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SUMMARY 

 

When responding to new global climate conditions, surveyors should anticipate the need for 

full 3D surveys after natural disasters caused by flash flooding emergencies. In July of 2022, 

flash flooding swept across Eastern Kentucky, USA affecting more than 10 counties due to an 

estimated 0.5-meter rainfall in less than 2 days. The USA National Weather Service estimated 

that this volume of rainfall (600% above average) occurring in such a short period of time had 

a 1:1000 chance of happening in a given year. Living in the modern era, we all need to be 

ready for more natural disasters. The flash flooding washed through creeks and rivers while at 

the same time destroying roadways, bridges and homes. More than 40 deaths are attributed to 

this one event. 

Qk4, Inc. had been surveying bridges for the Kentucky Department of Transportation 

under a private consulting contract comprised of 1000 individual bridges in the state 

inventory. Because of the experience of the Qk4 survey team and their ability to respond 

quickly with existing contracts, surveyors arrived on bridge sites within one week of the 

flooding event. With modern survey equipment such as robust GPS receivers, robotic total 

stations, 3D laser scanners, and drones, the survey team was able to establish geodetic survey 

control and collect all existing site conditions of the bridge sites in just 2 or 3 days. All 

features related to the bridge were precisely located including remaining bridge components, 

utilities, roadway, creek limits, drainage structures and more. These trained survey technicians 

had the exact experience necessary to accomplish the emergency response. Each survey was 

collected in 3D and modeled in a digital format for transmission to dozens of design engineers 

worldwide. 

Extreme environments do not always require extreme land surveys if companies 

prepare for natural disasters with proper planning and technician training. Through this one 

flooding event, we learned that the resilience of the human spirit can accomplish great things 

for communities that are recovering from destruction. We may not consider land surveyors as 

first responders, but for the people of Eastern Kentucky, the surveyors started sustainable 

reconstruction of their bridges in less than a week’s time. The bridges for these replacements 

were designed and built with a 75-year sustainable lifespan to proactively account for more 

flooding in the future. Thanks to the efforts of the surveyors, engineers and contractors, 

communities now have bridge security for their families in Kentucky. 
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PROVIDENTIAL PREPARATION 

 

In 2020, as surveyors climbed through vegetation along the banks of small drainage creeks in 

rural Kentucky, they never expected that providence was training them to respond to potential 

natural disasters to come. Using specialized land survey knowledge, Qk4 field crews collected 

thousands of georeferenced points with intelligent codes for the 3D digital terrain model 

features of hundreds of bridge sites in unknown preparation for Kentucky’s worst flash 

flooding event of this century. Little did these surveyors know that their laser scanning and 

drone mapping experience would be called upon to help save a community recovering from 

the loss of lives, homes, safe access roads, and bridges in the Eastern Kentucky Flood of 

2022. 

 

JULY 26, 2023: THE EASTERN KENTUCKY FLOOD (Appendix A) 

 

Between July 25th and July 30th, 2022, several complex thunderstorms developed across 

southeastern Kentucky, causing heavy rain, deadly flash flooding, and devastating river 

flooding in eastern Kentucky. These storms resulted in rainfall rates exceeding 4 inches per 

hour, leading to 39 deaths and widespread catastrophic damage. Hundreds of homes and parts 

of communities were swept away, and over 600 helicopter rescues were needed to evacuate 

residents. In total, 24 Flash Flood Warnings were issued, with 13 warnings, including 3 Flash 

Flood Emergencies, occurring during the peak of the event. Radar estimates indicated that 14- 

16 inches of rain fell in a narrow swath, with many areas receiving 6-10 inches of rain. The 

highest rainfall was reported in southern Knott County, with 14 inches between July 25th and 

July 29th. These rainfall values are extremely rare, with less than a 1 in 1000 chance of 

occurring in a given year. 

The intense rainfall also led to significant river flooding, particularly in the Kentucky River 

and its forks, the Red River, and the Licking River. At Whitesburg, the North Fork of the 

Kentucky River reached nearly 21 feet before gauge failure, surpassing the previous record of 

14.7 feet set in 1957. The North Fork of the Kentucky River at Jackson also set a new record 

crest of 43.47 feet. This river flooding caused further destruction and affected downstream 

areas less impacted by the initial rainfall. 

 

SURVEYORS FIRST TO RESPOND 

 

Because of the experience gained from years of surveying small structures in Kentucky for the 

Department of Transportation and an on-call survey services contract with the state, Qk4 
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surveyors were able to respond within three days of the flood event. Emergency responders 

already knew the situation was worse than ever before. Whole communities had been washed 

away by the torrents of water rushing down mountainsides filling up creeks and drains to 

beyond flood limits. Emergency services established a control center and enacted every 

agency to help the recovery effort. 

 

The Kentucky Transportation Cabinet engaged the existing on-call bridge delivery contract to 

assess and rebuild roadways and bridges that had been washed out to create a quick design 

repair or replacement of unstable structures. The land survey team of Qk4 was called to 

collect existing conditions of the damaged sites and provide a basemap CAD drawing of the 

critical features needed to design sustainable replacements that would last through future 

storms. Every experienced surveyor mobilized with modern land survey tools to collect the 

ground surface, remaining structure, existing utilities, and creek hydrology. In some cases, the 

surveyors did not know where they would sleep because of the destruction of hotels and 

homes, but they went with a resilient spirit and hope that they would be able to help. 

 

MODERN EFFICIENT 3D BRIDGE SURVEY 

 

The survey crews had years of experience preparing bridge surveys and had the equipment 

necessary to establish coordinate control localized to each site. They had modern GNSS 

receivers, a robotic total station, data collectors for all crew members, and the use of laser 

scanning and drones for detailed scans or contextual drone mapping. On many sites, the 

bridge was completely washed away which made it difficult to even access both sides of the 

creek. The process started with the field crew arriving at the bridge site and immediately 

setting up a GNSS base on a primary survey control point, then setting additional control to be 

used as reference control but also as permanent benchmarks for future contractors. As the 

crew chief established control, the other crew members began taking 360-degree site photos, 

measuring unique site features, locating utility evidence, and talking with neighbors. While 

the base was still collecting its static session, the crew would run differential levels through 

the control for precise elevations across the site. With good control established, one field crew 

member set up a robotic total station for topographic data collection while the second crew 

member ran an RTK rover to also collect the contextual ground surface and creek locations. 

With both crew members working with independent survey setups, these crews started 

collecting the bridge site with efficiency before the close of the first day when the static GNSS 

session ended. 

 

 

Subsequent days, the crew used the same control base location to maintain the same reference 

frame expecting to post-process the whole job and adjust it to real control. Elements of the site 

were collected with intelligent field-to-finish codes to create a digital twin for critical design 

decisions: direction and width of approach roadways, the cross sections of the remaining 

creek for volume calculations, any existing utilities that were adjacent to or along the side of 

the bridge, any remaining substructure or superstructure of the bridge, and the overall context 

and topography of the land. Those bridges that had historic significance or were complex in 

nature may have been laser scanned to archive the post-flood conditions for assessments to 
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decide the viability of keeping significant bridges. Each day on the site the field crew worked 

within the same control established the first day on the site. 

 

After a thorough review of the collected digital points and confidence that bridge engineers 

had the modeling information needed for their design, the field crews moved on to the next 

emergency site which may have been downstream of the same washed-out river. Crews were 

so efficient that they may be able to collect a site in just a couple days in most cases. The 

speed at which they worked was important because the response time of the engineering team 

started when they received the 3D model from the survey team. Field data collection was 

uploaded to Qk4 servers, allowing the survey CAD technicians to finish the modeling that had 

begun with intelligent codes. Qk4’s workflow created a total of three surfaces within their 

delivered digital twin: an overall surface TIN model of ground features that included the 

bridge substructure and creek, a bridge deck model which could be a TIN or could be modeled 

solid CAD features that acted as the digital bridge within the CAD model, and finally, an 

under bridge surface model that provided a complete hydraulic opening to calculate the 

volume of water that would flow under the bridge. These surfaces, along with all other data 

collection on the site, created a full composite of the existing conditions after the flood. 

 

THE BENEFITS OF A DIGITAL TWIN MODEL (Appendix B) 

 

A digital survey data collection allows for the digital modeling of the full digital twin of the 

site and bridge. The benefits of this complete model to a bridge engineer are valuable to the 

extent that the existing survey provides a digital canvas to build the proposed solution. Every 

critical elevation, length, width, and angular skew is communicated in one digital platform. 

Digital twins are proven to support Finite Element Analysis (FEA) for structural integrity, 

facilitate complex geometry, provide detailed visualization renderings, and allow 

multidisciplinary collaboration tools for design teams. These CAD models allow engineers to 

make data informed decisions quickly and with confidence. 

 

BRIDGE SECURITY (Appendix C) 

 

According to recommendations of the TRIP Rural Connections Report (Sept 2024), 

“America’s rural transportation network provides the first and last link…” for “… farm to 

market… access to jobs… movement of goods and people…health care and education, and 

provide links to social services.” The bridges across rural rivers, creeks, and drains are the 

bridges to life and opportunity. When the July 2022 flooding washed away the bridges, it also 

washed away access to every basic need for those Kentuckians. For many, time was the 

biggest constraint to repairing and replacing this access. For any civil engineering project, the 

schedule begins at the point of land survey. Qk4 surveyors, through the use of the latest 

technology in tilting robust GNSS, robotic total stations, modern data collectors with field to 

finish coding, 3D laser scanning, and UAS mapping provided the land survey emergency 

response that put the design of recovery in motion in the days and weeks following this 

natural disaster. 
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CHANGING SURVEYING FOR THE FUTURE 

 

Now, two and a half years after responding to the call for help, Kentuckians are still 

rebuilding their lives. Qk4 has been able to refine the land survey workflow even further by 

incorporating all the modern geospatial tools for efficient digital land survey. Our teams may 

never know what extreme situations we may face in the future, but we have the experience of 

knowing that we made a difference for thousands of lives in rural Kentucky in the aftermath 

of the 2022 flooding and we can have hope that our survey work in the future will impact 

lives for the better. 
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BIOGRAPHICAL NOTES 

 

Ben Shinabery, PLS the Land Survey director at QK4, has deep experience in the field and a 

passion for educating the public about land surveying. With extensive affiliations with 

professional surveying organizations around the world, Ben brings a unique perspective to his 

survey work. Whether he’s surveying along remote creeks or under bridges, Ben’s approach 

emphasizes the importance of understanding the survey data collected for engineers and why 

it matters. 
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