From: bill roush

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Please deny Sand dredging permits for the Kansas City Reach of the Missouri River
Date: Thursday, April 16, 2020 1:23:02 PM

Mr. Matt Shively,

I am writing to request that USACE act on the conclusions of the Mo River-Bed Degradation Technical Report,
dated May 17th 2017 and eliminate sand dredging on the Kansas City reach of the river.

Sand dredging causes river bed degradation. Bed degradation negatively impacts water quality, habitat, wetlands,
navigation structures, levees and floodwalls, bridges, water supply-intakes, and other infrastructure.

Results from the study estimate expenses (investments and repairs) in the amount of $269 million (fiscal year 2017
dollars) to adjust for degradation and low-water-surface elevations over a 50-year period.

The average annual estimated cost to public infrastructure would be $5.3 million.

I would think there are other places to get sand, like old river loops and oxbow curves with less damage and cost to
the environment and our drinking water supply.

Best,
Bill Roush



From: Cathy Matlack

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Sand Dredging Permit renewal
Date: Monday, April 20, 2020 4:08:14 PM

Hello Mr. Shively,

I’ve recently learned that sand dredging permits for the Missouri river-bed are up for renewal and I’d like to urge the
Army Corps of Engineers to take into serious consideration the feasibility study that concluded with a technical
report issued in May of 2017.

The report concluded that sand dredging is responsible for the Missouri Riverbed degradation causing water quality,
habitat, wetlands and infrastructure problems. It is always a challenge for public entities to balance the demands of
economic and commercial advantages with the impacts of current and future environmental concerns. In addition to
the above mentioned concerns, the river-bed degradation also impacts navigation structures, levees and floodwalls,
bridges, water supply-intakes and other infrastructure. These are huge costs and concerns for the water quality and
water needs for Kansas City now and for years to come.

Please add my voice to those encouraging the Army Corps of Engineers to not renew sand dredging permits on the
Kansas City stretch of the Missouri River.

Thank you,
Cathy Matlack

7225 Brockway
Shawnee, KS



From: Joey Shondell

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Kansas City Sand dredging-MO River
Date: Tuesday, April 21, 2020 11:17:52 AM

Morning,

I want to submit a comment to request that USACE act on the conclusions of the Mo River bed degradation
technical report dates May 17th 2017 and ban sand dredging on the Kansas City reach of the MO River.

As you know, sand dredging degrades vertebrate habitat, releases toxins and eliminates more land on the River
banks.

Thank you,

Joey Shondell

Joey Shondell
West Campus Prairie Restoration
KU Environmental Studies/Journalism



From: Scott Perkins

To: Shively, Matthew S CIV USARMY CENWK (USA

Subject: [Non-DoD Source] Permit Renewals for DREDGING on the lower Missouri River
Date: Saturday, April 25, 2020 7:18:46 AM

PUBLIC COMMENT:

I am a five time participant in the MR-340 paddle event from Kaw Point, KS to St. Charles, MO. I have paddled
over 2,500 miles on the MO River in training and participation in the MR-340 events. I have directly observed the
operation of dredges, barges and the associated mining and aggregate transport operations along the river bank. I
have also directly observed the changes to the steam banks and associated infrastructure in the tributaries to the MO
River.

Based upon my personal observations and the data presented, I support the findings in the Mo River-Bed
Degradation Technical Report, dated May 17th 2017.

The alternative that would result in the greatest positive NED benefit is the reduction
or elimination of commercial sand and gravel mining in the Kansas City reach of the MO River.

Scott Perkins
24614 W. 97th Ter.
Lenexa, KS 66227

Please acknowledge receipt of this public comment with an email reply.
Thank you
Scott Perkins



From: Fred Schoell

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Dredgers Permit Renewal, 2020
Date: Wednesday, April 29, 2020 7:25:17 PM

April 28th, 2020

VIA EMAIL AND U.S. MAIL

Matt Shively, Regulatory Project Manager matthew.s.shively@usace.army.mil
<mailto:matthew.s.shively@usace.army.mil>

U.S. Army Corps of Engineers

Kansas City Regulatory Office

601 East 12th Street

Kansas City, MO 64106

RE: Comments on Missouri River Commercial Dredgers Permit Renewal.

Ladies and Gentlemen:

On behalf of myself I am writing in response to the Public Notice dated March 18, 2020, concerning the renewal of
permits for Missouri River Commercial Dredgers. I, C Fred Schoell requests the denial of the commercial dredging
permit renewal for Holliday Sand & Gravel Company in the Kansas City reach of the River.

In 2009 a Reconnaissance Study was completed by the Kansas City District, Army Corps of Engineers (USACE)
that determined through stream-gage and other physical data that there had been a lowering of the riverbed, affecting
public infrastructure, such as water intakes and pipeline crossings; bank stability; and the potential to undermine
dikes, revetments and levees designed to support navigation and to provide flood protection.

Thereafter local stakeholders contributed $2.3 Million to the Missouri Riverbed Feasibility Study. The Study
resulted in a Technical Report in May of 2017 that concluded commercial sand and gravel mining was the dominant
cause of riverbed degradation in Kansas City, dating back to 1994. The economic analysis of the Technical Report
also concluded that continued bed degradation in the Kansas City Reach will result in $269 Million in expenses
(2017 dollars for investment and repairs) to adjust for degradation and low water surface levels over 50 years. The
average annual estimated cost to public infrastructure is $5.3 Million.



Considering the findings of the Technical Report the dredging permits should be denied in the Kansas City reach of
the River. The cumulative cost to public infrastructure of continued dredging and resulting bed degradation is too
significant when there are available alternatives to on river dredging. Holliday Sand & Gravel should move to off
river pit mines or other reaches of the River that have not experienced degradation. The dredging industry should
not be allowed to operate for free on the river, at the expense of the public in damage to infrastructure.

Balancing the interests on the Missouri River is a difficult task and the work of USACE is appreciated. We are
respectfully requesting USACE follow the conclusion of the 2017 Technical Report and deny the permit renewal
application of Holliday Sand & Gravel on the Missouri River in the Kansas City Reach.

Respectfully,
Fred Schoell



From: Kay Heley

To: Shively, Matthew S CIV USARMY CENWK (USA

Subject: [Non-DoD Source] Public Comment Missouri River Sand Dredging Permits
Date: Wednesday, April 29, 2020 7:00:58 PM

Matt Shively, Regulatory Project Manager 29 April, 2020

US Army Corps of Engineers
RE: Public Comment on Renewal of Missouri River Commercial Dredgers Permit
Mr. Shively and members of the Army Corps of Engineers,

I am offering my Public Comment concerning the renewal of permits for the commercial sand dredgers on the
Kansas City portion of the Missouri River. I listened to the Webinar/Public Hearing last week. I drink water from
the Missouri River. I have many concerns. I strongly urge you to DENY the commercial dredging permit renewal
for Holliday Sand & Gravel Company in the Kansas City reach of the River.

1). Request for Public Comment extension: I am concerned that the request for extending the Public Comment time
was not honored because a) the pandemic b) the poor technical quality and limited public access to the only public
hearing/webinar. The webinar was impossible for many to access who did not have Chrome and the audio was not
working on the webinar itself. ¢) lack of critical information - 2019 riverbed analysis report, necessary and updated
EIS, public access to the collaboration of the USACE with state entities concerning water quality impacts, etc. and
d) when asked why it could not be extended, the answer was “it would not be fair to the dredgers.” These are the
dredgers that profit from free sand and are not financially responsible for any of the damage their operations cause.

2). Damage to the Riverbed: The history is clear. In 2009, the USACE found in its Reconnaissance Study that the
river bed had degraded and that this had been occurring since 1994. Yet, the USACE only uses data from 2009 to
measure the riverbed rather than from when the damage was first noted in 1994 eliminating many feet of pre-2009
degradation from consideration. Infrastructure largely paid for by taxpayers has been/is being damaged and has to
be replaced, moved and/or upgraded by taxpayer money. Sadly, the Public Comment period will end before the
release of the 2019 riverbed analysis by the Corps. I would have appreciated seeing those results and comparing
them to 1994 levels before making my Public Comment. The long-term damage to the riverbed supports
DENYING the permits.

3). Cost to Taxpayers: In 2017, a group of stakeholders (many taxpayer-financed) raised $2.3 million to pay for a
Missouri Riverbed Feasibility Study thoroughly completed by your group, the USACE. The Technical Report (May,
2017) found that the commercial dredging of sand and gravel was the main cause of the degradation of the riverbed
in the Kansas City part of the river resulting in hundreds of millions of dollars of damage to taxpayer-financed
infrastructure along the river. The Technical Report cited a $5.3 million dollar average annual cost in investments
and repairs borne largely by taxpayers. Commercial sand dredgers pay $100 every 5 years for a permit fee and a
small amount in royalties to the State of Kansas (amount not noted in the Public Hearing) and are not billed for
resulting damages. The conclusion of the 2017 Technical Report was that “The alternatives that would result in the
greatest positive NED benefits are the reduction or elimination of commercial sand and gravel mining in the study
reaches of the Missouri River.”(p 91) This USACE analysis is new since the 2015 permit renewal process. This
annual cost to taxpayers supports DENYING the permits.

3). Damage to the Environment and Water Quality: During the Webinar/Public hearing last week, questions were
asked about environmental and water quality impacts. It was reported that there is no current EIS, that the EIS being
used in the permit process is from 2011 with a Supplemental Study from 2016. It was reported that water quality
during the dredging activity is not monitored by the Corps. There is no updated EIS that has accompanied past
permit renewal processes yet was mentioned in the March 18, 2020 Public Notice. And since the 2015 permit
process, the 2017 Technical Report notes, “In the 2011 Missouri River Commercial Dredging Final EIS (USACE,
2011a) it was determined that commercial sand and gravel mining cumulatively affected geomorphology, water
quality, aquatic resources, threatened and endangered species, economics, cultural resources and infrastructure.” (p



11) What is the current level of impact of the commercial sand dredging operations on the riverbed (benthic habitat)
and shallow water habitats, the endangered species in or on the river and the water quality? We do not know the
impact in 2020 yet we knew there was an impact 9 years ago. The lack of environmental impact information
supports DENYING the permits.

4). Accountability of the Commercial Dredgers: From the Public hearing/Webinar last week, the Corps’ audit of the
amount of material removed from the river is based on dredgers’ self-reports and GPS. When asked how GPS
audits the amount of material removed, the answer was that GPS notes the location of the dredging but did not
satisfactorily answer how GPS measures the amount of material removed. This lack of accountability supports
DENYING the permits.

5). Possibilities for Alternative Sites for the Dredging: During the Public Hearing/Webinar, alternative sites for the
commercial dredging options were mentioned by participants. These possibilities should be examined by the
commercial operators and the USACE and support DENYING the permits.

6). Need for Commercial Operators to Pay for Damages: Commercial sand dredging operators should pay for the
damages inflicted on infrastructure, water quality and the environment. Including this expense in the commercial
dredging business model would spur exploration of alternative sites that would be less costly. This need for billing
damage expenses supports DENYING the permits.

I respectfully acknowledge the USACE’s efforts to balance commercial need with the public good. However, good
decisions are based on current and solid information as well as the historical “costs.” The data shows that the
Missouri River and the public have been bearing all of the cost both economically and environmentally for decades.
There has been no balance. Please DENY the commercial sand dredgers’ permits in the Kansas City Reach of the
Missouri River and allow the River and taxpayers time to achieve some balance.

Thank you for your consideration.

Sincerely,

Kay Heley RN

8214 W. 75th St. Overland Park, KS 66204



From: Tom Kessler

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Please delay permit renewal, and put an end to underpriced commercial dredging permits
Date: Wednesday, April 29, 2020 5:48:12 PM

Dear Mr. Shively,

I'm sorry I was unable to attend today's webinar, but [ wanted to weigh in on commercial dredging. I am concerned
that a common resource, with a great deal of value to our community, is being privatized at below-market rates,
imposing external costs on consumers and the environment alike. This is 2020, not 1820 - we know the costs of
dredging are *far* in excess of the permit prices paid by the dredgers. The economic case for allowing dredgers to
mine this valuable public resource at below-market price has resulted in unsustainable overuse.

I call upon you to delay the renewal of dredging permits until we can implement a limited, auction-style pricing
structure, with limits on removal that ensure the river bed is replenished as quickly as it is dredged - our primary
goal should be sustainability.

We should no longer let commercial interests create a Tragedy of the Commons. If the river cannot be dredged
sustainably, we should stop dredging altogether, except and until it is needed for Army Corps river maintenance
activities.

Dredgers must serve the public interest, if they are to profit from public resources. Their failure to pay an
appropriate price and put the public interest first increases the price of our water and our infrastructure, and
threatens to damage our river irreparably.

Please delay all permit renewals to slow or stop this destructive practice, and apply a price and dredging limitations
that are consistent with the needs of the community, the river and the Corps, so that costs accrued to the public are

borne by the dredgers, not our water utilities. Respectfully,

Tom Kessler



From: Angie Schieferecke

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Dredging Permits
Date: Thursday, April 30, 2020 12:29:05 AM

Requesting that you stop issuing new dredging permits because dredging is damaging our public water supplies.
Thank you.

Sincerely,
Angela Schieferecke

4508 Tomahawk Road
Prairie Village, Kansas 66208



From: Billy Croan

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Deny dredging permit
Date: Thursday, April 30, 2020 9:26:33 AM

I urge you to deny the Missouri River dredging permit currently under discussion in Kansas City.

Regardless of environmental impact, It's clear that dredging is creating very expensive damage to the tax payers, and
the company doing it doesn't have to pay for that currently, which is nuts.

That's not ok. Deny the permit please.



From: Heley, Logan

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Public Comment Missouri River Sand Dredging Permits
Date: Thursday, April 30, 2020 5:29:29 PM

Mr. Shively and members of the Army Corps of Engineers,

I am offering my Public Comment concerning the renewal of permits for the commercial sand dredgers on the
Kansas City portion of the Missouri River. I drink water from the Missouri River. I have many concerns. I strongly
urge you to DENY the commercial dredging permit renewal for Holliday Sand & Gravel Company in the Kansas
City reach of the River.

Cost to Taxpayers: In 2017, a group of stakeholders (many taxpayer-financed) raised $2.3 million to pay for a
Missouri Riverbed Feasibility Study thoroughly completed by your group, the USACE. The Technical Report (May,
2017) found that the commercial dredging of sand and gravel was the main cause of the degradation of the riverbed
in the Kansas City part of the river resulting in hundreds of millions of dollars of damage to taxpayer-financed
infrastructure along the river. The Technical Report cited a $5.3 million dollar average annual cost in investments
and repairs borne largely by taxpayers. Commercial sand dredgers pay $100 every 5 years for a permit fee and a
small amount in royalties to the State of Kansas (amount not noted in the Public Hearing) and are not billed for
resulting damages. The conclusion of the 2017 Technical Report was that “The alternatives that would result in the
greatest positive NED benefits are the reduction or elimination of commercial sand and gravel mining in the study
reaches of the Missouri River.”(p 91) This USACE analysis is new since the 2015 permit renewal process. This
annual cost to taxpayers supports DENYING the permits.

Damage to the Environment and Water Quality: During the Webinar/Public hearing last week, questions were
asked about environmental and water quality impacts. It was reported that there is no current EIS, that the EIS being
used in the permit process is from 2011 with a Supplemental Study from 2016. It was reported that water quality
during the dredging activity is not monitored by the Corps. There is no updated EIS that has accompanied past
permit renewal processes yet was mentioned in the March 18, 2020 Public Notice. And since the 2015 permit
process, the 2017 Technical Report notes, “In the 2011 Missouri River Commercial Dredging Final EIS (USACE,
2011a) it was determined that commercial sand and gravel mining cumulatively affected geomorphology, water
quality, aquatic resources, threatened and endangered species, economics, cultural resources and infrastructure.” (p
11) What is the current level of impact of the commercial sand dredging operations on the riverbed (benthic habitat)
and shallow water habitats, the endangered species in or on the river and the water quality? We do not know the
impact in 2020 yet we knew there was an impact 9 years ago. The lack of environmental impact information
supports DENYING the permits.

I respectfully acknowledge the USACE’s efforts to balance commercial need with the public good. However, good
decisions are based on current and solid information as well as the historical “costs.” The data shows that the
Missouri River and the public have been bearing all of the cost both economically and environmentally for decades.
There has been no balance. Please DENY the commercial sand dredgers’ permits in the Kansas City Reach of the
Missouri River and allow the River and taxpayers time to achieve some balance.

Thank you for your consideration.

Wishing you safety and health,

Logan

Logan Heley
Council Member, Ward 1



Pronouns: he, him, his

City of Overland Park

8500 Santa Fe Drive <Blockedhttps://maps.google.com/?
q=8500+Santa+Fe+Drive+%0D+Overland+Park,+KS+66212&entry=gmail &source=g>
Overland Park, KS 66212

logan.heley@opkansas.org <mailto:logan.heley@opkansas.org> | Blockedwww.opkansas.org
<Blockedhttp://www.opkansas.org/>

<Blockedhttps://www.opkansas.org/>
<Blockedhttp://forwardop.org/>
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April 28™, 2020

Matt Shively, Regulatory Project Manager matthew.s.shively@usace.army.mil
U.S. Army Corps of Engineers

Kansas City Regulatory Office

601 East 12th Street

Kansas City, MO 64106

RE: Please deny 2020 Missouri River Commercial Dredgers Permit Renewal

Dear Mr. Shively and the US Army Corps of Engineers,

I am writing in response to the Public Notice dated March 18, 2020, concerning the renewal of
permits for Missouri River Commercial Dredgers. | recommend denial of the commercial dredging permit
renewal for Holliday Sand & Gravel Company in the Kansas City reach of the River.

In 2009, a study was completed by the Kansas City District, Army Corps of Engineers (USACE)
that determined through stream-gage and other physical data that there had been a lowering of the
riverbed, affecting public infrastructure, such as water intakes and pipeline crossings; bank stability; and
the potential to undermine dikes, revetments and levees designed to support navigation and to provide
flood protection.

Local stakeholders contributed $2.3 Million to the Missouri Riverbed Feasibility Study. The Study
resulted in a Technical Report in May 2017 that concluded commercial sand and gravel mining was
the dominant cause of riverbed degradation in Kansas City, dating back to 1994. The economic
analysis of the Technical Report also concluded that continued bed degradation in the Kansas City
Reach will result in $269 Million in expenses (2017 dollars for investment and repairs) to adjust for
degradation and low water surface levels over 50 years. The average annual estimated cost to public
infrastructure is $5.3 Million! While the cost to Holliday Sand and Gravel is only $100.00 for the 5 year
permit.

Considering the findings of the Technical Report the dredging permits should be denied in the
Kansas City reach of the River. The cumulative cost to public infrastructure of continued dredging
and resulting bed degradation is too significant when there are available alternatives to river
dredging. Holliday Sand & Gravel should move to off river pit mines or other reaches of the River that
have not experienced degradation. The dredging industry should not be allowed to operate for free on the
river, at the expense of the public in damage to infrastructure.

Balancing the interests on the Missouri River is a difficult task and the work of USACE is
appreciated, however, | am respectfully requesting USACE follow the conclusion of the 2017
Technical Report and deny the 5 year permit renewal application of Holliday Sand & Gravel on the
Missouri River in the Kansas City Reach. Considering the risk to the environment and taxpayers, it
seems unconscionable to do otherwise. Please contact me should you have any questions.

Sincerely,

Melanie S. Kraft. Mg, MBA, MRO, AME, FAAFP




From: David Mitchell

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Commercial Sand Dredging Request to Extend Permit beyond 2020
Date: Friday, May 1, 2020 2:19:28 PM

To: Mr. Matthew Shively,

I am writing to register a comment about the Commercial Sand Dredging Industry request to continue sand dredging
on the Kansas City

reach of the Missouri River, with this permit expiring in Dec. 2020.

As I understand it, the May 17, 2017 Missouri River Bed Technical Report indicates that continued sand dredging of
the K.C. reach area will lead to

ongoing bed degradation, thereby negatively impacting habitat, wetlands, water quality, levees and floodwalls,
bridges, and water

intakes. The estimated costs to this ongoing dredging to public infrastructure is $5.3 million annually.
Actions which preserve habitat and wetlands are particularly important, from the standpoint that humanity has
initiated the mass extinction of species, and it is

extremely important that all levels of society take actions to preserve and protect all possible natural areas.
Obviously, this would include protecting the natural habitat

in the Kansas City reach of the Missouri River.
It is encumbent upon the U.S. Army Corps of Engineers to join in those myriad of actions needed to attempt to
preserve as much of the natural world as possible, and I urge the denial of the

permit to the Commercial Sand Dredging industry to engage in sand dredging in the K.C. reach area.

Sincerely,

Dave Mitchell
Kansas City, Mo.



From: Linda Hornbuckle

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Sand Dredging
Date: Friday, May 1, 2020 5:55:29 PM

I am against the commercial sand dredging in KC area of MO river. Studies have shown it is not best for the
ecological health of that area.

I am convinced the private contractors wanting permits can find their product in more suitable places. The health of
our rivers should be handled and guarded over by the Core of Engineers or a like government entity.

In earnest,
Linda Hornbuckle
Kansas resident

Sent from my iPhone



From: Les Lampe

To: Shively, Matthew S CIV USARMY CENWK (USA

Subject: [Non-DoD Source] Public Comment on Missouri River Sand Dredging Permits
Date: Friday, May 1, 2020 2:25:16 PM

Mr. Shively,

I am offering my public comment on the proposed dredging permits for companies operating in and adjacent to the
mainstem of the Missouri River. Although only brief comments are offered on several broad categories relating to
approval or denial of the proposed permits, the combined impact of my comments results in my recommendation
that the proposed permits be denied.

History

The Missouri River is undoubtedly a major environmental, economic, cultural, and recreational resource for much of
the United States. There is a long history of navigation on the river predating major Federal efforts to construct
facilities to control the river. Construction of major reservoirs on the river was generally carried out through the
period of the 1930s through the 1960s and resulted in the present-day mainstem Fort Peck, Garrison, Oahe, Big
Bend, Fort Randall, and Gavins Point Dams. The impoundments behind Fort Peck Dam, Garrison Dam, and Oahe
Dam are among the largest in the United States, with only Lake Powell and Lake Mead on the Colorado River of
comparable size. Much of the construction was the result of the Pick-Sloan Plan proposed to promote flood control,
hydropower, navigation, and irrigation. Elements of the Sloan portion of the plan for irrigation have been largely
unrealized.

Sediment Transport and Channel Degradation

Previous proposals have suggested the need for the development of a sediment transport budget for the river. With
the construction of upstream reservoirs, sediment has been trapped behind the dams and the flows released from the
dams are “hungry” to satisfy the sediment transport carrying capacity. This alone results in accelerated erosion of
the streambanks and bed. This effect is accentuated by the channelization required to maintain a navigation channel
on the river. The channelization is accomplished by maintaining a channel that is narrower and deeper, thereby
increasing flow velocities and increasing the sediment carrying capacity of the river and accelerating erosion. The
net impact of the construction of the upstream reservoirs, dredging, and maintaining a navigation channel has been
significant degradation of the riverbed. This bed degradation has lowered river levels during low flows to such an
extent that water intakes along the river, such as that operated by Kansas City Water Services, become almost
inoperable.

Economics

The operation of the Missouri River has many economic aspects. Recent challenges in balancing flood control and
recreational purposes have been well documented. The use of the river for navigation and transport primarily of
agricultural products has been far below earlier economic projections and leads to questions concerning the
economic viability of continuing to spend considerable economic resources for a negligible benefit. The economics
of the sand and gravel dredging are based on the relative ease of access to the materials, the proximity to markets for
the materials, and the quality of the materials particularly as a source of aggregate for concrete. One report by the
USACE indicates that riverbed degradation in the Kansas City region has resulted in hundreds of millions of dollars
of damages and that much of these damages are associated with dredging activities. It would seem reasonable that
the permit fees paid by the dredgers be commensurate with the damages they are causing. This would prompt the
dredgers to explore use of alternative sources such as ancestral river channels that might be more cost-effective.

Environmental
Numerous studies have been carried out on the ecology of the Missouri River. There is no doubt that the historic

ecosystem marked by meandering channels and extensive floodplains has been extensively altered, if not essentially
destroyed by the various control structures and operations on the river. Of particular concern related to dredging



activities is the health of the benthic community. For almost any riverine system, the foundation of the ecosystem is
the viability of organisms, particularly macroinvertebrates, living in the river benthos. Dredging of the riverbed
would not be merely detrimental, but would be entirely destructive, of the benthic habitat.

Conclusion

As stated at the outset of my comments, my recommendation is that the dredging permits, at least in the reach for
Kansas City and St. Joseph, be denied.

Thank you for the opportunity to comment.

Dr. Les K. Lampe
6402 Warwick Street

Shawnee, Kansas 66218



From: Martha Gershun

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Public Comment Missouri River Sand Dredging Permits
Date: Friday, May 1, 2020 9:29:03 AM

Matt Shively, Regulatory Project Manager
May 1, 2020
US Army Corps of Engineers

RE: Public Comment on Renewal of Missouri River Commercial Dredgers Permit

Mr. Shively and members of the Army Corps of Engineers,

I am offering my Public Comment concerning the renewal of permits for the commercial sand dredgers on the
Kansas City portion of the Missouri River. I have deep concerns. I strongly urge you to DENY the commercial
dredging permit renewal for Holliday Sand & Gravel Company in the Kansas City reach of the River.

We acquire our community’s water from the Missouri River and its tributary, the Kaw (Kansas) River. The erosion
of our Missouri River beds results in lower water levels and disturbed sediment, posing critical challenges for
WaterOne’s water-supply intake equipment and our water quality. WaterOne partnered with MARC, other
municipalities, and private companies to fund the 2014 Feasibility Study
<Blockedhttp://www.marc.org/Environment/Water-
Resources/pdfs/MoBedDeg/MOBedDeg_PublicMeetingPPT.aspx> to learn more about this important issue.

The follow-up Army Corps Technical Report
<Blockedhttp://www.marc2.org/assets/environment/mobeddeg/MoRiverBedDegStudy2017.pdf> , issued inMay,
2017, reviewed many options. While floods, dams and navigation structures can cause degradation, the report cites
commercial sand and gravel mining as “the dominant driver of projected bed degradation over the next 50 years.”
Appropriately restricting commercial sand and gravel mining appears to be the most economically viable solution to
river bed degradation.

We need to find a solution that balances our community’s need for construction sand and the interests of businesses
and private land owners with our need to protect the long-term viability of our river. Friends of the Kaw
<Blockedhttp://sites.google.com/site/friendsofthekaw/dredging> promotes switching commercial mining processes
from river dredging to carefully-selected pit mines, noting the success of a local pit mine that became a lake.

We must collaborate with the private companies and landowners who rely on the river. We need to implement
creative ways to limit river sand mining. Continued dredging is not the answer. We need more collaborative
solutions. Together we can stabilize our Missouri River beds to protect our water’s future.


https://Blockedhttp://sites.google.com/site/friendsofthekaw/dredging
https://Blockedhttp://www.marc2.org/assets/environment/mobeddeg/MoRiverBedDegStudy2017.pdf
https://Blockedhttp://www.marc.org/Environment/Water

Martha Gershun
5710 Lockton Lane

Fairway, KS 66205

martha@mgconsulting.com <mailto:martha@mgconsulting.com>

Blockedwww.marthagershun.com <Blockedhttp://www.marthagershun.com/>
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From: Sierra Herndon

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source]
Date: Friday, May 1, 2020 1:09:25 PM

Mr. Shively and the USACE,

I'm writing to express that the cost to the public infrastructure of the continued dredging and resulting river bed
degradation is too significant when there are such viable, alternative options to archaic river dredging. This should
not be allowed to happen, for free to companies, at the cost of the environment and the public. I respectfully ask that
you follow the 2017 findings of the technical report and deny such egregious measures to occur on public lands and
with public funds. Anything else would be unconscionable. I stand with Dr. Kraft, with the public, and with the
environment.

Sincerely,

Sierra Herndon



From: Claire M Reagan

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] MO River Commercial Dredgers Permit Renewal
Date: Saturday, May 2, 2020 11:28:59 AM

To whom it may concern,

My name is Claire Reagan. I'm a 10+ year resident of Johnson County, KS, who grew up in the Omaha Metro area.
While I'm not expert in the field of commercial dredging, I did grow up with a civil engineer who worked for the
Army Corps of Engineers for decades. My late father, Paul Iwai, served in an emergency management capacity. He
taught me that we must make decisions based on facts, especially when making decisions about our waterways.

The facts determined and interpreted by the Technical Report strongly indicate that dredging permits should be
denied. Riverbed degradation is a problem that deserves the utmost attention and mitigation -- keeping at top of
mind recent record-breaking flooding and a critical need to preserve safe, sustainable drinking water. The overall
cost of continued dredging is not worth any immediate benefit seen from continuing in this practice.

While I recognize that the interests of the Missouri River are a difficult balancing act, this decision must be
informed by the data that has been collected and analyzed by experts with a wide-angle view for the future of the
river and its health.

I so appreciate your important work and hope that you will decide to deny the permits in question.
Thank you,

Claire Reagan
Olathe, KS



From: Ethan Corson

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Comments on Missouri River Commercial Dredgers Permit Renewal
Date: Saturday, May 2, 2020 9:18:40 PM

Ladies and Gentlemen:

I am writing in response to the Public Notice dated March 18, 2020, concerning the renewal of permits for Missouri
River Commercial Dredgers. Please send me a reply verifying receipt of this email.

I ask that you deny the commercial dredging permit renewal for Holliday Sand & Gravel Company in the Kansas
City Reach of the River.

In 2009, a Reconnaissance Study was completed by the Kansas City District, Army Corps of Engineers (USACE)
that determined through stream-gage and other physical data that there had been a lowering of the riverbed, affecting
public infrastructure, such as water intakes and pipeline crossings; bank stability; and the potential to undermine
dikes, revetments and levees designed to support navigation and to provide flood protection.

Thereafter local stakeholders contributed $2.3 Million to the Missouri Riverbed Feasibility Study. The Study
resulted in a Technical Report in May of 2017 that concluded commercial sand and gravel mining was the dominant
cause of riverbed degradation in Kansas City, dating back to 1994. The economic analysis of the Technical Report
also concluded that continued bed degradation in the Kansas City Reach will result in $269 million in expenses
(2017 dollars for investment and repairs) to adjust for degradation and low water surface levels over 50 years. The
average annual estimated cost to public infrastructure is $5.3 Million.

Considering the findings of the Technical Report, the dredging permits should be denied in the Kansas City reach of
the River. The cumulative cost to public infrastructure of continued dredging and resulting bed degradation is too
significant when there are available alternatives to on river dredging. Holliday Sand & Gravel should move to off
river pit mines or other reaches of the River that have not experienced degradation. The dredging industry should
not be allowed to operate for free on the river, at the expense of the public in damage to infrastructure.

Balancing the interests on the Missouri River is a difficult task and the work of USACE is appreciated. I respectfully
request that the USACE follow the conclusion of the 2017 Technical Report and deny the permit renewal
application of Holliday Sand & Gravel on the Missouri River in the Kansas City Reach.

Sincerely,
Ethan Corson

Ethan Corson

ethancorson@gmail.com <mailto:ethancorson@gmail.com>


mailto:ethancorson@gmail.com

From: Barb Hall

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Public comment re: Missouri River dredging
Date: Sunday, May 3, 2020 11:16:30 AM

RE:Comments on Missouri River Commercial Dredgers Permit Renewal.
Ladies and Gentlemen:

I am writing in response to the Public Notice dated March 18, 2020, concerning the renewal of permits for Missouri
River Commercial Dredgers. I request the denial of the commercial dredging permit renewal for Holliday Sand &
Gravel Company in the Kansas City reach of the River.

In 2009 a Reconassaince Study was completed by the Kansas City District, Army Corps of Engineers (USACE) that
determined through stream-gage and other physical data that there had been a lowering of the riverbed, affecting
public infrastructure, such as water intakes and pipeline crossings; bank stability; and the potential to undermine
dikes, revetments and levees designed to support navigation and to provide flood protection.

Thereafter local stakeholders contributed $2.3 Million to the Missouri Riverbed Feasibility Study. The Study
resulted in a Technical Report in May of 2017 that concluded commercial sand and gravel mining was the dominant
cause of riverbed degradation in Kansas City, dating back to 1994. The economic analysis of the Technical Report
also concluded that continued bed degradation in the Kansas City Reach will result in $269 Million in expenses
(2017 dollars for investment and repairs) to adjust for degradation and low water surface levels over 50 years. The
average annual estimated cost to public infrastructure is $5.3 Million.

Considering the findings of the Technical Report the dredging permits should be denied in the Kansas City reach of
the River. The cumulative cost to public infrastructure of continued dredging and resulting bed degradation is too
significant when there are available alternatives to on river dredging. Holliday Sand & Gravel should move to off
river pit mines or other reaches of the River that have not experienced degradation. The dredging industry should
not be allowed to operate for free on the river, at the expense of the public in damage to infrastructure.

Balancing the interests on the Missouri River is a difficult task and the work of USACE is appreciated. I respectfully
request USACE follow the conclusion of the 2017 Technical Report and deny the permit renewal application of
Holliday Sand & Gravel on the Missouri River in the Kansas City Reach.

thank you

Barbara Hall

6006 Mcgee St

Kansas City, MO 64113



From: Deborah Reiman

To: Shively, Matthew S CIV USARMY CENWK (USA
Subject: [Non-DoD Source] Public Comment on Renewal of Missouri River Commercial Dredgers Permit
Date: Sunday, May 3, 2020 4:34:12 AM

Mr. Shively and members of the Army Corps of Engineers,

I am concerned about the renewal of permits for the commercial sand dredgers on the Kansas City portion of the
Missouri River. I live in Missouri close to the river, and I drink water from the Missouri River. [ am writing to
request USACE to act on the conclusions of the Missouri River-Bed Degradation Technical Report, dated May 17th
2017 and eliminate sand dredging on the Kansas City portion of the river.

I was unable to listen to the Public Hearing due to technical difficulties. Due to issues in these odd times of Covid-
19, as well as apparent technical issues with the webinar, it seems that the time for public comment should be
extended. Also, when will the 2019 riverbed analysis be available — could public comment be open until we get a
chance to see these results?

The long-term damage to the riverbed implies that the dredging permits should be denied.

Thank you for your attention to this important matter.

Sincerely,

Deborah Reiman

210 W 5th St, Kansas City, MO 64105
DeborahReiman@gmail.com <mailto:DeborahReiman@gmail.com>


mailto:DeborahReiman@gmail.com

From: Rich G

To: Shively, Matthew S CIV USARMY CENWK (USA

Subject: [Non-DoD Source] Comments on dredging applications on Missouri River
Date: Thursday, April 30, 2020 10:46:57 AM

Attachments: Graphs of Q S Missouri River.docx

Matt:

I have attached my comments on the permitting process of dredging on the Missouri River. I have addressed my
comments to the Kansas City reach.

By way of disclosure, earlier work that I did on degradation of the Missouri River was partially funded by Holliday
Sand and Grave (HSG). However, that research was preliminary in that my thoughts and understanding of
degradation in Kansas City were not fully developed while I was being compensated by HSG. I have moved far
beyond the research that was partially funded by HSG.

At this time, I am writing a paper that has four parts that I will submit for publication in a peer reviewed journal.
The attached Word document contains two graphs that I attempt to explain. These graphs will be presented in my
paper and they show how erosion and deposition become obvious as measured at the Kansas City gage.

My conclusion is that the driving force of channel bed degradation is discharge or rather the hydrographs that pass
through the Kansas City reach.

I hope my explanation makes sense, but if you have any questions or comments please let me know.

Regards,

Rich

Richard F. Geekie, P.E., M.ASCE

6509 Barton Cir. Apt. 202

Shawnee, KS 66203-5530

rfgeekie@gmail.com <mailto:rfgeekie@gmail.com>



					April 29, 2020





Matt Shively, Regulatory Project Manager		matthew.s.shively@usace.army.mil

U.S. Army Corps of Engineers

Kansas City Regulatory Office

601 East 12th Street

Kansas City, MO 64106



Reference: WaterOne template letter

From Richard F. Geekie, P.E., M.ASCE 

Contrary to the feasibility Technical Report (USACE,May 2017), the evidience does not support the contention that dredging was  the cause of bed degradation 1993 in the Kansas City Reach after 1993.  The following analysis shows a correlation between hydrographs of discharge, Q, and erosion and depostion in the channel bed in the Kansas City Reach.  This analysis will be part of a paper submitted to the ASCE’s Journal of Hydraulic Engineering.

I have developed a method to measure deposition and erosion from measured stage, S, and discharge, Q.  The ratio (Measured S/ Measured Q)*1000 cfs is a measure of deposition and erosion. An increase in this ratio is deposition while a decrease is erosion.  Multiplying (S/Q) by 1,000 is a scaling factor to make the ratio greater than one.  

[bookmark: _Hlk39131964]For example, suppose that the stage is 15 feet for 60,000 cubic feet per second (ft3/s).  If erosion in the channel erodes, the channel can convey more discharge and the stage might declince to 13 feet.  In the first case, (S/Q)*1000 is (15/60000)*1000 = 0.25.  in the second case, (S/Q)*1000 is (13/60000)*1000 = 0.22.  Suppose deposition resulted in an increase of two feet in stage, that is, 16 feet.  (16/60000)*1000 = 0.26.  The ratio may be thought of as 0.26 feet per 1000 ft3/s.

Similary reasoning can be seen if different discharges show the same stage.  For example, (15/45000)*1000 = 0.33 feet per 1000 ft3/s.  (15/55000)*1000 = 0.27 feet per 1000 ft3/s. This example represents erosion because because the same stage, 15 feet, can convey more discharge. 

Figures 1 and 2 are data from the Kansas City gage.  Referring to figures 1 and 2, Q peaks correspond with troughs of (S/Q) of the Kansas City.  Interestingly, after the 1993 and 2011 floods, depostion occurred, that is, an increase in the ration (S/Q).  After the 2011 flood, the many-peak discharges decline accompanyed by deposition (increase in the (S/Q) until the hydrogrpah in 2013.  The increasing peaks of Q after 2011 correspond the declince of (S/Q) after 2011.  The increase in Q in 2018 corresponds to change in decrease in the (S/Q).

The ratio at Kansas City has tended to move toward 0.2.  A drought occurred between 2002 and 2007 with a reccord low in suspended sand at the KC gage.   The trend of (S/Q) was declining during 2002 and 2007.

[image: ]

Figure 1.  (Stage/Q)*1000 and Discharge Q: Data Source: USGS



[image: ]

Figure 2. (Stage/Q)*1000 and Discharge Q: Data Source: USGS
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April 29, 2020

Matt Shively, Regulatory Project Manager matthew.s.shively@usace.army.mil
U.S. Army Corps of Engineers

Kansas City Regulatory Office

601 East 12th Street

Kansas City, MO 64106

Reference: WaterOne template letter

From Richard F. Geekie, P.E., M.ASCE

Contrary to the feasibility Technical Report (USACE,May 2017), the evidience does not

support the contention that dredging was the cause of bed degradation in the Kansas City
Reach after 1993. The following analysis shows a correlation between hydrographs of
discharge, Q, and erosion and depostion in the channel bed in the Kansas City Reach. This

analysis will be part of a paper submitted to the ASCE’s Journal of Hydraulic Engineering.

| have developed a method to measure deposition and erosion from measured stage, S,
and discharge, Q. The ratio (Measured S/ Measured Q)*1000 cfs is a measure of deposition and
erosion. An increase in this ratio is deposition while a decrease is erosion. Multiplying (S/Q) by

1,000 is a scaling factor to make the ratio greater than one.

For example, suppose that the stage is 15 feet for 60,000 cubic feet per second (ft3/s). If
erosion in the channel erodes, the channel can convey more discharge and the stage might
declince to 13 feet. In the first case, (5/Q)*1000 is (15/60000)*1000 = 0.25. inthe second case,
(5/Q)*1000 is (13/60000)*1000 = 0.22. Suppose deposition resulted in an increase of two feet
in stage, that is, 16 feet. (16/60000)*1000 = 0.26. The ratio may be thought of as 0.26 feet per

1000 ft3/s.


mailto:matthew.s.shively@usace.army.mil

Similary reasoning can be seen if different discharges show the same stage. For
example, (15/45000)*1000 = 0.33 feet per 1000 ft3/s. (15/55000)*1000 = 0.27 feet per 1000
ft3/s. This example represents erosion because the same stage, 15 feet, can convey more

discharge.

Figures 1 and 2 are data from the Kansas City gage. Referring to figures 1 and 2, Q peaks
correspond with troughs of (S/Q) of the Kansas City. Interestingly, after the 1993 and 2011
floods, depostion occurred, that is, anincrease in the ration (S/Q). After the 2011 flood, the
many-peak discharges decline accompanyed by deposition (increase in the (S/Q) until the
hydrogrpah in 2013. The increasing peaks of Q after 2011 correspond the declince of (5/Q)

after 2011. The increase in Q in 2018 corresponds to change in decrease in the (S/Q).

The ratio at Kansas City has tended to move toward 0.2. A drought occurred between
2002 and 2007 with a reccord low in suspended sand at the KC gage. The trend of (S5/Q) was

declining during 2002 and 2007.
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Figure 1. (Stage/Q)*1000 and Discharge Q: Data Source: USGS
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From: Rich G

To: Shively, Matthew S CIV USARMY CENWK (USA); Tom Jacobs

Subject: [Non-DoD Source] A last letter to clarify comments of April 30, 2020 from Richard Geekie
Date: Friday, May 1, 2020 10:51:47 AM

Attachments: Reference to figures of Apr 30 2020.docx

Stream Restoration what works what doesn"t.pdf

Matt and Tom:
Here is a letter to clarify any confusion over the two figures included in that letter. I have also attached a PDF

document from a ASCE continuing education course that I recently completed. The PDF document is not needed
for public comments, but for your information. This PDF document might be of interest to the stakeholders.

Tom, could you forward this email to the stakeholders? Thanks.
Regards,

Rich

Richard F. Geekie, P.E., M.ASCE

6509 Barton Circ., Apt 202

Shawnee, KS 66216-5530

rfgeekie@gmail.com <mailto:rfgeekie@gmail.com>



May 1, 2020





Matt Shively, Regulatory Project Manager		matthew.s.shively@usace.army.mil

U.S. Army Corps of Engineers

Kansas City Regulatory Office

601 East 12th Street

Kansas City, MO 64106



Reference: Richard F. Geekie letter, dated April 30, 2020


From Richard F. Geekie, P.E., M.ASCE 

My letter of April 30, 2020 presents two graphs derived from the stage and discharge data of the Missouri River gage, RM 366.2.

To clarify my conclusions, I did not imply that dredging in the Kansas City reach does not have detrimental effects on the Missouri River or its channel bed.  The following text comes from an earlier report of mine (that needs some revision).

Dredging in RM 354-382 contributes to degradation at some distance downstream of this reach, or any dredging reach, but how far downstream is difficult to measure. The stage trends at the Kansas City gage measure of downstream degradation but only a limited distance. 



If dredging is in an area of the bed where bed forms (dunes) are developing, the effects of dredging will be to destroy the dunes that are a source of suspended bed material.  Bed material that would have become suspended would instead be extracted during dredging. This loss of suspended bed material reduces the amount suspended sand that would have been deposited downstream.  Dredging holes intercept bed load that would have been transported downstream.



Eliminating dredging would add to the supply of sand downstream that would be available for downstream development of emergent sand bars.  The central topic of the Missouri River Recovery Management Plan & Environmental Impact Statement (USACE, August 2018, 4 volumes) was the development of emergent sand bars for habitat.  The effect of increasing the available sand supply for habitat development has not been investigated by anyone known to the author.

All dredging sites reduce downstream deposition of suspended sand load in addition of bed load.  The loss of dredged sand contributes over time to the loss sand of the Louisiana Barrier Islands.    https://pubs.usgs.gov/fs/barrier-islands/

A problem with using the figures in the referenced letter is that a loss of bed load, suspended sand load also would increase degradation.  



1) The sediment sampling program that was discontinued after 2004 of the Corps for the three gages, St. Joseph, Kansas City, and Herman This sediment program included the following:

Suspended sediment sampling across the river, bed material, velocity measurements, discharge measurements and stage.  Bed shear stress can be estimated from velocity profile.

2) From the above, the suspended sand load could be estimated in terms of tons per day. 

3) Changes in gradation curves of the top 2.5 inches of the bed are a result of recent flow events or floods.   For example, convergent flow over a reach should produce some armoring and a change is bed slope.  Bed load would be expected to change in such a reach.

The bed material sampling from at least RM 500 to the mouth should be re-established.  The sampling was every five miles, with three samples across the river at each sampling location. Does the variation of the gradation curves (grain-size distributions) change at dredging sites and   downstream of dredging  or after large flood events?  What grain size distributions are needed for stable emergent sand bar?

These are some of my thoughts on both dredging effects and the need to have a better collection of data, including velocity measurements and sediment data.  Some of this is speculation that requires further thought and more recent sediment and velocity data.



What effects does dredging have on the other biota?



Richard F. Geekie, P.E., M.ASCE

Shawnee, KS

rfgeekie@gmail.com  














Stream Restoration

What Works and What Doesn’t Work

A one-hour webinar by F. Douglas Shields, Jr.
doug2shields@gmail.com 662.380.3944
www.friendofrivers.com
850 Insight Park, University, MS 38677

ASCE |:\EinG

Distribution of the webinar materials outside of your site is prohibited.
Reproduction of the materials and pictures without a written permission of the
copyright holder is a violation of the U.S. law.

ASCE |Ei2NRe | Your instructor
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P.E., Ph.D., D.WRE, F. ASCE, F. EWRI






Introduction

Overview and objectives

Doug Shields, Jr.  www.friendofrivers.com

ASCE |\ = Webinar overview

= Introduction, overview, objectives

m Where's the beef? What research studies on restoration
benefit delivery have shown

m Shooting fish in a barrel: some things that almost always
work

m Snake oil for sure: some things that hardly ever work

= Ideas someone should try

Introduction Doug Shields, Jr.  www.friendofrivers.com






What does “working” restoration
ASCE | KNOWLEDGE

& LEARNING look like?

Return to a pre-restoration trajectory...

degraded system

Functional
Ecological
restoration

degradati
Pristine system

biological Time

Introduction Doug Shields, Jr.  www.friendofrivers.com 5

ASCE | NOWERCE | The “field of dreams” myth

In real life, if you
restore physical
habitat, the
animals may
NOT come, and
water quality may
NOT improve.

. . . 6
Introduction Doug Shields, Jr.  www.friendofrivers.com






The stream is a reflection of
its watershed

ASCE | ERe

m So why do we expect short reach
channel reconstruction (re-meandering, /
reshaping steep banks, inset mogcd
floodplains, etc.) will produce ecological
recovery? \

= In fact, well-documented stream
ecosystem restoration success is rare.

< 1km

For more thoughts along these lines, see Doyle
and Shields (2012)

Introduction Doug Shields, Jr. www.friendofrivers.com

Webinar objectives

Pay close attention, and you should be able to...

restoration project success

m |dentify key factors that contribute to stream //

m Be able to list several proven stream restoration N
techniques

m Be able to identify "promising" but not yet proven \/
approaches

= Be able to develop semi-quantitative project risk 1
assessments g

Doug Shields, Jr.  www.friendofrivers.com g






WHERE'S
VHE BEELF?

Where's the beef?

Recent findings of research on stream restoration benefit delivery

Doug Shields, Jr.  www.friendofrivers.com

E | srowence Wh_at works and what doesn’t....most
Asc &LEARNING | projects are not evaluated

= Only < 10% of stream restoration National River Restoration Science
projects are monitored (P et Synthesis—37,000 projects in database
a. 2007, NRRSS

= Your friends won't tell you.

Telephone interviews of 317
stream restoration project
managers revealed that 2/3 felt
their project had been
“completely successful.”
(Bernhardt et al. 2007)

89% of project contacts
reported success, but only 11%
....because of the response of
a specific ecological indicator
(39 projects in Midwest,
Alexander and Allan 2007)

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com 10






ASCE | \OXSREE  1t's hard to tell if restoration works.

Success or failure depends on what Fluvial system recovery takes time
indicators you measure.

Groundwater hme lag
Does the indicator increase, Headater catcmarts
decrease or stay the same? EO—
Did you compare indicator Seckment time lag
changes to a reference site? P buster e g

Was it a degraded or lightly szt |
impacted site? tCA
Surface sois.

Weber and Peter (2011) Percolasion paths |

01 1 10 100 1000 10 000
Response time (Year)

Hamilton (2012)

“Project age....had non-linear and even negative effects on restoration outcome, indicating
that restoration effects may vanish over time.” Kail et al. (2015)

“Restoration age was ... a poor predictor of community change.” Leps et al. (2016)

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com

11

AGCE | ot Stream restoration and water

&LEARNING quality (nutrients)

= Key concerns have to do with phosphorus (associated with
sediments) and nitrogen (denitrification)

Erosion controls are an important tool to reduce P yields
SRP and NO3 can be reduced by retention and processing.

= So....transient storage is very important!

= Meta-analysis by Newcomer-Johnson et al. (2016)...240
field experiments in 15 studies

= Experiments were run at base flow ®. No assessment of
how restored streams perform over long term. ® f

= Some restored streams do better than others.

= Small streams with strong connection to groundwater,
floodplains, wetlands were most retentive of nutrients...it's
complicated.

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com 12






Stream restoration and

ASCE | ERe :
macroinvertebrates

= Two large meta-analyses
Palmer et al. 2009
= Miller et al. 2010

mSome overlap between the two meta-analyses
78 projects, 18 different author groups

m 24 studies (out of initial list of 53 papers)
= 18 reported both density and richness estimates
= 6 only richness or density

13
www.friendofrivers.com

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.

ASCE | KNOWLEDGE Stream restoration effects--
EEARNRNE macroinvertebrates

mPalmer et al. 2009

“....across the 78 independent restoration
projects monitored by the 18 sets of studies
we evaluated, only two of the 78 (.026)
projects resulted in increases in invertebrate
diversity sufficient for the authors to conclude
that the project was a biological success.”
Increase in physical diversity (habitat
heterogeneity) did not produce increase in
biological diversity

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com 14






ASCE | ERe

Stream restoration effects--

macroinvertebrates

mMiller et al. 2010
Results highly variable

Richness mean response = 2.3 genera or

10% (p = 0.08)
Density mean response = 660

individuals (per m??) or 23% (p = 0.24)
Richness levels did not return to target

or minimally impacted conditions
LW >> Boulder additions

Strength of response related to
watershed scale conditions.

Recent findings of research on stream restoration benefit delivery

Doug Shields, Jr.

ASCE | ERe

A large study

m Large review by Palmer et al. (2014) involving
644 projects

= Wide range of types of stream restorations in
US and Europe

= 48 projects reported %EPT

m Of these, 73% (35, or 0.729) reported some
type of improvement following restoration

= Improvement was defined as progress toward
a reference site, improvement over
prerestoration condition, or some target

Recent findings of research on stream restoration benefit delivery

a Restoration goal
_ 1 n- oy
e B
/ quality
14% |II

b Restoration method

Water __ d -
Other an}ui “‘-\

A T%

Riparian 5\
restoration
17%

_—

hyl:*mmn /
\\ - 38% _ 4

Palmer, M. A. et al. (2014)

Doug Shields, Jr.  www.friendofrivers.com

www friendofrivers.com 15






ASCE |NOWIERGE | This just in—European research

m Study of benthic = i ns 5 bad
macroinvertebrates at 1087 L — i e I'Sﬂ
stream sites in Germany - 48

. E . 8
m Three variables & g
= Local habitat quality, LQ 5 I I 3 g
(~100-m reach) Inter s
= Regional habitat quality, RQ (5 = —[— — - 2 ‘g
km ring) ne 2
= Ecological community quality ‘ ; = .
goo

m Ecological community 7 6 & 44 2 1

quality responds to local 2 Local habitat quality

habitat quality only at sites
with intermediate regional
habitat quality.

Stoll, et al. (2016)

Doug Shields, Jr.  www.friendofrivers.com 17

ASCE |[5\2NRE

Stream restoration

and fish

Widely variable results, but

higher rates of success with
salmonids than warmwater

species

Recent findings of research on stream restoration benefit delivery Doug Shields, Ji1.  www.friendofrivers.com 18






ASCE | KNOWLEDGE Instream structures and

& LEARNING

salmonids

e Two major meta-reviews (211 and 17 studies) Whiteway et al.
(2010), Stewart et al. (2009)

« Both used statistical techniques to combine data sets

e Awide range of typical interventions
v’ Weirs

Deflectors, vanes, groins

Cover structures

Boulder placement

Lw

Ramps, riffle creation

RS

Re-meandering

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com

ASCE | \oWNRE | Instream structures and salmonids

= Widely variable results

= No control for confounding factors
such as degraded water quality

m Structures associated with a
statistically significant increase in
salmonid abundance/biomass

m Structures appear to be more
effective in smaller (i.e., narrower)
streams

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com 20

10





ASCE | KNOWLEDGE Instream structures and

& LEARNING warmwater fishes

Compilation of study results by Roni et al. (2008)

“Little positive benefit
[of instream structure
placement] has been
documented for
nonsalmonids...”

21
Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www friendofrivers.com

ASCE |SNOWIERGE | Palmer et al. (2014) and fish

= 644 projects, 149 published studies

= 83 reported assessment using an index of biotic
integrity (1BI).

= |Bl is most commonly based on fish, but not always
= Palmer et al. did not separate IBI results into fish or
inverts or other and did not report breakdown for

salmonid fish/other species

= A more powerful index than %EPT because it includes
consideration of all species found at a site

= 9 of the 83 (0.108) reported improved IBI

= 41 out of 64 (0.641) reported improvement in
presence/absence of desired species

22
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KNOWLEDGE
& LEARNING

ASCE|

Palmer et al. (20

644 projects, 149 published studies, quantitative info on effectiveness

% of Projects Showing Improvement (Total no.)

14)

Major channel Minor

Indicator change instream work | Riparian only
Turbidity 7 (14) 80 (5)
Nutrients or other
chemical 100 (32)
Physical habitat 80 (60) 60 (5) 100 (21)
Nutrient dynamics 14 (7) 683 (8) 88 (17)
1BI 0 (41) 12 (17) 37 (19)
%EPT 33(12) 100 (31)

Recent findings of research on stream restoration benefit delivery

Doug Shields, Jr.

www.friendofrivers.com

KNOWLEDGE
& LEARNING

ASCE|

Each bar
represents % of

9 to 240 projects
80% -

. 0% -
% of projects 8
displaying 20% - -
improvement in g Morphology
indicator 20% Ecological function
0% Biological
«© /
&® '\\“q Water Quality
& & «
& <Q 04\ N +
& 5 &
$ N &
\/6 Q}Q'b q,{& &
&\0 &'D
&

Recent findings of research on stream restoration benefit deliver

Summary of Palmer review

=Water Quality
*Biological

Ecological function
= Morphology

24

Doug Shields, Jr. www.friendofrivers.com

12





Recent findings of research on stream restoration benefit delivery

ASCE | \oWwERE  And even more recently

A European meta-analysis of 153 stream restoration projects found
positive effects:
e Channel widening on macrophyte richness/diversity
e Instream measures on fish and macroinvertebrates
Furthermore,
« Effects of restoration on abundance/biomass were more pronounced
than effects on species richness and diversity.
« Effects were generally higher in gravel bed rivers and negligible or
negative in sand bed rivers.
« Effects increased with river width
« Effects decreased with agricultural land use (%) in watershed
« Effects declined with project age.
Kail et al. (2015)

. . . 25
Doug Shields, Jr.  www.friendofrivers.com

ASCE | \OXERE A “super-meta” analysis

Similar findings....

A meta-analysis of 89 restoration assessments in a
wide range of ecosystem types across the globe
indicates that ecological restoration increased
provision of biodiversity and ecosystem services by
44 and 25%, respectively. However, values of both
remained lower in restored versus intact reference
ecosystems.

Benayas et al. 2009

26
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Maybe we are not “restoring”

ASCE | ERe

after all

Cluer and Thorne. 2013

o
tel [esy 7

27
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ASCE [E2NRe | Kondolf (2006)

[Restoration projects often feature
single-thread meandering

planform].......... because it ; 1008
satisfies a deep-seated, although . P pyd S e
unrecognized, cultural preference .E_\‘] Va L= o
for single-thread meandering e yo—
channels. This preference is P —
consistent with 18th-century ax = - ol ~f
rEln%"Sﬁh landscape t?eories,bwhich - ey .

eld the serpentine form to be N PN 1
ideal and led to widespread iy T
construction of meandering P =
channels on the country estates of -
the era. o wme H0tm

28
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ASCE |E2NRe | Kondolf (2006)

Ecology and Society 11(2): 42
1991 2000

. k ~
Cuneo Creek, Califorﬁfé

29
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AGCE | $\owence Problem with restoring multi-
E| thread planforms

& LEARNING

= No existing design methodologies for braided or anastomosing
reaches.

= Interaction between plants and sediment transport, lateral and
temporal instability hard to design and simulate.

30
Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com
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Shooting fish in a barrel

Some things that almost always work

Doug Shields, Jr. www.friendofrivers.com

ASCE |\owtencE Shooting fish in a barrel: some
&LEARNING | things that almost always work

= Roni et al. (2008) Global review of stream
habitat rehabilitation

m 345 studies reviewed (1937 — 2006) , most
in Western US and Canada

m Qualitative synthesis rather than
gquantitative meta-analysis

= Focused on fishes and to a lesser extent
on macroinvertebrates

. Doug Shields, Jr.  www.friendofrivers.com
Some things that almost always work

32
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ASCE | \oWEReE  Roni et al. did not cover...

Some things that almost always work Doug Shields, Jr.  www.friendofrivers.com 33

Verbal synthesis for each
major intervention category

ASCE | ERe

Roni et al. (2008)

v Road improvement (removal,
stabilization, culverts.....)

v Riparian rehabilitation (fencing,
planting....)

v Floodplain connectivity and rehabilitation
dam and levee removal
beaver reintroduction
meander creation
flow modification

v Instream habitat improvement (LW, rock,
gravel)

v Nutrient addition

Some things that almost always work Doug Shields, Jr.  www.friendofrivers.com 34
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ASCE | Nowience Some things that almost always

&LEARNING | \york...low risk, high percentage plays

= Roni et al. (2008) findings regarding “most promising techniques”

Reconnection of isolated habitats (side channels, ponds, lakes, wetlands...)

Floodplain rehabilitation (creation of floodplain ponds, channels, lakes; flooding,
beaver reintroduction)

Placement of instream structures

“When implemented properly , these techniques can produce dramatic
improvement of physical habitat and biota....”

“Little positive benefit [of instream structure placement] has been documented
for nonsalmonids”

“The most successful projects.... create large changes in physical habitat and
mimic natural processes....”

Several techniques (e.g., riparian rehabilitation, dam removal...) have shown
promise, “but no long-term studies documenting their success have yet been
published.”

Some things that almost always work Doug Shields, Jr.  www.friendofrivers.com 35

ASCE |SNOWIERGE | Process, process, process

= Watershed scale
Surface erosion
Mass wasting
Surface and subsurface hydrology
Nutrient processing and delivery

= Reach scale
Sediment transport and storage
Stream flow and storage, flooding

Channel migration, floodplain and backwater
formation

Sediment sorting and pool formation
Root reinforcement of banks, shading, LW supply
Primary and secondary biomass production '
Habitat formation by beaver

Some things that almost always work Doug Shields, Jr.  www.friendofrivers.com 36
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= Basic water quality problems like temp
and DO issues are common

= In such cases, manipulation of habitat
structure alone not adequate for
ecological restoration

= But history shows water quality
improvement can be a major first step
towards restoration

No. of fish species

05/09/2007

Some things that aimost always work

ASCE | §\owkencE Address water quality issues
L & LEARNING Shields and Knight (2011)

30 Species Richness
25 4 °
20
15
10
8 %%
57 L) L]
0 L | ‘.5 : .
0 5 10 15

DO conc, mg/L

Doug Shields, Jr.  www.friendofrivers.com
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ASCE | ERe

= Target root causes of =
degradation

= Tailor restoration actions to

local potential
= Restoration scale = -
process scale
[ |
= Define expectations,
including time u
= Adapt, adjust, maintain L
| ]

Some things that almost always work

Factors that lead to success

Channel modifications|

Point source water

pollution
Dams
Grazing
Deforestation
Agriculture
Roads

Urbanization

Doug Shields, Jr.  www.friendofrivers.com
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ASCE | oS | Factors that lead to success

Factors that lead to success

Hydrology
Obbsetss Sediment transport
abou Riparian functions
process Connectivity

Nutrient cycling

Projects typically designed, built and

evaluated based on form (structure)
rather than process.

Some things that almost always work Doug Shields, Jr.  www.friendofrivers.com 39

ASCE o Things that work according

& LEARNING

to Palmer et al. (2014)

= Reducing nonpoint source inputs
Urban stormwater
Agricultural runoff

m Longitudinal connectivity--
colonists
Plant propagules
Animals

m Infiltration in riparian soils
= Hyporheic processes

= Hydraulic connectivity with
floodplain

Some things that almost always work Doug Shields, Jr.  www.friendofrivers.com 40
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How well do the watershed scale
ASCE | KNOWLEDGE

&LEARNING | 5nnroaches work?

RESEARCH ARTICLE

Meta-Analysis of Lost Ecosystem Attributes in Urban
Streams and the Effectiveness of Out-of-Channel
Management Practices

Nathan J. Smucker'* and Naomi E. Detenbeck!

e 117 papers meeting strict criteria
e Projects included “out-of-stream
practices”
¢ Riparian vegetation restoration
e Stormwater ponds
» Floodplain reconnection
* Created wetlands
e Instream measures supplemented
with one of more of these out-of-
stream treatments.

Some things that almost always work Doug Shields, Jr.  www.friendofrivers.com

ASCE |Noyeoce How well do the watershed scale

&LEARNING ' approaches work?

Median response ratios

1.5
3 Restored / urban
Response 10 =3 Restored / reference
i0 = : W Urban / reference
ratio = 156%
2 (33) 139% W% 129%
T 054 e (19) (6) 128%
— - -
log.(A/B) 2
§ 001
- i R
@ E
B 78
E -0.5 1 - :t:,’k' 1)
i 60% P
T (1) b
s -1.01 % 45%
e (10) (19
-1.5 1 (37) aee
23%
(20)
All Ecological Ecological Water Physical
og og ¥
Aftributes structure  function uali habitat
q
Some things that almost always work Doug Shields, Jr. www.friendofrivers.com
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ASCE | \OWEReE Linkedin discussion 673 members

m ASCE River Restoration Technical Committee Linkedin Group

m Discussion.... Overly simplistic question: what commonly-used
restoration approach is most likely to produce ecological benefits?

~— ASCE River Restoration TC

424 members i

Discussions Promotions Jobs Search Manage

Doug Shields
Consulting Hydraulic Engineer at Shields
Engineering, LLC

Doug Shields, Jr.

What commonly-used restoration approach is most likely to produc
ecological benefits? B du e

Lots of verbiage, discussion,
qualification...but...these emerged

m Barrier removal and fish passage
(dams, culverts, etc.)

m Address water pollution
= Large wood
m Set back levees

m Floodplain regulation, preserve
riparian corridors, fencing, give the
river room to do its thing...

ASCE | E'i?;::::\'tl%%: Doug Shields, Jr.  www.friendofrivers.com 44
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KNOWLEDGE - in di -
ASCE | S\SRKeE | Linkedin discussion of best approaches

No single approach or technique is best—very system
dependent

= Restore natural processes and functions

= How much time are you buying for your buck? “Accelerate

WOrdS of natural recovery...”

wisdom = Dam or barrier removal can open up “miles” of rivers,

In addition to identifying the but...

most effective stream . . . -
restoration approaches, the = Dam removal/levee breaching can also trigger instability

group offered sage advice...

Doug Shields, Jr.  www.friendofrivers.com 45

ASCE | NSRS | Guiding Principles for Restoration

« Appreciate that people are part of the
ecosystem.

ADELTA

1N THE SACRAMENT

e Consider landscape context to apply the
right strategies in the right places.

« Restore critical physical and biological
processes.

* Restore appropriate landscape
connectivity.

« Restore landscapes with a focus on
complexity and diversity.

e Create redundancy of key landscape
elements, populations, and habitat types.

« Restore at large scales, with a long time
horizon in mind.

23





Snake oil for sure

some things that hardly ever work

Doug Shields, Jr. www.friendofrivers.com

ASCE | £ERiRe

Installing plant

materials...

Without thinking very much
about soils...

Doug Shields, Jr.  www.friendofrivers.com 48






ASCE |[5\2NRE

Habitat
requirements
change with life
stage

Plants need
Sunlight

Water
Nutrients

in root zone

Doug Shields, Jr.  www.friendofrivers.com 49

ASCE | \OXWSRE | Ensuring restoration project

Bond and Lake (2003). Local habitat restoration in streams: Constraints
on the effectiveness of restoration for stream biota

m Ignoring barriers to colonization

m Designing for today (and not for tomorrow)....needs of all life stages,
high flow and drought refugia

m Introduced species. These may benefit disproportionately from
restoration

m Long-term and large-scale physical processes such as legacies of
previous disturbances and ongoing disturbances at watershed and
larger scales

m Restored area is much smaller than the critical range or patch size for
target species

some things that hardly ever work Doug Shields, Jr.  www.friendofrivers.com 50
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ASCE |[5\2NRE

Ignoring barriers
to colonization

The field of dreams
hypothesis

Doug Shields, Jr.

51

www.friendofrivers.com

ASCE|SI9WR% | A'take home” message

= A completed project may look
“natural”

= It may withstand high flows and
floods

= Vegetation may survive
But....

= Ecological functions may not be
restored

Species richness, fish numbers and
fish biomass all showed slight
declines...(Shields et al. 1998, 2007)

some things that hardly ever work

100%

50% -

0% t t
S91 F91 S92 F92

S93 F93 S94 F94 S95 F95

Season-Year

«{J=degraded reference <O~ restored stream —A—target reference

Doug Shields, Jr.

www friendofrivers.com 52
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ASCE |[5\2NRE

Thinking you are
SUERERGENR
exotics

Kudzu smothers willow
plantings

Introduced
species

Doug Shields, Jr.

www.friendofrivers.com 53

ASCE |[5\2NRE

Ignoring long term
and large-scale
processes

Also known as.....

FIFTEEN HUNDRED

WITH GIANT WHITE STAR STEAMER TITANIC|!
. Horrible Disaster | [0S =

Greatest In Marine
Hlsaogrul World!

Rearranging the chairs?

Doug Shields, Jr.

www.friendofrivers.com 54
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ASCE |[5\2NRE

Ignoring long term
and large-scale
processes

For example, watershed scale
channel incision

Doug Shields, Jr.  www.friendofrivers.com 5%

ASCE |[5\2NRE

Conceptual model
of incised channel
evolution

See FISRWG (1998) for
introduction to this tool

Class I. Sinuous, Premadified h = critical bank height
h<he

= direction of bank or

Class Il. Channelized Class lil. Degradation Class IV. Degradation and Widening
h. hs|

floodplain terrace

<he hehe he

t

N /T !
l |
slumped material

Class V. Aggradation and Widening Class V1. Quasi Equilibrium
h>he h<he

terrace terrace

slumped
material

aggraded material aggraded material

Class |

Class Il priman

nickpoint ¢yacc 1y

A

precursor
nickpoint Class VI

u secondary _
it H
aggradation zone _ \ aggraded material
20gracation zone

Doug Shields, Jr.  www.friendofrivers.com 56
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ASCE |[5\2NRE

before

Ignoring long term
and large-scale
processes

Imposing a new channel form
without considering processes
that determine channel form

1/1996

www.friendofrivers.com °/

ASCE |[5\2NRE

Ignoring long term
and large-scale
processes

Imposing a new channel form
without considering processes
that determine channel form

8/20K008

ol

Doug Shields, Jr.  www.friendofrivers.com 58
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ASCE|$io®e | In hindsight...

= No adequate geomorphic assessment

m Design did not answer the “core questions” (Wilcock 2004)

= What is the water discharge Q(t) and
sediment supply rate Qs(t) and grain size D(t)
delivered to the upstream end of the design reach?

= How will the available flow move
the supplied sediment through the design reach?

m Every stream restoration project needs a sediment
transport analysis.

59
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ASCE |[5\2NRE

“The spatial extent of restoration is rarely set from
the perspective of target species or communities,
instead being driven more often by human
perceptions...or by issues of economic and social
Inappropriate convenience.” Bond and Lake (2003)

scales for
restoration

Also known as the aquarium
syndrome

A great job of habitat
quality restoration may be
ineffective if quantity is
inadequate

Doug Shields, Jr.  www.friendofrivers.com 60
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ASCE |[5\2NRE

= Water quality processes are
dependent on scales of
physical features

Width of buffers (nonpoint

Inappropriate controls)

scales fpl’ Length of shaded reaches
restoration (temperature)

In some ways, bigger is better. . ) )

For sure, there is a minimum = Flood peak mitigation is

size below which restoration is similar|y Sca|e dependent

ineffective....

= Critical scales for ecological
communities are harder to
determine. See Stoll (2016)
for recent research.

Doug Shields, Jr.  www.friendofrivers.com 61

ASCE | knowtepce | the dumbest restoration move |

&LEARNING ' eyer made (saw)...”

m ASCE River Restoration Technical Committee Linkedin Group

m Discussion.... What restoration strategies/tactics/techniques do you
find the least effective?

T~ ASCE River Restoration TC

424 members

Discussions Promotions Jobs Search Manage ‘

Engineer at Shields

i

See all members

some things that hardly ever work Doug Shields, Jr.  www.friendofrivers.com
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Least effective approaches (per

= Instream structures that have no natural analog
® J-hook vanes
® Rootwads
® Gabions
® “Stonemason” structures

= Designing channels with excessive uniformity
® Perfect sine curves for meander planform
® Uniform channel widths (riffles tend to be wider, bend apices narrower)

= Designing channels to be excessively stable
® Extra large riffle stone
® Bed immobility up to Q.
® No channel changes allowed!

= Generally ignoring geomorphic context

63
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Least effective approaches

KNOWLEDGE
ASCE | oG (per group)

m Inadequate hydrologic design

basis

® Using rainfall/runoff relations for
groundwater dominated systems

® Considering only single Q, such as
bankfull

® Placing wood or other aquatic
habitat features at unrealistically
high elevations

® Sizing channels based on Q.

rather than considering floodplain
inundation duration and frequency

some things that hardly ever work Doug SJ'. Jr. www.frfen.com
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Least effective approaches (per

m Sediment or soils mistakes
® Underestimating erodibility
® Overestimating erodibility

® Designing single thread channels
that cannot transport supplied Qg

® No consideration of scour

® No consideration of channel
evolution

= Every stream restoration project
needs a sediment transport
analysis.

some things that hardly ever work Doug Shields, Jr.  www.friendofrivers.com 65

ASCE | S\oXSReE | Factors that lead to failure (recap)

Not addressing the root cause of habitat
or water quality degradation

= Not recognizing upstream processes or
downstream barriers to connectivity

= One size fits all

= |nappropriate prioritization or sequencing
of projects

= Poor project design
= Inadequate stakeholder support

= Inadequate monitoring

UAWILEY- BLACKWILL

some things that hardly ever work Doug Shields, Jr.  www.friendofrivers.com
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Ideas someone should try

Maybe you have?

ASCE|

KNOWLEDGE
KNOWLERCE | |deas someone should try

R J
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ASCE | \oWSReE |  Ideas someone should try

m Develop a suite of tools for managing beaver
Attraction
Propagation
Repulsion
Population control

Wild Ideas — Doug Shields, Jr.  www.friendofrivers.com 69

ASCE |¥i2kNiNe  People are trying

Beaver Management
Technical Paper #1:
Beaver Management Tools
Literature Review

The Beaver Restoration and Guidance

Guidebook

Working with Bever fo Restore Streams, Willeads, and Flondplaing

Wersion L hone 38, 7015

Wild Ideas Doug Shields, Jr.  www.friendofrivers.com 70
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A national program to remove

ASCE | KNOWLEDGE : . :
&LEARNING 1 barriers and avoid new barriers

= More aggressive effort to develop
and disseminate state of the art
technology for assessment and
design

National inventory of dams 2011

= Make restoration of ecohydraulic
connectivity a mission of national
water action agencies

m Establish scale for measuring
economic benefits by fiat

Wild Ideas Doug Shields, Jr.  www.friendofrivers.com 71

ASCE |¥2NRe = Review

m Most projects are not monitored, and most that are monitored have
disappointing performance with respect to ecological targets. However,
well-designed projects typically produce partial ecological recovery.

m Approaches that focus on restoring process and function have greater
likelihood of success than those that focus on form (the way things look)

Potential project effects are inversely proportional to stream size

Projects in less altered watersheds are more likely to succeed

Coldwater restorations (salmonids) are less risky that warmwater restorations
Geomorphic context and sediment transport analysis are quite important

m Bigger is often better as far as project size goes, but we can reduce
failure risk of reach-scale restorations by looking up- and downstream

Consider watershed scale processes
Start with a good geomorphic assessment
Look for barriers

Doug Shields, Jr.  www.friendofrivers.com 72
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ASCE|£igkine | A parting thou

The care'of rivers is not a question ofs
but of the human heart. '

=

e e iy 3 -
Tanako Shezo; Japanese Cohérvatlom
;‘-.L,?_I Té' o SR v &

X

Wild Ideas Doug Shields, Jr.  www.friendofrivers.com 73

ASCE | \osReE  Restoration handbooks

(1) Stream Restoration Design Handbook (NEH 654), USDA.
You can either download individual chapters of NEH 654 or request a free cd.
There are no paper copies.
(I) Download the book chapter by chapter from
navigate to Handbooks, Title 210 - Engineering, National Engineering Handbook, Part 654 - Stream
Restoration Design
(I1) To request a CD, go to and search for NEH-654.
The CD version is free and includes navigation bookmarks, is fully searchable with keywords, and has
high quality files for selective printing.

(2) Federal Interagency Stream Restoration Working Group (FISRWG). 1998. Stream Corridor
Restoration: Principles, Processes and Practices . Also on the aforementioned CD.

(3) RiverRat . Skidmore, P. B, C. R. Thorne, B. Cluer, G. R. Pess, J. Castro, T. J.
Beechie, and C.C. Shea. In review 2009. Science base and tools for evaluating stream engineering,
management, and restoration proposals. U.S. Dept. Commerce, NOAA Tech. Memo. NMFS-NWFSC.

Doug Shields, Jr.  www.friendofrivers.com 74
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ASCE|KN°W“°°E References and sources of

&LEARNING | 5dditional information

= Benayas, J. M. R., et al . (2009). Enhancement of biodiversity and ecosystem services by ecological restoration: a
meta-analysis. science, 325(5944), 1121-1124.

= Bernhardt, E. et al. (2007). Restoring rivers one reach at a time: Results from a survey of U.S. river restoration
practitioners. Journal of Restoration Ecology, 15(3): 482-493.

= Bernhardt, E. S. and Palmer, M. A. (2011). River restoration: the fuzzy logic of repairing reaches to reverse
catchment scale degradation. Ecological Applications, 21(6):1926-1931.

= Bond, N. R. and Lake, P. S. (2003). Local habitat restoration in streams: Constraints on the effectiveness of
restoration for stream biota . Journal of Ecological Management and Restoration 4(3): 193-198.

= Buchanan, B.P. et al. (2010). Monitoring and assessment of a river restoration project in central New York. River
Research and Applications, 28(2): 216-233.

m Cluer, B. and Thorne, C. (2014). A stream evolution model integrating habitat and ecosystem benefits. River
Research and Applications, 30(2), 135-154.

= Doyle, M\W. et al. (2011). Effect of channel restoration on flood wave attenuation. Journal of Hydraulic
Engineering, 394, 364-375.

= Hamilton, S. K. (2012). Biogeochemical time lags may delay responses of streams to ecological restoration.
Freshwater Biology, 57.s1 (2012): 43-57.

= Hester, E. T. et al. (2016). Effects of inset floodplains and hyporheic exchange induced by in-stream structures on
nitrate removal in a headwater stream. Ecological Engineering, 97, 452-464.

= Kail, J. et al. (2015). The effect of river restoration on fish, macroinvertebrates and aquatic macrophytes: a meta-
analysis. Ecological Indicators, 58, 311-321.
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S REARNE additional information (continued)

= Kasahara, T. and Hill, A. R. (2006). Effects of riffle step restoration on hyporheic zone chemistry in N-rich lowland
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Visit and follow the brief instructions
listed. Group attendees must use the “Order Number” — obtained from
your Webinar Purchaser or Coordinator — to obtain a certificate.
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Stream restoration—what works

ASCE | S\RRE
& G and what doesn’t work

Bonus slides
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ASCE |\ Palmer et al. (2014)

| "’“Restoring the_lecolqjgical integrity of
degradedavafEvays is tough,
HptHCated wWork™

ASCE|[8Nike | Sad, but true

“If you want to loose weight, you have to eat fewer calories
than you burn.”

“There is no Santa Claus.”

“You will have to pay taxes on that.”

“In investing, risk and reward are inversely proportional.”
“Thereis no free lunch.”

Stream restoration is complicated.
There are no approaches or techniques that always work.
There are no approaches or techniques that always fail.
There are no easy recipes.

Introduction Doug Shields, Jr.  www.friendofrivers.com g»
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ASCE | | Why design channels?

- THE DAWILLE . REGISTER [

JU. S. b[u-mnl Forces {,amp
[Falls After 18-Hour Siege
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ASCE|Sigine | Have we made progress?
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ASCE | NOWERCE | Maybe we need an oath....

= Primum non nocere is a Latin phrase that means "first, do no harm."
....... one of the principal precepts of bioethics that all healthcare
students are taught in school and is a fundamental principle throughout
the world.

= Another way to state it is that, "given an existing problem, it may be
better .... to do nothing, than to risk causing more harm than good."

m It reminds the health care provider that they must consider the possible
harm that any intervention might do.

= How might this principle apply to stream restoration?

Doug Shields, Jr.  www.friendofrivers.com 85
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ASCE | s\owence Stream restoration and physical

& LEARNING

integrity

¢ Median length = 1,117 ft

¢ Median drainage area = 224 ac

Too many restoration
projects are “small actions in
small streams”

Some projects
don’t even pass
the visual test

Mecklenberg and Fay (2011)
performed physical post-
project assessments for 51
stream mitigation projects in

Ohio that included physical i 2
reconfiguration ¢ Median stream power = 14 ft Ib/s-ft = 62 W/m

« Deep, narrow, straight channels

« Riffles stable, filled with fines, colonized by |
wetland plants

« Many sites had extremely poor soil quality

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com 86
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Stream restoration and water

ASCEISQURE oo

© Riparian zones can trigger significant denitrification in shallow groundwater,

and....
© Typical types of restoration often improve hyporheic retention,
but...

® this impacts only a tiny fraction of total flow in streams that do not have very
coarse beds (Kasahara and Hill 2006, Stofleth et al. 2008)

‘Waler enters gravel
Stream surface

Waler reenters

= Fload plain

Flgoiigis Zoie

Doug Shields, Jr.  www.friendofrivers.com

Recent findings of research on stream restoration benefit delivery

ASCE | s\owence Stream restoration and physical
& LEARNING integrity

Short reach projects have such small
influence on peak discharge that it
cannot be measured

— Q100Input

90 -
-=== Impaired
80 - wee Restored ~ 3
L — Qloinput ’
.. 701 % ---- Impaired |
M ini mal ﬂOOd : wl oW Restored 125128 13.1 13.4 13.7 144
peak attenuation H e Jelnput
E o -~ Impaired
Sholtes and Doyle (2011) e i
modeled flood wave passage g ol
through hypothetical impaired
and restored reaches using 20 4
HEC RAS and median X .
channel dimensions from 20 20 -
North Carolina stream N,
10

restoration projects. Reach

length ~1 km, channel slope : } ;
~0.005, bankfull width 14-16 i & i A i i i B i m
m, Qy; = 28-49 m3/s -
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Stream restoration and physical
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ASCE | £\2ARRE integrity

# Instream habitat often responds quickly to instream structures, channel
reconstruction, etc.

® But this is usually measured at base flow.

® And some types of projects have poor records of physical habitat
effects....(Miller and Kochel 2010, Mecklenberg and Fay 2011)

m Channel stability and sediment load are hard to measure.

® Some projects actually trigger erosion and contribute sediment
(Buchanan et al. 2010)

# Effects of increased shade on water temperature are significant when
treatment is applied over long reaches.

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com 89

Where’s the beef?

= Growing number of reports that restoring e
channel form (meandering planform, pool ‘CQ{EL"‘_E?;'_
and riffle morphology, riparian vegetation) is WHE BEEE?
not sufficient to restore ecological function.

= Similarly, claims of positive impacts on flood
conveyance and downstream water guality
appear untrue or unsubstantiated.

= |n fact, some projects have demonstrably
degraded environmental resources.

Disturbance due to earthmoving, clearing
Structural failure

Doug Shields, Jr.  www.friendofrivers.com 90
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Eewlagieal Applications, 2161 2011, pp. 19261931
© M by the Ecological Society of America

River restoration: the fuzzy logic of repairing reaches
to reverse catchment scale degradation

. s 2
EsiLy 8. Bersianot'* ano Marcarer A Pacses®

“....there has been little empirical evaluation of whether
restoration projects individually or cumulatively achieve
the legally mandated goals ........ New efforts to evaluate
river restoration projects that use channel
reconfiguration ....are finding little evidence for
measurable ecological improvement. While designed
channels may have less-incised banks and greater
sinuosity than the degraded streams they replace, these

reach-scale efforts do not appear to be effectively 'y <1km
mitigating the physical, hydrological, or chemical
alterations that are responsible for the loss of sensitive
taxa and the declines in water quality ...... ”

S

&

ASCE | KNOWLEDGE
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ASCE I KNOWLEDGE | Stream restoration and macroinvertebrates—

& LEARNING German and NC studies

= Sunderman et al. (2011) German
studies

3/25 (.120) of the restored sites
showed “good ecological quality”
Diversity, dominance and evenness
did not vary between control and
restored reaches No relationship
between restoration success and
costs, length of restored section or
elapsed time since restoration

Later work showed distance from
sources of potential colonists to be
critical

= Tullos et al. (2006 and 2008) NC
studies

No difference in specialists between
control and restored reaches 2004/06/02

Taxa tolerant of disturbance were
characteristic of restored reaches

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com 92






ASCE | S\oWsReE  Fish and bugs are perverse

RESEARCH ARTICLE

Natural-Channel-Design Restorations That Changed
Geomorphology Have Little Effect on
Macroinvertebrate Communities in Headwater

Streams

Anne G. Ernst."? Dana R. Warren,? and Barry P. Baldigo'

Abstract

Stream restorations that increase geomorphic stability can
improve habitat quality, which should benefit selected
species and local aquatic ecosystems. This assumption is
often used to define primary restoration goals: vet, bio-
logical responses to restoration are rarely monitored or
evaluated methodically. Macroinvertebrate communities
were inventoried at 6 study reaches within 5 Catskill
Mountain streams between 2002 and 2006 to characterize

Recent findings of research on stream restoration benefit delivery

within a stream were much more similar to each other
within any given year than they were in the same reaches

LOSs, _" LS LLLnin _' _' ALl Crass SLEEas,
These findings indicate that source populations and
watershed-scale factors were more important to macroin-
vertebrate community characteristics than were changes
in channel geomorphology associated with NCD restora-
tion. Furthermore, the response of macroinvertebrates to
Testoration cannol always be use € response ol

other stream biota to n;-'illll’illfllﬂ< Thus, a broad perspec-

93
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ASCE | \oXSReE - Results from Miller et al. (2010)

. X
Response ratio = In | —

Xc

Response ratio = In (mean for
restored site/mean for control)

Response ratio = 0.1 implies
that ratio of means is 1.1

Response ratio = 0.2 implies
that ratio of means is 1.2

Recent findings of research on stream restoration benefit delivery
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Think about degradation trajectory

G.J. Vietz et al. / Landscape and Urban Planning 145 (2016) 34-44

A
Initial increase from .0 Decrease following
BEDLOAD ‘,?‘!#‘ catchment and - » major development ‘
SEDIMENT INPUTS s 5‘ channel sources = " and reduction of v
e channel sources . o»
CHAMNEL Enlargement snd Further enlatgement
MORPHOLOGY sediment infux and sediment removal
TRANSPORT Increased: Increased:
CAPACITY via stormwater stormwater flow
flow and reduced
_____ floodplain ¢ _ _ _ _
b
\\. - engagement \
BEDLOAD = %
SUBSTRATE Increased load Reduced load Sogn
»
i >
NON-URBAN CATCHMENT TRANSITION CATCHMENT URBAN CATCHMENT
Undisturbed of low inpact land use < 515 yrs since major stormmwater 5 10 y73 sirice major stormwater
ronnecTions mnnectinng

Some things that almost always work
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Think about degradation trajectory

G.J. Vietz et al. / Landscape and Urban Planning 145 (2016) 34-44

Cross-section

Planform

§

Activities

Geomorphic
changes

Some things that almost always work

Pre-Disturbance Rural Urban
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» . »
|
/

Vegetation remaoval Channel enlargement

Drainage re-alignment Charunel straightening

Cattle acoess Increased drainage connections
Some stabilization Stabilization/farmaoring
Reduced andwood  Litthe to i wood
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Reduced bedload sed Lirmited i b i

Increased channel capacity Mo regular flocdplain engagement
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ASCE|SENNe | Torecap......

Stream restoration is difficult.

= Channel reconstruction is only one
tool available, and often not the best
tool for the job.

= Process-based watershed
restoration is Freferred to short-
reach channel/geomorphic
modification.

= Design of active bed multi-thread
planform channels is at or beyond
the state of the art, even though full
ecological restoration may require

this. 97

Doug Shields, Jr.  www.friendofrivers.com
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o

Ignoring long term
and large-scale
processes

For example, working at the
short-reach scale when
channel incision via
headcutting is occurring
throughout the watershed.

on stream restoration benefit delivery Doug Shields, Jr.  www.friendofrivers.com 98
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= Bank stabilization in reach with unstable
bed

m Reach scale habitat structures in
urbanizing watershed with perturbed

Long-term and hydrology...or similar issues due to
large-scale deforestation, agriculture, etc.

processes

More examples...

= Ignoring effects of upstream impoundment
on bed sediments

= Floods and droughts (restoration delay)

»

Doug Shields, Jr.  www.friendofrivers.com 99

= Climate change A
-

-
¥
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Doug Shields, Jr.

Earthmoving often associated
with meander restoration

http://www.eorinc.com/stream-restoration-stabilization.php

www.friendofrivers.com Shields Engineering, LLC 100
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ASCE|Sigkine | Quiz time

= For purposes of this webinar, how is stream restoration success defined?

Return to the trajectory of a pristine or lightly degraded system.

= What are the perils/difficulties associated with this definition?

Project stakeholders may not support this type of ecological restoration,
and we may have a hard time defining the target we are trying to hit.

= Your questions?

Overview and objectives Doug Shields, Jr.  www.friendofrivers.com 101

ASCE|Si8kine | Quiz time

= What fraction of stream restoration projects are monitored?

Less than 10%, according to the NRRSS

= How would you characterize findings of recent research regarding effects of
stream restoration on benthic macroinvertebrates?

Widely variable in general, with most variable results for channel reconfiguration and
lowest for LW and richness. Biological responses did not always follow physical
habitat improvements. Restoration projects in forested watersheds more successful
than for those in agric or urban.

= Your questions?

Recent findings of research on stream restoration benefit delivery Doug Shields, Jr.  www friendofrivers.com 102
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ASCE|Sigkine | Quiz time

= Which project is more likely to produce a positive ecological response?

Both projects consist of placement of LW structures along 2 miles of channel

Rural, pastoral stream in Ohio.
Previously channelized for drainage,
riparian veg retained on one bank.
Elevated nutrients and susp sediment.

Some things that almost always work

. U .
Forested watershed, Vermont.
Relocated due to highway

construction.

Doug Shields, Jr.  www.friendofrivers.com
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= Which project is riskier?

v.pmcl.com/mmdl|/CorpsCe Studies.asp

Urban, Great Plains

Gravel and rubble bed, trout stream

Mean daily flow = 29 cfs, slope = 0.005

Basic water quality OK, but water too shallow and
warm for trout

4.9 mi reach treated with instream structures
made of 1-3 ft rock and designed to narrow
baseflow channel

some things that hardly ever work

Rural (mixed cover), Southeast

Deeply incised, sand bed, warmwater. Minimal
game fish populations

Mean daily flow = 5 cfs, slope = 0.002

High sediment concentrations and temperatures

3000 ft reach treated with large wood and willow
plantings to scour pools, provide cover

Doug Shields, Jr.  www.friendofrivers.com
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ASCE |¥i2NRe = Quiz time

m East v. west

m Coldwater v. warm

m Gravel/cobble bed v. sand/fines
= Salmonids v. non salmonids

m Less developed watershed v. short
reach urban

m Large stream v. small

m Process v. natural channel design

105
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ASCE | \eXEREE | Location, location, location

m Eastv. west

m Coldwater v. warm

m Gravel/cobble bed v. sand/fines
m Salmonids v. non salmonids

m Less developed watershed v. short
reach urban

m Large stream v. small

m Process v. natural channel design

Some things that almost always work Doug Shields, Jr.  www.friendofrivers.com 106
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Some things that almost always work

This should work

Doug Shields, Jr.  www.friendofrivers.com 107
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This should work

* Pacific NW
e Salmonid stream
» Hydrology and WQ okay

e Large wood and boulder
addition to create
instream structures

* Natural processes still
active

Some things that almost always work

Coars

4 Convocation of
{ experts

material

Doug Shields, Jr.
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Some things that almost always work
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E | KNOWLEDGE Really degraded systems likely require watershed-
ASC & LEARNING scale and instream interventions

= 05/15/2003
®

Shields et al. (2007)

Doug Shields, Jr.  www.friendofrivers.com
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ASCE | \oWSReE |  Ideas someone should try

m Developing [radically] more efficient native plant propagation systems

“rotary stinger”

Photos from S&K Environmental Restoration, Inc., Arlee, MT used by permission.

Also see brochures and video at www.brackeforest.com

Wwild ideas Doug Shields, Jr.  www.friendofrivers.com 111

ASCE | NoWEReE |  1deas someone should try

= A “riparian zone arbor day"----with thousands involved

Volunteers restore a ffer by ereating u living shoreline. ]
+ =" Photo by CBF Staff,

Wild Ideas Doug Shields, Jr.  www.friendofrivers.com 112
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May 1, 2020

Matt Shively, Regulatory Project Manager matthew.s.shively@usace.army.mil
U.S. Army Corps of Engineers

Kansas City Regulatory Office

601 East 12th Street

Kansas City, MO 64106

Reference: Richard F. Geekie letter, dated April 30, 2020

From Richard F. Geekie, P.E., M.ASCE

My letter of April 30, 2020 presents two graphs derived from the stage and discharge data of
the Missouri River gage, RM 366.2.

To clarify my conclusions, | did not imply that dredging in the Kansas City reach does not have
detrimental effects on the Missouri River or its channel bed. The following text comes from an
earlier report of mine (that needs some revision).

Dredging in RM 354-382 contributes to degradation at some distance downstream of this reach,
or any dredging reach, but how far downstream is difficult to measure. The stage trends at the
Kansas City gage measure of downstream degradation but only a limited distance.

If dredging is in an area of the bed where bed forms (dunes) are developing, the effects of
dredging will be to destroy the dunes that are a source of suspended bed material. Bed material
that would have become suspended would instead be extracted during dredging. This loss of
suspended bed material reduces the amount suspended sand that would have been deposited
downstream. Dredging holes intercept bed load that would have been transported
downstream.

Eliminating dredging would add to the supply of sand downstream that would be available for
downstream development of emergent sand bars. The central topic of the Missouri River
Recovery Management Plan & Environmental Impact Statement (USACE, August 2018, 4
volumes) was the development of emergent sand bars for habitat. The effect of increasing the
available sand supply for habitat development has not been investigated by anyone known to
the author.

All dredging sites reduce downstream deposition of suspended sand load in addition of bed
load. The loss of dredged sand contributes over time to the loss sand of the Louisiana Barrier
Islands. https://pubs.usgs.gov/fs/barrier-islands/



https://pubs.usgs.gov/fs/barrier-islands
mailto:matthew.s.shively@usace.army.mil

A problem with using the figures in the referenced letter is that a loss of bed load, suspended
sand load also would increase degradation.

1) The sediment sampling program that was discontinued after 2004 of the Corps for the
three gages, St. Joseph, Kansas City, and Herman This sediment program included the
following:

Suspended sediment sampling across the river, bed material, velocity measurements,
discharge measurements and stage. Bed shear stress can be estimated from velocity
profile.

2) From the above, the suspended sand load could be estimated in terms of tons per day.
3) Changes in gradation curves of the top 2.5 inches of the bed are a result of recent flow
events or floods. For example, convergent flow over a reach should produce some
armoring and a change is bed slope. Bed load would be expected to change in such a

reach.

The bed material sampling from at least RM 500 to the mouth should be re-established. The
sampling was every five miles, with three samples across the river at each sampling location.
Does the variation of the gradation curves (grain-size distributions) change at dredging sites and
downstream of dredging or after large flood events? What grain size distributions are needed
for stable emergent sand bar?

These are some of my thoughts on both dredging effects and the need to have a better
collection of data, including velocity measurements and sediment data. Some of this is
speculation that requires further thought and more recent sediment and velocity data.

What effects does dredging have on the other biota?

Richard F. Geekie, P.E., M.ASCE

Shawnee, KS

rfgeekie@gmail.com
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April 21, 2020
VIA EMAIL AND U.S. MAIL

Matt Shively, Regulatory Project Manager matthew.s.shively@usace.amy.mil
U.S. Ammy Corps of Engineers

Kansas City Regulatory Office

601 East 12th Street

Kansas City, MO 64106

Re: Missouri River Commercial Sand Dredging Permits
Gentlemen:

This letter is in response to your Public Notice dated March 18, 2020, regarding permits
requested by Capital Sand Company, Inc.; Hermann Sand & Gravel, inc.; Holliday Sand &
Gravel Company; Con-Agg of Missouri, LLC; Limited Leasing Company; and J.T.R., Inc.;
hereinafter “Dredgers.”

Commercial sand dredgers provide most of sand material for the construction industry. The
sand goes into concrete that provides our roads, bridges, sidewalks, homes, driveways, etc. in
the State of Missouri and parts of Kansas. Missouri River sand is of high quality and important
to the construction trades.

Dredging has taken place on the Missouri River long before the Corps developed the Bank
Stabilization and Navigation Project. The dredging interests have complied with permit
requirements previously issued by the Corps of Engineers in previous permits.

The permits provide for an accommodation of the endangered pallid sturgeon. The Dredgers
present no other impacts to any other endangered or threatened species on the River.

The Dredgers provide a source of employment and pay taxes in their respective communities.
They participate in their local communities, providing donations and other contributions to civic
betterment.

The undersigned supports the Corps re-issuing pemnits for commercial sand dredging on the
Missouri River.

Very truly yours,

cc: Missouri Department of Natural Resources
PO Box 176




	2020-04-16 Bill Roush
	2020-04-20 Cathy Matlack
	2020-04-21 Joey Shondell
	2020-04-25 Scott Perkins
	2020-04-28 Fred Schoell
	2020-04-28 Fred Schoell - page 2
	2020-04-29 Kay Heley
	202-04-29 Kay Heley - page 2
	2020-04-29 Tom Kessler
	2020-04-30 Angie Schieferecke
	2020-04-30 Billy Croan
	2020-04-30 Logan Heley
	2020-04-30 Logan Heley - page 2
	2020-04-28 Melanie Kraft
	2020-05-01 David Mitchell
	2020-05-01 Linda Hornbuckle
	2020-05-01 Les Lampe
	2020-05-01 Les Lampe - page 2
	2020-05-01 Martha Gershun
	2020-05-01 Martha Gershun - page 2
	2020-05-01 Sierra Herndon
	2020-05-02 Claire Reagan
	2020-05-02 Ethan Corson
	2020-05-03 Barb Hall
	2020-05-03 Deborah Reiman
	2020-04-30 Richard Geekie
	2020-04-29 Richard Geekie
	2020-04-29 Richard Geekie - page 2
	2020-04-29 Richard Geekie - page 3 Figure 1. (Stage/Q)*
	2020-05-01 Richard Geekie (email)
	2020-05-01 Richard Geekie
	2020-05-01 Richard Geekie - page 2
	2020-04-21 Dan K.



