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Project Background 
Oak Grove Subdivision (OGS) has requested the services of Lane Engineering, Inc (LEI), to 
review a portion of the existing permitted stormwater system (Pond 150) and develop 
recommendations for placement of erosion control measures. 
 
In order to provide an economically feasible alternative, OGS desires the placement of erosion 
control practices within Pond 150 which are isolated in their application to problem areas. 
Because these are not permanent, nor all encompassing erosion control measures, the 
suggested practices will require more frequent and vigilant observation and maintenance by 
OGS. 
 
These recommended erosion control measures may serve to retard the erosion already taking 
place within Pond 150, but will not be able to completely alleviate the erosion problem. 
 
Recommendations are based on sedimentation and erosion control best practices and South 
West Florida Water Management District (SWFWMD) guidance. 

Utilized Data 
Data utilized for the development of recommendations included Construction Drawings for 
Permit #4912855.007, As-built Drawings for Permit #4912855.007 (prepared by Polaris 
Associates, Inc.), As-Built Drawings for Permit #49012855.009, a January 2006 survey 
prepared by Cumbey & Fair of Pond 150 on behalf of Faller Davis & Associates, SWFWMD 
aerial map of Pond150 (taken during construction), Pasco County Property Appraisers Parcel 
Boundaries, GPS points collected June 26, 2007 and September 5, 2007 by LEI, and 
photographs taken April 20, 2006, June 26, 2007, and September 5, 2007 by LEI. 
 
Figure 1 shows the aerial and the 2006 Cumbey & Fair survey with Cross Sections A-A 
through F-F. Figure 2 is the Cumbey & Fair survey as provided to LEI by Cumbey & Fair. 

Observed Problem Areas 
In May 2007, Mr. Clay Black from SWFWMD met with OGS representatives (LEI was not 
present) and discussed SWFWMD desired improvements within Pond 150. Additionally, LEI 
met with OGS representatives on June 26, 2007 to observe the corrective actions SWFWMD 
felt were necessary and to discuss OGS Pond 150 project direction. 
 
The following is a brief description of the problem areas discussed June 26, 2007(updates 
observed on September 5, 2007 by LEI are provided in parenthesis): 
 

o Top of Bank (TOB) cover west of OGBLVD inlet to Oak Grove Boulevard; bare soil 
present with little to no vegetative cover. (Note during the September 5, 2007 field visit, 
LEI observed that sufficient rainfall had occurred to allow grass to grow cover this area). 

 
o Pond 150 Inlet at Oak Grove Boulevard (OGBLVD); 18” diameter pipe is not visible, 

standing water at outlet location potentially due to vegetation blocking flow path. (Note, 
during the September 5, 2007 field visit, sufficient vegetation had been removed by 
maintenance crews to view a portion of the 18” diameter concrete pipe, which appeared 
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to be in good condition. An area of erosion approximately 5 ft in length had formed past 
the concrete apron of the 18” diameter pipe inlet). 

 
o Makeshift stop log and fence post present in channel; it may be left in or removed at 

OGS discretion. 
 

o Ditch erosion between OGBLVD and Pond 150 inlet 150-3. A small sub-channel 
formation varying in width from 5’ to 15’ and sub-channel is 1’ to 3’ deeper than as-built 
channel invert. See Table 1 comparing the invert elevation of the channel bottom from 
Permit # 4912855.007 As-built drawing (April 2001) and Cumbey & Fair Survey Cross 
Sections (January 2006). 

 
o Pond 150 Inlet 150-6. Inlet 150-6 is near Cross Section D-D and serves the Victoria 

Wood Court drainage area. Pasco County has partially repaired this inlet with sand 
cement bags. Erosion continues outside the area of sand cement bags. 

 
o Pond 150 Inlet 150-3, Inlet 150-3 is near Cross Section F-F and serves the Portofino 

Drive drainage area. Erosion occurs at concrete apron outlet and baffle blocks on 
concrete inlet are broken.  Erosion continues outside the area of sand cement bags and 
some sand cement bags have been displaced. Erosion is occurring on the bank edge 
opposite the inlet.  

 
o Pond150 Inlet 150-8, Inlet 150-8 serves the Volterra Drive drainage area. Erosion at 

concrete apron outlet. Pasco County has partially repaired this inlet with sand cement 
bags. Erosion continues outside the area of sand cement bags. 

 
o General Pond 150 bank erosion.  

 
Figure 3 shows the locations discussed during the June 26, 2007 field visit with OGS. 
Appendix A provides representative photographs of each location. 

Design Goals and Direction 
The goal of these recommended measures and best management practices is to return the 
channel to as-built conditions where possible and create an environment where erosion may 
be reduced. This will be accomplished by the following mechanisms: 
 

1. Placing clean fill and re-grading the channel between inlet OGBLVD and Inlet 150-3 to 
as-built inverts. Most fill will be needed between Cross Section B-B and F-F. 

2. Placing riprap at the terminus of the Pond 150 inlets (OGBLVD, 150-3, 150-6, and 150-
8) existing concrete apron. This culvert outlet protection includes a level apron of 
sufficient length and width such that the velocity and energy from the stormwater flow 
may be reduced to decrease the erosion in the immediate area (and potentially 
downstream).  

3. Given the reduced OGS budget, it is not practical to provide a vegetative mat/lining for 
all Pond 150 banks receiving overland flow, or a non-vegetative lining for the main 
channel where velocities likely exceed 5 ft/sec. However, the surface area of the 
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channel and banks is provided for OGS future use should they choose to install bank 
and or channel protection. 

Evaluation Procedure and Results 

Goal #1 
Table 1 compares the invert elevation of the channel bottom from Permit # 4912855.007 As-
built drawing and the Cumbey & Fair Survey Cross Sections. The majority of the fill will be 
needed between Cross Section B-B and F-F. The amount of fill required to return the channel 
to as-built conditions was calculated by using the average end area volume method between 
cross sections. An estimated 345 cubic yards of earth fill are required to fill the sub-channel 
formed between cross section A-A and F-F. 

Goal #2 
The as-built information from Permit #49012855.007 and Permit #49012855.009 was used to 
approximate the tributary area to each Pond 150 inlet and, based on current observed 
conditions only, determine the estimated velocity and estimated peak design flow at each inlet. 
The Maryland Natural Resources Conservation Service (NRCS) Riprap Design Methods 
Design Guide was used to guide the selection of the riprap stone diameter and minimum riprap 
apron volume for a 25 year storm re-occurrence interval.  Table 2 provides the riprap stone 
diameter, size distribution (D50 and D100), minimum depth and area (length and width) at each 
inlet. The length of the apron is the distance parallel to the incoming inlet, the width of the 
apron is the distance perpendicular to the incoming inlet. 
 
D50 represents the average stone size and D100 represents the largest stone size. As an 
example, if the D50 of a rock mix is 12 inches, 50% of the stones will pass through a sieve with 
12- inch openings. The remaining rocks will be larger. Material that is well graded has a 
uniform distribution of sizes within a given minimum and maximum range. Void spaces 
between the larger rocks are filled with the smaller material and thus, void space is reduced. 
This results in a denser placement of riprap that is less likely to settle or move when under 
loads. These gradations are generally known by most quarries and contractors and should be 
utilized appropriately by those parties. 
 
Some excavation or fill may be required before the installation of the rock riprap. The top 
elevation of the rock riprap should be level with the intended elevation of the bottom of the 
pond or elevation of the concrete apron (if at pond bottom) to maintain the design storage 
volume. If the concrete apron elevation is above the pond bottom elevation, gently grade the 
required rip rap thickness from the concrete apron elevation to the pond bottom elevation.  
 
The minimum area of riprap has been adjusted in some areas to account for observed spots of 
erosion and limitations or extents (toe to toe distance) of the existing cross section. 
Specifically, the as-built channel and pond cross section will not be expanded to allow for 
installation of this riprap. The total adjusted volume of riprap is approximately 72 cubic yards. 
Depending on the source of the rip rap, the weight with allowance for voids will likely be 
between 104 (Lime rock from South Florida) and 123 tons (granite from North Florida).  
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Inlet 150-3 from Portofino Drive near Cross Section F-F has the most severe erosion including 
some bank erosion opposite of the inlet. In addition to applying riprap to the channel bottom, 
riprap may be stacked against the opposite bank at a slope not to exceed the natural angle of 
repose of the riprap type placed as determined by the contractor (should not exceed 1.5:1 H:V) 
and top height not to exceed 2 feet above the existing concrete apron bottom invert elevation. 
Based on visual observation only, fill may be needed to repair erosion and return this portion of 
the bank to near as-built conditions prior to placing riprap. No survey data was presented by 
Cumbey & Fair that categorized the observed extent of erosion near Inlet 150-3. It is 
recommended that rock riprap be used to reduce erosion in the immediate vicinity. OGS may 
wish to enlist the services of a structural engineer to design a retaining wall in this problem 
area which may exceed the erosion reducing capabilities of riprap placed at the outlet.  
 
In areas where Pasco County has already placed sand cement bags, that area may be 
incorporated into the required riprap apron area. 

Goal #3 
The Cumbey & Fair as-built survey was used to calculate the approximate surface area of the 
Pond 150 bank (the area between the invert of the channel (toe of slope) or pond bottom and 
the top of bank) and Pond 150 channel (the area between the channel toes of slope). Should 
OGS decide to install bank and/or channel stabilization measures, the locations and estimated 
quantities are as follows: 
 
The Pond 150 bank quantity was calculated between Cross Section A-A near Oak Grove 
Boulevard and the 150-8 Inlet from Volterra Court. The Pond 150 estimated bank area is 
approximately 86,000 square feet or 2 acres. 
 
The Pond 150 channel quantity was calculated between Cross Section A-A near Oak Grove 
Boulevard and Cross Section F-F near the 150-3 inlet off Portofino Drive. The Pond 150 
estimated channel area is approximately 9,000 square feet or 0.2 acres 

Potential Permitting 
These recommendations will not alter the function of the permitted stormwater system and as 
such should not require any modifications to the existing associated SWFWMD permits 
(#49012855.007 (Pond 150) and #49012855.009 (culverts and spillways into Pond 150). 
 
Specifically, since these recommendations are not structural modifications, or major alterations 
to Pond 150, and appear to meet the definition of a minor activity by SWFWMD, it is likely that 
only a Noticed General Permit, or no permit at all, will be required.  SWFWMD allows for the 
following minor activities under the General Permit to the Department to Conduct Minor 
Activities 40D-400.483: “associated construction activities…..including riprap within 200 ft of 
the structure” and “canal and bottom stabilization necessary to repair erosion damage and 
restore previously existing canal configurations, authorized repair methods include placement 
of riprap, sand cement toe walls, clean fill material, poured concrete, geotechnical  textiles, or 
other stabilization materials”. 
 
There is no cost for a Noticed General Environmental Resource Permit and only an application 
preparation is required for SWFWMD.  
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Once a course of action has been agreed upon by OGS, OGS should hold a pre-application 
meeting with SWFWMD to verify the submittal requirements.  

Construction Specifications 
Sample construction specifications are provided in Appendix B. 
 
Construction specifications are provided for riprap to be installed at each culvert inlet to Pond 
150. A contractor, or erosion control product company, may substitute an equal erosion control 
product if their engineer demonstrates that that product is applicable and provides the same or 
superior erosion control protection.  
 
Construction specifications are provided for earthfill to be used to fill the sub-channel or 
channel as needed.  
 
Vegetative matting may be installed at OGS financial ability along the banks of Pond 150. 
Vegetative cover is not recommended in the channel bottom as the estimated velocities are 
greater then 5 ft/sec.  
 
Inexpensive Fiber Logs, or a similar product, may serve as non-permanent, velocity reducing 
features within the flow channel arranged perpendicular to the flow path.  
 
Non-vegetative erosion control prevention, such as wire mesh gabion mattresses may be used 
along the bottom of the channel or the channel may be lined with fillable, interlocking block 
products. An example product is Geoweb Cellular Confinement System by Presto Products, 
but this is not an endorsement of that particular product.  Please note that with use of a 
product that uses cell infill material, geotextile fabric may be necessary. More detailed design 
will be needed for use of those products. 



   
 

Table 1 
Channel Invert Comparison 

Polaris Surveying (2001) Cumbey& Fair Survey Channel Invert (2006) Estimated Estimated
Cross Section As-Built Channel Invert Main Channel Invert*** Eroded Sub-channel Invert Deficient Area Average Deficient Area Distance between cross section

elevation (ft) elevation (ft) elevation (ft) ft2/LF ft2 ft ft3 yd3

A-A 59.8 60.7 59.6 0.0 0 0
B-B* 59.2 60.2 59.8 0.0 0.0 100 0 0
C-C* 59.8 59.3 57.5 11.5 11.5 100 1,150 43
D-D 58.0 58.5 56.4 17.6 14.6 100 1,455 54
E-E 57.9 57.5 54.8 24.3 21.0 100 2,095 78
F-F 58.4 55.0 54.1 68.0 46.2 100 4,615 171

*Sub-channel erosion starts after section B-B , the deficient area between B-B and C-C is the area at C-C 345
**Between D-D and E-E limited erosion; majority of erosion starts just west of Section F-F
***Where invert at toe varied across a section, average elevation taken

Fill Volume

 
 
Table 2  
Riprap Stone Specifications 

Inlet or Drainage Area Brief Description

Nearest 
Surveyed 

Cross 
Section

Approximate 
Drainage Area

Peak Flow 25 yr re-
occurrence 

interval D50 D100

Adjusted 
Apron 
Width

Adjusted 
Apron 
Length

Adjusted 
Volume of 

Riprap
ID acres cfs inches inches inches ft ft ft cu yd

150-3 Portofino Dr F-F 4.02 22.9 10 15 22.5 1.9 24 24 40.0
North Overland Flow (nof) North side of STMWTR pond 1.39 6.8
West Overland Flow (wof) West side of STMWTR pond 2.38 11.7
150-6 Victoria Wood Court D-D 2.59 14.7 6 9 13.5 1.1 14 22 12.8
150-8 Volterra Court None 3.18 18.0 6 9 13.5 1.1 20 12 10.0
OGBLVD OGBLVD A-A 4.89 29.5 10 15 22.5 1.9 6 22 9.2
D50 is the average stone size in a graded mix of riprap 72.0
D100 is the largest stone size in a mix and is typically 1.5 times the average stone size

Calculated Riprap Sizing for 25 yr Re-occurrence Interval

Thickness (Depth) of Riprap
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Appendix A 
Representative Photographs 



   
 

 

 
OGBLVD Inlet June 2007 
 

 
OGBLVD Inlet September 2007 



   
 

 
Sub-Channel Formation June 2007 
 

 
Sub-Channel Formation September 2007 
 



   
 

 
150-6 Inlet June 2007 
 

 
150-6 Inlet September 2007 
 



   
 

 
150-3 Inlet June 2007 
 

 
150-3 Inlet September 2007 
 



   
 

 
150-8 Inlet June 2007 
 

 
150-8 Inlet September 2007 
 



   
 

 
Representative Bank Erosion 
 

 
Makeshift Weir 
 



   
 

Appendix B 
Construction Specifications 



   
 

 Construction Specification—Rock Riprap 
 
 
1. Scope 
The work shall consist of the construction of rock riprap revetments and blankets, including filter or bedding 
where specified. 
 
2. Material 
Rock riprap shall conform to the requirements of Material Specification 523, Rock for Riprap, or if so specified, 
shall be obtained from designated sources. It shall be free from dirt, clay, sand, rock fines, and other material not 
meeting the required gradation limits. 
 
At least 30 days before rock is delivered from other than designated sources, the contractor shall designate in 
writing the source from which rock material will be obtained and provide information satisfactory to the 
contracting officer that the material meets contract requirements. The contractor shall provide the contracting 
officer's technical representative (COTR) free access to the source for the purpose of obtaining samples for 
testing. The size and grading of the rock shall be as specified in section 8. 
 
Rock from approved sources shall be excavated, selected, and processed to meet the specified quality and grading 
requirements at the time the rock is installed. 
 
Based on a specific gravity of 2.65 (typical of limestone and dolomite) and assuming the individual rock is shaped 
midway between a sphere and a cube, typical size/weight relationships are: 
 

Sieve size Approx. weight Weight of 
 of rock  of rock  test pile 

16 inches 300 pounds 6,000 pounds 
11 inches 100 pounds 2,000 pounds 
  6 inches 15 pounds  300 pounds 

 
The results of the test shall be compared to the gradation required for the project. Test pile results that do not meet 
the construction specifications shall be cause for the rock to be rejected. The test pile that meets contract 
requirements shall be left on the job site as a sample for visual comparison. The test pile shall be used as part of 
the last rock riprap to be placed. 
 
Filter or bedding aggregates when required shall conform to Material Specification 521, Aggregates for 
Drainfill and Filters, unless otherwise specified. Geotextiles shall conform to Material Specification 592, 
Geotextile. 
 
3. Subgrade preparation 
The subgrade surface on which the rock riprap, filter, bedding, or geotextile is to be placed shall be cut or filled 
and graded to the lines and grades shown on the drawings or otherwise indicated. When fill to subgrade lines is 
required, it shall consist of approved material and shall conform to the requirements of the specified class of 
earthfill. 
 
Rock riprap, filter, bedding, or geotextile shall not be placed until the foundation preparation is completed and the 
subgrade surface has been inspected and approved. 
 
4. Equipment-placed rock riprap 



   
 

The rock riprap shall be placed by equipment on the surface and to the depth specified. It shall be installed to the 
full course thickness in one operation and in such a manner as to avoid serious displacement of the underlying 
material. The rock for riprap shall be delivered and placed in a manner that ensures the riprap in place is 
reasonably homogeneous with the larger rocks uniformly distributed and firmly in contact one to another with the 
smaller rocks and spalls filling the voids between the larger rocks. Some hand placing may be required to provide 
a neat and uniform surface. 
 
Rock riprap shall be placed in a manner to prevent damage to structures. Hand placing is required as necessary to 
prevent damage to any new and existing structures. 
 
5. Hand placed rock riprap 
The rock riprap shall be placed by hand on the surface and to the depth specified. It shall be securely bedded with 
the larger rocks firmly in contact one to another without bridging. Spaces between the larger rocks shall be filled 
with smaller rocks and spalls. Smaller rocks shall not be grouped as a substitute for larger rock. Flat slab rock 
shall be laid on its vertical edge except where it is laid like paving stone and the thickness of the rock equals the 
specified depth of the riprap course. 
 
6. Filter or bedding 
When the contract specifies filter, bedding, or geotextile beneath the rock riprap, the designated material shall be 
placed on the prepared subgrade surface as specified. Compaction of filter or bedding aggregate is not required, 
but the surface of such material shall be finished reasonably smooth and free of mounds, dips, or windrows. 
 
7. Measurement and payment 
 
For items of work for which specific unit prices are established by the contract, the volume of each type of rock 
riprap is measured within the specified limits and computed to the nearest cubic yard by the method of average 
cross-sectional end areas. 
 
Payment is made at the contract unit price for each type of rock riprap, including geotextile used for filter or 
bedding. Such payment is considered full compensation for completion of the work. 
 
Compensation for any item of work described in the contract, but not listed in the bid schedule, is included in the 
payment for the item of work to which it is made subsidiary. Such items and the items to which they are made 
subsidiary are identified in section 8. 
 
No separate payment is made for testing the gradation of the test pile. Compensation for testing is included in the 
appropriate bid item for riprap. 
 
8. Items of work and construction details  
 
Rock riprap shall be installed and hand placed at the location, dimension and quantities set forth in Table 2 of this 
report. Fill and or excavation may be required so that the top elevation of the rock riprap is level, or nearly so, 
with the intended design elevation which is represented by the bottom of the pond or concrete apron at inlets. 



   
 

Material Specification 523—Rock for Riprap 
 
 
1. Scope 
This specification covers the quality of rock to be 
used in the construction of rock riprap. 
 
2. Quality 
Individual rock fragments shall be dense, sound, 
and free from cracks, seams, and other defects 
conducive to accelerated weathering. Except as 
otherwise specified, the rock fragments shall be 
angular to subrounded. The least dimension of an 
individual rock fragment shall be not less than one-
third the greatest dimension of the fragment. 
ASTM D 4992 provides guidance on selecting rock 
from a source. 
 
Except as otherwise provided, the rock shall be 
tested and shall have the following properties: 
Rock type 1 

• Bulk specific gravity (saturated surface-dry 
basis)—Not less than 2.5 when tested in 
accordance with ASTM C 127 on samples 
prepared as described for soundness testing. 

• Absorption—Not more than 2 percent when 
tested in accordance with ASTM C 127 on 
samples prepared as described for soundness 
testing. 

• Soundness—The weight loss in 5 cycles shall 
not be more than 10 percent when sodium 
sulfate is used or more than 15 percent when 
magnesium sulfate is used. 

 
Rock type 2 

• Bulk specific gravity (saturated surface-dry 
basis)—Not less that 2.5 when tested in 
accordance with ASTM C 127 on samples 
prepared as described for soundness testing. 

• Absorption—Not more than 2 percent when 
tested in accordance with ASTM C 127 on 
samples prepared as described for soundness 
testing. 

• Soundness—The weight loss in 5 cycles shall 
be not more than 20 percent when sodium 
sulfate is used or more than 25 percent when 
magnesium sulfate is used. 

 

Rock type 3 
• Bulk specific gravity (saturated surface-dry 

basis)—Not less than 2.3 when tested in 
accordance with ASTM C 127 on samples 
prepared as described for soundness testing. 

• Absorption—Not more than 4 percent when 
tested in accordance with ASTM C 127 on 
samples prepared as described for soundness 
testing. 

• Soundness—The weight loss in 5 cycles shall 
be not more than 20 percent when sodium 
sulfate is used or more than 25 percent when 
magnesium sulfate is used. 

 
3. Methods of soundness testing 
Rock cube soundness—The sodium or magnesium 
sulfate soundness test for all rock types (1, 2, or 3) 
shall be performed on a test sample of 5,000 ± 300 
grams of rock fragments, reasonably uniform in size 
and cubical in shape, and weighing, after sampling, 
about 100 grams each. They shall be obtained from 
rock samples that are representative of the total rock 
mass, as noted in ASTM D 4992, and that have been 
sawed into slabs as described in ASTM D 5121. The 
samples shall further be reduced in size by sawing the 
slabs into cubical blocks. The thickness of the slabs 
and the size of the sawed fragments shall be 
determined by the size of the available test apparatus 
and as necessary to provide, after sawing, the 
approximate 100-gram samples. The cubes shall 
undergo five cycles of soundness testing in 
accordance with ASTM C 88. 
 
Internal defects may cause some of the cubes to break 
during the sawing process or during the initial soaking 
period. Do not test any of the cubes that break during 
this preparatory process. Such breakage, including an 
approximation of the percentage of cubes that break, 
shall be noted in the test report. 
 
After the sample has been dried following completion 
of the final test cycle and washed to remove the 
sodium sulfate or magnesium sulfate, the loss of 
weight shall be determined by subtracting from the  



   
 

original weight of the sample the final weight of all 
fragments that have not broken into three or more 
fragments. 
 
The test report shall show the percentage loss of 
the weight and the results of the qualitative 
examination. 
 
Rock slab soundness—When specified, the rock 
shall also be tested in accordance with ASTM D 
5240. Deterioration of more than 25 percent of the 
number of blocks shall be cause for rejection of 
rock from this source. Rock shall also meet the 
requirements for average percent weight loss stated 
below. 

• For projects located north of the Number 20 
Freeze-Thaw Severity Index Isoline (fig. 
523–1). Unless otherwise specified, the 
average percent weight loss for Rock Type 1 
shall not exceed 20 percent when sodium 
sulfate is used or 25 percent when magnesium 
sulfate is used. For Rock Types 2 and 3, the 
average percent weight loss shall not exceed 
25 percent for sodium sulfate soundness or 30 
percent for magnesium sulfate soundness. 

• For projects located south of the Number 20 
Freeze-Thaw Severity Index Isoline, unless 
otherwise specified, the average percent 
weight loss for Rock Type 1 shall not exceed 
30 percent when sodium sulfate is used or 38 
percent when magnesium sulfate is used. For 
Rock Types 2 and 3, the average percent 
weight loss shall not exceed 38 percent for 
sodium sulfate soundness or 45 percent for 
magnesium sulfate soundness. 

 
4. Field durability inspection 
Rock that fails to meet the material requirements 
stated above (if specified), may be accepted only if 
similar rock from the same source has been 
demonstrated to be sound after 5 years or more of 
service under conditions of weather, wetting and 
drying, and erosive forces similar to those 
anticipated for the rock to be installed under this 
specification. 
 
A rock source may be rejected if the rock from that 
source deteriorates in 3 to 5 years under similar use 
and exposure conditions expected for the rock to be 
installed under this specification, even though it 

meets the testing requirements stated above. 
 
Deterioration is defined as the loss of more than one-
quarter of the original rock volume, or severe 
cracking that would cause a block to split. 
Measurements of deterioration are taken from linear 
or surface area particle counts to determine the 
percentage of deteriorated blocks. Deterioration of 
more than 25 percent of the pieces shall be cause for 
rejection of rock from the source. 
 
5. Grading 
The rock shall conform to the specified grading limits 
after it has been placed within the matrix of the rock 
riprap. Grading tests shall be performed, as necessary, 
according to ASTM D 5519, Method A, B, or C, as 
applicable. 



   
 

Construction Specification—Earthfill 
 
1. Scope 
The work consists of the construction of earth embankments, other earthfills, and earth backfills 
required by the drawings and specifications. 
 
Earth backfill is composed of natural earth material placed and compacted in confined spaces or 
adjacent to structures (including pipes) by hand tamping, manually directed power tampers or 
vibrating plates, or their equivalent. 
 
2. Material 
 
Fill materials shall contain no frozen soil, sod, brush, roots, or other perishable material. Rock 
particles larger than the maximum size specified for each type of fill shall be removed prior to 
compaction of the fill. 
 
The types of material used in the various fills shall be as listed and described in the specifications 
and drawings. 
 
3. Placement 
 
Hand compacted earth backfill shall be placed in layers whose thickness before compaction does 
not exceed the maximum thickness specified for layers of earth backfill compacted by manually 
directed power tampers. 
 
Earth backfill shall be placed in a manner that prevents damage to any nearby structures and 
allows the structures to assume the loads from the earth backfill gradually and uniformly. The 
height of the earth backfill adjacent to a structure shall be increased at approximately the same 
rate on all sides of the structure. 
 
Earthfill and earth backfill in dams, levees, and other structures designed to restrain the 
movement of water shall be placed to meet the following additional requirements: 

(a) The distribution of materials throughout each zone shall be essentially uniform, and the 
earthfill shall be free from lenses, pockets, streaks, or layers of material differing 
substantially in texture, moisture content, or gradation from the surrounding material. 
Zone earthfills shall be constructed concurrently unless otherwise specified. 

(b) If the surface of any layer becomes too hard and smooth for proper bond with the 
succeeding layer, it shall be scarified parallel to the axis of the fill to a depth of not less 
than 2 inches before the next layer is placed. 

(c) The top surface of embankments shall be maintained approximately level during 
construction with two exceptions: A crown or cross-slope of about 2 percent shall be 
maintained to ensure effective drainage, or as otherwise specified for drainfill or 
sectional zones. 

(d) Dam embankments shall be constructed in continuous layers from abutment to abutment 
except where openings to facilitate construction or to allow the passage of streamflow 
during construction are specifically authorized in the contract. 

(e) Embankments built at different levels as described under (c) or (d) above shall be 
constructed so that the slope of the bonding surfaces between embankment in place and 



   
 

embankment to be placed is not steeper than 3 feet horizontal to 1 foot vertical. The 
bonding surface of the embankment in place shall be stripped of all material not meeting 
the requirements of this specification and shall be scarified, moistened, and 
recompacted when the new earthfill is placed against it. This ensures a good bond with 
the new earthfill and obtains the specified moisture content and density at the contact of 
the inplace and new earthfills. 

 
4. Control of moisture content 
During placement and compaction of earthfill and earth backfill, the moisture content of the 
material being placed shall be maintained within the specified range. 
 
The application of water to the earthfill material shall be accomplished at the borrow areas insofar 
as practicable. Water may be applied by sprinkling the material after placement on the earthfill, if 
necessary. Uniform moisture distribution shall be obtained by disking. 
 
Material that is too wet when deposited on the earthfill shall either be removed or be dried to the 
specified moisture content prior to compaction. 
 
If the top surface of the preceding layer of compacted earthfill or a foundation or abutment 
surface in the zone of contact with the earthfill becomes too dry to permit suitable bond, it shall 
either be removed or scarified and moistened by sprinkling to an acceptable moisture content 
before placement of the next layer of earthfill. 
 
6. Compaction 
 
Earth backfill—Earth backfill adjacent to structures shall be compacted to a density equivalent 
to that of the surrounding inplace earth material or adjacent required earthfill or earth backfill. 
Compaction shall be accomplished by hand tamping or manually directed power tampers, plate 
vibrators, walk-behind, miniature, or self-propelled rollers. Unless otherwise specified heavy 
equipment including backhoe mounted power tampers or vibrating compactors and manually 
directed vibrating rollers shall not be operated within 2 feet of any structure. Towed or self-
propelled vibrating rollers shall not be operated within 5 feet of any structure. Compaction by 
means of drop weights operating from a crane or hoist is not permitted. 
 
The passage of heavy equipment will not be allowed: 

• Over cast-in-place conduits within 14-days after placement of the concrete  
• Over cradled or bedded precast conduits within 7 days after placement of the concrete 

cradle or bedding 
• Over any type of conduit until the backfill has been placed above the top surface of the 

structure to a height equal to one-half the clear span width of the structure or pipe or 2 feet, 
whichever is greater, except as may be specified in section 10. 

 
Compacting of earth backfill adjacent to structures shall not be started until the concrete has 
attained the strength specified in section 10 for this purpose. The strength is determined by 
compression testing of test cylinders cast by the contractor's quality control personnel for this 
purpose and cured at the work site in the manner specified in ASTM C 31 for determining when a 
structure may be put into service. 
 
When the required strength of the concrete is not specified as described above, compaction of 



   
 

earth backfill adjacent to structures shall not be started until the following time intervals have 
elapsed after placement of the concrete. 
 
Structure Time interval 
  (days) 
 
Vertical or near-vertical walls with earth loading on one side only 14 

Walls backfilled on both sides simultaneously 7 

Conduits and spillway risers, cast-in-place (with inside forms in place) 7 

Conduits and spillway risers, cast-in-place (inside forms removed) 14 

Conduits, pre-cast, cradled 2 

Conduits, pre-cast, bedded 1 

Cantilever outlet bents (backfilled both sides simultaneously) 3 
 
 
7. Reworking or removal and replacement of defective earthfill 
Earthfill placed at densities lower than the specified minimum density or at moisture contents 
outside the specified acceptable range of moisture content or otherwise not conforming to the 
requirements of the specifications shall be reworked to meet the requirements or removed and 
replaced by acceptable earthfill. The replacement earthfill and the foundation, abutment, and 
earthfill surfaces upon which it is placed shall conform to all requirements of this specification 
for foundation preparation, approval, placement, moisture control, and compaction. 
 
8. Testing 
During the course of the work, the engineer will perform quality assurance tests required to 
identify material; determine compaction characteristics; determine moisture content; and 
determine density of earthfill in place. Tests performed by the engineer will be used to verify that 
the earthfills conform to contract requirements of the specifications and not as a replacement for 
the contractor's quality control program. 
 
Densities of earthfill requiring Class A compaction will be determined in accordance with ASTM 
D 1556, D 2167, D 2922, or D 2937 except that the volume and moist weight of included rock 
particles larger than those used in the compaction test method specified for the type of fill will be 
determined and deducted from the volume and moist weight of the total sample before 
computation of density or, if using the nuclear gauge, added to the specified density to bring it to 
the measure of equivalent composition for comparison (See ASTM D 4718). The density so 
computed is used to determine the percent compaction of the earthfill matrix. Unless otherwise 
specified, moisture content is determined by one of the following methods: ASTM D 2216, D 
3017, D 4643, D 4944, or D 4959. 
 
9. Measurement and payment 
For items of work for which specific unit prices are established in the contract, the volume of 
each type and compaction class of earthfill and earth backfill within the specified zone boundaries 
and pay limits is measured and computed to the nearest cubic yard by the method of average 
cross-sectional end areas. Unless otherwise specified in section 10, no deduction in volume is 
made for embedded items, such as, but not limited to, conduits, inlet structures, outlet structures, 
embankment drains, sand diaphragm and outlet, and their appurtenances. 



   
 

 
The pay limits shall be as defined below, with the further provision that earthfill required to fill 
voids resulting from overexcavation of the foundation, outside the specified lines and grades, will 
be included in the measurement for payment only under the following conditions: 

• Where such overexcavation is directed by the engineer to remove unsuitable material, and  
• Where the unsuitable condition is not a result of the contractor's improper construction 

operations as determined by the engineer.  
 
Earthfill beyond the specified lines and grades to backfill excavation required for compliance 
with OSHA requirements will be considered subsidiary to the earthfill bid item(s). 
 
Payment for each type and compaction class of earthfill and earth backfill is made at the contract 
unit price for that type and compaction class of earthfill. Such payment will constitute full 
compensation for all labor, material, equipment, and all other items necessary and incidental to 
the performance of the work. 
 
Compensation for any item of work described in the contract, but not listed in the bid schedule is 
included in the payment for the item of work to which it is made subsidiary. Such items and the 
items to which they are made subsidiary are identified in section 10 of this specification. 
 
10.  Items of work and construction details  
 
Earthfill shall be installed and hand compacted to a density equivalent to that of the 
surrounding inplace earth material or adjacent required earthfill or earth backfill at the 
location and quantities set forth in Table 1 of this report and as needed to properly place rock 
riprap. Fill, and or excavation, may be required so that the top elevation of the rock riprap is level, 
or nearly so, with the intended design elevation which is represented by the bottom of the pond or 
concrete apron at inlets. 
 


