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Mission Statement 
Little Projects Big Designs (LPBD) Incorporated aims to provide our clients and community with 
sustainable, reliable engineering solutions. The LPBD team is committed to personalized 
solutions offering restoration and improvement to urban infrastructure, as guided by the NAE 
Grand Challenges. LPBD is a team of engineers motivated by teamwork, leadership, 
professional attitudes, and lifelong learning and guided by professional and ethical 
responsibilities, as outlined by the professional outcomes within the ASCE Body of Knowledge. 
At LPBD, we understand the complex global, cultural, social, environmental, and economic 
factors that affect our clients, and we develop solutions that take all these factors into 
consideration to produce a comprehensive design.  
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Disclaimer Statement  
The following document contains design recommendations for private property along Little 
River. The designs enclosed were developed by students at the University of Tennessee under 
mentorship by local engineers and professors. The students and mentors do not assume 
personal liability for implementation of these recommendations. All work enclosed in this 
document is provided for conceptual information only and shall not be used without prior 
consultation with a professional engineer. 
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 Project Introduction 
A private property in Louisville, TN situated on the Little River is experiencing bank erosion resulting in 
loss of physical property for the residential owner.   Ms. Anne Ham has owned the property for 3 
decades and has noticed an increase in erosion with the last 5 years. Ad-hoc remediation has been 
attempted by the property owner in recent years with no significant reduction in erosion, which 
prompted her to seek an engineered design solution. Big Projects Little Designs was commissioned to 
develop a plan to slow erosion on the client’s property. 

 Background 
Anne Ham obtained ownership rights from the Tennessee Valley Authority (TVA) to the peninsula 
adjacent to her property in April of 2004 to preserve and restore the land. The peninsula remained 
unmaintained until the year 2020, in which Anne Ham started her project to provide a habitat to the 
local wildlife. Initially, the aim of Anne’s project was to clear out the vegetative overgrowth, invasive 
species, and fallen trees on the peninsula. Upon completing the initial removal of unwanted vegetation,   
the erosion damage on the site was prominent, especially at the tip of the peninsula. Anne reached out 
to a local contractor for a riprap estimate the same year with the intention of restoring and offering 
protection for the eroded riverbank. The received riprap estimate was over-budget which led to 
considerations of more economical and potentially more aesthetically pleasing solutions. Anne Ham 
then reached out to David Reece, a retired environmental engineer and close friend, to seek advice on 
potential engineered solutions. Upon consulting with David Reece, a combination of engineered and 
natural bank protection ideas was discussed and the decision to solicit professionals was made. The 
hiring of a civil engineering team and an expert in environmental science and urban ecology was 
required to provide technical guidance as design possibilities for the peninsula were determined.   
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Figure 1: Acreage Estimates from 1985 and 2019. 

 Site Conditions 
The project site contains a peninsula located on private property along the backwater of Fort Loudon 
Lake. The peninsula is covered with vegetation such as bushes, trees, and vines. The main channel flows 
around the northeast portion of the 1000 linear foot shoreline, and a small pool of water is located on 
the southwest side of the peninsula. Water levels vary in different seasons; thus, the water is higher in 
warm months and lower in cold months as displayed in Figure 2.  The bank height ranges from 1 to 4 
feet based on both the natural terrain and erosion which has caused undercutting along most of the 
peninsula.     
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Figure 2: Summer Shoreline Elevation  (Left) and Winter Shoreline Elevation (Right)  

 Team Introduction 
The Little River Project team is composed of four University of Tennessee at Knoxville (UTK) Civil 
Engineering students, two UTK professors, two local engineers, and a local environmental restoration 
advocate to build a comprehensive solution to shoreline erosion along the Little River. Little Projects Big 
Designs Inc. design team consists of undergraduate students in the UTK Civil and Environmental 
Engineering program (Figure 3). Natalie Hester has completed two internships in the construction 
industry with Denham-Blythe Company Inc. and James McHugh Construction Co. and has gained 
experience in geotechnical engineering through research with Dr. Khalid Alshibli. Isaac Macon interned 
at a local design firm, Fulghum, Macindoe, and Associates where he learned MicroStation and interned 
in the TDOT construction office where he gained valuable construction experience. Libby Vanderloo has 
experience in various civil engineering projects and environmental permitting through a co-op with 
Tennessee Valley Authority. Steven Tremayne has eight years of experience in building information 
modeling software such as AutoCAD, Inventor, Revit, Civil 3D, and Navisworks. Little Projects Big Designs 
Inc. partnered with external associates to recognize the required technical scope of work and develop 
decisions satisfying the needs of the project (Table 1). Dr. Mike McKinney is a UTK professor in the Earth 
and Planetary Science Department with research interests in biodiversity and environmental restoration 
and acts as a consultant on the compatibility between environmental biology and engineering solutions. 
Dr. Jennifer Retherford is a UTK professor in the Civil and Environmental Engineering department and 
serves as the senior design professor, project advisor, and technical mentor. David Reece is a licensed 
professional engineer and has his M.S. in Environmental Engineering from UTK, has 50 years' experience 
in environmental engineering, and serves as the lead technical mentor. Amy Hathaway is a licensed 
professional engineer, earned her B.S. and M.S. degrees from North Carolina State University, has 
project experience in stream enhancements, green infrastructure, watershed master planning, and 
municipal stormwater programs, and serves as a technical mentor. Anne Ham is the Little River Project 
property owner and wildlife and shoreline restoration advocate. The team worked collaboratively on 
this project (Figure 4) and performed engineering services aligned with their previous experience and 
professional interests to develop engineered solutions. 

Top of 
bank 
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Figure 3: Little Projects Big Designs Inc. 

Table 1: Team Members Affiliations and Contact Information 

Team Member  Affiliation  Contact 

Anne Ham Community Partner Project Lead anneham@gmail.com 

David Reece Technical Mentor  dareece13@gmail.com 

Amy Hathaway Technical Mentor ahathaway@wkdickson.com 

Dr. Mike McKinney Technical Mentor mmckinne@utk.edu 

Natalie Hester UTK Senior Student nhester2@vols.utk.edu 

Isaac Macon UTK Senior Student imacon@vols.utk.edu 

Libby Vanderloo UTK Senior Student evanderl@vols.utk.edu 

Steven Tremayne UTK Senior Student Stremayn@vols.utk.edu 

Dr. Jennifer 
Retherford 

Civil and Environmental Engineering 
Professor 

jqretherford@utk.edu 
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Figure 4: Team Organizational Graphic 

 Technical Scope of Work 
Site improvement designs at Anne Ham’s private property aimed to restore the eroded shoreline, hinder 
further erosion, and improve bank stability. Soil classification, shear stress calculations, and bank 
stability and toe erosion modeling were performed to select bank stabilization methods appropriate for 
the distinct characteristics of the shoreline’s existing conditions.  Environmental services included 
assembly of required technical information for permits and selection of appropriate riparian plantings 
for the riverbank.  Construction services included developing an estimate of probable cost and creating a 
construction schedule. 

Bank Stabilization 
The peninsula on Anne Ham’s property exhibited unique zonal responses to erosion and called for a 
design solution specific to the regions of the peninsula shoreline. The existing conditions of the site were 
evaluated through soil classification, critical shear stress calculations, erodibility coefficient calculations, 
and drone LiDAR surveying. The cause of deteriorating bank stability and the current degree of stability 
were analyzed through applied shear stress calculations, wave characteristics identification, and BSTEM 
modeling. Wave action and soil cohesion analyses were performed to design bank remediation options 
of rock armor and increased plant density for distinct bank cross-sections requiring varying levels of 
protection.   

The existing conditions of the peninsula were characterized by drone LiDAR survey, soil 
classification, and coefficient calculations. A drone LiDAR survey was obtained for contour data, 
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specifically bank geometry dimensions, to identify unique bank profiles and divide the peninsula into 
zones (see complementary engineering drawings set). A USDA Soil Report was obtained to classify the 
soil on the site. Nine soil samples were collected from the site on February 6th, 2023 to confirm the 
classification of the soil type from the USDA Soil Report. The soil samples were dried and tested through 
a hydrometer and mechanical sieve analysis, all in accordance with the following ASTMs: C117, D422, 
D6913, D7928, and C136. The soil was classified as silty clay loam and silt loam according to the USDA 
Soil Texture Triangle, as seen in Figure 5. The critical shear stress of the soil was calculated by Smerdon 
and Beasley’s empirical relationship between the plasticity index and critical shear stress of cohesive 
soils (Table 2). The critical shear stress of the soil was confirmed by the FHWA Channel Linings report. 
The design critical shear stress value was determined by selecting the lower value from Smerdon and 
Beasley’s relationship and the FHWA Channel Linings report. The erodibility coefficient of the 
unsaturated bank surface was calculated using Hanson and Simon’s empirical relationship and the 
erodibility coefficient of the saturated bank toe was calculated using the Arulandan et. al. relationship 
(Appendix A).  

 

Figure 5: USDA Soil Texture Triangle: Results for the Nine Soil Samples (red circles; right side of triangle)  

Table 2: Summary Design Criteria Values 

Soil Design Parameters Value 

Smerdon and Beasley’s Critical shear stress (design value)  0.006 ௟௕
௙௧మ

 

FHWA Channel Linings’ Critical shear stress 0.037-0.95 ௟௕
௙௧మ
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Plasticity Index of Site Soil (Iw) 2.000 

Critical Shear Stress of Site Soil (τc) 0.006 ௟௕
௙௧మ

  

Erodibility Coefficient of Bank (k) 0.102 ௜௡
య

௟௕∗௦
  

Erodibility Coefficient of Bank Toe (k) 0.051 ௜௡
య

௟௕∗௦
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Analysis of the current bank instability and cause of deterioration was determined through 
BTSEM modeling, applied shear stress calculations, and wave characterization. BSTEM models of the 
existing condition were analyzed to determine the erosion risk level by section. Sections were divided by 
average bank profile conditions along the shoreline. Section 1 is perpendicular to wave path from 
boating, parallel to the flow of Little River, and has maximum bank height of 1ft. Section 2 and 3 are 
parallel to the wave path, perpendicular to the flow, and have a bank height of 4ft. Section 4 is excluded 
from wave action and flow analysis because section 4 is in an extremely shallow (1ft bank height) inlet 
area inaccessible to motorized boating and blocked from the natural flow path. Bank sections 1, 2, and 3 
have higher estimates of lateral retreat over a one-year time span when compared to bank section 4 
(Appendix A). The applied shear stress from the flow of Little River was calculated by Newton’s law of 
Viscosity. From the Federal Emergency Management Agency (FEMA) Flood Insurance Study (FIS) report, 
river velocities were obtained for the 1-percent annual chance of a flood. The river velocity gradient was 
calculated from the velocities obtained along eleven cross sections of Little River ranging 0.47 miles to 
7.6 miles upstream from the mouth. The client’s property is at 4.2 miles upstream the mouth of the 
river. The velocity gradients were multiplied by the water viscosity to obtain the applied shear stress 
value. The peak and low water temperatures for the Summer 2022 TVA operating elevations were found 
from the USGS water data website. The shear stress applied from the water is significantly less than the 
permissible shear stress of the soil type indicating the 1-percent annual chance flow would not cause 
erosion along the shoreline (Appendix A). The wave action from recreational boating was characterized 
using the visual cues description in the Beaufort Scale and estimated to be 2 feet, Beaufort number 3.  

Bank remediation unique to each shoreline zone was designed for using rock armor and 
plantings based on wave action and soil cohesion analysis. Protection against the wave action from 
recreational boating along Little River was designed for using the US Army Corp of Engineers Design 
Manual for Coastal Revetments, Seawalls, and Bulkheads (Table 3). The armor unit selected was smooth 
rounded. For each distinct bank profile section, rock armor will be placed to the full height of the bank 
and will extend to a length of at least twice the bank height to achieve a 2:1 rock armor slope (see 
complementary engineering drawings set). BSTEM models were produced for each of the bank sections 
to analyze proposed bank stability design solutions. The additional cohesion provided by the proposed 
plantings was calculated in accordance with the RipRoot Model. Minimum root depths of each plant 
species were acquired from the USDA Plant Database and used to develop the RipRoot model for each 
bank section. Bank sections 1 and 2 were analyzed using models incorporating a bank stability approach 
of riprap, sycamore trees, river birch trees, and black willow trees. Bank section 3 was analyzed for a 
bank stability design of riprap in combination with river birch trees, sycamore trees, black willow trees, 
silky dogwood shrubs, fox sedges, and green bulrushes. The design solution corresponding to bank 
section 4 incorporated a combination of silky dogwood shrubs, fox sedges, and green bulrushes. The 
lateral retreat estimates from the proposed conditions BSTEM models were compared against the 
existing conditions models to calculate a percent decrease in estimated lateral retreat per bank section 
(Table 4). 
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Table 3: Armor Weight Equation Variables 

Variable Value Source 
Specific Weight of Armor Unit 150-175 pcf Engineering Geology Field Manual 
Monochromatic Wave Height 2 ft Beaufort Scale 
Stability Coefficient 1.2 Table 2-3 of Design Manual 
Specific Weight of Water 62.4 pcf USGS 
Cotangent of Structure Slope 1.5-3.0 Table 2-3 of Design Manual 
Armor Unit Weight 241 lbs Equation 2-14 of Design Manual  

 

Table 4: Lateral Retreat Estimates 

Bank Section Existing Conditions 
Lateral Retreat 

Proposed Conditions 
Lateral Retreat 

Percent Decrease 

1 15.04 in 0 in 100% 
2 13.42 in 0 in 100% 
3 14.79 in 0 in 100% 
4 10.72 in 7.87*10-4 in 99.99% 

 

 Environmental Services 
Environmental services required identifying requirements for permits and designing riparian plantings. 
Technical requirements for applicable permits were compiled based on site conditions at the peninsula 
and erosion control guidelines per TVA and TDEC. Riparian plantings were identified based on the 
Tennessee Urban Riparian Buffer Handbook for the bank to mitigate erosion and provide habitat for 
wildlife and pollinators. 

Permitting services were completed by identifying the appropriate permits and compiling the 
required technical information for the applicable permits. The TVA 26a and TDEC regulations were 
reviewed and the TVA 26a permit for minor facilities and the TDEC Aquatic Resource Alteration Permit 
(ARAP) were identified as necessary based on project size and extent of disturbance of the waterway. 
Technical requirements to satisfy permit criteria were identified based on the application criteria unique 
to each permit. Necessary content to support the permit applications were inventoried and include 
maps and narratives (summarized in Figure 6) supporting the technical design solutions pursued by the 
project. To comply with TVA 26a, three specific items were generated.  A map of the exact location of 
the project site was created using existing USGS topographic maps. Project plans and drawings were 
created and analyzed to ensure compliance.  A series of narrative descriptions were generated to define 
the existing conditions warranting service, express a scope of work capturing the necessary mitigation 
goals, and identify proposed changes to address the project needs. The narrative description of the 
existing conditions was written based on soil characteristics and vegetation present on the peninsula 
(Appendix B). Technical content for the narratives, also including the project rationale, was created 
based on the identified erosion mitigation needs for the peninsula and based on the extent of riprap and 
riparian plantings presented in the design solution. 
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Figure 6: Technical Permit Requirements 

Planting services were completed by researching appropriate riparian plantings and selecting 
plants based on existing bank conditions and plant growth requirements. Riparian plantings native to 
East Tennessee were researched using the Tennessee Urban Riparian Handbook (Appendix B). The 
existing bank was characterized and divided into three zones based on sunlight, soil pH, and soil 
moisture (Table 5). Zone 1 was designed to start at the edge of the tree line on the northeastern side of 
the peninsula and follow the bank for 135 feet, extending to the winter pool elevation boundary (see 
complimentary engineering drawing set). Zone 2 was designed to start at the end of Zone 1 and follow 
the bank for 57 feet along the tip of the peninsula, extending about 60 feet from the bank. Zone 3 was 
designed to start at the end of Zone 2 and follow the bank for 130 feet along the southwestern side, 
extending about 30 feet from the bank. Plants for each zone were selected using the Tennessee Urban 
Riparian Handbook based on light requirements, soil pH, soil moisture, wildlife benefit, and aesthetics 
(Table 6). The plants chosen for Zones 1 and 2 were river birch, sycamore, and black willow trees. The 
plants chosen for Zone 3 were silky dogwood shrubs, fox sedges, and green bulrush. Minimum root 
depth was determined using the USDA Plant Database. Minimum plant spacing was determined using 
the North Carolina Extension Gardener Plant Toolbox and New Moon Nurseries websites. Quantities for 
each plant were calculated based on minimum spacing requirements. 

Table 5: Plant Zone Existing Conditions 

Zone Light Soil pH Soil Moisture 
1 Full Basic High 
2 Partial shade Basic High 
3 Full Basic High 
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Table 6: Riparian Plantings Selection 

Plant Selected Type of Plant Location of 
Plant on Bank 

Minimum 
Root Depth 

Minimum 
Spacing 

Quantity 

River Birch Canopy tree 1, 2 20” 10’ 19 
Sycamore Canopy tree 1, 2 30” 24’ 18 
Black Willow Canopy tree 1, 2 32” 24’ 19 
Silky dogwood Shrub 3 16” 3’ 49 
Fox sedge Grass/Sedge 3 16” 3’ 49 
Green Bulrush Grass/Sedge 3 12” 3’ 49 

 

 Construction Services 
Construction services included developing an estimate of probable cost and generating a construction 
schedule based on the proposed design solution. Task durations were determined based on regional 
trends and a project schedule was created using the Critical Path Method. An estimate of probable cost 
was generated by developing a material takeoff, selecting construction equipment, and identifying unit 
prices.  

A schedule was formed using the Critical Path Method to introduce tasks, define task sequence, 
and determine task duration. Pre-construction, construction, and post-construction tasks were 
identified based on the proposed design solutions presented in the engineering drawing set. A project 
breakdown was conducted to determine critical activities and sequence. The tasks were grouped into 4 
families including preconstruction activities, procurement of materials and equipment, material 
installation and restoration activities. The sequence of tasks was determined based on a comparable, 
regional project and common order of construction activities. A project start was selected during low 
water season to accommodate construction and planting activities at the project work site along the 
Ham property shoreline. The seasonal lake drawdowns were determined to end on April 1st according to 
the TVA, therefore, a start date of Monday, February 27th was designated.  Durations of tasks were 
determined based on calculations, documents, and drawings located in Appendix C. The duration for the 
surveying necessary for the project was determined considerate of the 1000 linear foot size of the 
project extents as outlined in the drawings and an anticipated two-person skilled survey crew. The 
duration for developing and processing permits necessary for the project was decided in agreement 
with a schedule from a comparable, regional project. Local vendors were identified by defining a 50-mile 
radius around the project site to minimize hauling effort for procurement of gravel, plantings, and 
construction equipment needed to develop the proposed bank cross-section remediations. A haul 
timing was calculated to accommodate travel from Vulcan materials, anticipated to be the supplier for 
the riprap necessary for the proposed streambank stabilization solutions. Procurement times were 
calculated based on website information offering basic ordering information and availability of the 
geotextile fabric required for our design solutions based on phone calls with vendor representatives. 
Mobilization time of equipment was determined based on distance from vendor to the project site. The 
working time of a 6-person labor crew consisting of a foreman, 2 unskilled laborers, 2 skilled laborers, 
and an operator was selected as 8 hours per day in accordance with OSHA regulations. The duration of 
clearing for the project site was determined based on the extent of invasive vegetation highlighted in 
the drawings, the size of the work crew, and the selected clearing equipment. Clearing equipment was 
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chosen based on the type of invasive plants such as vines and brush located on the site. The placement 
time of graded rock was determined from a production rate calculated from tonnage of rock and crew 
size. Tonnage quantity of riprap was determined from calculating the volume of varying bank heights 
and lengths around the peninsula in cubic yards and converting into tons. The planting tasks were 
selected to occur during construction tasks by designating the unskilled laborers to planting tasks, while 
the remainder of the crew completes riprap installation. The duration of planting was determined from 
the quantity of plants and labor crew size. The duration of restoration and reseeding was determined 
from the size of the area disturbed by the contractor. The duration of de-mobilization was determined 
from the amount of construction vehicles left on site. A Bobcat mini excavator was selected as the most 
efficient construction vehicle for the project due to its light weight and quantity of rock. Clean up 
duration was determined based on the amount of leftover materials. The overall duration was 
calculated by summing task durations on the critical path (Table 7). 

Table 7: Summary of Construction Durations 

Task Duration (days) 
Preconstruction  5 

Procurement 8 
Installation 5 
Restoration 1 
CPM Total 18 

 

Costs were estimated by calculating material quantities, selecting construction equipment, and 
determining labor. The estimated cost of riprap was determined based on tonnage and a recent riprap 
cost estimate located in Appendix C. Riprap tonnage was determined by calculating volume around the 
bank in designated riprap areas and selecting size of riprap. Riprap class A-1 was selected from the 
Tennessee Department of Transportation’s standard construction specifications due to the bank height 
varying from 1 to 4 feet. Volume was calculated from determining length, width, and depth in the 
designated riprap areas that are highlighted in the details of the project drawing set. The estimated cost 
of geotextile fabric was determined by calculating the quantity of fabric. Quantity of fabric was 
determined by calculating the area underneath riprap and the temporary construction entrance. The 
estimated cost of gravel was determined by calculating the volume of the specified temporary 
construction entrance highlighted in the drawing set. Costs of plants were estimated by contacting local 
nurseries. The estimated cost of seeding was determined using a comparable project’s seeding price and 
calculating the disturbed area of the construction path, laydown yard, and temporary construction 
entrance. Costs of construction vehicles and equipment were determined from an online site containing 
construction vehicle rental prices, and duration of tasks such as graded rock placement and clearing. 
Labor rates were determined based on skill level, activity duration in hours, and a contractor’s wage rate 
sheet. Activity duration was determined based on the project schedule. The skill level of laborers was 
determined based on their level of certification. The final cost was estimated in Table 8.  
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Table 8: Final Cost Estimate 

Payable Items Estimation of Probable Cost 
Construction Materials $8,294.52 

Vegetation $9,569.61 
Equipment $3,120.00 

Labor $4,467.28 
Total $25,451.41 

 

 Conclusion 
Shoreline stabilization designs on Anne Ham’s peninsula are expected to restore the eroded shoreline 
and prevent future erosion, improve aesthetics, and create natural wildlife habitats at a reasonable 
price. Zones around the peninsula were classified based on existing deteriorated conditions and four 
unique design conditions were developed based on bank stability modeling and soil cohesion analysis. 
Documents supporting required permits were drafted and plants were selected for the proposed design 
scenarios according to TVA 26a and TDEC ARAP guidelines. A cost was estimated based on the 
recommended improvements spanning the 200-foot perimeter of the peninsula and a construction 
schedule to implement the rock armament and plantings. The designs address the property owner’s 
concerns regarding land preservation, nature beautification, and wildlife habitation, and should be 
economically feasible.   
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Appendix A: Bank Stabilization Services



  
 



  
 



 







 











Peak Water Temperature during 2022 

 

 

  



Lowest Water Temperature during 2022 TVA Summer Operating Guide Water Elevation (between may 

16 and nov 1st)  

 

  



End of TVA Water Elevation Rising (May 16th) 

 

  



Beginning of TVA Water Elevation Drawdown(November 1st) 

 



A.05 Applied Shear Stress Calculations
Step 1: River discharge calculations

discharges (cubic feet per second)
Little River Mile Markers 10% 2% 1% 0.20%

At mouth 27000 39000 44500 58000
anne is at 4.2 miles 
upstream from mouth

About 1.56 miles upstream of 
SR33 25000 36000 41000 54000

approx 4 miles upstream 
from annes

average 25980.76211 37469.98799 42714.17 55964.3

Step 2: Velocity Gradient Calculations

Cross Section

Distance 
upstream 
from mouth 
in feet

Distance 
upstream 
from mouth in 
miles

velocities 
for 1% 
(feet per 
sec)

Velocity 
Gradient

A 2480 0.46969697 3.4
B 6210 1.176136364 6.4 0.0008
C 11125 2.107007576 5.9 -0.0001
D 13080 2.477272727 5.6 -0.00015
E 13240 2.507575758 5.7 0.00063
F 14670 2.778409091 6.2 0.00035
G 22500 4.261363636 4.6 -0.0002
H 26860 5.087121212 5.6 0.00023
I 29040 5.5 7.3 0.00078
J 32290 6.115530303 8.6 0.0004
K 33520 6.348484848 8.3 -0.00024
L 40265 7.62594697 7.7 -8.9E-05
M 42530 8.054924242
N 44820 8.488636364
O 46240 8.757575758
P 47910 9.073863636
Q 53200 10.07575758

Step 3: Viscosity Calculations viscosity decreases as temp increases

date temperatures degree Farenheitdynamic viscosity
7/6/2022 77.72 0.000018420

5/16/2022 61.34 0.000022966
11/1/2022 56.84 0.000024535

10/21/2022 46.04 0.000029100
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A.05 Applied Shear Stress Calculations
Step 5: compare to NCDOT Channel Linings Permissible shear stresses

temp deg F 77.72 61.34 56.84 46.04
dynamic viscosity 0.00001842 0.000022966 0.000024535 0.0000291
shear stress 5.18023E-09 6.45870E-09 6.89995E-09 8.18376E-09 psf



 



 

 

 
 

 

  
 

 

 

 

 

protected. Therefore permissible shear stress is not significantly affected by the erodibility of the 
underlying soil. However, if the lining moves, the underlying soil will be exposed to the erosive 
force of the flow. 

Table 2.3 provides typical examples of permissible shear stress for selected lining types. 
Representative values for different soil types are based on the methods found in Chapter 4 
while those for gravel mulch and riprap are based on methods found in Chapter 7.  Vegetative 
and RECP lining performance relates to how well they protect the underlying soil from shear 
stresses so these linings do not have permissible shear stresses independent of soil types. 
Chapters 4 (vegetation) and 5 (RECPs) describe the methods for analyzing these linings. 
Permissible shear stress for gabion mattresses depends on rock size and mattress thickness as 
is described in Section 7.2. 

Table 2.3. Typical Permissible Shear Stresses for Bare Soil and Stone Linings 

Permissible Shear Stress 
Lining Category Lining Type N/m2 lb/ft2 

Bare Soil1 

Cohesive (PI = 10) 

Clayey sands 1.8-4.5 0.037-0.095 
Inorganic silts 1.1-4.0 0.027-0.11 
Silty sands 1.1-3.4 0.024-0.072 

Bare Soil1 

Cohesive (PI > 20) 

Clayey sands 4.5 0.094 
Inorganic silts 4.0 0.083 
Silty sands 3.5 0.072 
Inorganic clays 6.6 0.14 

Bare Soil2 

Non-cohesive (PI < 10) 

Finer than coarse sand 
D75<1.3 mm (0.05 in) 

1.0 0.02 

Fine gravel 
D75=7.5 mm (0.3 in) 

5.6 0.12 

Gravel 
D75=15 mm (0.6 in) 

11 0.24 

Gravel Mulch3 

Coarse gravel 
D50 = 25 mm (1 in) 

19 0.4 

Very coarse gravel 
D50 = 50 mm (2 in) 

38 0.8 

Rock Riprap3 D50 = 0.15 m (0.5 ft) 113 2.4 
D50 = 0.30 m (1.0 ft) 227 4.8 

1Based on Equation 4.6 assuming a soil void ratio of 0.5 (USDA, 1987).
2Based on Equation 4.5 derived from USDA (1987)
3Based on Equation 6.7 with Shield’s parameter equal to 0.047. 

2.3 DESIGN PARAMETERS 

2.3.1 Design Discharge Frequency 
Design flow rates for permanent roadside and median drainage channel linings usually have a 5 
or 10-year return period. A lower return period flow is allowable if a transitional lining is to be 
used, typically the mean annual storm (approximately a 2-year return period, i.e., 50 percent 
probability of occurrence in a year). Transitional channel linings are often used during the 
establishment of vegetation. The probability of damage during this relatively short time is low, 

2-7 




Graphs combined

22.16519 % clay 38.1609 % clay 18.98928 % clay
77.16608 % silt silt loam 61.61265 % silt silty clay loam 80.46099 % silt silt loam
0.638786 % sand 0.226449 % sand 0.509745 % sand

16.15724 % clay 32.92374 % clay 26.73587 % clay
81.59019 % silt silt loam 66.51722 % silt silty clay loam 72.57174 % silt silty clay loam
2.073159 % sand 0.559043 % sand 0.642928 % sand

20.88997 % clay
12.72026 % clay 78.13325 % silt silt loam
85.85258 % silt silt loam 0.976777 % sand
1.377953 % sand
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combined
THE UNIVERSITY OF TENNESSEE particle size (mm) %passing Classification

Department of Civil and Environmental Engineering 2.000 99.95079 Sand

0.425 98.57283 Silt

Project Name: CE 432 Borings Boring No: 2 Sample No: top Depth: <1ft 0.250 93.4252 Silt

0.150 81.40748 Silt

Team Members: Natalie and Steven Date: 2/21/2023 0.106 74.33071 Silt

0.075 66.41732 Silt

Mass of Original Sample (W0): 101.6 g Mass of 200 Wash residue (W residue): 34.92 g Mass of W200 (W0-Wresidue): 66.68 g 0.046764 36.34221 Silt

0.033067142 36.34221 Silt

Mechanical Analysis 0.023915498 35.04785 Silt

Sieve #
Opening 

(mm)
Sieve Mass 

(g)
Sieve + Soil 

Mass (g)
Mass 

Retained (g)

Cumulative 
Mass 

Retained (g)

Cumulative 
Percent 

Retained (%)

Cumulative 
Percent 

Passing (%)
0.017279818 33.7535 Silt

10 2.000 0.05 0.0492126 99.9507874 0.013050811 29.87044 Silt

40 0.425 1.45 1.42716535 98.5728346 0.009990549 26.63456 Silt

60 0.250 6.68 6.57480315 93.4251969 0.00733694 24.04585 Silt

100 0.150 18.89 18.5925197 81.4074803 0.005399842 20.80997 Silt

140 0.106 26.08 25.6692913 74.3307087 0.004472091 19.51561 Silt

200 0.075 34.12 33.5826772 66.4173228 0.001208408 12.72026 Clay 12.72026 % clay
85.85258 % silt

Hydrometer No: 152H Concentration of Dispersing Agent (Xd): 40 g/L Volume of Stock Solution (Vd): 125 mL 1.377953 % sand

Dispersing Agent Correction (Cd = 0.001XdVd) 5 g/L Meniscus Correction (cm) 0.5 g/L

Specific Gravity (Gs): 2.7 % passing No.         4   Sieve= 100 W200/W0 0.34370079 g

Hydrometer Analysis

Time 
Elapsed 

Time 
(min)

Temp (°C)
Unit 

mass, ρw 

(g/cm3)

Hydrometer 
Reading, R 

(g/L)

Temp 
Correction 

m

Corrected 
Reading,  Rcorr

Effective 
Depth,                 
L (cm)

Constant, K
Particle 

Diamter, D 
(mm)

Particle 
Percent 

Finer

Total 
Percent 

Finer
0.5 23 0.9975 60 0.655 56.155 6.5 0.01297 0.046764 54.71796 36.3422059

1 23 0.9975 60 0.655 56.155 6.5 0.01297 0.033067 54.71796 36.3422059
2 23 0.9975 58 0.655 54.155 6.8 0.01297 0.023915 52.76914 35.0478525
4 23 0.9975 56 0.655 52.155 7.1 0.01297 0.017280 50.82032 33.7534992
8 23 0.9975 50 0.655 46.155 8.1 0.01297 0.013051 44.97387 29.8704392

15 23 0.9975 45 0.655 41.155 8.9 0.01297 0.009991 40.10182 26.6345558
30 23 0.9975 41 0.655 37.155 9.6 0.01297 0.007337 36.20418 24.0458491
60 23 0.9975 36 0.655 32.155 10.4 0.01297 0.005400 31.33214 20.8099658
90 23 0.9975 34 0.655 30.155 10.7 0.01297 0.004472 29.38332 19.5156125

1440 23 0.9975 23.5 0.655 19.655 12.5 0.01297 0.001208 19.15202 12.7202574
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combined
THE UNIVERSITY OF TENNESSEE particle size (mm)% passing Classification

Department of Civil and Environmental Engineering 2.000 100 Sand

0.425 99.02322 Silt

Project Name: CE 432 Borings Boring No: 2 Sample No: bottom Depth: <1ft 0.250 96.79059 Silt

0.150 90.16246 Silt

Team Members: Natalie and Steven Date: 2/21/2023 0.106 85.32842 Silt

0.075 80.94289 Silt

Mass of Original Sample (W0): 100.33 g Mass of 200 Wash residue (W residue): 19.48 g Mass of W200 (W0-Wresidue): 80.85 g 0.046764 44.63129 Silt

0.033067 44.85094 Silt

Mechanical Analysis 0.023382 44.85094 Silt

Sieve #
Opening 

(mm)
Sieve Mass 

(g)
Sieve + Soil 

Mass (g)
Mass 

Retained (g)

Cumulative 
Mass 

Retained (g)

Cumulative 
Percent 

Retained (%)

Cumulative 
Percent 

Passing (%)
0.016534 44.85094 Silt

10 2.000 0 0 100 0.012045 42.85419 Silt

40 0.425 0.98 0.97677664 99.0232234 0.009171 39.65939 Silt

60 0.250 3.22 3.20940895 96.790591 0.006863 35.26655 Silt

100 0.150 9.87 9.83753613 90.1624639 0.004995 32.87045 Silt

140 0.106 14.72 14.6715838 85.3284162 0.004192 30.47436 Silt

200 0.075 19.12 19.0571115 80.9428885 0.001154 20.88997 Clay 20.88997 % clay
78.13325 % silt

Hydrometer No: 152H Concentration of Dispersing Agent (Xd): 40 g/L Volume of Stock Solution (Vd): 125 mL 0.976777 % sand

Dispersing Agent Correction (Cd = 0.001XdVd) 5 g/L Meniscus Correction (cm) 0.5 g/L

Specific Gravity (Gs): 2.7 % passing No.         4   Sieve= 100 W200/W0 0.19415927 g

Hydrometer Analysis

Time 
Elapsed 

Time 
(min)

Temp (°C)
Unit 

mass, ρw 

(g/cm3)

Hydrometer 
Reading, R 

(g/L)

Temp 
Correction 

m

Corrected 
Reading,  Rcorr

Effective 
Depth,                 
L (cm)

Constant, K
Particle 

Diamter, D 
(mm)

Particle 
Percent 

Finer

Total 
Percent 

Finer
0.5 22 0.9978 60 0.38 55.88 6.5 0.01297 0.046764 55.13924 44.6312939

1 23 0.9975 60 0.655 56.155 6.5 0.01297 0.033067 55.4106 44.8509361
2 23 0.9975 60 0.655 56.155 6.5 0.01297 0.023382 55.4106 44.8509361
4 23 0.9975 60 0.655 56.155 6.5 0.01297 0.016534 55.4106 44.8509361
8 23 0.9975 57.5 0.655 53.655 6.9 0.01297 0.012045 52.94374 42.8541889

15 23 0.9975 53.5 0.655 49.655 7.5 0.01297 0.009171 48.99676 39.6593934
30 23 0.9975 48 0.655 44.155 8.4 0.01297 0.006863 43.56967 35.2665495
60 23 0.9975 45 0.655 41.155 8.9 0.01297 0.004995 40.60944 32.8704528
90 23 0.9975 42 0.655 38.155 9.4 0.01297 0.004192 37.64921 30.4743561

1440 23 0.9975 30 0.655 26.155 11.4 0.01297 0.001154 25.80828 20.8899695

0
10
20
30
40
50
60
70
80
90

100

0.0010.0100.1001.000

Pe
rc

en
t F

in
er

 (%
)

Particle Size (mm)

BH2-Bottom Grain Size Distribution



combined
THE UNIVERSITY OF TENNESSEE particle size (mm)% passing Classification

Department of Civil and Environmental Engineering 2.000 99.95054 Sand

0.425 99.30762 Silt

Project Name: CE 432 Borings Boring No: 3 Sample No: bottom Depth: <1ft 0.250 97.9822 Silt

0.150 94.51039 Silt

Team Members: Natalie and Steven Date: 2/21/2023 0.106 91.58259 Silt

0.075 87.636 Silt

Mass of Original Sample (W0): 101.1 g Mass of 200 Wash residue (W residue): 12.77 g Mass of W200 (W0-Wresidue): 88.33 g 0.046764 52.48057 Silt

0.033067 52.48057 Silt

Mechanical Analysis 0.023382 52.48057 Silt

Sieve #
Opening 

(mm)
Sieve Mass 

(g)
Sieve + Soil 

Mass (g)
Mass 

Retained (g)

Cumulative 
Mass 

Retained (g)

Cumulative 
Percent 

Retained (%)

Cumulative 
Percent 

Passing (%)
0.016534 52.48057 Silt

10 2.000 0.05 0.049 99.951 0.011691 51.62242 Silt

40 0.425 0.7 0.692 99.308 0.008538 48.18979 Silt

60 0.250 2.04 2.018 97.982 0.006398 43.89901 Silt

100 0.150 5.55 5.490 94.510 0.004765 39.60822 Silt

140 0.106 8.51 8.417 91.583 0.003962 37.89191 Silt

200 0.075 12.5 12.364 87.636 0.001113 26.73587 Clay 26.73587 % clay
72.57174 % silt

Hydrometer No: 152H Concentration of Dispersing Agent (Xd): 40 g/L Volume of Stock Solution (Vd): 125 mL 0.642928 % sand

Dispersing Agent Correction (Cd = 0.001XdVd) 5 g/L Meniscus Correction (cm) 0.5 g/L

Specific Gravity (Gs): 2.7 % passing No.         4   Sieve= 100 W200/W0 0.12631058 g

Hydrometer Analysis

Time 
Elapsed 

Time 
(min)

Temp (°C)
Unit 

mass, ρw 

(g/cm3)

Hydrometer 
Reading, R 

(g/L)

Temp 
Correction 

m

Corrected 
Reading,  Rcorr

Effective 
Depth,                 
L (cm)

Constant, K
Particle 

Diamter, D 
(mm)

Particle 
Percent 

Finer

Total 
Percent 

Finer
0.5 23 0.9975 65 0.655 61.155 6.5 0.01297 0.046764 59.88472 52.4805739

1 23 0.9975 65 0.655 61.155 6.5 0.01297 0.033067 59.88472 52.4805739
2 23 0.9975 65 0.655 61.155 6.5 0.01297 0.023382 59.88472 52.4805739
4 23 0.9975 65 0.655 61.155 6.5 0.01297 0.016534 59.88472 52.4805739
8 23 0.9975 64 0.655 60.155 6.5 0.01297 0.011691 58.90549 51.6224172

15 23 0.9975 60 0.655 56.155 6.5 0.01297 0.008538 54.98858 48.1897903
30 23 0.9975 55 0.655 51.155 7.3 0.01297 0.006398 50.09243 43.8990068
60 23 0.9975 50 0.655 46.155 8.1 0.01297 0.004765 45.19629 39.6082232
90 23 0.9975 48 0.655 44.155 8.4 0.01297 0.003962 43.23783 37.8919098

1440 23 0.9975 35 0.655 31.155 10.6 0.01297 0.001113 30.50786 26.7358725
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combined
THE UNIVERSITY OF TENNESSEE particle size (mm)% passing Classification

Department of Civil and Environmental Engineering 2.000 100 Sand

0.425 99.44096 Silt

Project Name: CE 432 Borings Boring No: 3 Sample No: middle Depth: <1ft 0.250 98.49941 Silt

0.150 95.81208 Silt

Team Members: Natalie and Steven Date: 2/20/2023 0.106 93.79168 Silt

0.075 91.26128 Silt

Mass of Original Sample (W0): 101.96 g Mass of 200 Wash residue (W residue): 8.78 g Mass of W200 (W0-Wresidue): 93.18 g 0.046764 49.76 Silt

0.033067 49.76 Silt

Mechanical Analysis 0.023382 49.76 Silt

Sieve #
Opening 

(mm)
Sieve Mass 

(g)
Sieve + Soil 

Mass (g)
Mass 

Retained (g)

Cumulative 
Mass 

Retained (g)

Cumulative 
Percent 

Retained (%)

Cumulative 
Percent 

Passing (%)
0.016534 49.76 Silt

10 2.000 0 0.000 100.000 0.011691 49.76 Silt

40 0.425 0.57 0.559 99.441 0.008538 49.76 Silt

60 0.250 1.53 1.501 98.499 0.006037 49.76 Silt

100 0.150 4.27 4.188 95.812 0.004555 44.44329 Silt

140 0.106 6.33 6.208 93.792 0.003769 43.55717 Silt

200 0.075 8.91 8.739 91.261 0.001059 32.92374 Clay 32.92374 % clay
66.51722 % silt

Hydrometer No: 152H Concentration of Dispersing Agent (Xd): 40 g/L Volume of Stock Solution (Vd): 125 mL 0.559043 % sand

Dispersing Agent Correction (Cd = 0.001XdVd) 5 g/L Meniscus Correction (cm) 0.5 g/L

Specific Gravity (Gs): 2.7 % passing No.         4   Sieve= 100 W200/W0 0.0861122 g

Hydrometer Analysis

Time 
Elapsed 

Time 
(min)

Temp (°C)
Unit 

mass, ρw 

(g/cm3)

Hydrometer 
Reading, R 

(g/L)

Temp 
Correction 

m

Corrected 
Reading,  Rcorr

Effective 
Depth,                 
L (cm)

Constant, K
Particle 

Diamter, D 
(mm)

Particle 
Percent 

Finer

Total 
Percent 

Finer
0.5 23 0.9975 60 0.655 56.155 6.5 0.01297 0.046764 54.52476 49.7599975

1 23 0.9975 60 0.655 56.155 6.5 0.01297 0.033067 54.52476 49.7599975
2 23 0.9975 60 0.655 56.155 6.5 0.01297 0.023382 54.52476 49.7599975
4 23 0.9975 60 0.655 56.155 6.5 0.01297 0.016534 54.52476 49.7599975
8 23 0.9975 60 0.655 56.155 6.5 0.01297 0.011691 54.52476 49.7599975

15 23 0.9975 60 0.655 56.155 6.5 0.01297 0.008538 54.52476 49.7599975
30 23 0.9975 60 0.655 56.155 6.5 0.01297 0.006037 54.52476 49.7599975
60 23 0.9975 54 0.655 50.155 7.4 0.01297 0.004555 48.69895 44.4432851
90 23 0.9975 53 0.655 49.155 7.6 0.01297 0.003769 47.72798 43.5571664

1440 23 0.9975 41 0.655 37.155 9.6 0.01297 0.001059 36.07635 32.9237416
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combined
THE UNIVERSITY OF TENNESSEE particle size (mm)% passing Classification

Department of Civil and Environmental Engineering 2.000 99.82059 Sand

0.425 97.74743 Silt

Project Name: CE 432 Borings Boring No: 3 Sample No: top Depth: <1ft 0.250 95.80385 Silt

0.150 90.9997 Silt

Team Members: Natalie and Steven Date: 2/20/2023 0.106 87.41154 Silt

0.075 81.2419 Silt

Mass of Original Sample (W0): 100.33 g Mass of 200 Wash residue (W residue): 16.87 g Mass of W200 (W0-Wresidue): 83.46 g 0.046764 45.01662 Silt

0.033067 45.01662 Silt

Mechanical Analysis 0.023382 45.81827 Silt

Sieve #
Opening 

(mm)
Sieve Mass 

(g)
Sieve + Soil 

Mass (g)
Mass 

Retained (g)

Cumulative 
Mass 

Retained (g)

Cumulative 
Percent 

Retained (%)

Cumulative 
Percent 

Passing (%)
0.016534 45.01662 Silt

10 2.000 0.18 0.179 99.821 0.012132 42.61167 Silt

40 0.425 2.26 2.253 97.747 0.009353 38.60343 Silt

60 0.250 4.21 4.196 95.804 0.006944 34.59518 Silt

100 0.150 9.03 9.000 91.000 0.005134 30.58693 Silt

140 0.106 12.63 12.588 87.412 0.004302 28.18198 Silt

200 0.075 18.82 18.758 81.242 0.001204 16.15724 Clay 16.15724 % clay
81.59019 % silt

Hydrometer No: 152H Concentration of Dispersing Agent (Xd): 40 g/L Volume of Stock Solution (Vd): 125 mL 2.073159 % sand

Dispersing Agent Correction (Cd = 0.001XdVd) 5 g/L Meniscus Correction (cm) 0.5 g/L

Specific Gravity (Gs): 2.7 % passing No.         4   Sieve= 100 W200/W0 0.16814512 g

Hydrometer Analysis

Time 
Elapsed 

Time 
(min)

Temp (°C)
Unit 

mass, ρw 

(g/cm3)

Hydrometer 
Reading, R 

(g/L)

Temp 
Correction 

m

Corrected 
Reading,  Rcorr

Effective 
Depth,                 
L (cm)

Constant, K
Particle 

Diamter, D 
(mm)

Particle 
Percent 

Finer

Total 
Percent 

Finer
0.5 23 0.9975 60 0.655 56.155 6.5 0.01297 0.046764 55.4106 45.0166212

1 23 0.9975 60 0.655 56.155 6.5 0.01297 0.033067 55.4106 45.0166212
2 23 0.9975 61 0.655 57.155 6.5 0.01297 0.023382 56.39734 45.8182705
4 23 0.9975 60 0.655 56.155 6.5 0.01297 0.016534 55.4106 45.0166212
8 23 0.9975 57 0.655 53.155 7 0.01297 0.012132 52.45036 42.611673

15 23 0.9975 52 0.655 48.155 7.8 0.01297 0.009353 47.51665 38.6034261
30 23 0.9975 47 0.655 43.155 8.6 0.01297 0.006944 42.58293 34.5951792
60 23 0.9975 42 0.655 38.155 9.4 0.01297 0.005134 37.64921 30.5869323
90 23 0.9975 39 0.655 35.155 9.9 0.01297 0.004302 34.68898 28.1819841

1440 23 0.9975 24 0.655 20.155 12.4 0.01297 0.001204 19.88782 16.1572433
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THE UNIVERSITY OF TENNESSEE combined
Department of Civil and Environmental Engineering particle size (mm) %passing Classification

2.000 99.96002 Sand
Project Name: CE 432 Borings Boring No: 1 Sample No: bottom Depth: <1ft 0.425 99.45027 Silt

0.250 98.87056 Silt
Team Members: Natalie and Steven Date: 2/20/2023 0.150 97.23138 Silt

0.106 94.36282 Silt
Mass of Original Sample (W0): 100.05 g Mass of 200 Wash residue (W residue): 9.22 g Mass of W200 (W0-Wresidue): 90.83 g 0.075 90.71464 Silt

0.046764 54.89433 Silt
Mechanical Analysis 0.033067142 54.89433 Silt

Sieve #
Opening 

(mm)
Sieve Mass 

(g)
Sieve + Soil 

Mass (g)
Mass 

Retained (g)

Cumulative 
Mass 

Retained (g)

Cumulative 
Percent 

Retained (%)

Cumulative 
Percent 

Passing (%)
0.023382 54.89433 Silt

10 2.000 0.04 0.040 99.960 0.016533571 53.09907 Silt
40 0.425 0.55 0.550 99.450 0.011691 50.4062 Silt
60 0.250 1.13 1.129 98.871 0.008923259 46.81569 Silt

100 0.150 2.77 2.769 97.231 0.00673941 41.42993 Silt
140 0.106 5.64 5.637 94.363 0.005078767 35.14655 Silt
200 0.075 9.29 9.285 90.715 0.004301662 31.55605 Silt

0.001193819 18.98928 Clay
Hydrometer No: 152H Concentration of Dispersing Agent (Xd): 40 g/L Volume of Stock Solution (Vd): 125 mL 18.98928 % clay

80.46099 % silt
Dispersing Agent Correction (Cd = 0.001XdVd) 5 g/L Meniscus Correction (cm) 0.5 g/L 0.509745 % sand

Specific Gravity (Gs): 2.7 % passing No.         4   Sieve= 100 W200/W0 0.0921539 g

Hydrometer Analysis

Time 
Elapsed 

Time 
(min)

Temp (°C)
Unit 

mass, ρw 

(g/cm3)

Hydrometer 
Reading, R 

(g/L)

Temp 
Correction 

m

Corrected 
Reading,  

Rcorr

Effective 
Depth,                 
L (cm)

Constant, K
Particle 

Diamter, D 
(mm)

Particle 
Percent 

Finer

Total 
Percent 

Finer
0.5 23 0.9975 65 0.655 61.155 6.5 0.01297 0.046764 60.51319 54.894327

1 23 0.9975 65 0.655 61.155 6.5 0.01297 0.033067 60.51319 54.894327
2 23 0.9975 65 0.655 61.155 6.5 0.01297 0.023382 60.51319 54.894327
4 23 0.9975 63 0.655 59.155 6.5 0.01297 0.016534 58.53418 53.099075
8 23 0.9975 60 0.655 56.155 6.5 0.01297 0.011691 55.56567 50.406196

15 23 0.9975 56 0.655 52.155 7.1 0.01297 0.008923 51.60765 46.815692
30 23 0.9975 50 0.655 46.155 8.1 0.01297 0.006739 45.67061 41.429935
60 23 0.9975 43 0.655 39.155 9.2 0.01297 0.005079 38.74408 35.146552
90 23 0.9975 39 0.655 35.155 9.9 0.01297 0.004302 34.78606 31.556047

1440 23 0.9975 25 0.655 21.155 12.2 0.01297 0.001194 20.93298 18.989281
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combined
THE UNIVERSITY OF TENNESSEE particle size (mm)% passing Classification

Department of Civil and Environmental Engineering 2.000 100 Sand

0.425 99.77355 Silt

Project Name: CE 432 Borings Boring No: 1 Sample No: middle Depth: <1ft 0.250 99.27536 Silt

0.150 98.20652 Silt

Team Members: Natalie and Steven Date: 2/20/2023 0.106 97.34601 Silt

0.075 96.37681 Silt

Mass of Original Sample (W0): 110.4 g Mass of 200 Wash residue (W residue): 3.96 g Mass of W200 (W0-Wresidue): 106.44 g 0.046764 48.53188 Silt

0.033067 48.53188 Silt

Mechanical Analysis 0.023382 48.53188 Silt

Sieve #
Opening 

(mm)
Sieve Mass 

(g)
Sieve + Soil 

Mass (g)
Mass 

Retained (g)

Cumulative 
Mass 

Retained (g)

Cumulative 
Percent 

Retained (%)

Cumulative 
Percent 

Passing (%)
0.016534 48.53188 Silt

10 2.000 0 0.000 100.000 0.011691 48.53188 Silt

40 0.425 0.25 0.226 99.774 0.008538 48.53188 Silt

60 0.250 0.8 0.725 99.275 0.006037 48.53188 Silt

100 0.150 1.98 1.793 98.207 0.004269 48.53188 Silt

140 0.106 2.93 2.654 97.346 0.003486 48.53188 Silt

200 0.075 4 3.623 96.377 0.000991 38.1609 Clay

Hydrometer No: 152H Concentration of Dispersing Agent (Xd): 40 g/L Volume of Stock Solution (Vd): 125 mL
38.1609 % clay

Dispersing Agent Correction (Cd = 0.001XdVd) 5 g/L Meniscus Correction (cm) 0.5 g/L 61.61265 % silt
0.226449 % sand

Specific Gravity (Gs): 2.7 % passing No.         4   Sieve= 100 W200/W0 0.03586957 g

Hydrometer Analysis

Time 
Elapsed 

Time 
(min)

Temp (°C)
Unit 

mass, ρw 

(g/cm3)

Hydrometer 
Reading, R 

(g/L)

Temp 
Correction 

m

Corrected 
Reading,  Rcorr

Effective 
Depth,                 
L (cm)

Constant, K
Particle 

Diamter, D 
(mm)

Particle 
Percent 

Finer

Total 
Percent 

Finer
0.5 23 0.9975 60 0.655 56.155 6.5 0.01297 0.046764 50.35639 48.5318791

1 23 0.9975 60 0.655 56.155 6.5 0.01297 0.033067 50.35639 48.5318791
2 23 0.9975 60 0.655 56.155 6.5 0.01297 0.023382 50.35639 48.5318791
4 23 0.9975 60 0.655 56.155 6.5 0.01297 0.016534 50.35639 48.5318791
8 23 0.9975 60 0.655 56.155 6.5 0.01297 0.011691 50.35639 48.5318791

15 23 0.9975 60 0.655 56.155 6.5 0.01297 0.008538 50.35639 48.5318791
30 23 0.9975 60 0.655 56.155 6.5 0.01297 0.006037 50.35639 48.5318791
60 23 0.9975 60 0.655 56.155 6.5 0.01297 0.004269 50.35639 48.5318791
90 23 0.9975 60 0.655 56.155 6.5 0.01297 0.003486 50.35639 48.5318791

1440 23 0.9975 48 0.655 44.155 8.4 0.01297 0.000991 39.59552 38.1608961
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combined
THE UNIVERSITY OF TENNESSEE particle size (mm)% passing Classification

Department of Civil and Environmental Engineering 2.000 99.97006 Sand

0.425 99.33127 Silt

Project Name: CE 432 Borings Boring No: 1 Sample No: top Depth: <1ft 0.250 98.51283 Silt

0.150 96.95578 Silt

Team Members: Natalie and Steven Date: 2/20/2023 0.106 95.56842 Silt

0.075 96.87594 Silt

Mass of Original Sample (W0): 100.19 g Mass of 200 Wash residue (W residue): 6.14 g Mass of W200 (W0-Wresidue): 94.05 g 0.046764 58.54081 Silt

0.033067 58.54081 Silt

Mechanical Analysis 0.023382 57.58355 Silt

Sieve #
Opening 

(mm)
Sieve Mass 

(g)
Sieve + Soil 

Mass (g)
Mass 

Retained (g)

Cumulative 
Mass 

Retained (g)

Cumulative 
Percent 

Retained (%)

Cumulative 
Percent 

Passing (%)
0.016534 57.58355 Silt

10 2.000 0.03 0.030 99.970 0.011691 54.71179 Silt

40 0.425 0.67 0.669 99.331 0.00886 50.88278 Silt

60 0.250 1.49 1.487 98.513 0.006656 45.13926 Silt

100 0.150 3.05 3.044 96.956 0.004995 39.39575 Silt

140 0.106 4.44 4.432 95.568 0.004236 35.56673 Silt

200 0.075 3.13 3.124 96.876 0.001179 22.16519 Clay

Hydrometer No: 152H Concentration of Dispersing Agent (Xd): 40 g/L Volume of Stock Solution (Vd): 125 mL
22.16519 % clay

Dispersing Agent Correction (Cd = 0.001XdVd) 5 g/L Meniscus Correction (cm) 0.5 g/L 77.16608 % silt
0.638786 % sand

Specific Gravity (Gs): 2.7 % passing No.         4   Sieve= 100 W200/W0 0.06128356 g

Hydrometer Analysis

Time 
Elapsed 

Time 
(min)

Temp (°C)
Unit 

mass, ρw 

(g/cm3)

Hydrometer 
Reading, R 

(g/L)

Temp 
Correction 

m

Corrected 
Reading,  Rcorr

Effective 
Depth,                 
L (cm)

Constant, K
Particle 

Diamter, D 
(mm)

Particle 
Percent 

Finer

Total 
Percent 

Finer
0.5 23 0.9975 65 0.655 61.155 6.5 0.01297 0.046764 60.42864 58.5408062

1 23 0.9975 65 0.655 61.155 6.5 0.01297 0.033067 60.42864 58.5408062
2 23 0.9975 64 0.655 60.155 6.5 0.01297 0.023382 59.44051 57.5835532
4 23 0.9975 64 0.655 60.155 6.5 0.01297 0.016534 59.44051 57.5835532
8 23 0.9975 61 0.655 57.155 6.5 0.01297 0.011691 56.47615 54.7117942

15 23 0.9975 57 0.655 53.155 7 0.01297 0.008860 52.52366 50.8827823
30 23 0.9975 51 0.655 47.155 7.9 0.01297 0.006656 46.59492 45.1392644
60 23 0.9975 45 0.655 41.155 8.9 0.01297 0.004995 40.66618 39.3957465
90 23 0.9975 41 0.655 37.155 9.6 0.01297 0.004236 36.71369 35.5667346

1440 23 0.9975 27 0.655 23.155 11.9 0.01297 0.001179 22.87998 22.1651928
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Point Sand Clay Silt VCS CS MS FS VFS X Y Texture
1 0.64% 22.17% 77.19% 0.88275 0.192 SILT LOAM

2 0.23% 38.16% 61.61% 0.8069 0.33048 SILTY CLAY LOAM

3 0.51% 18.99% 80.50% 0.89995 0.16446 SILT LOAM

4 2.07% 16.16% 81.77% 0.8985 0.13995 SILT LOAM

5 0.56% 32.92% 66.52% 0.8298 0.2851 SILTY CLAY LOAM

6 0.64% 26.74% 72.62% 0.8599 0.23158 SILT LOAM

Sand (%)  7 1.38% 12.72% 85.90% 0.9226 0.11016 SILT LOAM

8 0.98% 20.89% 78.13% 0.88575 0.18091 SILT LOAM

Clay (%)  9

10

Silt (%)  100.00% 11

12

13

14

Very Coarse Sand (%)  15

16

Coarse Sand (%)  17

18

Medium Sand (%)  19

20

Fine Sand (%)  21

22

Very Fine Sand (%)  23

24

Sand Fractions Sum  0.00% 25

26

27

28

29

30

31

32

33

34

Send comments or suggestions to mark.vanlear@usda.gov 35

36

37

38
Send comments or suggestions to mark.vanlear@usda.gov 39

40

Instructions: Populate yellow cells. Total Sand, Silt, 
and Clay must equal 100%. Sand fractions are 

optional (only used with sands, loamy sands, and 
sandy loams if known), but if used must equal Total 

Sand.
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A.12 Armor Weight Calculations

gamma r 150 175
H 2
KD 1.2
gamma w 62.4
cot theta 1.5 3

W (150, 1.5) 240.9629056 Design Weight of armor
W (150, 3.0) 120.4814528
W (175, 1.5) 132.3713896
W (175, 3.0) 66.18569481



A.12 Armor Weight Calculations - Dimensions

dimenstions are per linear foot around shoreline need 2:1 for rock stability
height distance from bank toe round up 2:1 slope weight from 2:1 slope

profile 1 1 1.6067 1.6 2 300
profile 2 2 0.8033 1 4 1200
profile 3 4 0.4017 0.5 8 4800
profile 4 1 1.6067 1.6 2 300

exceeds minimum 
required weight of 
rock armor

unit weight of rip rap 150 pcf
required weight of rock 

armor 241 p

equation 241 pounds * (1ft cubed / 150p) * (1/ linear foot times height) 
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SUBJECT: UTK Senior Design_Wheeler Rd 
UAV

TRANSMITTAL ID: 00003
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REMARKS: Steven,

Please see the attached folder containing the point cloud data for the 
Wheeler Rd UAV flight.
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Jimmy Albert, E.I.

LDA Engineering | STRONGER. HAPPIER. COMMUNITIES.
Direct: (865) 306-5069 | Mobile: (865) 548-0474
www.ldaengineering.com  |  jcalbert@ldaengineering.com  
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Appendix B: Environmental Services 



 









RDA 2970 CN-1091 (Rev. 09-2021) (Page 1 of 3) 

TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
Division of Water Resources 

William R. Snodgrass Tennessee Tower, 312 Rosa L. Parks Avenue, 11th Floor, 
Nashville, Tennessee, 37243 

1-888-891-8332 (TDEC)

Application for Aquatic Resource Alteration Permit (ARAP) & State §401 Water Quality Certification 

OFFICIAL STATE USE ONLY Site #: Permit #: 

Section 1. Applicant Information (individual responsible for site, signs certification below) 

Applicant Name (company or individual): SOS #: Status: 

Primary Contact/Signatory: Signatory’s Title or Position: 

Mailing Address: City: State: Zip: 

Phone: Fax: E-mail:

Section 2. Alternate Contact/Consultant Information (a consultant is not required)

Alternate Contact Name: 

Company: Title or Position: 

Mailing Address: City: State: Zip: 

Phone: Fax: E-mail:

Section 3. Fee (application will be incomplete until fee is received) 

   No Fee    Fee Submitted with Application Amount Submitted:   $ 

Current application fee schedules can be found at the Division of Water Resources webpage at: 

https://www.tn.gov/environment/permit-permits/water-permits1/aquatic-resource-alteration-permit--arap-.html 

or by calling (615) 532-0625. Please make checks payable to “Treasurer, State of Tennessee”. 

Billing Contact (if different from Applicant): Name: Email: 

Address: Phone: 

Section 4. Project Details (fill in information and check appropriate boxes) 

Site or Project Name: Nearest City, Town or Major Landmark: 

Street Address or Location (include zip): 

County(ies): 
MS4 Jurisdiction: Latitude (dd.dddd): 

Longitude (dd.dddd): 

Resources Proposed for Alteration: Stream / River Wetland Reservoir 

Name of Water Resource (for more information, access http://tdeconline.tn.gov/dwr ): 

Brief Project Description (a more detailed description is required under Section 8): 

If applicable, indicate any other federal, state, or local permits that are associated with the overall project site (common plan of 

development) that have been obtained in the past (e.g., construction general permit and/or other ARAP): 

Is the proposed activity associated with a larger common plan of development:   Yes     No 

If Yes, submit site plans and identify the location and overall scope of the common plan of development. 

Plans attached?   Yes    No 

Does the proposed activity require approval from the U.S. Army Corps of Engineers, the Tennessee Valley Authority, or any other 

federal, state, or local government agency?    Yes    No 

If Yes, provide the permit reference numbers: 

Will the activity require a 401 Water Quality Certification

    If Yes, attach any 401 WQC pre-filing meeting request documentation

Yes No:

http://www.tn.gov/environment/permit-permits/water-permits1/aquatic-resource-alteration-permit--arap-.html
http://tdeconline.tn.gov/dwr


RDA 2366 CN-1091 (Rev. 01-2021) (Page 2 of 3) 

Application for Aquatic Resource Alteration Permit (ARAP) & State §401 Water Quality Certification 

Section 8. Technical Information Attached 
Yes No 

8.1 

8.2 

Detailed plans, specifications, blueprints, or legible sketches of present site conditions and the proposed 
activity. Plans must be 8.5.x 11 inches. Additional larger plans may also be submitted to aid in application 
review. The detailed plans should be superimposed on existing and new conditions (e.g., stream cross sections 
where road crossings are proposed) 

For the proposed activity and compensatory mitigation, provide a discussion regarding the sequencing of 
events and construction methods and any proposed monitoring

8.3 
Depiction and narrative on the location and type of erosion prevention and sediment control (EPSC) measures for 
the proposed alterations and any other measures to treat, control, or manage impacts to waters

Section 5. Project Schedule (fill in information and check appropriate boxes) 

Proposed start date: Estimated end date: 

Is any portion of the activity complete now? Yes No 

If yes, describe the extent of the completed portion: 

The required information in Sections 6-11 must be submitted on a separate sheet(s) and submitted in the same 
numbered format as presented below. If any question in not applicable, state the reason why it is not applicable. 

Section 6. Description Attached 
Yes No 

6.1 A narrative description of the scope of the project 

6.2 USGS topographic map indicating the exact location of the project (can be a photographic copy) 

6.3 Photographs of the resource(s) proposed for alteration with location description (photo locations should be noted on 
map) 

6.4 A narrative description of the existing stream and/or wetland characteristics including, but not limited to, dimensions 
(e.g., depth, length, average width), substrate and riparian vegetation 

6.5 
A narrative description of the proposed stream and/or wetland characteristics including, but not limited to, 
dimensions (e.g., depth, length, average width), substrate and riparian vegetation 

6.6 In the case of wetlands, include a wetland delineation with delineation forms and site map denoting location of 
data points 

6.7 A copy of all hydrologic or jurisdictional determination documents issued for water resources on the project site 

Section 7. Project Rationale Attached 
Yes No 

Describe the need for the proposed activity, including, but not limited to the purpose, alternatives considered and 
rationale for selection of least impactful alternative, and what will be done to avoid or minimize impacts to water resources 

Section 9. Water Resources Degradation (degree of proposed impact) 

Note that in most cases, activities that exceed the scope of the General Permit limitations are considered greater than de minimis 
degradation to water quality. 

Please provide your basis for concluding the proposed activity will cause one of the following levels of water quality degradation: 

a. De minimis degradation, no appreciable permanent loss of resource values
b. Greater than de minimis degradation (if greater than de minimis complete Sections 10-11)

For information and guidance on the definition of de minimis and degradation, refer to the Antidegradation Statement in 
Chapter 0400-40-03-.06 of the Tennessee Water Quality Criteria Rule: 
https://publications.tnsosfiles.com/rules/0400/0400-40/0400-40.htm 
For more information on specifics on what General Permits can cover, refer to the Natural Resources Unit webpage at: 
https://www.tn.gov/environment/permit-permits/water-permits1/aquatic-resource-alteration-permit--arap-.html

http://www.tn.gov/environment/permit-permits/water-permits1/aquatic-resource-alteration-permit--arap-/permit-water-aquatic-resource-
https://www.tn.gov/environment/permit-permits/water-permits1/aquatic-resource-alteration-permit--arap-.html
https://publications.tnsosfiles.com/rules/0400/0400-40/0400-40.htm


Application for Aquatic Resource Alteration Permit (ARAP) & State §401 Water Quality Certification 

CN-1091 (Rev. 01-2021) (Page 3 of 3) RDA2366 

Section 10. Detailed Alternatives Analysis Attached 
Yes No 

 Analyze all reasonable alternatives and describe the level of degradation and permanent loss of resource 
10.1 value caused by each alternative. Assessment must consider options other than the “Preferred” and “No Action” 

alternatives. Provide associated rationale for selecting or rejecting all alternatives considered and demonstration that 
the least impactful practicable alternative was selected. 

10.2 Discuss the social and economic consequences of each alternative 

Demonstrate that the degradation associated with the preferred alternative will not violate water quality criteria for 
10.3 uses designated in the receiving waters, and is necessary to accommodate important economic and social 

development in the area 

Section 11. Compensatory Mitigation Attached 
Yes No 

11.1    A detailed discussion of the proposed compensatory mitigation. Provide evidence of credit reservation if proposing to 
utilize a third-party provider. 

11.2    Analysis of any proposed appreciable loss of resource value using the TN Stream Mitigation Guidelines. Provide 
Stream Quantification Tool (SQT) results if applicable. Include Existing Condition Score (ECS) and debit/credit 
calculations. 

11.3 Describe how the compensatory mitigation would result in no net loss of resource value 

11.4 Provide a detailed monitoring plan for the compensatory mitigation site if permittee-responsible project is proposed 

11.5 Describe the long-term protection measures for the compensatory mitigation site if permittee-responsible project is 
proposed (e.g., deed restrictions, conservation easement) 

Certification and Signature 
An application submitted by a corporation must be signed by a principal executive officer; from a partnership or proprietorship, by 
the partner or proprietor respectively; from a municipal, state, federal or other public agency or facility, the application must be 
signed by either a principal executive officer, ranking elected official, or other duly authorized employee. 
I certify under penalty of law that this document and all attachments were prepared by me, or under my direction or 
supervision. The submitted information is to the best of my knowledge and belief, true, accurate, and complete. I am aware 
that there are significant penalties for submitting false information, including the possibility of fine and imprisonment. As 
specified in Tennessee Code Annotated Section 39-16-702(a)(4), this declaration is made under penalty of perjury. 
The project proponent hereby requests that the certifying authority review and take action on this CWA 401 certification 
request within the applicable reasonable period of time.  

Printed Name Official Title Signature Date 

Note that this form must be signed by the principal executive officer, partner or proprietor, or a ranking elected official in the case of a 
municipality; for details see Certification and Signature statement above. For more information, contact your local EFO at the toll-free 
number   1-888-891-8332   (TDEC).   Submit   the   completed   ARAP  Application    form    (keep    a    copy    for  your    records)    to 
the appropriate EFO for  the  county(ies)  where  the proposed activity is located, addressed to Attention: ARAP Processing. You may  
also electronically submit the complete application and all associated attachments to water.permits@tn.gov. 

EFO Street Address Zip Code EFO Street Address Zip Code 

Memphis 8383 Wolf Lake Drive, Bartlett 38133-4119 Cookeville 1221 South Willow Ave. 38506 

Jackson 1625 Hollywood Drive 38305-4316 Chattanooga 1301 Riverfront Pkwy., Ste. 206 37402 

Nashville 711 R S Gass Boulevard 37243 Knoxville 3711 Middlebrook Pike 37921 

Columbia 1421 Hampshire Pike 38401 Johnson City 2305 Silverdale Road 37601 

mailto:water.permits@tn.gov


The scope of the proposed erosion control project is to devise an interdisciplinary plan to reduce 
erosion on the property using a combination of structure and native plant material to 
economically protect the property. The main objectives are: (1) to resolve or slow serious 
riverbank erosion to peninsula at 4806 Wheeler Road, Louisville, TN; (2) to create an 
economical plan for the property owned faced with property destruction and associated cost 
estimates; (3) to generate a structurally and ecologically sound final project that is useful in 
streambank erosion control through structure and creative native plant use; and (4) to create a 
project that is manageable by property owner. The proposed project will only deal with the 
erosion on the outermost tip of the peninsula, where the erosion is greatest. 





Existing conditions on the proposed project site are as follows. The bank height ranges from 1-4 
feet from the bottom of the river. The proposed project site is 4.2 miles upstream from the mouth 
of the Little River. The river width is approximately 967 feet, according to the FEMA FIS data 
for the Little River in Blount County. The soil type found on the project site is classified as silty 
loam based on tests run on soil samples collected on February 6, 2023. The vegetation on the 
proposed project site consists of a mix of invasive plants and riparian plantings. Most of the 
riparian plantings are willow trees, planted to reinforce the soil with deep rooting. 



The proposed project aims to mitigate erosion and stabilize the bank along Anne Ham’s private 
property on the Little River. The design combines both hard and soft solutions for erosion. The 
hard solutions are riprap and geofabric laid on the bank slope to stabilize the drop-off. The riprap 
and geofabric will be laid along 210 feet on the outermost tip of the peninsula. The soft solution 
is comprised of riparian plantings on the riverbank. The plantings will cover the bank area 
between the summer pool and winter pool elevations around the outermost tip of the peninsula. 
All plantings will be native to East Tennessee and will promote pollinator and wildlife habitats. 



 





















Existing Conditions: 

 Light:  
o Zone 1: FULL 
o Zone 2: PARTIAL 
o Zone 3: FULL 

 Soil Moisture: HIGH 
 Soil pH: BASIC 

 

Plants: 

Plant name Light Soil Moisture Soil pH 
River birch  Full 

 Partial 
High  Basic 

 Acidic 
Sycamore  Full 

 Partial 
High Basic 

Black willow  Full 
 Partial 

High Basic 

Silky dogwood  Full 
 Partial 

High Basic 

Fox sedge  Full 
 Partial 

High Basic 

Green bulrush  Full 
 Partial 

High  Basic 
 Acidic 

 

Based on these criteria and need for erosion control, plants were selected as: 

ZONE 1: River birch, Sycamore, Black willow 

ZONE 2: River birch, Sycamore, Black willow 

ZONE 3: Silky dogwood, Fox sedge, Green bulrush 
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Appendix C: Construction Services 
 







ID Task 
Mode

Task Name Duration Start Finish PredecessorsSuccessors Resource Names Total Slack

1 Notice to Proceed 0 days Wed 11/27/19 Wed 11/27/19 2,3,4,5,6,7,8,9 2 days

2 Concrete Submittal Procurement 30 days Wed 11/27/19 Tue 1/7/20 1 20 Lambcon 18 days

3 Rebar Submittal Procurement 30 days Wed 11/27/19 Tue 1/7/20 1 21 Becdon 9 days

4 Metals Submittal Procurement 30 days Wed 11/27/19 Tue 1/7/20 1 22 TFCO 25 days

5 FRP Tanks Submittal 
Procurement

13 days Wed 11/27/19 Fri 12/13/19 1 23 Guthrie 15 days

6 Day Tank Submittal Procurement 13 days Wed 11/27/19 Fri 12/13/19 1 24 Guthrie 44 days

7 Chemical Transfer Pumps 
Submittal Procurement

0 days Wed 11/27/19 Wed 11/27/19 1 25 Guthrie 41 days

8 Ultra‐Sonic Transducers 
Submittal Procurement

30 days Wed 11/27/19 Tue 1/7/20 1 26 Guthrie 39 days

9 Chemical Scale Submittal 
Procurement

0 days Wed 11/27/19 Wed 11/27/19 1 27 Guthrie 168 days

10 Chemical Metering Pumps 
Submittal Procurment

30 days Wed 11/27/19 Tue 1/7/20 1 28 CFS 10 days

11 PVC Pipe Submittal Procurement 30 days Wed 11/27/19 Tue 1/7/20 1 29 Harrington 51 days

12 PVC Dual Containment Pipe 
Submittal Procurement

30 days Wed 11/27/19 Tue 1/7/20 1 30 Harrington 40 days

13 Chemical Unloading Station 
Submittal Procurement

30 days Wed 11/27/19 Tue 1/7/20 1 31 GRM 42 days

14 FRP Grating Submittal 
Procurement

30 days Wed 11/27/19 Tue 1/7/20 1 32 Fibergrate 25 days

15 Overhead Door Submittal 
Procurement

30 days Wed 11/27/19 Tue 1/7/20 1 33 TBD 25 days

16 Painting Submittal Procurement 30 days Wed 11/27/19 Tue 1/7/20 1 34 TBD 45 days

17 Electrical Submittal Procurement 40 days Wed 11/27/19 Tue 1/21/20 1 35 Adman 2 days

18 HVAC Submittal Procurement 30 days Wed 11/27/19 Tue 1/7/20 1 36 Charles Stone 16 days

19 Chemical Feed Allowance Items 
Submittal Procurement

40 days Wed 11/27/19 Tue 1/21/20 1 37 CFS 10 days

20 Concrete GC Review Time 5 days Wed 1/8/20 Tue 1/14/20 2 38 JCC 18 days

21 Rebar GC Review Time 5 days Wed 1/8/20 Tue 1/14/20 3 39 JCC 9 days

22 Metals GC Review Time 5 days Wed 1/8/20 Tue 1/14/20 4 40 JCC 25 days

23 FRP Tanks GC Review Time  5 days Mon 12/16/19 Fri 12/20/19 5 41 JCC 15 days

24 Day Tank GC Review Time  5 days Mon 12/16/19 Fri 12/20/19 6 42 JCC 44 days

25 Chemical Transfer Pumps GC 
Review Time 

5 days Wed 11/27/19 Tue 12/3/19 7 43 JCC 41 days

26 Ultra‐Sonic Transducers GC 
Review Time 

5 days Wed 1/8/20 Tue 1/14/20 8 44 JCC 39 days

27 Chemical Scale GC Review Time  5 days Wed 11/27/19 Tue 12/3/19 9 45 JCC 168 days

28 Chemical Metering Pumps GC 
Review Time 

5 days Wed 1/8/20 Tue 1/14/20 10 46 JCC 10 days

29 PVC Pipe GC Review Time  5 days Wed 1/8/20 Tue 1/14/20 11 47 JCC 51 days

30 PVC Dual Containment Pipe GC 
Review Time 

5 days Wed 1/8/20 Tue 1/14/20 12 48 JCC 40 days

31 Chemical Unloading Station GC 
Review Time 

5 days Wed 1/8/20 Tue 1/14/20 13 49 JCC 42 days

32 FRP Grating GC Review Time  5 days Wed 1/8/20 Tue 1/14/20 14 50 JCC 25 days

33 Overhead Door GC Review Time  5 days Wed 1/8/20 Tue 1/14/20 15 51 JCC 25 days

34 Painting GC Review Time  5 days Wed 1/8/20 Tue 1/14/20 16 52 JCC 45 days

35 Electrical GC Review Time  5 days Wed 1/22/20 Tue 1/28/20 17 53 JCC 2 days

36 HVAC GC Review Time  5 days Wed 1/8/20 Tue 1/14/20 18 54 JCC 16 days

37 Chemical Feed Allowance Items 
GC Review Time 

5 days Wed 1/22/20 Tue 1/28/20 19 55 JCC 10 days

38 Concrete Engineer Review 10 days Wed 1/15/20 Tue 1/28/20 20 56 WK Dickson 18 days

39 Rebar Engineer Review 10 days Wed 1/15/20 Tue 1/28/20 21 57 WK Dickson 9 days

40 Metals Engineer Review 10 days Wed 1/15/20 Tue 1/28/20 22 58 WK Dickson 25 days

11/27
0%

0%
0%

0%

0%

11/27

0%

11/27

0%

0%

0%

0%

0%

0%

0%

0%

0%
0%

0%
0%
0%

0%
0%

0%

0%

0%

0%

0%
0%

0%

0%
0%

0%
0%

0%
0%

0%
0%
0%

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
Qtr 4, 2019 Qtr 1, 2020 Qtr 2, 2020 Qtr 3, 2020

Critical Progress
Task
Split

Task Progress
Manual Task
Start-only

Finish-only
Duration-only
Critical

Critical Split
Baseline
Baseline Split

Baseline Milestone
Milestone
Summary Progress

Summary
Manual Summary
Project Summary

External Tasks
External Milestone
Inactive Task

Inactive Milestone
Inactive Summary
Deadline

EUD WTP 12-20-19

 12-20-19



ID Task 
Mode

Task Name Duration Start Finish PredecessorsSuccessors Resource Names Total Slack

41 FRP Tanks Engineer Review 10 days Mon 12/23/19 Fri 1/3/20 23 59 WK Dickson 15 days

42 Day Tank Engineer Review 10 days Mon 12/23/19 Fri 1/3/20 24 60 WK Dickson 44 days

43 Chemical Transfer Pumps 
Engineer Review

10 days Wed 12/4/19 Tue 12/17/19 25 61 WK Dickson 41 days

44 Ultra‐Sonic Transducers Engineer
Review

10 days Wed 1/15/20 Tue 1/28/20 26 62 WK Dickson 39 days

45 Chemical Scale Engineer Review 2 days Wed 12/4/19 Thu 12/5/19 27 63 WK Dickson 0 days

46 Chemical Metering Pumps 
Engineer Review

10 days Wed 1/15/20 Tue 1/28/20 28 64 WK Dickson 10 days

47 PVC Pipe Engineer Review 10 days Wed 1/15/20 Tue 1/28/20 29 65 WK Dickson 51 days

48 PVC Dual Containment Pipe 
Engineer Review

10 days Wed 1/15/20 Tue 1/28/20 30 66 WK Dickson 40 days

49 Chemical Unloading Station 
Engineer Review

10 days Wed 1/15/20 Tue 1/28/20 31 67 WK Dickson 42 days

50 FRP Grating Engineer Review 10 days Wed 1/15/20 Tue 1/28/20 32 68 WK Dickson 25 days

51 Overhead Door Engineer Review 10 days Wed 1/15/20 Tue 1/28/20 33 69 WK Dickson 25 days

52 Painting Engineer Review 10 days Wed 1/15/20 Tue 1/28/20 34 70 WK Dickson 45 days

53 Electrical Engineer Review 10 days Wed 1/29/20 Tue 2/11/20 35 71 WK Dickson 2 days

54 HVAC Engineer Review 10 days Wed 1/15/20 Tue 1/28/20 36 72 WK Dickson 16 days

55 Chemical Feed Allowance Items 
Engineer Review

10 days Wed 1/29/20 Tue 2/11/20 37 73 WK Dickson 10 days

56 Concrete Lead Time 1 day Wed 1/29/20 Wed 1/29/20 38 79 Lambcon 18 days

57 Rebar Lead Time 10 days Wed 1/29/20 Tue 2/11/20 39 79 Becdon 9 days

58 Metals Lead Time 25 days Wed 1/29/20 Tue 3/3/20 40 92,105,111 TFCO 25 days

59 FRP Tanks Lead Time 55 days Mon 1/6/20 Fri 3/20/20 41 89 Guthrie 15 days

60 Day Tank Lead Time 30 days Mon 1/6/20 Fri 2/14/20 42 110 Guthrie 44 days

61 Chemical Transfer Pumps Lead 
Time

50 days Wed 12/18/19 Tue 2/25/20 43 90 Guthrie 41 days

62 Ultra‐Sonic Transducers Lead 
Time

25 days Wed 1/29/20 Tue 3/3/20 44 95 Guthrie 39 days

63 Chemical Scale Lead Time 25 days Fri 12/6/19 Thu 1/9/20 45 109 Guthrie 69 days

64 Chemical Metering Pumps Lead 
Time

50 days Wed 1/29/20 Tue 4/7/20 46 123 CFS 10 days

65 PVC Pipe Lead Time 5 days Wed 1/29/20 Tue 2/4/20 47 96 Harrington 51 days

66 PVC Dual Containment Pipe Lead 
Time

20 days Wed 1/29/20 Tue 2/25/20 48 102 Harrington 40 days

67 Chemical Unloading Station Lead 
Time

20 days Wed 1/29/20 Tue 2/25/20 49 97 GRM 42 days

68 FRP Grating Lead Time 30 days Wed 1/29/20 Tue 3/10/20 50 108 Fibergrate 25 days

69 Overhead Door Lead Time 30 days Wed 1/29/20 Tue 3/10/20 51 107,106 TBD 25 days

70 Painting Lead Time 5 days Wed 1/29/20 Tue 2/4/20 52 111 TBD 45 days

71 Electrical Lead Time 5 days Wed 2/12/20 Tue 2/18/20 53 78,120 Adman 2 days

72 HVAC Lead Time 30 days Wed 1/29/20 Tue 3/10/20 54 112 Charles Stone 16 days

73 Chemical Feed Allowance Items 
Lead Time

45 days Wed 2/12/20 Tue 4/14/20 55 124 CFS 10 days

74 Mobilzation 1 day Mon 2/17/20 Mon 2/17/20 75,76 Cumby 0 days

75 Construction Entrance 1 day Tue 2/18/20 Tue 2/18/20 74 77 Cumby 0 days

76 Silt Fence 1 day Tue 2/18/20 Tue 2/18/20 74 77 Cumby 0 days

77 Excavation for New Storage 
Tank/s Pad

2 days Wed 2/19/20 Thu 2/20/20 75,76 78 Cumby 0 days

78 Electrical In and Under Rough In 2 days Fri 2/21/20 Mon 2/24/20 71,77 79 Adman 0 days

79 F/R/P New Storage Tanks Pad 
SOG ‐ 1 Pour

5 days Tue 2/25/20 Mon 3/2/20 56,57,78 80 Cumby 0 days

80 Pad ‐ SOG Cure Time 4 days Tue 3/3/20 Fri 3/6/20 79 81,99,101,103Cumby 0 days

81 F/R/P Walls ‐ Pour 1 5 days Mon 3/9/20 Fri 3/13/20 80 82 Cumby 0 days

82 Pour 1 Cure Time 4 days Mon 3/16/20 Thu 3/19/20 81 83 Cumby 0 days

83 F/R/P Walls ‐ Pour 2 5 days Fri 3/20/20 Thu 3/26/20 82 84 Cumby 0 days

84 Pour 2 Cure Time 3 days Fri 3/27/20 Tue 3/31/20 83 85,92 Cumby 0 days
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ID Task 
Mode

Task Name Duration Start Finish PredecessorsSuccessors Resource Names Total Slack

85 F/R/P Storage Tank 1 Base ‐ 1 
Pour

4 days Wed 4/1/20 Mon 4/6/20 84 86 Cumby 0 days

86 F/R/P Storage Tank 2 Base ‐ 1 
Pour

4 days Tue 4/7/20 Fri 4/10/20 85 87,89 Cumby 0 days

87 F/R/P Chemical Transfer Pumps 
Elevated Slab ‐ 1 Pour

4 days Mon 4/13/20 Thu 4/16/20 86 88 Cumby 4 days

88 Cure Time  3 days Fri 4/17/20 Tue 4/21/20 87 93,94 Cumby 4 days

89 Install FRP Tanks on New 
Concrete Bases

3 days Mon 4/13/20 Wed 4/15/20 59,86 90,96 Cumby 0 days

90 Install New Chemical Feed 
Transfer Pumps

2 days Thu 4/16/20 Fri 4/17/20 61,89 91 Cumby 5 days

91 Electrical ‐  Chemical Feed Pumps 2 days Mon 4/20/20 Tue 4/21/20 90 124 Adman 5 days

92 Install New Ships Ladders 2 days Wed 4/1/20 Thu 4/2/20 58,84 128 Cumby 58 days

93 Install New Handraill Around 
Chemical Transfer Pumps

1 day Wed 4/22/20 Wed 4/22/20 88 128 Cumby 44 days

94 Install New Stairs for Transfer 
Pumps Access

1 day Wed 4/22/20 Wed 4/22/20 88 124 Cumby 4 days

95 Install New Level Transducers in 
New FRP Storage Tanks

1 day Wed 3/4/20 Wed 3/4/20 62 124 Cumby 39 days

96 Install New Chemical PVC Piping 
between Tanks and Pumps

6 days Thu 4/16/20 Thu 4/23/20 65,89 97,98 Cumby 0 days

97 Install New Chemical Injection 
Ports

3 days Fri 4/24/20 Tue 4/28/20 67,96 124 Cumby 0 days

98 Install New Heat Trace and 
Insulation

3 days Fri 4/24/20 Tue 4/28/20 96 128 Breeding 
Insualtion

40 days

99 Install Emergency Eye Wash 
System

1 day Mon 3/9/20 Mon 3/9/20 80 124 Cumby 36 days

100 Excavation for New 6" PVC Line 
into Existing "Head House"

3 days Wed 3/11/20 Fri 3/13/20 101 102 Cumby 27 days

101 Saw Cut Existing Parking Lot 2 days Mon 3/9/20 Tue 3/10/20 80 100 Cumby 27 days

102 Install 6" PVC Line 2 days Mon 3/16/20 Tue 3/17/20 66,100 121 Cumby 27 days

103 Excavate for 4" Drain Line 2 days Mon 3/9/20 Tue 3/10/20 80 104 Cumby 34 days

104 Install 4" Drain Line 1 day Wed 3/11/20 Wed 3/11/20 103 124 Cumby 34 days

105 Modify Existing Chlorination 
Room ‐ Install New Support 
Beams

3 days Fri 3/6/20 Tue 3/10/20 58,111 108 Cumby 25 days

106 Demo Existing Masonry 1 day Wed 3/11/20 Wed 3/11/20 69 107 Cumby 25 days

107 Install New Roll Up Door 1 day Thu 3/12/20 Thu 3/12/20 69,106 110 TBD 25 days

108 Install New FRP Grating and 
Steps

1 day Wed 3/11/20 Wed 3/11/20 68,105 109 Cumby 25 days

109 Install new Tank Scale 1 day Thu 3/12/20 Thu 3/12/20 63,108 110 Cumby 25 days

110 Install new Poly Tank 1 day Fri 3/13/20 Fri 3/13/20 60,107,109122 Cumby 25 days

111 Paint new steel support beams 2 days Wed 3/4/20 Thu 3/5/20 70,58 105 Cumby 25 days

112 HVAC ‐ DEMO Existing Exhaust 
Fan

1 day Wed 3/11/20 Wed 3/11/20 72 113 Charles Stone 16 days

113 HVAC ‐ DEMO Existing Louver 1 day Thu 3/12/20 Thu 3/12/20 112 114 Charles Stone 16 days

114 HVAC ‐ Install EF‐1 2 days Fri 3/13/20 Mon 3/16/20 113,120 115 Charles Stone 16 days

115 HVAC ‐ Install EH‐1 2 days Tue 3/17/20 Wed 3/18/20 114 116 Charles Stone 16 days

116 HVAC ‐ Relocate Existing 
Chlorination Detection System

2 days Thu 3/19/20 Fri 3/20/20 115 117 Charles Stone 16 days

117 HVAC ‐ Reconnect Existing 
on/off/auto switch.

1 day Mon 3/23/20 Mon 3/23/20 116 118 Charles Stone 16 days

118 HVAC ‐ Reconnect Existing T‐Stat 2 days Tue 3/24/20 Wed 3/25/20 117 119 Charles Stone 16 days

119 HVAC ‐ Install Ductwork 3 days Thu 3/26/20 Mon 3/30/20 118 123 Charles Stone 16 days

120 Electrical inside Chlorine Room ‐ 
Wiring and Coundits

5 days Wed 2/19/20 Tue 2/25/20 71 114 Adman 28 days

121 Head House Basement Piping  3 days Wed 3/18/20 Fri 3/20/20 102 124 Cumby 27 days

122 DEMO Existing Chlorinators and 
Piping

2 days Mon 3/16/20 Tue 3/17/20 110 123 Cumby 25 days
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ID Task 
Mode

Task Name Duration Start Finish PredecessorsSuccessors Resource Names Total Slack

123 Install New Sodium Hypochlorite 
Pre & Post Filtration Chemical 
Feed Assemblies

5 days Wed 4/8/20 Tue 4/14/20 64,119,122124 Chemical Feed 
Systems

10 days

124 System Start Up and Operational 
Testing Period

22 days Wed 4/29/20 Thu 5/28/20 73,94,95,97125 Cumby 0 days

125 February 2020 Weather Delay  3 days Fri 5/29/20 Tue 6/2/20 124 126 Cumby 0 days

126 March 2020 Weather Delay 8 days Wed 6/3/20 Fri 6/12/20 125 127 Cumby 0 days

127 April 2020 Weather Delay 7 days Mon 6/15/20 Tue 6/23/20 126 128 Cumby 0 days

128 JCC Substantial Completion Date 1 day Wed 6/24/20 Wed 6/24/20 92,93,98,12129 Cumby 0 days

129 Punch List Items 20 days Thu 6/25/20 Wed 7/22/20 128 130 Cumby 0 days

130 JCC Final Completion Date 2 days Thu 7/23/20 Fri 7/24/20 129 Cumby 0 days

131
132
133 Contractual Substantial 

Completion Date 6‐24‐2020
165 days?

134 Contractual Final Completion 
Date 7‐24‐2020

165 days?
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Activity ID Activity Name Original
Duration

Remaining
 Duration

Schedule %
Complete

Start Finish

Knox CounKnox County - Emergency Slope Stabil 107 107 0% 17-Aug-20 12-Jan-21

A0500 Permit Received 1 1 0% 17-Aug-20* 17-Aug-20
A0505 Response to Navigation Data Sheet 3 3 0% 18-Aug-20 20-Aug-20
A0510 10-Day Notice as Required by Permit 10 10 0% 21-Aug-20 03-Sep-20
A1000 Surveying 5 5 0% 04-Sep-20 10-Sep-20
A1010 Set-up Erosion Control 5 5 0% 11-Sep-20 17-Sep-20
A1020 Set-up Traffic Control 5 5 0% 11-Sep-20 17-Sep-20
A1030 Install Turbidity Curtains 5 5 0% 18-Sep-20 24-Sep-20
A1040 Mobilize Barges 15 15 0% 04-Sep-20 24-Sep-20
A1050 Clearing & Grubbing 10 10 0% 25-Sep-20 08-Oct-20
A1060 Place Graded Solid Rock 60 60 0% 09-Oct-20 31-Dec-20
A1070 Asphalt 3 3 0% 01-Jan-21 05-Jan-21
A1080 Pavement Marking 2 2 0% 06-Jan-21 07-Jan-21
A1090 De-Mobilize 3 3 0% 08-Jan-21 12-Jan-21

19 26 02 09 16 23 30 06 13 20 27 04 11 18 25 01 08 15 22 29 06 13 20 27 03 10 17 4
0 August 2020 September 2020 October 2020 November 2020 December 2020 January 2021

12-Jan-21, 

Permit Received
Response to Navigation Data Sheet

10-Day Notice as Required by Permit
Surveying

Set-up Erosion Control
Set-up Traffic Control

Install Turbidity Curtains
Mobilize Barges

Clearing & Grubbing
Place Graded Solid Roc

Asphalt
Pavement Mark

De-Mobilize

Knox County - Emergency Slope Stabilization Classic Schedule Layout 27-Aug-20 07:45

Actual Work
Remaining Work

Critical Remaining Work
Milestone

Summary Page 1 of 1 TASK filter: All Activities
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Little River Slope Stabilization Monday Tuesday Wednesday Thursday Friday Monday Tuesday Wednesday Thursday Friday Monday Tuesday Wednesday Thursday Friday
Activity ID Activity Name Original Duration Start Finish 27-Feb 28-Feb 1-Mar 2-Mar 3-Mar 6-Mar 7-Mar 8-Mar 9-Mar 10-Mar 13-Mar 14-Mar 15-Mar 16-Mar 17-Mar

Total 18 27-Feb 16-Mar

Preconstruction Tasks 5 27-Feb 3-Mar
A Permit Received 1 27-Feb 27-Feb
B 3-Day Notice as Required by Permit 3 28-Feb 2-Mar
C Surveying 1 3-Mar 3-Mar

Procurement 8 6-Mar 15-Mar
D Procure Geotextile Fabric 3 6-Mar 8-Mar
E Procure Gravel 1 9-Mar 9-Mar
F Haul Graded Rock 3 13-Mar 15-Mar
G Procure Plants 1 13-Mar 13-Mar
H Mobilize Equipment 1 9-Mar 9-Mar

Installation 5 9-Mar 15-Mar
I Construct Temporary Entrance 1 9-Mar 9-Mar
J Clearing 2 9-Mar 10-Mar
K Install Geotextile Fabric 1 13-Mar 13-Mar
L Place Graded Rock 3 13-Mar 15-Mar
M Plant Vegetation 2 13-Mar 14-Mar

Restoration 1 16-Mar 16-Mar
N Reseed and Resod 1 16-Mar 16-Mar
O De-Mobilization 1 16-Mar 16-Mar
P Clean Up 1 16-Mar 16-Mar
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2023 HIGHWAY PREVAILING WAGE RATES 
Approved 

 
 

 
 

CLASSIFICATION 
CRAFT 

NUMBER   2023 

Blaster 1 26.29 
Bricklayer 2 18.95 
Carpenter/Leadsperson 3 24.35 
Class "A" Operators 4 27.37 
Class "B" Operators 5 24.99 
Class "C" Operators 6 26.22 
Class "D" Operators 7 24.71 
Concrete Finisher 8 22.61 
Drill Operator (Caisson) 9 38.56 
Electrician 10 35.59 
Farm Tractor Operator (Power Broom) 11 17.23 
Ironworkers Reinforcing 12 23.00 
Ironworkers (Structural) 13 22.45 
Large Crane Operator 14 28.78 
Mechanic (Class I) Heavy Duty 15 30.48 
Mechanic (Class II) Light Duty 16 28.22 
Painter/Sandblaster 17 35.05 
Skilled Laborer 18 23.09 
Survey Instrument Operator 19 29.44 
Sweeping Machine (Vacuum) Operator 20 23.96 
Truck Driver (2 axles) 21 22.63 
Truck Driver (3/4 axles) 22 23.19 
Truck Driver (5 or more axles) 23 27.97 
Unskilled Laborer 24 20.69 
Worksite Traffic Coordinator 25 27.59 

 
 

Effective Date: January 1, 2023 
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