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				Common Obstacles to Interim Reclamation Compliance and Production Facility Maintenance at Oil and Gas Well Sites in Wyoming: Recommendations for Corrective Action

				Authors: Kristina M. Hufford, Ray Ogle and Merry Gamper

				Summary 

				This bulletin describes environmental concerns and common areas of non-compliance for oil and gas well sites in Wyoming, including interim reclamation and production facility maintenance. Interim reclamation is required once a well is drilled and completed, and represents not only the recovery of site stability and productivity, but also the first step to achieving final reclamation to pre-disturbance site conditions. Successful interim reclamation depends on careful monitoring for effectiveness, and management of production facilities to minimize the surface disturbance. Background information and methods to identify and solve problems are provided to assist oper-ators with compliance for the life of the well and other facilities prior to final abandonment. This bulletin is guided by the Bureau of Land Management (BLM) Wyoming Reclamation Policy and benefits from practical field experience. Our target audience comprises oil and gas operators on federal land. This information will also assist operators and landowners where private land occurs over federal mineral estate (“split estate”). 
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				This bulletin is part of a series by the Wyoming Reclamation and Restoration Center that describes strategies for restoring ecological functions to disturbed Wyoming lands. It represents a joint effort be-tween University of Wyoming (UW) and the BLM Reclamation Policy Team and Field Offices in Wyo-ming. For this series, reclamation means restoration of components that support desired ecological functions, such as forage for live-stock grazing, wildlife forage and cover, water supply, water quality protection, and aesthetic values. 
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				Interim Reclamation 

				Throughout the western United States, thousands of surface and mineral land acres administered by the BLM are available for oil and gas leasing. The resulting disturbance includes removal of vegetation, topsoil stockpiling, and alteration of landscape features. Exposed soil is vulnerable to erosion and invasion by exotic and noxious weeds (see Glossary). Mitigation of these and other environmental impacts must occur throughout the life of the project. 

				Onshore Oil and Gas Order No. 1 requires interim reclamation of disturbed areas no longer in use during well operation once initial site and road construction are complete (USDI 2007a). Interim reclamation begins with reconstruction to pre-disturbance topography of those portions of the well pad no longer needed to support production operations, and earthwork must be completed within six months after well and oil and gas infrastructure installation concludes (USDI 2007a). Site-specific plans for interim reclamation are described in the Surface Use Plan of Operations (Gold Book 2007). Following site recontouring, interim reclamation generally requires respreading of topsoil, seeding of native vegeta-tion, and weed control. While site selection is one of the most important considerations for subsequent reclamation, this bulletin is focused on compliance monitoring once sites are established.

				In Wyoming, the BLM reclamation policy applies to all BLM-authorized surface disturbing activities in the state, and lists ten requirements for reclamation plans (Wyoming Reclamation Policy 2012). These requirements include waste management, site stabilization, reconstruction of topographic and hydrologic features, topsoil and weed management, revegetation of a desired native plant community, the return of visual quality, and compliance monitoring. 

				Well Production Facilities and Compliance

				Well production facilities are subject to the Code of Federal Regulations (CFR) for Onshore Oil and Gas Operations. All operators must conduct operations “in a manner which protects the mineral resources, other natural resources, and environmental quality” (43 CFR 3162.5-1a Environmental Obligations). This includes measures to properly dispose of produced water, prevent spills and contamination, avoid unnecessary surface disturbance, and ultimately reclaim all land disturbances. 

				Compliance to meet environmental obligations is not only required by law (43 CFR 3162.5-1), it can also impact interim reclamation. Ongoing inspection and monitoring should include a review of facilities and site activity to ensure interim reclamation is maximized and the footprint of disturbance is minimized (Fig. 1). Compliance monitoring is required for the life of the well. 

			

		

		
			
				Figure 1. The reclamation timeline begins prior to well installation with the submission of a reclamation plan, and is complete once final reclamation is approved and the bond is released. Here we focus on interim recla-mation compliance during the life of the well (i.e., operation and compliance) and related roads and facilities.
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				To avoid compliance problems, the industry can take advantage of the knowledge of field personnel. Pumpers/operators, field crews, and environmental managers often have opportunities to identify and report problems to their immediate supervisor. A description of problems and proposed mitigation is then communicated to the BLM. Below we provide examples of obstacles to compliance, and offer solutions to meet requirements for ongoing maintenance of interim reclamation. Interim reclamation is required for all production-held surfaces, onsite pipelines, roads, pits and ancillary facilities. The following recommen-dations apply to each of these facilities unless otherwise noted. 

				Areas of Concern

				Among required compliance activities, three areas are the source of common problems: (1) stormwater drainage and erosion control, (2) establishment of a native plant community and management of invasive weeds, and (3) environmental compliance of operational well and ancillary facilities. 

				Stormwater Drainage and Erosion Control

				To achieve site stability and productivity, interim reclamation must address not only revegetation, but also the ecosystem attributes of soil stability, hydrologic function, and biotic integrity (Pellant et al. 2005; Herrick et al. 2006). A decline in these attributes results in soil erosion and low rates of water infiltration, as well as weed infestation and limited development of the desired native plant community. For example, the loss of soil to wind and water erosion can range from 5 to 13 million tons each year in Wyoming alone (USDA 2013).

				Locating wells on relatively level ground minimizes the need for earthwork during reclamation and reduces the risk of later runoff and erosion problems. If wells were constructed on sloping ground, recontouring should eliminate highwalls and other steep slopes to improve overall site stability (Fig. 2). Once recontouring is complete and topsoil is replaced, attention should be directed to reconstruction of site hydrology to minimize erosion. 

				Figure 2. Ineffective recontouring can result in steep slopes and poor site stability.
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				Erosion is more likely to occur on sites with limited vegetation and little or no biological crust cover (e.g., mosses, liverworts and lichens). Poor revegetation outcomes contribute to increased susceptibility to wind erosion (Fig. 3). Signs of water erosion, such as rills and gullies, are also common and should be moni-tored closely (Fig. 4). 

				Figure 3. Wyoming ecosystems are impacted by water and wind erosion, and sediment loss com-monly occurs in areas with steep slopes and low vegetative cover. 

				Figure 4. Steep slopes and sparse vegetation increase the risk of rill and gully erosion resulting from stormwater runoff. 
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				Figure 5. Failure of straw wattle, leading to rill and gully erosion. Proper installation is necessary to avoid failure. In this case, wattles may not be sufficient to prevent erosion and other measures are needed.

				Measures to prevent erosion include deep ripping or imprinting to allow water infiltration, proper installation and use of mulch or wattles, sediment fences, riprap and gabions, and established vegetation. Most erosion control measures (ECMs) are implemented at the time of site reconstruction. However, post-reclamation installation may be needed for compliance, and poor maintenance of ECMs often leads to failed reclamation. For example, mulch can blow off the soil surface if not adequately crimped into the soil, and wattles or sediment fences are likely to fail if installed improperly (Fig. 5). 

				For purposes of compliance monitoring, field personnel should be able to identify when ECMs on inter-im reclamation and nearby facilities have failed or require maintenance. In cases where erosion results in large gullies, additional earthwork may be required to repair damage. Proper installation and monitoring of erosion prevention measures will help operators avoid this added expense. 

				Ground subsidence can also impact interim reclamation, leads to further site instability, and is a common occurrence along pipelines (Fig. 6). To avoid subsidence, compaction should be sufficient to limit the development of large holes or depressions but not so severe as to prevent the growth of vegetation. The timing of compaction is important and can be affected by seasonal temperatures and frozen ground. Changes in land features that result from subsidence should be noted by operators and observed over time to determine if further mitigation measures are necessary. 

				Topsoil Stockpile Management

				Proper topsoil management is critical for successful interim and final reclamation, and represents a special focus for erosion control, monitoring and maintenance. While not recommended everywhere, small topsoil stockpiles may remain onsite once interim reclamation activities are completed, provided that viability of the topsoil can be maintained for the life of the well. 

				Field personnel can assist with stockpile maintenance through visual inspection to determine if erosion is occurring. All personnel working on the site or at nearby facilities should be notified that the priority use 
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				of stockpiled soil is reclamation, and topsoil should not be diverted for road maintenance or other fill purposes. If topsoil is stockpiled more than one growing season, it should be seeded with the recommended native or sterile non-native seed mix (Wyoming Reclamation Policy 2012). The maximum depth of stockpiles is determined by envi-ronmental managers in consultation with the BLM. Operators should note if stockpiles show signs of rill and gully formation or are impacted by invasive weeds.

				Native Plants and Invasive Weeds

				Interim reclamation should be monitored routinely to determine if establishment of the desired native plant community has been achieved in reclaimed areas. Poor outcomes in revegetation are common in semi-arid and arid climates and contribute to nearly all other compliance concerns, including weed management. 

				Exotic, invasive plant species inhibit the es-tablishment of seeded vegetation and reduce site productivity, including wildlife habitat value and livestock forage (Whitson 1996; WY WPC 2013). Weeds must be monitored and controlled during well operation within the active well pad, on nearby roads, and also on reclaimed areas. No noxious weeds are allowed, and a weed management plan should be in place prior to well installation. If surrounding undisturbed areas (including reference areas) are also infested with noxious or invasive weeds, operators should make a note of it and report the problem to BLM personnel. 

				Visual inspection of the site will be needed on a routine basis to identify weeds and implement control measures. Post-reclamation control measures may include mowing, application of appropriate herbicides, and efforts to increase the number of desired plant species so weeds are unable to establish. Some weed species, such as Russian thistle, decline over time without management. If those species are still present in large numbers (75–100% of estimated cover) after three years, control measures will be required and may include reseeding. 

				Compliance for weed control is greatly improved when field personnel properly identify invasive and noxious weed species. Personnel at Weed and Pest Control Districts can provide assistance with the identification and control of weed species. Reference photos are also useful tools for documenting in-festation so weeds can be effectively monitored and managed over the life of the well and other facilities (Figs. 7–10). Here, we provide photos of several weed species that are commonly found on reclamation sites and oil and gas well facilities in Wyoming. Early detection and treatment are key to successful weed management. Ultimately, undesirable plant species will be controlled by successful growth of desirable, native vegetation.
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					Figure 6. Subsidence can be avoided by compact-ing fill during site recontouring prior to application of topsoil. Once interim reclamation is in place, sites should be monitored for signs of subsidence that require further maintenance.
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				Figure 7. Two photos of halogeton, a noxious weed that often grows in saline soils in disturbed sites.
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				Figure 8. Musk thistle (left) and Canada thistle (right), two common, noxious weeds at disturbed sites. 
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				Figure 9. Whitetop or hoary cress (left) and black henbane (right). 
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				Figure 10. Houndstongue (left) and cheatgrass or downy brome (right). Cheatgrass is an exotic, invasive plant species that increases fire frequency and limits forage and habitat value.
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				Common Areas of Non-compliance for Well Facility Maintenance

				The active well and related facilities can directly impact interim reclamation, particularly in the case of water quality and wildlife habitat. Pollution prevention is critical to maintain reclaimed areas and limit the need for additional, costly site mitigation, including additional reclamation measures (USDI 1979, 2007b). Field personnel who visit active wells and inspect facilities should keep in mind the following requirements for spill prevention and facilities management. 

				Spill prevention: 

				Spills not only require reporting and potentially costly cleanup, but can also lead to additional expen-ditures if interim reclamation is impacted. Berms are required for all tanks, and metal berms are more efficient and easier to maintain than earthwork berms (Fig. 11; BLM IM WY 2012-007). Metal berms are also less likely to be breached by livestock or wildlife (Fig. 12). Smaller animals burrow into earth berms, requiring additional maintenance or risking large areas of contamination when spills occur. 

				Facilities Management: 

				Field personnel must avoid reclaimed areas when driving on site, and graveled roads should be maintained to avoid damage due to increased erosion. Note also that well facilities attract nesting and roosting birds, including raptors that may prey on sensitive species such as greater sage-grouse. Efforts should be made to deter animal presence in the active well area, including fencing production facilities. Many resources are available that describe measures to avoid harm to wildlife, and field personnel should be aware of these measures and their proper monitoring and maintenance (for example, see USFWS 2011). Minimizing surface disturbance and repairing damage to native plant communities contributes to the restoration of degraded sites, and enhances other, pre-existing resource values such as recreation, wildlife habitat, and rangeland health. Compliance monitoring and maintenance ensures these values are retained. 

				Figure 11. Earthwork berms are easily damaged by wildlife or other activities at a well site, and greatly in-crease the risk of berm failure in case of a spill, which can contaminate interim reclamation. 
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				Figure 12. Metal berms are easier to maintain and more cost effective in the long term.

				Lastly, field personnel should become familiar with the different risks that may occur in wet or dry years. Seasonal variation in precipitation and the length of the growing season will impact vegetation, soil and wind erosion, and wildlife or livestock activity near oil and gas well sites. For example, weeds may require intensive management in wet years, while maintenance of native plants and wind erosion control mea-sures may be more critical in dry years.

				Monitoring and Reporting

				Monitoring during production operations is important to ensure that successful interim reclamation of all well-related facilities is achieved. In addition to required monitoring by environmental managers (e.g., BLM Tech Note #348), field personnel can use visual inspection and routine photos to identify compliance concerns. Once compliance concerns are identified, operators should work with their local BLM office to develop corrective action plans. This will reduce the number of violations and limit the cost of site maintenance and final reclamation. Ultimately, proper planning, monitoring, and maintenance of interim reclamation will reduce the time and money needed for final reclamation of oil and gas facilities. Education and involvement of field crews, pumpers, operators, and environmental personnel will improve compliance with minimal time commitment. 

				This bulletin was cooperatively prepared to assist readers with the identification and resolution of common problems that affect interim oil and gas reclamation on BLM-managed surface estate in the State of Wyoming. Wyoming oil and gas operators work in a wide range of environmental conditions, and it’s impossible to address all concerns that may arise during interim reclamation and subsequent inspection. We encourage operators to work with their local BLM District and Field Offices to meet guidelines specific to their sites.

				
					[image: ]
				

			

		

		
			[image: ]
		

	
		
			
				10

			

		

		
			
				Glossary

				Biotic integrity – capacity of a site to support characteristic plant communities in the context of normal variability. (Pellant et al. 2005)

				Final reclamation – removal of facilities and restoration to pre-disturbance site conditions, including original topography or landform, return of hydrologic features and function, application of salvaged topsoil, and reestablishment of the native (or otherwise approved) plant community. Return of visual resources and wildlife habitat is emphasized.

				Hydrologic function – capacity of the site to capture, store, and safely release water from rainfall, run-on and snowmelt. (Pellant et al. 2005)

				Interim reclamation – partial reclamation of well pads and other structures once well installation is complete with the objective to restore site stability and vegetation and therefore mitigate environmental impacts during the life of the well. (Gold Book 2007)

				Invasive plant species – “an alien species whose introduction does or is likely to cause economic or environmental harm or harm to human health.” (Executive Order 13112)

				Noxious weeds – “any plant or plant product that can directly or indirectly injure or cause damage to crops (including nursery stock or plant products), livestock, poultry, or other interests of agriculture, irrigation, navigation, the natural resources of the United States, the public health, or the environment.” (Plant Protection Act 2000)

				Recontouring – earthwork after any fill to blend the site in with surrounding topography, including reconstruction of natural drainage features.

				Reference areas – nearby undisturbed sites where vegetation, topography and elevation are similar to the area disturbed for oil and gas development. Reclaimed sites are compared with reference areas to deter-mine if reclamation is meeting goals for return of pre-disturbance site conditions.

				Soil stability – capacity of a site to limit loss of soil resources, including nutrients and organic matter, by wind and water. (Pellant et al. 2005)

				Surface Use Plan of Operations – construction, drilling and operation, waste disposal and reclamation plan for oil and gas exploration and development. Required when submitting an Application for Permit to Drill (APD; see Gold Book 2007). 
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				Appendix: BLM Inspection Form for Interim Reclamation and Production Facility Maintenance
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				Issued in furtherance of extension work, acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture. Glen Whipple, director, University of Wyoming Extension, University of Wyoming, Laramie, Wyoming 82071.
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OEBPS/script/idGeneratedScript.js
function RegisterInteractiveHandlers() {
RegisterButtonEventHandlers();
ProcessAnimations();
ProcessMedia();
}
function ProcessMedia() {
var oFrame = document.getElementsByClassName("_idGenMedia");
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-mediaOnPageLoadActions");
if(actions) {
var descendants = oFrame[i].getElementsByTagName('*');
for(var j = 0; j < descendants.length; j++) {
var e = descendants[j];
var tagName = e.tagName.toLowerCase();
if(tagName == 'video' || tagName == 'audio') {
if(e.paused) {
var selfContainerID = e.id;
eval(actions);
}
}
}
}
}
}
function ProcessAnimations() {
	var oFrame = document.getElementsByClassName("_idGenAnimation");
	for (var i = 0; i < oFrame.length; i++) {
		var actions = oFrame[i].getAttribute("data-animationOnPageLoadActions");
		if(actions) {
			var selfContainerID = oFrame[i].id
			eval(actions);
		}
		var cn = oFrame[i].className;
		if(cn.indexOf("_idGenCurrentState") != -1) {
			var actions = oFrame[i].getAttribute("data-animationOnStateLoadActions");
			if(actions) {
				var selfContainerID = oFrame[i].id
				eval(actions);
			}
		}
		actions = oFrame[i].getAttribute("data-animationOnSelfClickActions");
		if(actions) {
			oFrame[i].addEventListener("touchend", function(event) { onTouchEndForAnimations(this, event) }, false);
			oFrame[i].addEventListener("mouseup", function(event) { onMouseUpForAnimations(this, event) }, false);
		}
		actions = oFrame[i].getAttribute("data-animationOnSelfRolloverActions");
		if(actions) {
			oFrame[i].addEventListener("mouseover", function(event) { onMouseOverForAnimations(this, event) }, false);
		}
	}
	document.body.addEventListener("touchend", function(event) { onPageTouchEndForAnimations(this, event) }, false);
	document.body.addEventListener("mouseup", function(event) { onPageMouseUpForAnimations(this, event) }, false);
}
function onPageTouchEndForAnimations(element, event) {
var oFrame = document.getElementsByClassName("_idGenAnimation");
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnPageClickActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
}
}
event.stopPropagation();
}
function onPageMouseUpForAnimations(element, event) {
var is_touch_device = 'ontouchstart' in document.documentElement;
if (is_touch_device) return;
var oFrame = document.getElementsByClassName("_idGenAnimation");
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnPageClickActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
}
}
event.stopPropagation();
}
function onTouchEndForAnimations(element, event) {
var classID = element.getAttribute("data-animationObjectType");
var oFrame = document.getElementsByClassName(classID);
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnSelfClickActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
}
}
event.stopPropagation();
event.preventDefault();
}
function onMouseUpForAnimations(element, event) {
var is_touch_device = 'ontouchstart' in document.documentElement;
if (is_touch_device) return;
var classID = element.getAttribute("data-animationObjectType");
var oFrame = document.getElementsByClassName(classID);
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnSelfClickActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
}
}
event.stopPropagation();
event.preventDefault();
}
function onMouseOverForAnimations(element, event) {
var is_touch_device = 'ontouchstart' in document.documentElement;
if (is_touch_device) return;
var animationClassName = element.getAttribute("data-idGenAnimationClass");
var cn = element.className;
if (cn.indexOf(animationClassName) != -1 ) {
return;
}
var classID = element.getAttribute("data-animationObjectType");
var oFrame = document.getElementsByClassName(classID);
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnSelfRolloverActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
}
}
event.stopPropagation();
event.preventDefault();
}
function RegisterButtonEventHandlers() {
var oFrame = document.getElementsByClassName("_idGenButton");
for (var i = 0; i < oFrame.length; i++) {
oFrame[i].addEventListener("touchstart", function(event) { onTouchStart(this, event) }, false);
oFrame[i].addEventListener("touchend", function(event) { onTouchEnd(this, event) }, false);
oFrame[i].addEventListener("mousedown", function(event) { onMouseDown(this, event) }, false);
oFrame[i].addEventListener("mouseup", function(event) { onMouseUp(this, event) }, false);
oFrame[i].addEventListener("mouseover", function(event) { onMouseOver(this, event) }, false);
oFrame[i].addEventListener("mouseout", function(event) { onMouseOut(this, event) }, false);
}
}
function hasAppearance(element, appearance) {
var childArray = element.children;
for(var i=0; i< childArray.length; i++) {
var cn = childArray[i].className;
if(cn.indexOf(appearance) != -1) {
return true;
}
}
return false;
}
function isDescendantOf(child, parent) {
var current = child;
while(current) {
if(current == parent)
return true;
current = current.parentNode;
}
return false;
}
function addClass(element,classname) { 
var cn = element.className;
if (cn.indexOf(classname) != -1 ) {
return;
}
if (cn != '') {
classname = ' ' + classname;
}
element.className = cn + classname;
}
function removeClass(element, classname) {
var cn = element.className;
var rxp = new RegExp("\\s?\\b" + classname + "\\b", "g");
cn = cn.replace(rxp, '');
element.className = cn;
}
function onMouseDown(element, event) {
var is_touch_device = 'ontouchstart' in document.documentElement;
if (is_touch_device) return;
if (hasAppearance(element, '_idGen-Appearance-Click')) {
addClass(element, '_idGenStateClick');
}
var actions = element.getAttribute("data-clickactions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function onMouseUp(element, event) {
var is_touch_device = 'ontouchstart' in document.documentElement;
if (is_touch_device) return;
removeClass(element, '_idGenStateClick');
var actions = element.getAttribute("data-releaseactions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function onMouseOver(element, event) {
var is_touch_device = 'ontouchstart' in document.documentElement;
if (is_touch_device) return;
if (event.relatedTarget) {
if(isDescendantOf(event.relatedTarget, element)) return;
}
if (hasAppearance(element, '_idGen-Appearance-Rollover')) {
addClass(element, '_idGenStateHover');
}
var actions = element.getAttribute("data-rolloveractions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function onMouseOut(element, event) {
var is_touch_device = 'ontouchstart' in document.documentElement;
if (is_touch_device) return;
if (event.relatedTarget) {
if(isDescendantOf(event.relatedTarget, element)) return;
}
removeClass(element, '_idGenStateHover');
removeClass(element, '_idGenStateClick');
var actions = element.getAttribute("data-rolloffactions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function onTouchStart(element, event) {
if (hasAppearance(element, '_idGen-Appearance-Click')) {
addClass(element, '_idGenStateClick');
}
var actions = element.getAttribute("data-clickactions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function onTouchEnd(element, event) {
removeClass(element, '_idGenStateClick');
var actions = element.getAttribute("data-releaseactions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function goToDestination(ref) {
window.location.href = ref;
}
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