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Appendix E Rock Riffle Structure Design
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This section summarizes key decisions and discussion points from project meetings.
1. Rock Riffle Structure Design

a. Standard design guidance from the MnDNR for the structure was given to Moore
at the onset of the project. This was given in both verbally and written, referencing
the Reconnecting Rivers document [3].

i. Bedgrade<=3%
ii. 15foot — 30-foot pools
iii. Use the 2/3/2 design

1. Rather than a single arch, this is a modified design with 2 arches in
one weir then 3 in the next then back to 2 in the following. This
allows the sag of one arch to rest on the crest of the next. It also
provides more resting areas for the fish.

2. The geometry of the 2/3/2 design was reviewed and approved by
the MnDNR during the 60% design review meeting.

iv. All fish passage gaps are 2 feet — 3 feet wide and perpendicular to the flow
v. There is a maximum of 0.6 feet of head loss per weir

vi. A 1.5% slope is used along the cross section of the weir on either side of
the flat low flow channel.

vii. The base riprap is all the same gradation with extents up to the 100-yr
event. Below the base riprap is a bedding for MnDOT Class 2 riprap.

1. The gradation sizing can be seen in Appendix D

2. Both gradations of riprap are to be mixed with a well graded mix of
aggregate varying from the no. 40 sieve up to 3-inch stones and
applied as a single, well-mixed building material to form a solid, no-
void ramp. The mix of aggregate should be such that it is not blown
out of the riprap by the rivers current but instead forces flow over
the riprap. Excess channel excavation can be used for filling voids
with engineers’ approval. Some contractors have estimated the gty
to be near 1 cy of well graded mix of aggregate to 1 cy of riprap.
Engineer may require additional aggregate mix to be installed. The
well graded mix of aggregate is considered incidental to riprap.

b. The Dam weir geometry, low flow width, and channel width was created through
iterations of modeling to be near, but not above, the existing conditions models.
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c. The Dam banks are sloped at 4:1 upstream of the crossing then transition closer
to 3:1 as they tie into the existing Minnow Pond Road on the north bank.

2. Dam Runnout Elevation

a. The runout elevation of the Dam was determined by MnDNR per an email to Garret
Monson from Paul LeClaire on 09/30/2024. The body of the email is below:

“Amanda informed me that you were asking about the current lake level on Melissa and how
that relates to the levels at Buck’s Mill Dam. | did stop out at the Dam site after our meeting last
week. | didn’t have survey equipment with me, but based on the gage reading at the Dam site
and some investigation | did after getting back to my desk, it looks like the water level at the
Dam was approximately 0.2 feet above the lake runout elevation on Wednesday last week.

Below | have a quick summary of how | came to that conclusion.
- The runout elevation for the Dam (from MnDNR Lakes DB) is 1327.51 ft, NGVD 29.

- The gage reading on the abutment on Wednesday was about 4.7 ft. The zero elevation
from that gage (also from the MnDNR Lakes DB) is 1323.05 ft, NGVD 29. Therefore, the
elevation of the lake today was approximately 1327.75 ft, NGVD 29 (1323.05+4.7). Or,
about 0.2 feet above the runout elevation.

- Based on what | observed for the water level over the Dam, it seemed as though the two
tenths of depth over the Dam crest matched well with the elevations provided in the
previous two bullets. That is, what was out there on Wednesday for a Dam crest is likely
what the runout elevation will be for the constructed rapids. “

b. This means the runout elevation of 1327.51ft NGVD 29 from MnDNR Lakes DB is
correct. To convert this elevation, Chris Heyer with MEI sent the following email on
10/30/2024:

“The conversion from 88 to 29 datum for lake melissa is subtract 1.10 feet from 88 to get to 29
datum. Likewise to relate the 29 datum on Lake Melissa to 1912 datum on Pelican you add 0.58
feet to 29 datum. This is based on the information posted for the benchmark on the Dam that
we shot per DNR:

Elevation: 1330.4 ft Datum: NGVD 29 (ft)
Date Set: 01/29/1970 Location: T138R41S31

Description: Found 2004. USGS disk in left end of right upstream abutment of Buck's Mill outlet
Dam on Mill Lake (3-377). [Note: Add 0.58 feet to NGVD 1929 elevations to equate to MSL
1912.] [Note: Elevation = 1331.50 NAVD 88 as per GPS survey 3/4/15.]"
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c. Using the elevation from Paul of 1327.51ft in NGVD 29, we can convert the
elevation to NAVD 88 as follows: 1327.51 feet NGVD 29 + 1.1 feet = 1328.61 feet
NAVD 88 Runout Elevation

d. In addition to the information provided by Paul LeClaire, Rodger Hemphill emailed
Garret with additional documentation from 2005 on 11/20/24. The email’s body is
below which references the document Requisition for Surface
Water/Hydrographic Services Req. No. 2005-10.

“Paul’s numbers look to be correct with the information we have for the runout elevation of the
Dam. You asked for documentation we have on file to confirm so | am attaching the 2005
survey for Mill Lake or Mill Pond (it is listed as both names) that shows the shots taken then.”

e. This document (attached to this Appendix) states the runout elevation is 1327.51
feet in NGVD 29, with survey data to support. It also goes into OHW calcs for both
Lake Melissa and Mill Pond. This elevation is the same as was provided by Paul
from the MnDNR Lakes DB.

f. Based on these two reference points, the runout elevation of the Buck’s Mill is
1328.61 feet in NAVD 88.

Engineer’s Report — Buck’s Mill Dam — Becker County, Minnesota Page C-8



Appendix F Road Crossing Design
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This section summarizes key decisions and discussion points from project meetings.

3. Road Design

a. Per conversations with the Township in October — November 2024, Becker County
standards are to be used as the baseline for the design criteria. These two
documents from Becker County are referenced below and part of this Appendix:

i. Zoning Ordinance of Becker County (Dated 12072023)

1. Section 8-93 referencing “Township Roads”

a.

b.

Minimum grade is 0.5%
Maximum grade is 8.0% per Table 8-2

Horizontal Alignment — Minimum Radii of Center Line is 100
feet per Table 8-3

Vertical Alignment — Minimum Parabolic Curve Length is 50
feet per Table 8-4

ii. Becker County General Requirements for Construction of Public Road In

Sub-Divisions

1. See Appendix A within the Sub-Division doc, referencing the “Class
MB" Road"

a.

*24 foot graded to width (Moore modified the width to 10
foot lanes and 4 foot shoulders per MR 8820.9922, Subp. 4

(b))

*3:1 inslopes (Moore modified the inslopes to 4:1 within the
10-foot clear zone per MR 8820.9922, Subp. 4 (g). The
inslopes past the clear zone were modified to 2:1 past the
10-foot clear zone)

2-foot ditch separation
4-foot ditch bottom
3:1 backslopes

*3-inch aggregate surface at 1,170 cubic yards per mile
(Township modified to 8-inch aggregate surface)

* Becker County standards that were modified, as noted.
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b. Pedestrian access and parking were part of the original plan when this project was
started by the MnDNR. Public access has historically been from the north but will
be from the southern bank after construction. The Township requested parallel
parking stalls, a minimum of 10 feet wide.

c. Surfacing along the road inslope was requested to be 2" crushed granite, by the
Township. They have had success with this material in other locations frequented
by the public for fishing.

d. Special provision requested by the Township — The Contractor is to have haul
routes approved with Township supervisors prior to construction. All damage to
haul roads must be repaired by the Contractor. Dust control is the responsibility of
the Contractor along the haul route.

e. Based on a 30 mph design speed and the existing approach grades, a single
vertical curve was selected at the culvert crossing to optimize both headlight sight
distance and comfort sight distance, while also maintaining minimum fill depth
over the proposed box culverts.

According to MnDOT's Facility Design Guide:

i. The goal K-value for headlight sight distance at 30 mph is 36 (Figure 5:3-
4.04C), and

ii. The goal K-value for comfort sight distance is 19 (Figure 5:3-4.04D)

The proposed design uses a vertical curve length of 225 feet, resulting in a K-value
of approximately 29.6. Although slightly below the headlight sight distance
recommendation, this design exceeds the comfort criterion and is a significant
improvement over the existing profile, which has a sharper grade break and lower
K-value.

Several site-specific factors support this deviation from MnDOT's target K-value:

i. The roadway is a low-volume township road (ADT < 150) with a posted
speed of 30 mph, reducing the likelihood of nighttime, high-speed travel.

ii.  The horizontal alignment is nearly straight, improving forward visibility
through the sag.

iii.  Forgiving roadside slopes (4:1) and the absence of fixed hazards
enhance roadside safety.

iv.  Extending the curve to meet K=36 would require raising the roadway
profile, leading to longer culverts, deeper fills, and higher construction
costs without meaningful safety benefit.
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The proposed vertical curve represents a context-sensitive solution that balances
safety, drainage, ride comfort, and cost, and is appropriate for the rural setting and
roadway classification.

4. Culvert Design

a. The MnDNR’s contract with Moore was to install box culverts as part of this
project. Installing box culverts was decided on before Moore became involved so
this report cannot speak to that decision.

i. The MnDNR requested Moore contact the Becker County Engineer to
discuss a bridge option. The DNR would like to investigate a bridge instead
of box culverts for two main reasons. One being a potentially lower cost
than box culverts, the other being improved fish passage. The Township
does not want to take on a crossing other than the planned RCB crossing.
A meeting to discuss this was held virtually on 01/21/2025 with Brian
Shepard.

1. Ultimately, the MnDNR did not want to move forward with a bridge
option.

ii. The MnDNR requested the Township gather information from residents if
there was interest in abandoning the road and removing the crossing.

1. In early 2025, the Township gathered resident feedback and
ultimately voted not to abandon the road. No petitions were brought
to the board for road abandonment as of the time this report was
written.

b. The MnDNR did not want more than 2 main culverts for fish passage purposes.

c. The culverts were upsized to meet the MnDNR’s criteria of 2.5 — 3 fps during
bankfull conditions.

d. The 2 main culverts were sunk 1 foot below the invert to allow for an aggregate
base for fish passage.

e. The weirs were designed to allow for standing water in the culverts for fish
passage.

f. The MnDNR proposed adding perched floodplain culverts to improve flood flow
and fish passage.

i. Perdirection from the MnDNR, the culverts were perched 1.5 feet — 2.5 feet
above the channel bottom.
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Appendix G Geotechnical Report
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Appendix H Cost Estimate — Dam
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Appendix | Cost Estimate - Road
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