not evident; almost all plants 
allowed to grow naturally. 

Width of riparian zone > 18 
meters; human activities (i.e., 
parking lots, roadbeds, clear­
cuts, lawns, or crops) have not 
impacted zone. 

Total Score 

EJ 

RBP High Gradient Habitat 
Condition Category 

Suboptimal 

IS 14 13 12 It 

40-70% nux or staD1e naD1tat; 
well-suited for full 
colonization potential; 
adequate habitat for 
maintenance of populations; 
presence of additional 
substrate in the form of new 
fall, but not yet prepared for 
colonization (may rate at high 
end of scale). 

Gravel, cobble, and boulder 
particles are 25-50% 
surrounded by fine sediment. 

Only 3 of the 4 regimes 
present (iffast-sha1low is 
missing, score lower than if 
missing other regimes). 

Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment; S-30"Ai 
(20-50% for low-gradient) of 
the bottom affectCd; slight 
deposition in pools. 

Marginal Poor 

10 9 8 7 6 s 4 3 2 I 0 

20-40% mix of stable habitat; 1 
habitat availability Jess than Less than 20% stable habitat; 
desirable; substrate frequently lack of habitat is obvious; 
disturbed or removed. substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are 50-75% 
surrounded by fine sediment. 

Only 2 of the 4 habitat 
regimes present (if fast­
shilllow or slow-shallow are 
missing, score low). 

Moderate deposition of new 
gravel, sand or fine sediment 
on old and new bars; 30-50% 
( 50-80"Ai for low-gradient) of 
the bottom affected; sediment 
deposits at obstructions, 
constrictions, and bends; 
moderate deposition of pools 
prevalent. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

Dominated by I velocity I 
depth regime (usually slow­
deep ). 

Heavy deposits of fine 
material, increased bar 
development; more than 50% 
( 80"/o for low-gradient) of the 
bottom changing frequently; 
pools almost absent due to 
substantial sediment 
deposition. 

Water fills >75% of the Water fills 25-75% of the Very little water in channel 
available channel; or <25% of available channel, and/or riffle and mostly present as standing 
channel substrate is exposed. substrates are mostly exposed. pools. 

Some channelization present, 
usually in areas of bridge 
abutments; evidence of past 
channelization, i.e., dredging, 
(greater than past 20 yr.) may 
be present, but recent 
ch&nnelization is not present. 

Occurrence of riffles 
infrequent; distance between 
riffles divided by the width of 
the stream is between 7 to 15. 

8 7 6 

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. S-30"Ai of bank in 
reach has areas of erosion. 

70-90% of the stream bank 
surfaces covered by native 
vegetation, but one class of 
plants is not well-represented; 
disruption evident but not 
affecting full plant growth 
potential to any great extent; 
more than one-h81f of the 
potential plant stubble height 
remaining. 

Width of riparian zone 12-18 
meters; human activities have 
impacted zone only 
minimally. 

NOTES/COMMENTS: 

II II 

Channelization may be 
extensive; embankinents or 
shoring structures present on 
both banks; and 40 to 80% of 
stream reach channelized and 
disrupted. 

Occasional riffle or bend; 
bottom contours provide some 
habitat; distance between 
riffles divided by the width of 
the stream is between 15 to 
25. 

s 4 3 

Moderately unstable; 30-60% 
of bank in reach has areas of 
erosion; high erosion potential 
during floods. 

S0-70% of the stream bank 
surfaces covered by 
vegetation; disruption 
obvious; patches of bare soil 
or closely cropped vegetation 
common; less than one-half of 
the potential plant stubble 
height remaining. 

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal. 

Banks shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disrupted. lnstream habitat 
greatly altered or removed 
entirely. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 0 

Unstable; many eroded areas; 
"raw" areas frequent along 
straight sections and bends; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than SO% of the stream 
bank surfaces covered by 
vegetation; disruption of 
stream bank vegetation is very 
high; vegetation has been 
removed to 5 centimeters or 
less in average stubble height. 

Width of riparian zone <6 
meters: little or no riparian 
vege~~ion due to human 
act1v111es. 
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High Gradient Bioassessment Stream Visit Sheet 

STREAM NAME: $044 LOCATION: Bigbone, KY 

STATION#: N/A couNTY: Boone I PROGRAM: 
PROJECT: 

~INV::..:....:...:ES=Tl=G=AT~O=RS=·'-. S_M_, J_F ________ -l DATE: 4/1/2016 
Verify Site LAT/LONG vs GPS DYES ONO •NIA 

I 
TIME Start: 

(l4b~) Finish: 

Reach C~NOPY COVER:: 
---~---=S:;.:ta::;t=::io:.::n'----~--'Do::.::.;w;;.:nst=rea-=.::m=---~---U=-<Jn"":s:.::trea-=.::m=-------4 D Fully Exposed (0-25%) 

KyPSC Case No. 2016-00168 
Exhibit 2(d) PUBLIC 

Page 226 of 436 

STREAM 

LAT • Partially Exposed (25-50"/o) 
---+---------+--------+---------0 Partially Shaded (50-75%) 

TYPE: 
•Perennial 
0Ephemeral 
D Intermittent LONG 0 Fully Sh~ed (75-100%) 

WEA TUER Now Past 24 hours LOCAL WATERSHED FEATUREES (Predomjnant Suuoundjng Land Usel: 
Has there been D CEJ Heavy rain D Surface Mining D Construction •Forest 
a scouring rain D D Steady rain 
in the last 14 D D Intermittent showers 

D Deep Mining D Commercial D Pasture/Grazing 

days? O D Clear/sunny 
D Oil Wells D Industrial D Silviculture 

D Yes• No CEJ D Cloudy 
D Land Disposal D Row Crops D Urban Runoff/Storm Sewers 
Ill Residential 

HYDRAULIC ft 
ft Maximum Depth STRUCTURES 

Reach Length _31 ___ m 0 Dams 
_ __,Ri=-.:-::m=-e/R-=-u-n/P-=--oo--,l'"'So--eq-u-e-nce---i D Bridge Abutments 

(No. Sampled in Reach) D Island 
D Waterfalls 

_3_Riffie _1_ Run _2_ Pool •Other: Culvert 

P-CHEM Instrument Used: 

STREAM FLOW 
0Dry 
0Pooled 
OLow 
ml High 
0Normal 

RIPARIAN VEGETATION 
Dominate Type: 
• Treesml Herbaceous 
• GrassesO Shrubs 
Number of strata 2 Dom. 
Tree/Shrub Taxa --

Juncua sp., Ph•ID aruncinace•, Aur rubrum 

Date Calibrated: 

CHANNEL 
ALTERATIONS 

0 Dredging 
• Channelization 
(0Full .Partial) 

Culverted 

-------
Temp(°C} ____ D.O. (mg/I) ____ %Saturation ____ pH(S.U.) ____ Cond. ____ Turb. ___ _ 

Sample Collection Verification 

Algae Sample: 0 QualMHC D Other D Visual Assessment Lead Collector: 

Fish OBPEF 0 Seine D Other Time: BPEF Seine Lead Collector: 

Habitat 0 RBP D Substrate D Other: Lead Collector: 

Invertebrates 0 I m2 0 Qual D Other: Lead Collector: 

D 20 Jab (#Jabs: Cobble __ Snags __ Veg. Banks __ Sand __ Macrophytes __ Other ___J 

Tissue: No. of Samples collected ___ Sp: Lead Collector: 

Water Chem 0 Acid/Alk D Bulk D Nutrients D Metals D Low Hg Lead Collector: 

D Herbicides D Pesticides D Ortbo P D Other: 

Duplicate Samples Taken: 

Substrate Characterization 

Substrate OEst. OP.C. Riffle~o/. Run~% Pool~% Reach Total 

Silt/Clay (<0.06 mm) 60 
Sand (0.06 - 2 mm) 20 
Gravel (2-64 mm) 10 
Cobble (64-256 mm) 10 
Boulders (>256 mm) 0 
Bedrock 0 

NOTES/COMMENTS: 

SITE NOT SAMPLED: 

D Land owner denial D Dry DToo deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 
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Habitat 
Parameter 

SCORE 

t.Eplfaunal 
Substrate/ 
Available 
Cover 

10 
Score 
2.Embeddeda ... 

10 
Score 
3.Velocity/ 
Depth Regime 

Score 11 
4.Sedlment 
Deposition 

7 
Score 
S.Cbannel 
Flow Status 

Score 13 
6.Cbannel 
Alteration 

10 
Score 

Optimal 

20 19 18 17 16 

Ureater man IU7 o of sut>strate 
favorable for epifaunal 
colonization and fish cover; 
mix of snags, submerged logs, 
undercut banks, cobble or 
other stable habitat and at 
stage to allow full colonization 
potential (i.e., logsfsnags that 
are llj!1 new fall and .DQ1 
transient). 
Gravel, cobble, and boulder 
particles are 0-25% 
surrounded by fine sediment. 
Layering of cobble provides 
diversity of niche space. 

All tour ve1oc1ty/depU1 
regimes present (slow-deep, 
slow-sh81low, fast-deep, fast­
shallow). (Sow is< 0.3 mis, 
deep is> 0.5 m.) 

Little or no enlargement of 
islands or point bars and less 
than 5% ( <20% for low­
gradient streams) of the 
bottom affected by sediment 
deposition. 

Water reaches base of both 
lower banks, and minimal 
amount of channel substrate is 
exposed. 

Channelization or dredging 
absent or minimal; stream 
with normal pattern. 

7.Frequency of occurrence ~f riffles relanvely 
Rlflles frequent; i:auo of_ d!stance 
(or bends) ~tween nffles d1v1ded by 

width of the stream <7: I 
(generally 5 to 7); variety of 

10 
Score 

Left/Right Bank 

8.B1nk 
Stablllty 

!-J! _____ ~----
RB 4 

9. Vegetative 
Protection 

8 
LB __________ _ 
RB 

8 

1 o. Rlp1ri1n 
Vegetative 
Zone Width 

LB 3 ----- -- --- ----
RB 3 

habitat is key. In streams 
where riffles are continuous, 
placement of boulders or other 
large, natural obstruction is 
imwrtant. 

10 9 

Banks stable; evidence of 
erosion or bank failure absent 
or minimal; little potential for 
future problems. <5% of bank 
affected. 

More than 90"/o of the stream 
bank surfaces and immediate 
riparian zone covered by 
native vegetation, incluaing 
trees, understory shrubs, or 
nonwoody macrophytes; 
vege_tative disruption through 
grazmg or mowmg nummal or 
not eV1dent; almost all plants 
allowed to grow naturally. 

Width of riparian zone >18 
meters; human activities (i.e., 
parking lots, roadbeds, clear­
cuts, lawns, or crops) have not 
impacted zone. 

Total Score 

~ 

RBP High Gradient Habitat 
Condition Category 

Suboptimal 

15 14 13 12 11 

<tu-1u-/ o nux of stao1e nao1tat; 
well-suited for full 
colonization potential; 
adequate habitat for 
maintenance'of ~pulations; 
presence of additional 
substrate in the form of new 
fall, but not yet prepared for 
colonization (may rate at high 
end of scale). 

Gravel, cobble, and boulder 
particles are 25-50"/o 
surrounded by fine sediment. 

Only 3 of the 4 regimes 
present (iffast-sh81low is 
missing, score lower than if 
missing other regimes). 

Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment· 5-30% 
(20-50% for low-gradient) of 
the bottom affected; slight 
deposition in pools. 

Marginal 

10 9 8 7 6 

20-40"/o mix of stable habitat; 
habitat availability less than 
desirable; substrate frequently 
disturbed or removed. 

Gravel, cobble, and boulder 
particles are 50-75% 
surrounded by fine sediment. 

Only 2 of the 4 habitat 
regimes present (if fast­
shallow or slow-shallow are 
missing, score low). 

Moderate deposition of new 
gravel, sand or fine sediment 
on old and new bars; 30-50% 
( 50-80% for low-gradient) of 
the bottom affected; sediment 
deposits at obstrucnons, 
constrictions, and bends; 
moderate deposition of pools 
orevalent. 

Poor 

5 4 3 2 I 0 

Less than 20% stable habitat; 
lack of habitat is obvious; 
substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

Dominated by I velocity I 
depth regime (usually slow­
deep). 

Heavy deposits of fine 
material, increased bar 
development; more than 50% 
( 80% for low-gradient) of the 
bottom changing freauently; 
pools almost absent due to 
substantial sediment 
deposition. 

Water fills >75% of the Water fills 25-75% of the Very little water in channel 
available channel; or <25% of available channel, and/or riffle and mostly present as standing 
channel substrate is exposed. substrates are mostly exposed. pools. 

Some channelization present, 
usually in areas of bridge 
abutments; evidence of past 
channelization, i.e., dredging, 
(greater than past 20 yr.) may 
be present, but recent 
channelization is not present. 

Occurrence of riffles 
infrequent; distance between 
riffles divided by the width of 
the stream is between 7 to 15. 

8 7 6 

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. 5-30% of bank in 
reach has areas of erosion. 

70-90% of the stream bank 
surfaces covered by native 
vegetation, but one class of 
plants is not well-represented; 
disruption evident but not 
affecting full plant growth 
potential to any great extent; 
more than one-halfof the 
potential plant stubble height 
remaining. 

Width of riparian zone 12-18 
meters; human activities have 
impacted zone only 
minimally. 

NOTES/COMMENTS: 

Channelization may be 
extensive; embankments or 
shoring structures present on 
both banks; and 40 to 80% of 
stream reach channelized and 
disrupted. 

OCcasional riffle or bend; 
bottom contours provide some 
habitat; distance between 
riffles divided by the width of 
the stream is between 15 to 
25. 

5 4 3 

Moderately unstable; 30-60% 
of bank in reach has areas of 
erosion; high erosion potential 
during floods. 

50-70% of the stream bank 
surfaces covered by 
vegetation; disrupnon 
obvious!· patches of bare soil 
or close y cropped vegetation 
common; less than one-half of 
the potential plant stubble 
height remaining. 

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal. 

Banks shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disrupted. lnstream habitat 
gfe!itlY altered or removed 
ennrely. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 0 

Unstable; many eroded areas; 
"raw" areas frequent along 
straight sections and bends; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than 50% of the stream 
bank surfaces covered by 
vegetation; disruption of 
stream bank vegetation is very 
high; vegetation has been 
removed to 5 centimeters or 
less in average stubble height. 

Width of riparian zone <6 
meters: little or no riparian 
vege!ll~ion due to human 
acnv1t1es. 
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High Gradient Bioassessment Stream Visit Sheet 

STREAM NAME: 5046 LOCATION: Bigbone, KY 

STATION#: N/A couNTY: Boone 

._,INV::...:....:....ES=TI=G=AT::....:O=RS=:,_S_M_, J_F ________ -1DATE:4/1 /2016 

Verify Site LAT/LONG vs GPS DYES ONO •NIA 
Reach 

TIME 
(24hr) 

I PROGRAM: 
PROJECT: 

Start: 

Finish: 

CANOPY COVER:: 
._ _____ ....;S::.:ta:;;;.t;;:;io::.=n:..-____ --=.Do.:;.w;.;.;ns=trea=m=--~---U""'Jns~1trea=m=------1 D Fully Exposed (0-25%) 
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STREAM 
TYPE: 

LAT • Partially Exposed (25-50"/o) 
---+---------+-------------------! D Partially Shaded (50-75%) 

D Perennial 
D Ephemeral 
• Intermittent LONG D Fully Shaded (75-100%) 

WEA TUER Now Past 24 hours 
Has there been D m Heavy rain 

LOCAL w A TERSHED FEATUREES (Pre!lomjnant Surroundjng Land Use): 
D Surface Mining D Construction D Forest 

a scouring rain D D Steady rain 
in the last 14 D D Intermittent showers 

D Deep Mining D Commercial • Pasture/Grazing 

days? m D Clear/sunny 
D Oil Wells D Industrial D Silviculture 

D Yes• No O D Cloudy 
D Land Disposal D Row Crops D Urban Runoff/Storm Sewers 

INSTREAM FEATURES 
Stream Width 2.s ft 
Maximum Depth 1 ft 
Reach Length _11 __ m 

Riffle/Run/Pool Sequence 
(No. Sampled in Reach) 

_o_Riffie _1_Run _1 _Pool 

D Residential 

HYDRAULIC 
STRUCTURES 

D Dams 
D Bridge Abutments 
D Island 
D Waterfalls 
D Other: 

STREAM FLOW 
0Dry 
0Pooled 
0Low 
0Hjgh 
•Normal 

RIPARIAN VEGETATION 
Dominate Type: 
• TreesO Herbaceous 
• Grasses• Shrubs 
Number of strata _1__ Dom. 
Tree/Shrub Taxa 

Aoer negundo, Fesluca sp., Rosa sp. 

CHANNEL 
ALTERATIONS 

D Dredging 
0 Channelization 
(0Full 0Partial) 

P-CHEM Instrument Used: Date Calibrated: --------1 

Temp(°C). ____ D.O. (mg/I), ____ %Saturation. ____ pH(S.U.) ____ Cond. ____ Turb .. ___ _ 

Sample Collection Verification 

Algae Sample: D QualMHC 0 Other D Visual Assessment Lead Collector: 

Fish OBPEF 0 Seine D Other Time: BPEF Seine Lead Collector: 

Habitat D RBP D Substrate D Other: Lead Collector: 

Invertebrates 0 lm2 0 Qual 0 Other: Lead Collector: 

0 20 Jab (#Jabs: Cobble __ Snags __ Veg. Banks __ Sand __ Macrophytes __ Other___) 

Tissue: No. of"Samples collected ___ Sp: Lead Collector: 

Water Chem D Acid/Alk D Bulk D Nutrients 0 Metals D Low Hg Lead Collector: 

0 Herbicides D Pesticides D Ortho P D Other: 

Duplicate Samples Taken: 

Substrate Characteri7.ation 

Substrate OEst. OP.C. Riftle_3_5 __ % Run_5 __ % Pool_e_o __ % Reach Total 

Silt/Clay (<0.06 mm) 50 
Sand (0.06- 2 mm) 15 
Gravel (2-64 mm) 20 

Cobble (64-256 mm) 15 
Boulders (>256 mm) 0 
Bedrock 0 

NOTES/COMMENTS: 

SITE NOT SAMPLED: 

D Land owner denial 0 Dry DToo deep/Impounded 

D Site not found/Secluded Dunsafe 

D Other (indicate under comments) 
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Habitat 
Pan meter 

SCORE 

1.Eplfaunal 
Sutistnte/ 
Available 
Cover 

12 
Score 
l.Embeddednas 

8 
Score 
3.Veloclty/ 
Depth Regime 

Score 10 
4. Sediment 
Deposition 

10 
Score 
5.Cbannel 
Flow Status 

Score 10 
6.Channel 
Attention 

15 
Score 

Optima I 

20 19 18 17 16 

ureater man 1u7 0 or suostrate 
favorable for epifaunal 
colonization and fish cover, 
mix of snags, submerged logs, 
undercut bBnks, cobble or 
other stable habitat and at 
stage to allow full colonization 
potential (i.e., logs/snags that 
are lll!1 new fall and .D2l 
transient). 
Gravel, cobble, and boulder 
particles are 0-25% 
sunounded by fine sediment. 
Layering of cobble provides 
diversity of niche space. 
All four velocity/depth 
regimes present (slow-deep, 
slow-shallow, fast-deep, fast­
shallow). (Sow is < 0.3 mis, 
deeo is > 0.5 m.) 

Little or no enlargement of 
islands or point bars and less 
than 5% ( <20% for low­
gradient streams) of the 
bottom affected by sediment 
deposition. 

Water reaches base of both 
lower banks, and minimal 
amount of channel substrate is 
exposed. 

Channelization or dredging 
absent or minimal; stream 
with normal pattern. 

7.Frequency of UC:currence ~t nmes relahvely 
Riffles frequent; ratio of distance 
(or bends) IM;tween riffles divided by 

width of the stream <7: 1 
(generally 5 to 7); variety of 

16 
Score 

Left/Right Bank 

8.Bank 
Stablllty 

!-J! _____ ~----
RB 6 

9. Vegetative 
Protection 

8 
LB __________ _ 
RB 

8 

1 o. Riparian 
Vegetative 
Zone Width 

LB 2 --------------
RB 2 

habitat is key. In streams 
where riffles are continuous, 
placement of boulders or other 
large, natural obstruction is 
imoortant. 

10 9 

Banks stable; evidence of 
erosion or bank failure absent 
or minimal; little potential for 
future problems. <5% of bank 
affect ea. 

More than 90"/o of the stream 
bank surfaces and immediate 
riparian zone covered by 
native vegetation, including 
trees, understory shrubs, or 
nonwoody macrophytes; 
vege.tative disruption !h!'ouldt 
grazing or mowing m1n11nal or 
not eVJdent; almost all plants 
allowed to grow naturally. 

Width of riparian zone> 18 
meters; human activities (i.e., 
parking lots, roadbeds clear­
cuts, lawns, or crops) have not 
impacted zone. 

Total Score 

EJ 

RBP Hi2h Gradient Habitat 
Condition Category 

Suboptimal 

15 14 13 12 11 
4U-1u7o m1x of stau1e nao1tat; 
well-suited for full 
colonization potential; 
adequate habitat for 
maintenance of populations; 
presence of additional 
substrate in the form of new 
fall, but not yet prepared for 
colonization (may rate at high 
end of scale). 

Gravel, cobble, and boulder 
particles are 25-50% 
sunounded by fine sediment 

Only 3 of the 4 regimes 
present (iffast-shlillow is 
missing, score lower than if 
missing other regimes). 

Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment; 5-30% 
(20-50% for low-gradient) of 
the bottom affected; slight 
deposition in pools. 

Marginal Poor 

10 9 8 7 6 5 4 3 2 1 0 

20-40% mix of stable habitat; Less than 20% stable habitat; 
habitat availability less than k fh b 
desirable; substrate frequently lac 0 a itat is obvious; 
disturbed or removed. substrate unstable or lacking. 

Gravel, cobble, and boulder 
particles are 50-75% 
sunounded by fine sediment. 

Only 2 of the 4 habitat 
regimes present (if fast­
shilllow or slow-shallow are 
missing, score low). 

Moderate deposition of new 
gravel, sand or fine sediment 
on old and new bars; 30,.50% 
(50-80% for low-gradient) of 
the bottom affected; sediment 
deposits at obstruchons, 
constrictions, and bends; 
moderate deposition of pools 
prevalent. 

Gravel, cobble, and boulder 
particles are more than 75% 
sunounded by fine sediment. 

Dominated by 1 velocity/ 
depth regime (usually slow­
deep ). 

Heavy deposits of fine 
material, increased bar 
development; more than 50% 
(80% for low-gradient) of the 
bottom changing freauently; 
pools almost absent due to 
substantial sediment 
deposition. 

Water fills >75% of the Water fills 25-75% of the Veiy little water in channel 
available channel; or <25% of available channel, and/or riffle and mostly present as standing 
channel substrate is exposed. substrates are mostly exposed. pools. 

Some channelization present, 
usually in areas of bridge 
abutments; evidence of past 
channelization, i.e., dredging, 
(greater than past 20 yr.) may 
be present, but recent 
chlinnelization is not present. 

Occurrence of riffles 
infrequent; distance between 
riffles divided by the width of 
the stream is between 7 to 15. 

8 7 6 

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. 5-30% of bank in 
reach has areas of erosion. 

70-90% of the stream bank 
surfaces covered by native 
vegetation, but one class of 
plants is not well-represented; 
i:lisruption evident but not 
affecting full plant growth 
potential to any great extent; 
more than one-hillfof the 
potential plant stubble height 
remaining. 

Width of riparian zone 12-18 
meters; human activities have 
impacted zone only 
minimally. 

NOTES/COMMENTS: 

Channelization may be 
extensive; embankments or 
shoring structures present on 
both bBnks; and 40 to 80% of 
stream reach channelized and 
disrupted. 

Occasional riffle or bend; 
bottom contours provide some 
habitat; distance between 
riffles divided by the width of 
the stream is between 15 to 
25. 

5 4 3 

Moderately unstable; 30-60% 
of bank in reach has areas of 
erosion; high erosion potential 
during floods. 

50-70% of the stream bank 
surfaces covered by 
vegetation; disruption 
obvious; patches of bare soil 
or closely cropped vegetation 
common; less than one-half of 
the potential plant stubble 
height remaining. 

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal. 

Banks shored with gabion or 
cement; over 80% of the 
stream reach channelized and 
disrupted. lnstream habitat 
gte!ltly altered or removed 
entirely. 

Generally all flat water or 
shallow riffles; poor habitat; 
distance between riffles 
divided by the width of the 
stream is a ratio of>25. 

2 0 

Unstable; many eroded areas; 
"raw" areas frequent along 
straight sections and bends; 
obvious bank sloughing; 60-
100% of bank has erosional 
scars. 

Less than 50% of the stream 
bank surfaces covered by 
vegetation; disruption of 
stream bank vegetation is very 
high; vegetation has been 
removed to 5 centimeters or 
less in average stubble height 

Width of riparian zone <6 
meters: little or no riparian 
vege!&tion due to human 
act1v1t1es. 



CONFIDENTIAL PROPRIETARY TRADE SECRET 

KyPSC Case No. 2016-00168 
Exhibit 2(d) PUBLIC 

Page 230 of 436 

Appendix C 
Pond/Open Water Datasheets 



,, 

CONFIDENTIAL PROPRIETARY TRADE SECRET 

POND DATA SHEET 

FEATURE ID: ASSOCIATED FEATURES: 
P001 $031 

SURvBY TYP11: waterbody 

DATE: CLIENT/PROJECT NAME: 

3/31/16 MILEPOST: Duke/ Walton to Big Bone 

INVESTIGATORS: ROUl'I!: 

S. Mileski and J. Freer pipeline centerline 
STATF/COUNTY: I Is THIS A MAPPED NWI FEATURE?: 

KY/ Boone Yes 
-

WATERBODY CHARACTERISTICS 

WATERBODY TYPE: pond 

Ave.DEPTH: >3 feet 

Ave. W1DTH(WATERSURFACE): 150 feet 

APPROXIMA Tl! SIZE: 150X400 feet 

QUALITATIVE ATTRIBUTES 

AVERAGE WATER APPl!ARANCE: clear 

PRIMARY SUBSTRA Tl! (IF ' 
silt OBSERVED): 

POTl!NTJALHABJTATFO~ fish, waterfowl 
SURROUNDING LAND USE: residential/pasture 

WETLAND FRINGE (IF PRESENT): n/a few willow trees lining the pond 

COMMENTS 
' . 
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Appendix E 
GAi Wetland and Stream Delineation Report 
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gaiconsultants.com I lransrormlng ideas lnlo realllY, 

• 

Wetland Delineation and 
Stream Identification Report 

Duke Energy 
Walton to Big Bone Pipeline Project 

Boone County, Kentucky 

GAI Project Number: G141890.03 
Duke Project: GD70.SS87.69100.R2190 

November 2015 
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Duke Energy Is proposing to construct the Walton to Big Bone Pipeline Project (Project), located In 
Boone County, Kentucky (KY) (Figure 1). The proposed Project Involves the construction of 
approximately 10.25 miles of eight-Inch diameter pipeline and a 0. 75-mlle pipeline section also eight 
Inches In diameter, as well as a 100-foot by 100-foot metering/valve station. 

GAI Consultants, Inc. (GAi), on behalf of Duke Energy, conducted wetland delineations and stream 
Investigations of the Project study areas In October 2015. GAi Identified approximate boundaries of 
waterbodles and wetlands located within a 20-foot wide corridor centered on the existing centerline 
within road right-of-way (ROW) only. One non-road adjacent section of the provided alignment was 
not reviewed due to access restrictions. This report describes the methods and results of the 
environmental field survey within the Project study areas. 

2.0 Methods 
Wetland delineations were conducted In accordance with the 1987 United States Army Corps of 
Engineers (USACE) Corps of Engineers Wetlands Del/neat/on Manual (Environmental Laboratory, 1987) 
and the Regional supplement to the Corps of Engineers Wetland Delineation Manual: Eastern 
Mountains and Piedmont Region (Version 2.0) (USACE, 2012). Wetlands were dasslfled using the 
Oasslflcatlon of Wetlands and Deepwater Habitats of the United States (Cowardln et al., 1979). 
Classlflcatlon of the Indicator status of vegetation Is based on The National Wetland Plant Ust: 2014 
Update of Wetland Ratings (Uchvar, et al. 2014). 

The Study Area was Investigated for the presence of streams and wetlands. Each field-Identified 
jurlsdlctlonal perennial and Intermittent drainage was evaluated using the KY Site Characterization and 
High Gradient Habitat Assessment procedure as outlined In the Standard Methods for Assessing 
Blo/oglcal Integrity of Surface Waters In Kentucky (KY Division of Water [KDOW], 2008) and In the 
Methods for Assessing Habitat In Wadeoble Waters (KDOW, 2011 ). Both of these procedure revisions 
apply to the stream assessments In this region of Kentucky, and both utlllze the same assessment form 
and criteria, with only minor differences. The completed High Gradient Bloassessment Stream Data 
Sheets are lnduded In Appendix A. 

The growing season In the Project area Is generally between March and December In Boone County, 
KY (United States Department of Agriculture, Natural Resource Conservation [USDA-NRCS], 2014). 
Reid observations were supplemented with an Intensive review of United States Fish and Wildlife 
Service (USFWS) National Wetlands Inventory (NWI) mapping, USDA-NRCS soils mapping, historical 
aerial photography (Google Earth), and local landscape topography/morphology to provide a 
determination of wetlands present within the study area. Professional judgment was used to determine 
whether hydrophytlc vegetation and hydrlc soils existed within the Identified wetlands If on-site data 
was ambiguous. 

Each wetland and waterbody feature (If Identified) was given a unique map designation and each 
boundary flag location was recorded using a Trimble GEO XH model global positioning system mapping 
grade unit with the capability of sub-meter accuracy. Judgmental upland and wetland soil test pits 
were taken within the study corridor at the discretion of the delineator to confirm the presence or 
absence of wetlands In areas with exhibiting wetland Indicators. If Identified, wetland boundaries and 
stream centerlines were mapped. Streams with a top-of-bank width of greater than 10 feet had a left 
and right top-of-bank mapped. 
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"Waters of the U.S." are within the jurisdiction of the USACE under the Clean Water Act (CWA). 
"Waters of the U.S." Is a broad term, which Includes waters that are used or could be used for 
Interstate commerce. This Includes wetlands, ponds, lakes, territorial seas, rivers, tributary streams 
Including any definable Intermittent waterways, and some ditches below the ordinary high water mark 
(OHWM). Also lnduded are manmade waterbodles such as quarries and ponds, which are no longer 
actively being mined or constructed and are connected to other ''waters". Wetlands, mudflats, 
vegetated shallows, riffle and pool complexes, coral reefs, sanctuaries, and refuges are all considered 
special aquatic sites which Involve more rigorous regulatory permitting requirements. A specific, 
detailed definition of "Waters of the U.S." can be found In the Federal Register (33 CFR 328.3). 

On January 9, 2001 the U.S. Supreme Court Issued a decision, Solid Waste Agency of Northern Cook 
County (SWANCC) v. U.S. Army Corps of Engineers (No. 99-1178). The decision reduces the regulation 
of Isolated wetlands under 5ectlon 404 of the CWA, which assigns the USACE authority to Issue permits 
for the discharge of dredge or fill material Into "Waters of the U.S." Prior to the SWANCC decision, the 
USACE had adopted a regulatory definition of "Waters of the U.S." that afforded federal protection for 
almost all of the nation's wetlands. The Supreme Court decision Interpreted that the USACE's 
jurisdiction Is restricted to navigable waters, their tributaries, and wetlands that are adjacent to these 
navigable waterways and tributaries. The decision leaves the majority of "Isolated" wetlands 
unregulated by the CWA. Therefore, most wetlands that are not adjacent to, or contiguous with, any 
other "Waters of the U.S." via a surface drain such as a swale, ditch, or stream are considered Isolated 
and thus no longer jurisdictional by the USACE. 

On June 19, 2006, the U.S. Supreme Court Issued decisions In regards to John A. Rapanos v. United 
States (No. 04-1034) and June carabell v. United States (04-1384), et al. The plurality decision created 
two 'tests' for determining CWA jurisdiction: the permanent flow of water test (set out by Justice 
Scalia) and the "slgnJficant nexus"· test (set out by Justice Kennedy). On June 5, 2007 the USACE and 
Environmental Protection Agency Issued joint guidance on how to Interpret and apply the Court's 
ruling. According to this guidance, the USACE will assert jurisdiction over traditionally navigable waters 
(TNWs), adjacent wetlands, and non-navigable tributaries of TNWs that have "relatively permanent" 
flow, and wetlands that border these waters, regardless of whether or not they are separated by 
roads, berms, and similar barriers. In addition, the USACE will use a case-by-case "significant nexus" 
analysis to determine whether waters and their adjacent wetlands are jurisdictional. A "significant 
nexus" can be found where waters, lndudlng adjacent wetlands, alter the physical, blologlcal, or 
chemical Integrity of the traditionally navigable water based on consideration of several factors. 

3.2 Waters of the State 
"Waters of the State" are within the jurisdiction of the KY Department for Environmental Protection, 
KDOW. 1hey are generally defined as surface and underground waterbodles, which extend through or 
exist wholly In the State, which Includes, but Is not limited to, streams and both Isolated and non­
Isolated wetlands. Private ponds, or any pond, reservoir, or facility built for reduction of pollutants prior 
to discharge are not Included In this definition. In addition to "Waters of the U.S.", the KDOW also 
regulates and Issues permits for Isolated wetland Impacts. The State relies on the USACE decision 
regarding wetland determinations and delineations lndudlng whether or not a wetland Is Isolated or 
non-Isolated. 

To evaluate potential streams within the Study Area, GAi first reviewed existing United States 
Geological Survey (USGS) topographic maps, aerial photography, National Hydrography Dataset stream 
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data, and site oontour data, prior to the extensive field reconnaissance that was performed In 
October 2015. 

The completed High Gradient Bloassessment Stream Data Sheets for each stream channel are provided 
In Appendix A. These forms were completed for perennial and Intermittent streams only. A SO foot 
survey reach was utilized as the survey could be viewed from road ROW. The mapped location of each 
jurisdictional channel Is shown on Figure 2. Additionally, The Kentucky Administrative Regulation (KAR) 
401 KAR 10:026 Designation of Uses of surface Watets database was searched to potentially Identify 
any of the Study Area's streams as special use waters. The KAR states that "waters that are not 
specifically listed ... are designated for the use of warm water aquatic habitat;" 

Regulatory activities under the CWA (1972) and amendments of 1977 provide authority for states to 
Issue water quality standards for all waters of the United States Including upstream to the highest 
reaches of tributary streams. In addition, the CWA amendments require knowledge of the potential fish 
or biological community that can be supported In a stream or river, lndudlng upstream headwaters. 
The High Gradient Bloassessment Stream Data Sheet content Is designed to evaluate the quality of 
In-stream and riparian habitat based on specific features. The availability of quality habitat directly 
Influences the biological Integrity of a stream reach. Information obtained from the habitat assessment 
can generally be used to supplement biological and physiochemical data collected where necessary 
when determining the overall health of the stream reach and the stream-use designation. Biological 
and physiochemical sampling was not completed. 

Two different habitat assessment field data sheets are used In the Kentucky stream assessment 
procedure. For streams where riffles should naturally be present (e.g. most stream reaches of the 
Central Appalachian, Western Allegheny, Southwestern Appalachian and Interior Plateau ecoreglons 
would qualify), the high-gradient habitat assessment field data sheet should be used. In low-gradient 
streams where rocky riffles are not naturally present (e.g. most stream reaches In the Mississippi Valley 
Plain and the Interior River Lowland ecoreglons would qualify), the low-gradient habitat assessment 
field data sheet should be used. The high gradient was determined to be the most suitable for the 
Study Area, which Is located within the Outer'Bluegrass Ecoreglon. 

The visually-based habitat evaluation consists of ten parameters that characterize In- stream habitat, 
channel morphology, bank stability, and riparian vegetation for each sampling location. For each 
parameter, the Investigator determines which of the following conditions exist at the sampling reach: 
Optimal, Suboptimal, Marginal or Poor and assigns a parameter score within the condition category 
chosen above as follows: Optimal (20-16), Suboptimal (15-11), Marginal (lo-6) or Poor (S-0). The 
Investigator then totals all parameter ratings to obtain a final habitat ranking. Completed High Gradient 
Bloassessment Stream Data Sheets for the streams delineated during the field survey are provided In 
Appendix A. 

4.0 Results 
USGS mapping (USGS 1984, 1987, 1992) Indicates that the western portion of the Project area 
(approximately from the Project's western terminus to the Intersection of Beaver Road and United 
States Routes 127 and 42) Is comprised of a dissected landscape of steep hillsides and the Big Bone 
Creek stream valley. The eastern portion of the Project area Is flatter, consisting of low, rolling hills. 
Land use consists primarily of a rural landscape of forests, farms, and residential areas. 

The Project study area Is found within the following watersheds: 

~ Big Bone Creek (Hydrologlc Unit Code [HUC] 050902031003); and 

~ Mud Lick Creek (050902031001). 
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The USFWS's NWI was reviewed for potential wetland locations. These maps Identify potential 
wetlands on-site. The NWI maps were prepared from high altitude photography and In most cases 
were not field verified. As a result wetlands are sometimes erroneously Identified, missed, or 
misidentified within this data set. The presence of an NWI wetland does not necessarily constitute the 
presence of a wetland meeting USACE criteria. The NWI map of the area (Figure 1) Identified 
one feature (Freshwater Pond) crossed by the study area. The NWI dasslflcatlon crossed by the 
study area Is PUBHh (Palustrlne/Unconsolldated Bottom/Permanently Flooded/Diked/Impounded). 

Twenty seven streams and no wetlands were Identified within the study area (Figure 2). 

Streams designated for special protection In Kentucky are known as "Special Waters" (Cold Water 
Aquatic Habitat, Exceptional Waters, Reference Reach Waters, Outstanding State Resource Waters, 
Outstanding National Resource Waters, State Wiid Rivers, and Federal Wiid and Scenic Rivers). 
One stream, Big Bone Creek (SKY-CDK-006) Is designated as an Outstanding State Resource Water. 
There were no USACE Section 10 Waters listed as navigable. 

In support of field findings, Identified waterbodles are summarized In Table 1. Color photographs of 
each feature accompany the table. High Gradient Bloassessment Stream Data Sheets were completed 
during this Investigation and are lnduded as Appendix A. Additional data was recorded for all stream 
features lndudlng top of bank (TOB) width and depth and width and depth at OHWM. Adclltlonally, the 
substrate characteristics and adjacent riparian buffer vegetation were documented for each stream 
feature on the recorded field sheets. Descriptions of the soils found within the study area are 
presented In Appendix B. 

5.0 Conclusions 
Wetland delineations and stream Investigations of Duke Energy's Walton to Big Bone Pipeline Project 
study areas were conducted In October 2015 within a 20-foot wide corridor centered on the existing 
centerline. Twenty seven streams and no wetlands were Identified within the study area. The results of 
the field study are provided In this report. 

All statements In this document pertaining to the jurlscllctlonal status of streams and wetlands with 
regard to USACE and state regulations represent the opinion of GAi and are based on present USACE 
guidance. The jurlscllctlonal status of these features may be confirmed a USACE Jurlscllctlonal 
Determination and/or by state agencies. 
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TABLE 1 
Waterbodies Identified 

Within the Project Study Area 



Notes: 
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T ..... L 
Wal8rtlodlel Identified wllbln the Pnlject Sbldr Area 

SKY-O>K-ooJ 38.883549 -84.712842 UNT ID Bia Bone Creek Ellhemerill 3 0.25 
SKY-O>K-D04 38Jl83609 -84.71288 UNT ID Big Bone Creek Ephemeral 3 0.33 
SKY-O>K-005 38.884475 -84.716338 UNT ID Big Bone Creek Ephemeral 4 0.83 
SKY-O>K--006 38.884952 -84.729726 Big Bone Creek Perennial so 8 
SKY-CDK--007 38.88496 -84.736193 UNT ID Big Bone Creek Perennial 8 2.5 
SKY-O>K--008 38.888311 -84.75515 Gum Brilnch Perennial 20 10 

SKY-O>K-ll09 38.88786 -84.756352 UNT ID Gum Brilnch Ephemeral 2 0.33 
SKY-CDK--010 38.887878 -84.756212 UNT ID Gum Brilnch Perennial 8 2 
SKY-O>K--011 38.889099 -84.74891 UNT ID Big Bone Creek Intamlllent 4 0.5 
SKY-O>K--012 38.879394 -84.701392 lleM!r Branch Perennial 7 0.25 

SKY-O>K--013 38.897369 -84.662568 UNT ID Mud Ude Creek Perennial 13 4 

SKY-O>K--014 38.893747 -84.673m UNT ID Mud Ude Creek Perennial 4 1.16 
SKY-O>K--015 38.879982 -84.697841 UNT ID lleM!r Brilnch Ephemeral 4 0.25 

SKY-O>K--016 38.888829 -84.685389 UNTID Mud UdcCreek Pen!mlal 11 2 

SKY-O>K--017 38.899087 -84.65313 Mud Ude Creek Pen!mlal 10 5 

SKY-O>K--018 38.898322 -84.650852 UNT ID Mud Ude Creek Perennial 25 5 

SKY-O>K--019 38.906064 -84.642176 UNT ID Mud Ude Creek Ephemeral 3 0.33 

SKY-O>K--020 38.895195 -84.648059 UNT ID Mud Ude Creek Perennial 9 1.16 

SKY-O>K--021 38.891331 -84.643072 UNT ID Mud Ude Creek Ephemeral 3 0.33 

SKY-O>K--022 38.889844 -84.6401n UNTID Mud Ude Creek Pen!nnlal 12 0.41 
SKY-O>K--023 38.88n61 -84.632876 UNT ID Mud Ude Creek Ephemeral 3 0.25 

SKY-O>K--024 38.889555 -84.6268211 UNT ID Mud Ude Creek lntl!rmllb!nt 6 0.33 

SKY-O>K--025 38.88976 -84.62581 UNT ID Mud Ude Creek Ephemeral 6 0.25 

SKY-O>K--026 38.890126 -84.624155 UNT ID Mud Ude Creek Perennial 6 0.41 

SKY-O>K--027 38.890165 -84.623638 UNTID Mud Ude Creek b1tl!rmlllB1t 5 0.41 

Teal 5tlurn within 5tudJ Area (fmt) 

GAi map designation. 
Dedmal de!JeeS; Coordinates provided In NAO 83. 

3 LS 
3 1.5 

5 2.5 
120 25 
10 3 
so 15 
3 2 
10 6 
5 1.5 
9 3 
14 6 
5 2.5 
5 2 
12 2.5 
30 7 
30 6 
4 1.5 

12 5 
4 1.5 
14 1.5 
4 1 
8 2 

7 1.5 
7 2 

10 4 

102.24 
14.93 

NIA 
2L22 
1L23 
20.92 
79.42 
7.16 

N/A 
7.75 

N/A 

NIA 

NIA 
17.47 
27.74 
22.83 
10.12 

13.43 
2L12 
12.20 
18.61 
12.90 
6.54 
21.28 

6.75638.8 
456.04 

No 
No 
No 

Yes - OSRWS 
No 
No 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
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Extent t:l sbeilm or open wal2r wlhln 5IUcly area. Slreilm or open Waler may emnct beyond lheseilmls If noll!d as open ended., "NIA" In this allurm signifies that the 5beilm IS loc3ted oUl5lde cl the 5IUcly mnldor and therelbre, has no delneab!d 
lenglh wllllln the 20' 5IUcly a>nldor. . . . . . . 

KDOW Wld Rivers List ror Kentucky. Kentucky ReglSll!r 401 KAR 4:100. Aca5Sed OclDber 2015. 
KDOW Outslilndlng Sbtl! Rl!stuce Waters (OSRW) as shown on the KDOW Kentucky Walelshed Vlewa" aa:esslble at: hap:f/eppcglS.ky.gov/lleXVleWer5IWa. Am!sSed OclDber 2015. 
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WATERBODY PHOTOGRAPHS 


	Exhibit 2d - Pages 206 - 243

